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LESSON NO. I

MICROPHONE S

You ARE NOW PROPERLY PREPARED TO COMMENCE YOUR STUDY OF A.F. AMPLI-

FYING SYSTEMS AND AS YOU PROGRESS THROUGH THIS SERIES OF LESSONS, CONTIN-

UALLY BEAR IN MIND THAT THIS INFORMATION WHICH IS NOW BEING GIVEN YOU NOT

ONLY APPLIES TO PUBLIC ADDRESS SYSTEMS BUT IT APPLIES EQUALLY WELL TO THE

A.F. AMPLIFIER SYSTEMS AS USED IN CONJUNCTION WITH TRANSMITTERS, TALKING

PICTURES, TELEVISION, ETC.

IT IS PERFECTLY LOGICAL THAT
ING OF A.F. AMPLIFYING SYSTEMS
BEFORE UNDERTAKING AN INTENSIVE
STUDY0FPHONErTRANSMITTERS,BROAI2
CASTING STATIONS,TALKING PICT-
URES OR TELEVISION SINCE THEAUD-.
10 CHANNEL IN ANV ONE OF THESE
CASES MUST NOT ONLY BE PROPERLY
DESIGNED AND OPERATED IN ITSELF
BUT MUST IN ADDITION BE PROPERLY
MATCHED UP WITH THE BALANCE OF
THE EQUIPMENT WITH WHICH IT IS

BEING USED.

By PRESENTING A.F. AMPLI-
FIER SYSTEMS TO YOU THE NATIO'iAL
WAY, YOU WILL FIND THAT UPON cog
PLETING THIS SPECIAL SERIES OF

LESSONS, YOU WILL NOT ONLY BE

CAPABLE OF CONSTRUCTING, INSTALL-
1NG AND OPERATING PUBLIC ADDRESS
EQUIPMENT BUT YOU WILL IN ADDI-
TION BE IN A POSITION TO APPLY
A.F. AMPLIFYING EQUIPMENT CORRECT
LY TO EVERY POSSIBLE USE.

THE MICROPHONE

SINCE THE MICROPHONE

ONE MUST FIRST HAVE A GOOD UNDERSTAND -

F I G. 1

i 8 Microphone ArrangementFor Voice -up.
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THE FIRST UNIT WHICH HANDLES THE SOUND IN THE MAJORITY OF CASES WHERE
A.F. AMPLIFIERS ARE USED, OUR FIRST STEP WILL BE TO CONSIDER THE CON-
STRUCTION, OPERATION AND APPLICATION FOR THE DIFFERENT TYPES OF MICRO-

PHONES NOW IN USE.
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Sing /e - 134.i I -for -7 Carbon Micr-o,oh one

As YOU WILL RECALL FROM YOUR
EARLIER STUDIES,THE PURPOSE OFTHE
MICROPHONE IS TO CONVERT SOUNDWA-
VES INTO CORRESPONDING ELECTRIC
CURRENT OR VOLTAGE VARIATIONS AND
THE FOLLOWING EXPLANATIONS ARE
GOING TO SHOW YOU DIFFERENT WAYS
IN WHICH THIS CAN BE DONE.

THE SINGLE -BUTTON
CARBON MICROPHONE

THE SINGLE -BUTTON CARBONMI-
CROPHONE IS THE MOST EASILY UNDER
STOOD MICROPHONE FROM THE STAND-
POINT OF CONSTRUCTION AND OPER-
ATION AND 80 WE SHALL CONSIDER
THIS UNIT FIRST.

You ARE SHOWN A TYPICAL
CROPHONE OF THIS TYPE IN FIG.2,

FIG. 3 SHOWS YOU A DESK -STAND INTO WHICH THIS SAME MICROPHONE CAN
BE MOUNTED. THE MICROPHONE, YOU WILL NOTICE, IS HELD IN THE STAND BY
MEANS OF SPECIAL SUSPENSION SPRINGS. THIS TYPE OF !SUSPENSION,AS SHOWN IN
FIG.4,PROTECTS IT AGAINST MECHANICAL SHOCKS.

THE MICROPHONE UNIT ITSELF IS ENCLOSED IN A METALLIC HOUSING AND A
PERFORATED PLATE IS FITTED OVER
PHRAGM AND OTHER INTERNAL PARTS
TIME PERMITTING THE SOUND WAVES
IT WITHOUT UNDUE OBSTRUCTION SO
ACT UPON THE DIAPHRAGM.

ITS FRONT SIDE SO
,WHILE AT THE SAME
TO PASS THROUGH
THAT THEY MAY

AS TO PROTECT THE DIA-

THE BASIC CONSTRUCTIONAL FEATURES OF THE
SINGLE -BUTTON CARBON MICROPHONE ARE ILLUSTRATED
FOR YOU IN FIG. 5. NOTICE THAT THE THINDURALUMIN...
UM DIAPHRAGM IS STRETCHED ACROSS THE FRONT PORTION
OF THE HOUSING BEHIND THE PERFORATED PLATE, AND
ITS RIM 13 IN DIRECT CONTACT WITH THE METAL HOUS-
ING, SO THAT THE DIAPHRAGM AND HOUSING IN THIS CASE
SERVE TO COMPLETE PART OF THE ELECTRICAL CIRCUIT.

A SMALL CHAMBER OR CUP CONTAINING CARBON GRAN
ULES IS PLACED IN THE REAR PORTION OF THE HOUSING
AND A DISC WHICH 19 CONNECTED TO THE CENTER OF
THE DIAPHRAGM PRESSES AGAINST THE CARBON GRANULES.
THIS CONSTITUTES WHAT IS KNOWN AS A "BUTTON%

IF A BATTERY IS CONNECTED ACROSS THE TERMIN-
ALS OF THE MICROPHONE AS ILLUSTRATED IN FIG. 5,

F1G.

Dcsie Type

Microphone Sfand.
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THEN BATTERY CURRENT WILL FLOW THROUGH THE COMPRESSED CARBON GRANULES.

WHEN SOUND WAVES STRIKE AGAINST THE DIAPHRAGM, THE CORRESPONDING VARIA-

TIONS IN AIR PRESSURE CAUSE IT TO FLEX OR BEND IN ACCORDANCE WITH THE

PRESSURE VARIATIONS AND THEREBY COMPRESS OR DECOMPRESS THE GRANULES.

IN OTHER WORDS, WHENEVER THE SOUND WAVE CAUSES THE AIR
THE DIAPHRAGM TO INCREASE, BENDING IT INWARDS,THEN THIS ma
TION OF THE DIAPHRAGM WILL FORCE THE CARBON GRANULES CLOS-
ER TOGETHER AND THUS REDUCE THE ELECTRICAL RESISTANCE THRU
THE BUTTON. THE FLOW OF BATTERY CURRENT WILL THEREFORE BE

INCREASED.

ON 74 OTHER HAND, WHENEVER THE SOUND WAVE CAUSES THE
AIR PRESSURE UPON THE DIAPHRAGM TO DECREASE SO THAT THE

DIAPHRAGM WILL BEND OUTWARDS, THEN THIS MOTION OF THE DIA-
PHRAGM WILL CAUSE THE CARBON GRANULES TO BE SUBJECTED TO

LESS PRESSURE, PERMITTING THEM TO BECOME DECOMPRESSED OR

MORE SEPARATED AND THIS WILL SERVE TO INCREASE THE RESIS-

TANCE THROUGH THE BUTTON. THE FLOW OF BATTERY CURRENT WILL
THEREFORE BE REDUCED.

MICROPHONE INPUT CIRCUIT

THE COMPLETE INPUT CIRCUIT AS USED WITH ASINIGLE-.BUTT-
ON MICROPHONE IS ILLUSTRATED IN FIG.6 AND THE SYSTEM OPER-
ATES AS FOLLOWS:

PRESSURE UPON

FIG. 4

The Mouned
Microphone.

THE MICROPHONE IS CONNECTED IN SERIES WITH A II"- TC 3 VOLT BATTERY,

A SWITCH AND THE PRIMARY WINDING OF A SPECIAL MICROPHONE TRANSFORMER.
THIS MICROPHONE TRANSFORMER IN APPEARANCE AND CONSTRUCTION IS THE SAME

AS ANY CONVENTIONAL A.F.TRANSFORMER,ONLY THAT ITS WINDINGS ARE SUCH THAT

THE PRIMARY MATCHES THE RESISTANCE OF THE MICROPHONE AND THE SECONDARY IS
DESIGNED TO MATCH THE IMPEDANCE OF THE AMPLIFIER CIRCUIT TO WHICH IT IS

CONNECTED.TRANSFORMERS OF THIS TYPE ARE GENERALLY KNOWN AS MICROPHONE

COUPLING TRANSFORMERS. A POTENTIOMETER,WHICH IS CONNECTED ACROSS THE SEA
ONDARY WINDING,SERVES AS THE VOLUME CONTROL.

FIG. 5

The microphone circuit`.

WITH THE SWITCH CLDSED,A UNIFORM
FLOW OF BATTERY CURRENT WILL PASSTHROUGH
THE MICROPHONE,AS WELL AS THROUGH THE
PRIMARY WINDING OF THE TRANSFORMER. THE

AMOUNT OF THIS NORMAL MICROPHONE CURRENT
WILL DEPEND UPON THE RESISTANCE OF THE

BUTTON WITH THE MICROPHONE DIAPHRAGM IN

ITS NEUTRAL POSITION,TOGETHER WITH THE RR
SISTANCE OF THE TRANSFORMER'S PRIMARY

WINDING --AT THE SAME TIME BEING DEPEND-
ENT UPON THE BATTERY VOLTAGE BEING USED.
IT IS COMMON FOR CARBON MICROPHONES TO

HAVE A RESISTANCE OF 200 OHMS,ALTHOUGH
OTHER RESISTANCE RATINGS ARE EMPLOYED.

THE CURRENT FLOW AT THIS TIME IS

A DIRECT CURRENT OF UNIFORM OR UNVARYING
INTENSITY AND CAN BE ILLUSTRATED BY THE

HORIZONTAL LINE IN FIG.7 WHICH IS DRAWN

SLIGHTLY ABOVE AND PARALLEL TO THE BASE-.
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LINE OF ZERO CURRENT. THIS NORMAL FLOW OF CURRENT UPON PASSING THRU THE
PRIMARY WINDING WILL PRODUCE A MAGNETIC FIELD OF DEFINITE INTENSITY IN THE
TRANSFORMER CORE.

As SOUND WAVES ARE IMPRESSED UPON THE DIAPHRAGM OF THE MICROPHONE,
THE FLOW OF BATTERY CUR-
RENT THROUGH THE MICRO-
PHONE CIRCUIT WILL VARY
IN PROPORTION TO THE AIR
PRESSURE ACTING UPON THE
DIAPHRAGM AT ANY ONE IN-
STANT. IN OTHER WORDS,
THE CURRENT WILL RISEAND
FALL WITH RESPECT TO THE
NORMAL CURRENT VALUE BUT
AT NO TIME DOES IT RE-
VERSE ITS DIRECTION OF
FLOW. PUTTING IT ANOTHER
WAY, WE NOW HAVE APULSA-
TING DIRECT CURRENT,wmosE
WAVE FORM WOULD APPEAR
SOMEWHAT AS SHOWN IN FIG.
7 AT THE REGION LABELED

VARIATIONS" AND WOULD BE AN ELECTRICAL REPRODUCTION OF THE ORIG-

Microphone Volume
Switch Control
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FIG. G

Microphor7e inpu zt-

INAL SOUND WAVES WHICH ACT UPON THE DIAPHRAGM OF THE MICROPHONE.

THIS VARIATION IN CURRENT FLOW WILL CAUSE THE MAGNETIC FIELD OF THE
TRANSFORMER TO VARY ITS INTENSITY ACCORDINGLY AND BY MUTUAL INDUCTION IN-
DUCE VOLTAGE VARIATIONS OF CORRESPONDING FREQUENCY ACROSS THE ENDS OF
THE TRANSFORMER'S SECONDARY WINDING, AS WELL AS ACROSS THE ENDS OF THEVO1
UME CONTROL POTENTIOMETER. THE POSITION OF THE POTENTIOMETER ARM DETERM-
INES WHAT PROPORTION OF THE MAXIMUM SIGNAL VOLTAGE AVAILABLE ACROSS THE
ENOS OF THE SECONDARY WINDING ARE TO BE APPLIED TO THE INPUT OF THE AMP-
LIFIER AND IN THIS WAY CONTROL THE VOLUME.

THE SINGLE -BUTTON MICROPHONE IS RATHER LIMITED AS TO THE FREQUENCY
RANGE OVER WHICH IT WILL SATISFACTORILY RESPOND. G000 MICROPHONES OF THIS
TYPE SELDOM PROPERLY HANDLE A FREQUENCY RANGE EXCEEDING THAT FROM 100 TO
3000 CYCLES AND FOR THIS REASON THEIR USE IS CONFINED CHIEFLY TO SPEECH
REPRODUCTION ONLY AND NOT FOR THE REPRODUCTION OF MUSIC.

THE DOUBLE -BUTTON MICROPHONE

THE DOUBLE -BUTTON CARBON MICROPHONE
13 BETTER ADAPTED TOWARDS HANDLING A

GREATER FREQUENCY RANGE AND A PHOTOGRAPH
OF SUCH A UNIT APPEARS IN FIG.8. THE IN-

TERNAL CONSTRUCTION OF THE SAME TYPE OF
MICROPHONE IS SHOWN YOU IN FIG.9. THE PART
ICULAR MICROPHONE WHICH IS ILLUSTRATED IN
FIG. 9 IS OF THE HIGH QUALITY TYPE AND
WAS DESIGNED FOR USE IN BROADCASTING STA'
IONS AND FOR OTHER APPLICATIONS WHERE GOOD
FREQUENCY CHARACTERISTICS ARE OF IMPOR-
TANCE. HIGH GRADE DOUBLE BUTTON CARBON
MICROPHONES ARE FREQUENTLY CAPABLE OF

Di a phra
staLionary,,

FIG. '7
AlicrophottecurrenL
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SATISFACTORILY HANDLING A FREQUENCY RANGE OF 50 TO 6,000 CYCLES OR MORE.

IN THIS MICROPHONE ALSO, THE

DIAPHRAGM IS MADE OF A THIN, LIGHT

DISC OF DURALUMINUM AND WHICH IS

STRETCHED UNTIL ITS RESONANTFREQUEn
CY IS APPROXIMATELY 5700 CYCLES.THE
REASON FOR STRETCHING THE DIAPHRAGM
IN THIS MANNER IS 70 CAUSE ITS NAT..'
URAL VIBRATING PERIOD TO BE SUFFIC-
IENTLY HIGH SO THAT IT IS ABOVE THE
USUAL AUDIO RANGE ENCOUNTERED IN

NORMAL USE4AND WILL THEREFORE PRE-

VENT ANY BLASTING WHICH WOULD BE

CAUSED BY THE SOUNDING OF A MUSICAL
.

NOTEPOF THE SAME FREQUENCY AS THE

RESONANT FREQUENCY OF THE DIAPHRAGM.

IT IS ALSO IMPORTANT TO NOTE
THAT THE DIAPHRAGM IS PLACED ASHORT
DISTANCE FROM A FLAT METAL PLATE
WHICH IS KNOWN AS THE DAMPING PLATE

SO THAT AIR IS TRAPPED BETWEEN THIS
PLATE AND THE DIAPHRAGM.WITH THIS

TYPE OF CONSTRUCTION,A HIGH DAMPING
EFFECT IS OBTAINED DUE TO THE COMP-
RESSION OF THE AIR BETWEEN THEM AS THE DIAPHRAGM IS ACTUATED. THIS ACTION

IS STILL FURTHER AIDED BY THE CUSHIONING EFFECT OF THE AIR IN THE DAMPING

PLATE GROOVE WHICH IS ALSO POINTED OUT IN FIG. 9. BOTH OF THESE FEATURES

TOGETHER HELP TO MAKE THE VARIATIONS IN MICROPHONE CURRENT TO CONFORM EX-

ACTLY TO THE VARIATIONS IN IMPRESSED SOUND WAVES THROUGHOUT THE ENTIREFRK
QUENCY RANGE OF THE INSTRUMENT.

8

Double- 13u4-71on Microphone,

SO MUCH FOR THE CONSTRUCTIONAL FEATURES OF THE DOUBLE -BUTTON MICRO-
PHONE. Now LET US CONSIDER ITS OPERATION IN GREATER DETAIL AND THE PROPER
METHODS OF USING IT.

FIG. 9

Cor7sErtictron oF Double-Su/7ton
AlicroloIlorte-

OPERATION OF THE DOUBLE -

BUTTON MICROPHONE

IN FIGGIO YOU ARE SHOWN A

SIMPLIFIED DIAGRAM OF THE DOUBLE -

BUTTON MICROPHONE,TOGETHER WITH
ITS ASSOCIATED CIRCUIT'S° THAT YOU
CAN OBTAIN A CLEAR MENTAL PICTURE
OF ITS OPERATION.

OBSERVE CLOSELY IN FIG.IO
THAT THE MICROPHONE COUPLINGTRANS
FORMER IN THIS CASE HAS A CENTER -
TAPPED PRIMARY WINDING AND THAT

THE CENTER TAP IS CONNECTED TO THE
DIAPHRAGM OF THE MICROPHONE WITH

THE MICROPHONE BATTERY AND SWITCH
IN SERIES. THE ENDS OF THE COUP-

LING TRANSFCRMERIS PRIMARY WIND...
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ING ARE CONNECTED ACROSS THE TWO MICROPHONE TERMINALS WHICH MAKE CONTACT
WITH THE CUP CONTAINING THE CARBON GRANULES.

THE BATTERY CURRENT THUS HAS TWO PATHS AVAILABLE,THAT IS, IT CAN
FLOW THROUGH THE LEFT BUTTON OF THE MICROPHONE, AS WELL AS THE LEFT HALF
OF THE PRIMARY WINDING AND ALSO THROUGH THE RIGHT BUTTON AND THE RIGHT
HALF OF THE PRIMARY WINDING.

Now THEN, AS THE AIR PRESSURE CHANGES CORRESPONDING TO THE SOUND
WAVES ARE IMPRESSED UPON THE MICROPHONE'S DIAPHRAGM SO AS TO CAUSE IT TO
IIBENDfi

IN ONE DIRECTION, THEN THE CURRENT THROUGH ONE SICE OF THE TRANS-
FORMER'S PRIMARY WINDING WILL INCREASE WHILE THE CURRENT THROUGH THE
OTHER SIDE OR HALF WILL AT THE SAME TIME DECREASE. IN OTHER WORDS, IF IN

FIG. 10 THE DIAPHRAGM AT ONE

Diaphragm

77././//01
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40

gou sing

Opening

Carbon
granules
Terminal

PheostaE) batiery
- .

5

T-anst:

11111/1/ 1 11111

ssessoestoolibeliew

...--- To Ampli fie r

Principles of
Ft G. 10

-lhe Double.- .811 #or -7

Microphone .

PHONE CIRCUIT FOR CHECKING PURPOSES.

PARTICULAR INSTANT IS BENT TO-
WARDS THE LEFT, THEN THE CURR-
ENT THROUGH THE LEFT HALF OF
THE CIRCUIT WILL INCREASE AND
THAT THROUGH THE RIGHT HALF
WILL DECREASE; WHEREAS IF THE
DIAPHRAGM HAPPENS TO BE BENT
TOWARDS THE RIGHT,THE CURRENT
THROUGH THE RIGHT HALF OF THE
CIRCUIT WILL INCREASE AND THAT
THROUGH THE LEFT HALF WILL DE-
CREASE CORRESPONDINGLY. THUS
WE HAVE A PUBHPULL EFFECT AND
THE CHARACTERISTIC OF WHICH IS
TO ELIMINATE DISTORTION PRO-
DUCEC BY EVEN HARMONICS IN THE
CURRENT OR VOLTAGE.

THE PURPOSE OF THE RHEO-
STAT IN FIG.I0 is TO OFFER A

MEANS OF CONTROLLING THE NOR-
MAL VALUE OF MICROPHONE CURR-
ENT. IN THE MICROPHONE OF FIG.
9, FOR INSTANCE,THE NORMAL
FRATING CURRENT IS 30 MILLIAM-
PERES PER BUTTON AND QUITE OF-
TEN, A MILLIAMMETER IS PERMAN-
ENTLY INSTALLED IN THE MICRO -

THE CHANGES IN CURRENT THROUGH THE TWO HALVES OF THE PRIMARY WIND-
ING OF THE COUPLING TRANSFORMER, AS BROUGHT ABOUT BY THE ACTION OF THE
DIAPHRAGM, PRODUCE A CORRESPONDING RESULTANT CHANGE IN FLUX IN THE TRANS^
FORMER CORE 80 AS TO INDUCE CORRESPONDING VOLTAGE CHANGES IN THE SECOND-
ARY WINDING WHICH ARE TO BE APPLIED TO THE INPUT CIRCUIT OF THE AMPLIFIER.

THE BATTERY VOLTAGE USED FOR ENERGIZING THE MICROPHONE CIRCUIT MAY
VARY FROM 3 TO 6 VOLTS IN THE FORM OF DRY CELLS OR A STORAGE BATTERY, DE-
PENDING UPON THE REQUIREMENTS OF THE PARTICULAR TYPE OF MICROPHONE AND
THE MANNER IN WHICH IT IS BEING USED.

ONE OF THE CHIEF ADVANTAGES OF THE CARBON MICROPHONE IS THAT ITS
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SENSITIVITY IS COMPARATIVELY HIGH, IN THAT THE AMOUNT OF ELECTRICAL EN..

ERGY WHICH SS CONTROLLED BY THE PRESSURE OF THE SOUND WAVE ON THE DIA-
PHRAGM IS CONSIDERABLY GREATER THAN THE ENERGY OF THE SOUND. IT IS FOR

THIS REASON THAT IN THE MAJORITY OF CASES, THE CARBON MICROPHONE CAN St/

PPLY THE SIGNAL ENERGY DIRECTLY INTO THE INPUT OF THE AMPLIFIER THROUGH A
COUPLING TRANSFORMER AND WITHOUT THE USE OF AN AUXILIARY OR BOOSTER AMP

LIFIER BETWEEN THE MICROPHONE AND THE REGULAR AMPLIFIER.

ONE OF THE MOST NOTICEABLE DISADVANTAGES OF CARBON MICROPHONES IS

THE CONTINUOUS HISSING AND FRYING SOUND WHICH THEY EMIT ALTHOUGH THIS HAS
IN SOME CASES BEEN REDUCED TO A REMARKABLE DEGREE IN SOME OF THE LATER
CESIONS.

CARBON MICROPHONES ARE AVAILABLE IN A WIDE VARIETY OF DESIGNS AND
EACH OF WHICH IS ADAPTED BEST TO SCME PARTICULAR USE. SOME OF THESE HAVE
ALREADY BEEN SHOWN YOU IN PREVIOUS ILLUSTRATIONS IN THIS LESSON WHILE FIG.
II SHOWS YOU FOUR POPULAR MODELS OF UNIVERSAL MICROPHONES.

THE UNIVERSAL BULLET TYPE MICROPHONE IN FIG. III FOR INSTANCE, CON
SISTS OF A TUBE WITH A CENTER PARTITION, PROVIDING SPACE FOR A STANDARC

VOLT NO. 6 DRY CELL. THE MICROPHONE HEAD IS FIXED, ASSURING A VERTICAL
POSITION AT ALL TIMES. FLEXIBLE WIRE CONNECTIONS, LONG ENOUGH TO PERMIT

Ttjpe

TorpecA,

i-landy- Mika

riG. 1I
Various Carbon AI icro,okone Designs.



PAGE 8 AMPLe8YSTEM8

EASY REPLACEMENT ARE ALSO PROVICED. RUBBER CUSHIONS AND SPRING TENSION
SIDES MAKE A VERY RUGGED ASSEMBLY THAT PERMITS A GREAT DEAL OF HANDLING
AND TRANSPORTATION WITHOUT AFFECTING PERFORMANCE.

THE TCRPEDO MICROPHONE SHOWN AT THE UPPER RIGHT OF FIG.II WAS DE-
SIGNED WITH THE INTENTION OF HAVING A COMPACT UNIT AND WITH THE INTERNAL
PARTS OF THE MICROPHONE FULLY PROTECTED AGAINST MECHANICAL INJURY.

THE HANDI-MIKE AT THE LOWER RIGHT OF FIG. II IS DESIGNED WHERE EASE
OF HANDLING IS REQUIRED, AS IS ALSO THE CASE FOR PUBLIC ADDRESS WORK.THIS
MICROPHONE HAS A HANDLE BUILT ON TO IT SO THAT IT CAN BE HELD WITHCONVEN-

IENCE IN THE PROPER POSITION FOR SPEAKING
PURPOSES. THE MICROPHONE SWITCH IS BUILT
DIRECTLY IN THE HANDLE SO THAT THE MICRO-
PHONE CIRCUIT CAN BE COMPLETED OR INTERR-
UPTED WITH THE UTMOST OF EASE. A THREE-
WIRE CABLE LEADS DIRECTLY FROM THE MICRO-
PHONE TO THE COUPLING TRANSFORMER AND IS

OF SUFFICIENT LENGTH THAT IT IS MOSTPRAU
ICAL FOR HANDLING PURPOSES. THE EYE I8P92
VIDED FOR SUSPENDING THE MICROPHONE WHEN
IT IS EITHER IN OR OUT OF USE.

FIG. 12

"Tile Coi-7 den ser
ict---o phon e .

Now THAT YOU ARE FAMILAIR WITH THE
VARIOUS TYPES OF CARBON MICROPHONES, LET

US NEXT TURN OUR ATTENTION TO THE CONDEN-
SER MICROPHONE.

THE CONDENSER MICROPHONE

IN FIG. 12 YOU ARE SHOWN A TYPICAL
CONDENSER MICROPHONE,TOGETHER WITH ITS

PRE-AMPLIFIER. THE MICROPHONE UNIT ITSELF,
YOU WILL OBSERVE, IS MOUNTED OVER ONE END
OF A CYLINDRICAL HOUSING IN WHICH THE PRI
AMPLIFIER IS CONTAINED. ONE LONG WIRECAD...
LE IS THEN USED TO CONNECT THE COMPLETE
ASSEMBLY TO THE CONVENTIONAL AMPLIFIER I.
TO WHICH IT IS INTENDED TO OPERATE.

HAVING FAMILIARIZED YOURSELF WITH
THE GENERAL APPEARANCE OF THE ASSEMBLY, LET US NOW CONSIDER ITS INTERNAL
CONSTRUCTION IN GREATER DETA LTHE CONSTRUCT ION OF THE CONDENSERMICROPHONE
ITSELF IS ILLUSTRATED FOR YOU IN F I G I3 AND BY STUDY ING TH S DRAWING IN CON-
J W ITH THE FOLLOWING DESCRIPTION, YOU SHOULD ACQU i RE A GOOD MENTAL PIC..-
TURE OF THIS UNIT.

THIS MICROPHONE IS IN REALLITY A CONDENSER AS ITS NAME INDICATES AND
IN WHICH ONE PLATE IS FIXED, WHILE THE OTHER IS A DIAPHRAGM AGAINST WHICH
THE SOUND WAVES ACT.

THE DIAPHRAGM OF THIS MICROPHONE IS DURALUMINUM OF APPROXIMATELY

(LOOM" THICKNESS AND STRETCHED UNTIL ITS RESONANT FREQUENCY IS IN THE

ORDER OF 5000 CYCLES.

IN THE CONDENSER MICROPHONE, ACOUSTIC DAMPING IS ALSO MADE USE OF AND
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IT IS PROVIDED BY THE AIR WHICH IS TRAPPED BETWEEN THE DIAPHRAGM AND THE

BACK PLATE AND IS CONTROLLED BY A SERIES OF GROOVES WHICH INTERSECT EACH*
OTHER AT RIGHT ANGLES, WITH HOLES DRILLED THROUGH THE BACK PLATE AT THE

INTERSECTIONS.

IN ORDER THAT SMALL MOVEMENTS OF THE DIAPHRAGM WILL CHANGE THE CAP-
ACITY APPRECIABLY, THE SPACING BETWEEN THE DIAPHRAGM AND BACK PLATE MUST

BE AS SMALL AS POSSIBLE. IN THE PARTICULAR MICROPHONE HERE ILLUSTRATED,

THIS SPACING AMOUNTS TO ONLY 0.001!'.

SINCE A RATHER HIGH POTENTIAL IS TO BE APPLIED ACROSS THE TWO ACTIVE
PLATES OF THIS CONDENSER AND THE SPACE BETWEEN THE PLATES BEING SO SMALL,
GREAT CARE MUST BE EXERCISED SO THAT NO DUST WILL BECOME LODGED IN THIS

SPACE. THIS IS ACCOMPLISHED BY SEALING THE MICROPHONE FROM THE OUTSIDEAIR

AND FILLING IT WITH NITROGEN SO AS TO GUARD AGAINST CORROSION. A COMPEN*

SATI,NG DIAPHRAGM MADE OF ORGANIC MATERIAL AND HAVING CONSIDERABLE FLEXIBIL
ITV IS USED AS A PART OF THIS SEAL SO AS TO EQUALIZE THE PRESSURES.

THE SPACE BEHIND THE BACK PLATE
IS CONNECTED TO THE REMAINING AIR
SPACES THROUGH AN ACOUSTIC VALVE AND
WHICH CONSISTS OF A DISK OF SIUKCLAa
PED BETWEEN TWO ALUMINUM RINGS. THIS
IS DONE SO AS TO AVOID RESONANCES IN
THE AIR SPACES OF THE MICROPHONE.

CONNECTING THE. CONDENSER
MICROPHONE TO THE CIRCUIT

WHERE EXTREMELY FAITHFUL RE-

PRODUCTION 18 REQUIRED AND EXPENSE IS
NO HANDICAP, THE CONDENSER MICROPHONE
WILL BE FOUND TO HAVE AN IMPROVED
RESPONSE -CHARACTERISTIC OVER THECAR*
BON TYPE. HOWEVER, ITS SENSITIVITY IS

COMPENSATtNG
DIAPHRAGM

_Er

DAMPING ACOUSTIC
'LATE GROOVE VALVE

FIL..IN6
TUBE

FIG. i3

Construction of the Condenser
A icro,oh- on e

MUCH LOWER THAN THAT OF THE CARBON

MICROPHONE AND FOR THIS REASON A PRE -AMPLIFIER IS NECESSARY. THISPRE*AMP*

LIFIER, AS HAS ALREADY BEEN MENTIONED, IS GENERALLY MOUNTED AS A PART OF

THE MICROPHONE ASSEMBLY SO THAT IT WILL BE AS CLOSE AS POSSIBLE TO THE MI

CROPHONE AND IN THIS WAY REDUCE THE LOSS IN ENERGY BETWEEN THE MICROPHONE
AND THE PRE -AMPLIFIER TO A MINIMUM. SOMETIMES,THESE PRE -AMPLIFIERS ARE

CALLED HEAD AMPLIFIERS.
IN FIG. 14, YOU ARE SHOWN THE CIRCUIT DIAGRAM OF THE INPUT CIRCUIT OF

A TYPICAL PRE -AMPLIFIER AND THE MANNER OF CONNECTING THE MICROPHONE TO IT.

BY STUDYING FIG. 14, YOU WILL OBSERVE THAT A SOURCE OF "B" VOLTAGE IS ARE

LIED ACROSS THE PLATES OF THE MICROPHONE THROUGH THE RESISTOR RI THEREBY

PLACING AN ELECTRICAL CHARGE UPON THE TWO PLATES.

AS SOUND WAVES ACT UPON THE DIAPHRAGM AND THEREBY CAUSE THE PLATES
OF THIS CONDENSER TO BE MOVED CLOSER TOGETHER AND FARTHER APART ACCORDING

LYE THE CAPACITY OF THE CONDENSER WILL BE CORRESPONDINGLY VARIED. SINCE

THE CAPACITY OF THE CONDENSER IS CHANGED IN PROPORTION TO THE SOUND WAVES
ACTING UPON IT, THE CHARDIN3 CURRENT WHICH MUST FLOW THROUGH RI IN FIG.I4

WILL VARY ACCORDINGLY AND THE RESULTING VOLTAGE VARIATIONS ACROSS RI WILL

THUS BE AN ELECTICAL REPRODUCTION OF THE ORIGINAL SOUND WAVES.THESE VOL*
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TALE CHANGES ACROSS Rp WILL THEN BE APPLIED THROUGH COUPLING CONDENSER
"C" AND ACROSS THE GRID CIRCUIT OF THE VACUUM TUBE. IN OTHER WORDS, THIS
IS JUST ANOTHER EXAMPLE OF RESISTANCE -CAPACITY COUPLING AND AFTER THE
SIGNAL VOLTAGE CHANGES ARE ONCE APPLIED TO THE GRID OF THE FIRST TUBE IN

THE PRE -AMPLIFIER, THEY ARE AMPLIFIED IN THE USUAL MANNER.

Ple1.14
The Pre - hip 1 Fier;

IN FIG.I5 YOUARE
SHOWN A TWO -STAGE, CON
DENSER MICROPHONE,PRE"
AMPLIFIER CIRCUIT,
WHICH IN ADDITION TO

SHOWING YOU HOW THEMI"
CROPHONE IS CONNECTED
TO IT, ALSO SHOWS HOW
THE OUTPUT OF THE PRE-
AMPLIFIER IS TO BE
CONNECTED TO THE MAIN
AMPLIFIER THROUGH A

400 TO 600 OHM LINE.

CONSIDERABLE CARE
MUST BE EXERCISED IN
THE DESIGN OF THE PRE"

AMPLIFIZR AS USED WITH THE CONDENSER MICROPHONE. FOR EXAMPLE,THE CAPACITY
WHICH IS SHUNTED ACROSS THE MICROPHONE BY THE LEADS AND AMPLIFIER TUBE
MUST BE SMALL IN COMPARISON TO THE CAPACITY OF THE MICROPHONE AND THE
EQUIVALENT RESISTANCE WHICH IS FORMED BY RI AND RzIN PARALLEL IN FIG. 14
SHOULD AT LEAST BE AS GREAT AS THE REACTANCE WHICH THE CAPACITY FORMED BY
THE MICROPHONE, ITS LEADS AND THE AMPLIFIER TUBE HAS AT THE LOWEST FRE-
QUENCY WHICH IS TO BE REPRODUCED.

THE EFFECT OF A LOW SHUNTING CAPACITY INCREASES THE SENSITIVITY BE-
CAUSE AS THE DIAPHRAGM VIBRATES AND CHANGES THE CAPACITY OF THE MICROPHONE,
THE RESULTING POTENTIAL VARIATIONS ARE PROPORTIONAL TO THE CHANGE IN CA-
PACITY DIVIDED BY THE TOTAL CAPACITY, PROVIDED THE RESISTANCE RI AND Rs
ARE LARGE ENOUGH TO PREVENT APPRECIABLE CHANGE IN THE CHARGE ON THEMICRO"
PHONE PLATES.

IF THESERESIS-
TANCES ARE NOT LARGE
ENOUGH,THERE WILL BE
ENOUGH CHARGE FLOW-
ING IN AND OUT OF
THE CONDENSER AT LOW
FREQUENCIES TO RE-
DUCE THE POTENTIAL
VARIATIONS APPRECI
ABLY.

THE R I BBON MICROPHONE

UNLIKE THECOa
DENSER OR CARBON
TYPE MICROPHONES,
WHICH ARE VALVES OR
MECHANICAL GOVER"

Pta. 15
A Two- 51-a ge Pre - /77,01 14:1-42
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NERS, THE RIBBON MICROPHONE OR °VELOCITY MICROPHONE", AS IT IS SOMETIMES
CALLED, IS A GENERATOR OF ELECTRICAL IMPULSES SIMILAR TO APHONOGRAPHI PICE
UP. THE OUTPUT OBTAINED FROM THE RIBBON MICROPHONE IS ALSO OF A RATHER LOW
LEVEL AND FOR THIS REASON A PRE -AMPLIFIER MUST ALSO BE USED WITH !TITHE
SAME AS IN THE CASE OF THE CONDENSER MICROPHONE. THE RIBBON MICROPHONE,
HOWEVER, IS A LOW IMPEDANCE "PICK UP DEVICE", WHEREAS THE CONDENSERMICRO
PHONE IS OF A HIGH IMPEDANCE ORDER.

IN FIG. 16 YOU ARE SHOWN A TYPI.CAL RIBBON MICROPHONE,TOGETHER
ITS PRE -AMPLIFIER. THE MICROPHONE ITSELF CONSISTS ONLY OF THE SMALL
LIKE STRUCTURE AT THE LOWER END OF THE UNIT,WHILE THE UPPER PORTION
PRE -AMPLIFIER OR "MICROPHONE AMPLIFIER,AS IT IS SOME
TIMES CALLE& THE SAME UNIT AGAIN APPEARS IN FIG.

17 WHERE PORTIONS OF THE HOUSING HAVE BEEN REMOVED
SO THAT THE PARTS OF BOTH THE MICROPHONE AND THE
PRE -AMPLIFIER CAN BE CLEARLY SEEN.

IN THIS MICROPHONE,THE DIAPHRAGM IS REPLACED
WITH A LIGHT RIBBON MADE OF DURALUMINUM, BEING
APPROXIMATELY 2 TO 3" LONG, 3/16" WIDE AND ONE-
HALF THOUSANDTH OF AN INCH THICK. IT IS CORRUGATED
TRANVERSELY IN ORDER TO PREVENT STANDING WAVES ON

THE SURFACE OF THE RIBBON AND TO KEEP THE NATURAL
FREQUENCY OF THE RIBBON OUT OF THE AUDIO FREQUENCY
RANGE.

THE OPERATION OF THIS MICROPHONE CAN NO
BE DESCRIBED BEST WITH THE AID OF PIG41184, HERE YOU
WILL SEE THE HORSESHOE MAGNET WITH ITS TWO POLE
PIECES AND INSTEAD OF BEING A PERMANENT MAGNET, IT

IS ENERGIZED BY A FIELD COIL ACROSS WHICH A 6 VOLT
BATTERY IS CONNECTED. BY USING AN ELECTROMAGNET AS
THIS, THE MAGNETIC FLUX CAN BE MADE MUCH GREATER
THAN WOULD BE POSSIBLE WITH A PERMANENT MAGNET OF
THE SAME SIZE.

OPERATION OF THE RIBBON MICROPHONE

IN FIG. I8,YOU WILL ALSO OBSERVE HOW THEDUR..
ALUMINUM RIBBON IS SUSPENDED BY TWO INSULATORS BE-
TWEEN THE POLE PIECES OF THE MAGNET BUT BEAR IN

MIND THAT THE RIBBON IS SUSPENDED LOOSELY AND NOT
UNDER TENSION. THE ENDS OF THE RIBBON ARE CONNECTED ACROSS THE PRIMARY
WINDING OF AN INPUT TRANSFORMER,THUS PLACING THE RI3BON IN A COMPLETECIR...
CUIT.

WITH
BOX -

IS THE

,Q/1,60,7 Microphone

Pre-Ampli

WITH THE ELECTROMAGNET ENERGIZED,THE RESULTING MAGNETIC LINES OF
FORCE WILL BE IN A TRANSVERSE POSITION WITH RESPECT TO THE RIBBON,THAT IS,
FROM RIGHT TO LEFT AS WE ARE NOW LOOKING AT IT ON PAPER. Now THEN, AS

SOUND WAVES STRIKE THE FLAT SIDES OF THE RIBBON,THE RIBBON WILL BE FORCED
TO MOVE FORWARD AND BACKWARD UNDER THE INFLUENCE OF THE CHANGING AIR PRE-
SSURES, WHICH ARE CAUSED BY THE SOUND WAVE.

THIS MOVEMENT OF THE RIBBON CAUSES IT TO CUT THE LINES OF FORCE BE-
TWEEN THE POLES OF THE ELECTROMAGNET AND SINCE THE RIBBON HAS A COMPLETE
CIRCUIT THROUGH THE PRIMARY WINDING OF THE INPUT TRANSFORMER,WEAK ALTER-
NATING CURRENTS ARE INDUCED IN THE RIBBON AND THUS FLOW THROUGH THE PRI...
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FIG 17

Consi-ruc bro./ o[ zL4e
Qibbon Micro,o1-7on e .

MARY WINDING OF THE INPUT TRANSFORMER.

THE RAPIDITY WITH WHICH THE RIBBON
MOVES BACK AND FORTH IS GOVERNED BY THE SPEED
AT WHICH THE AIR COMPRESSIONS AND RAREFAC-
TIONS STRIKE IT ANO THESE ARE IN TURNDEPEND"
ENT UPON THE FREQUENCY OF THE SOUND WHICH
CAUSES THE AIR DISTURBANCE. IT THUS FOLLOWS
THAT THE RIBBON'S MOVEMENT WILL HAVE A FRE-
QUENCY EQUIVALENT TO THAT OF THE SOUND CAUL
ING ITS MOTION AND THEREFORE,THE INDUCED CUR
RENTS IN ITS CIRCUIT WILL BE OF ACORRESPOND
ING FREQUENCY.

THE AMPLITUDE OF THE RIBBON'S MOVEMENT
WILL BE INCREASED BY A LOUDER SOUND BECAUSE
THE AIR DISTURBANCE UNDER THESE CONDITIONS IS
MORE VIGOROUS. THIS WILL CAUSE A GREATERCUR...
RENT FLOW THROUGH THE RIBBON BECAUSE THE RI-
BBON WILL NOW BE CUTTING MORE LINES OF FORCE.

THESE AUDIO FREQUENCY CURRENT VARIA-
TIONS ARE TRANSFERRED FROM THE RIBBON CIRCUIT
TO THE MICROPHONE AMPLIFIER BY MEANS OF THE
INPUT TRANSFORMER OF FIG.'S. THE AMPLIFIER
CONSISTS OF THREE STAGES,EMPLOYING TUBES OF

THE 864 TYPE, WHOSE FILAMENT VOLTAGE ISSUPP
LIED BY THE SAME 6 VOLT BATTERY, WHICH BONER..
GIZES THE ELECTROMAGNET. THE OUTPUT OF THE
MICROPHONE AMPLIFIER CAN BE FED INTO THE MAIN
AMPLIFIER FOR FURTHER AMPLIFICATION. NOW LET
US CONSIDER THE DIRECTIONAL QUALITIES OF

THIS MICROPHONE.

DUE TO THE FLAT AND THINLY CONSTRUCTED
RIBBON, IT IS OBVIOUS THAT MAXIMUM RESPONSE

WILL BE OBTAINED FROM THE MICROPHONE
THE SOUND WAVES STRIKE EITHER OF ITS TWO FLAT SIDES. SHOULD THE SOUND
WAVES COME FROM SUCH A DIRECTION
EDQES,THEN NO RESPONSE WILL
BE OBTAINED. SO IT CAN BE
SEEN THAT THIS MICROPHONE
DECREASES IN RESPONSE AS
THE ANGLE OF THE IMPINGING
SOUND WAVE INCREASES TO

EITHER SIDE OF THE LINE OF
MAXIMUM RESPONSE.

THIS BEING THE CASE,
IT IS LOGICAL THAT THIS
MICROPHONE CAN BE SO OR-
IENTED IN RESPECT TO EX-
TRANEOUS NOISES SO AS NOT
TO RESPOND TO THEM,YET RE-
SPONDING FAITHFULLY TO.

THOSE SOUNDS WHICH ARE DE-
SIRED. THIS DIRECTIONALFEAL

AS TO STRIKE EITHER OF THE RIBBON'S THIN

FIG, 18

Opera king Principle of ihe
12ibbot7 Microphone.
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URE OF THE RIBBON MICROPHONE FOR ELIMINATING PICK-UP OF EXTRANEOUS NOISES

MAKES IT IDEAL FOR USE WHERE ACOUSTICAL IMPERFECTIONS EXIST.

THE RIBBON MICROPHONE HAS A FREQUENCY
OF THE CONDENSER MICROPHONE.

THE DYNAMIC MICROPHONE

RESPONSE COMPARABLE TO THAT

A CROSS-SECTION OF THE DVNAMIC.MICRO
PHONE IS ILLUSTRATED FOR YOU IN FIG19 AND

AS YOU WILL OBSERVE,IT IS ESSENTIALLY COM-

POSED OF A DIAPHRAGM "D" SUPPORTING A VOICE

COIL "V.011.kWHICH IS MADE OF FINE ALUMINUM
RIBBON WOUND EDGEWISE IN THE FIELD OF A PER-
MANENT MAGNET M. WHEN THE SOUND WAVESIMPINGE
ON THe DIAPHRAGM,THE COIL TO WHICH IT ISRIG..
IDLY ATTACHED VIBRATES WITH A PLUNGER-. LIKE

MOTION CUTTING THE LINES OF FORCE AND THUS
GENERATING ACROSS TWO TERMINALS A POTENTIAL

WHICH IS SUBSTANTIALLY CONSTANT FROM ABOUT

35 TO 10,000 CYCLES.

F13.19

Cross- Secifon 01C fh e
Dynamic t7e

THE DIAPHRAGM "0" IS MADE OF DURALUMIN .0011" THICK AND HAS A DOME....

SHAPED CENTER PORTION WHICH EXTENDS TO THE INNER EDGE OF THE MOVING COIL.

THIS TYPE OF CONSTRUCTION STIFFENS THE CENTER SO THAT THE DIAPHRAGM HAS

A PLUNGER ACTION THROUGHOUT THE ENTIRE AUDIO-FREQUENCY RANGE.

THE MOVING COIL V.C. CONSISTS OF ABOUT 65 TURNS OF ALUMINUM RIBBON,

.001" THICK AND .009" WIDE, WOUND EDGEWISE; THE TURNS ARE INSULATED WITH

PHENOL VARNISH WHICH SERVES ALSO AS A BINDER FOR HOLDING TOGETHER THE AD-

JACENT TURNS. THE IMPEDANCE RATING OF THE VOICE COIL IS AEOUT 25 OHMS.

A PREAMPLIFIER IS NOT ALWAYS NEEDED WITH THIS TYPE OF MICROPHONE,

BUT WHEN USED, REQUIRES AN IMPEDANCE MATCHING TRANSFORMER AS ILLUSTRATED

IN FIG. 20. IN EFFECT, YOU WILL NOTICE, THIS IS JUST LIKE A DYNAMIC SPEAB.

ER BEING USED BACKWARDS.

THE
MAY

A PERFORATED METAL GRID "W' AND WHICH IS COVERED WITH SILK,PROTECTS

DIAPHRAGM FROM INJURY. THE GRID AND METAL HOUSING FORM A SHIELD WHICH

BE GROUNDED THROUGH ONE OF THE JACK CONTACTS PROVIDED ON THE REAR OF

THE HOUSING. THE REMAINING JACK TERMINALS ARE

CONNECTIONS FOR THE EXTERNAL AMPLIFIER.

FIG. 20

CircuiE of Dynamic
Microphone and Pre -

A thplifier-.

SOME OF THE MORE IMPORTANT ADVANTAGES

CLAIMED FOR THE DYNAMIC MICROPHONE ARE: ITS

HIGH SENSITIVITY,DOES NOT REQUIRE AN EXITER

BATTERY, GOOD FREQUENCY CHARACTERISTICS, AND

IS SIMPLE AND RUGGED IN DESIGN.

THE CRYSTAL MICROPHONE

IN ONE OF YOUR EARLIER LESSONS,YOUWERE
SHOWN HOW THE "FIEZO ELECTRICAL" CHARACTER-

ISTICS OF ROCHELLE-SALT CRYSTALS COULD BE

USED IN THE CONSTRUCTION OF LOUDSPEAKERS.

THIS SAME PRINCIPLE IS ALSO BEING APPLIED TO
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TC THE CRYSTAL MICROPHONE.

IN THE UPPER PORTION OF FIG. 21 YOU WILL SEE AN ASSEMBLED CRYSTAL
MICROPHONE, WHEREAS THE SAME UNIT IS SHOWN IN A COMPLETELY DISASSEMBLED
CONDITION DIRECTLY BELOW. IN THIS MICROPHONE, TWO PLATES OF THE CRYSTAL
ARE MOUNTED SANDWICH -LIKE, NEAR THE TERMINAL END OF THE SHELL OR HOUSING
AND ONE EDGE OF THE CRYSTALS IS CEMENTED TO THE SHELL LEAVING THE OTHER
ENO FREE TO VIBRATE. THE CRYSTAL IS WEDGE-SHAPED AND THE DRIVE ROD ISATT-
ACHED TO THE FREE END.

DRIVE
THE DIAPHRAGM IS CONE -SHAPED AND ITS APEX IS RIGIDLY ATTACHED TO THE
ROD. CONTRARY TO THE CONVENTIONAL DIAPHRAGMS USED IN MICROPHONES,

THE TYPE MADE USE OF IN THIS CONSTRUCTION IS
OF IMPREGNATED, SOFT CARDBOARD. IN THIS MAN
NERD METALLIC RATTLES ARE DONE AWAY WITH;
CRITICAL ANNEALING AND STRETCHING IS EN-
TIRELY ELIMINATED; AND THE DIAPHRAGM MAY BE
DISMANTLED FOR INSPECTION WITHOUT ANY FEAR
OF IT NOT FUNCTIONING PROPERLY AFTER IT IS

PUT TOGETHER AGAIN.

WHEN SOUND WAVES ARE IMPINGED UPON THE
D IAPHRAGM, THE RESULT ING MOVEMENT OF THE DIA-
PHRAGM WILL THROUGH THE DRIVE ROD CAUSE THE
CRYSTAL ASSEMBLY TO VIBRATE CORRESPONDINGLY
AND THEREBY GENERATE CORRESPONDING VOLTAGE
VARIATIONS ACROSS ITS TERMINALS.

FIG. 21

The Crysial Microphone

MICROPHONE TO THE AMPLIFIER

MICROPHONE AND THE LINE IS RECOMMENDED. THE FREQUENCY CHARACTERISTIC OF
THE CRYSTAL MICROPHONE IS EXCELLENT.

THE ADVANTAGE OF THE UNIT IS THE FACT
THAT ITS HIGH IMPEDANCE PERMITS IT TO BE
CONNECTED DIRECTLY INTO THE GRID AND FILA-
MENT OF A TUBE WITHOUT USING A TRANSFORMER
AND THE VOLUME CONTROL FOR THE UNIT MAY BE
CONNECTED DIRECTLY ACROSS THE MICROPHONE
TERMINALS. OF COURsE,IF THE LEADS FROM THE

ARE TO BE VERY LONG, A TRANSFORMER BETWEEN THE

MISCELLANEOUS PRE-AMPLIF1LHS

IN THE PRE -AMPLIFIER WHOSE CIRCUIT IS ILLUSTRATED IN FIG. 15, YOU
WILL HAVE NOTICED THAT TYPE 864 TUBES ARE USED. THIS TUBE TYPE IS ADAPTED
PARTICULARLY TO USE AS AN A.F. AMPLIFIER AND ITS OPERATING CHARACTERISTICS
ARE AS FOLLOWS: FILAMENT VOLTAGE=I.I; FILAMENT CURRENT =.25 AMP.(D.0 );
PLATE VOLTAGE =135 VOLTS; GRID BIAS -9 VOLTS; PLATE CURRENT =3.5 MA.;
AMPLIFICATION FACTOR=8.2.

IN FIG. 22 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A TWO -STAGE PRE -AMP
LIFIER IN WHICH TYPE -30 TUBES ARE USED. A CONDENSER MICROPHONE IS CONN-
ECTED ACROSS THE INPUT OF THE AMPLIFIER AND IN SERIES WITH THE -I-180 VOLT
B TERMINAL AND THE TWO SERIES -CONNECTED RESISTORS OF .25 MEGOHM AND 3
MEGOHM VALUE.

THE PRE -AMPLIFIER IS RESISTANCE -CAPACITY COUPLED THROUGHOUT BUT A
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TRANSFORMER IS FURNISHED AT THE OUTPUT, SO THAT THE PRE -AMPLIFIER CAN BE

CONVENIENTLY COUPLED TO THE MAIN AMPLIFIER WITH PROPER MATCHING OF IMPED-
ANCE.

As WAS STATED PREVIOUSLY IN THIS LESSONS T IS PREFERABLE THAT THE

PRE -AMPLIFIER BE LOCATED AS CLOSE AS POSSIBLE TO THE MICROPHONE AND IT

IS FOR THIS REASON THAT THE MICROPHONE AND PRE -AMPLIFIER ARE GENERALLYCDU
STRUCTED AB A SINGLE UNIT. A TRANSMISSION LINE OF 200 OR 500 OHMS IS GEN-
ERALLY EMPLOYED AS THE CONNECTING LINK BETWEEN THE PRE -AMPLIFIER AND THE

MAIN AMPLIFIER AND UNDER THESE CONDITIONS,THE PRIMARY WINDING OF T1 IN

FIG. 22 SHOULD HAVE AN IMPEDANCE RATING OF SUCH A VALUE TO BE SUITABLE AS
THE PLATE CIRCUIT LOAD FOR THE 30 TUBE, WHEREAS ITS SECONDARY WINDING

SHOULD HAVE AN IMPEDANCE RATING EQUAL TO THAT OF THE TRANSMISSION LINE qg

inq USED.

THE TRANSMISSION LINE IS CONNECTED TO
THE MAIN AMPLIFIER THROUGH ANOTHER TRANS-
FORMER,WHOSE PRIMARY WINDING HAS AN IMPED-

ANCE RATING EQUAL TO THAT OF THE TRANS-
MISSION LINE, WHILE THE IMPEDANCE RATING OF
ITS SECONDARY IS EQUAL TO THAT OF THE FIRST
GRID CIRCUIT OF THE MAIN AMPLIFIER INTO
WHICH THE TRANSMISSION LINE IS TO FEED. WE

SHALL CONSIDER IMPEDANCE MATCHING SYSTEMS IN
GREATER DETAIL LATER IN THE COURSE.

THE FILAMENTS OF THE 30 TUBES IN FIG.
22, YOU WILL NOTICE, ARE CONNECTED IN SERIES AND ADEQUATE RESISTANCE IS

INCLUDED SO THAT THE 6 VOLT "A" SUPPLY WILL BE REDUCED TO THE PROPER AMOUNT
FOR THE TUBES. THE B- TERMINAL OF THIS PRE -AMPLIFIER IS TO BE GROUNDED

TO THE METAL HOUSING IN WHICH THE UNIT IS CONTAINED.

FIG, 22
Two Stage

°re - A mpli Fier -

IN THE NEXT LESSON,YOU WILL BE SHOWN A NUMBER OF DIFFERENT A.F.AMP-
LIFIER CIRCUITS, THE METHODS OF COUPLING MICROPHONES TO THE AMPLIFIER AND
A DETAILED EXPLANATION OF HOW THE SIGNALS PASS THROUGH THE ENTIRE SYSTEM
FROM THE MICROPHONE TO SPEAKER.
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examination Quoflow.:

LESSON NO. AS..I

"Setbacks never whip a fighter,they
only sharpen his faculties,stiffen his
backbone and toughen his muscles. And
the more he fights the better he be-
comes. So pick out your goal, roll up
your sleeves and pitch into thebattle."

I. MAKE A SIMPLE DRAWING OF A SINGLE -BUTTON CARBON M1CRO

PHONE, SHOWING HOW IT 16 CONNECTED IN THE CIRCUIT AND

EXPLAIN HOW IT OPERATES.

2. - How DOES THE DOUBLE -BUTTON CARBON MICROPHONE DIFFER FROM
THE SINGLE -BUTTON CARBON MICROPHONE AND WHAT ADVANTAGES

DOES IT OFFER OVER THE SINGLE -BUTTON MICROPHONE?

3. - DESCRIBE A CONDENSER MICROPHONE.

4. WHY MUST A PREAMPLIFIER BE USED IN CONJUNCTION WITH A

CONDENSER MICROPHONE?

5. - ILLUSTRATE BY MEANS OF A DRAWING HOW A CONDENSER MICRO-
PHONE MAY BE CONNECTED TO A PRE -AMPLIFIER AND EXPLAIN
HOW THE SYSTEM OPERATES.

6. - DESCRIBE THE RIBBON MICROPHONE AND EXPLAIN HOW IT OPER-
ATES.

7. - WHAT ARE SOME OF THE MOST IMPORTANT FEATURES OFFERED BY
THE RIBBON MICROPHONE AS REGARDS TO PERFORMANCE?

8. - DESCRIBE THE DYNAMIC MICROPHONE.

9. - DESCRIBE THE CRYSTAL MICROPHONE.

WHAT ARE SOME OF THE MOST DESIRABLE FEATURES OF CRYSTAL
MICROPHONES?

NOTICE:- BE SURE TO NUMBER ALL OF YOUR EXAMINATION
PAPERS FOR THE ADVANCED LESSON GROUPS TO CORRESPOND
WITH THE LESSON NUMBER APPEARING AT THE TOP OF THE

EXAMINATION PAGE IN EACH OF THESE LESSONS. FOR EX-

AMPLE,THE NUMBER OF THIS LESSON IS THIS IS IM

PORTANT.

Printed in U. S. A.
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LESSON NO. 2

TYPICAL AUDIO AM PLI F I ER.,S

41/\

INSTEAD OF PLUNGING DIRECTLY INTO THE DESIGN WORK AND CALCULATIONS

INVOLVED IN A.F. AMPLIFIERS, YOU ARE FIRST GOING TO SE SHOWN IN THIS LES-

SON SOME SAMPLE AMPLIFIER SET-UPS, AND ALSO SOME POPULAR CIRCUITS AS USED

IN THESE SYSTEMS. IN THIS WAY, YOU WILL HAVE A BETTER PRACTICAL UNDER

STANDING OF THESE UNITS, AS WELL AS A CLEAR CONCEPTION OF HOW THE MICRO-

PHONES ABOUT WHICH YOU STUDIED IN THE PREVIOUS LESSON ARE CONNECTED TO

THEM.

NOT ONLY WILL YOU FIND INFORMATION OF THIS TYPE TO OFFER YOU VALU-

ABLE SUGGESTIONS, SO THAT YOU CAN BUILD AMPLIFIERS ACCORDING TO THE SPEC-

IFICATIONS HEREIN GIVEN, BUT IT WILL IN ADDITION GIVE YOU A BROADER VIS-

ION OF THE SUBJECT SO THAT THE DE-

SIGN CALCULATIONS AS PRESENTED IN

LATER LESSONS WILL MEAN MORE TO YOU

YOU WILL FIND THE UNITS AS DE-
SCRIBED IN THIS LESSON TO BE ESPEC-
IALLY SUITABLE FOR PUBLIC ADDRESS

WORK, SO THAT YOU CAN IMMEDIATELY

PUT THIS KNOWLEDGE TO WORK FOR YOU

IN THIS PARTICULAR FIELD OF RADIO.

CLASSIFICATION OF AMPLIFIERS

A.F. AMPLIFIERS, AS COMMONLY

USED, ARE CLASSIFIED INTO TWO GEN-

ERAL GROUPS, NAMELY AS CLASS A ' AND

CLASS B AMPLIFIERS.

A "CLASS A" AMPLIFIER IS AN

AMPLIFIER IN WHICH THE GRID BIAS AND
THE EXITING GRID VOLTAGE ARE SUCH

THAT THE PLATE CURRENT THROUGH THE

TUBE FLOWS AT ALL, TIMES. THE IDEAL

CLASS "A" AMPLIFIER IS ONE IN WHICH

F105.1

Units Comprising a P. A.
A rn,o I iry System,
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THE ALTERNATING COMPONENT OF THE PLATE CURRENT IS AN EXACT REPRODUCTION OF
THE WAVE FORM OF THE ALTERNATING GRID VOLTAGE AND THE PLATE CURRENT FLOWS
DURING 360 ELECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A

CLASS A AMPLIFIER ARE LOW EFFICIENCY AND OUTPUT, TOGETHER WITH LOW DIS-

TORTION. THIS TYPE IS GENERALLY EMPLOYED WHERE FIDELITY OR QUALITY OF

REPRODUCTION IS MORE DESIRABLE THAN POWER.

A "CLASS B" AMPLIFIER IS AN AMPLIFIER IN WHICH THE GRID BIAS IS

APPROXIMATELY EQUAL TO THE CUT-OFF VALUE SO THAT THE PLATE CURRENT IS APP..
ROXIMATELY ZERO WHEN NO EXITING GRID VOLTAGE IS APPLIED AND SO THAT THE

PLATE CURRENT IN EACH TUBE FLOWS DURING APPROXIMATELY ONE-HALF OF EACHCY-
CLE WHEN AN EXITING GRID VOLTAGE IS PRESENT. THE IDEAL CLASS B AMPLIFIER

IS ONE IN WHICH THE ALTERNATING COMPONENT OF PLATE CURRENT IS AN EXACT

REPLICA OF THE ALTERNATING GRID VOLTAGE FOR THE HALF CYCLE WHEN THE GRID

IS POSITIVE WITH RESPECT TO THE BIAS VOLTAGE AND THE PLATE CURRENT FLOWS

DURING ISO ELECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A

CLASS'S AMPLIFIER ARE MEDIUM EFFICIENCY AND OUTPUT BUT WITH SOMEWHAT MORE
DISTORTION THAN IS OBTAINED WITH CLASS A AMPLIFIERS. CLASS B AMPLIFIERS

ARE GENERALLY EMPLOYED WHEN HIGH

POWER OUTPUTS ARE DESIRED AND
WHEN SOME QUALITY OF REPRODUCTION
CAN BE SACRIFICED.

Phonograph
Tarntable and
ArnpUFier

4 Portable
FIG. 7

Public Aidre55 55ten-7.

MODIFICATIONS OF THESE TWO

CLASSES ARE ALSO EMPLOYED AND
THESE WILL BE BROUGHT TO YOUR*ATI
ENTION IN LATER LESSONS WHERE WE
TREAT AMPLIFIERS MORE TECHNICALLY
THEN IN THE PRESENT LESSON.

IN DESCRIBING THE
SAMPLE AMPLIFIERS, IT IS

VARIOUS
LOGICAL

TO COMMENCE WITH THE SMALLER AMP-
LIFIERS OF RELATIVELY LOW POWER OUTPUT AND THEN GRADUALLY ADVANCE THROUGH
THE MORE ELABORATE DESIGNS OF HIGH OUTPUT POWER RATING. SMALL AMPLIFIERS

ARE GENERALLY ASSOCIATED WITH PORTABLE EQUIPMENT'S° LET US CONSIDER ONE OF
THESE UNITS FIRST.

A PORTABLE PUBLIC ADDRESS SYSTEM

IN FIG. 2 YOU ARE SHOWN THE VARIOUS UNITS WHICH ARE USED TOGETHER

TO FORM A TYPICAL PORTABLE PUBLIC ADDRESS SYSTEM WHICH IS TO BE OPERATED

FROM A 110 VOLT A.C. POWER SUPPLY. IN THIS PARTICULAR EXAMPLE,THE CARRYING
CASE OPENS AND DIVIDES INTO TWO PARTS ONE CONTAINING THE SPEAKER AND

SERVING AS ITS BAFFLE, WHILE THE OTHER CONTAINS THE PHONOGRAPH EQUIPMENT

ANO THE AMPLIFIER. THE MICROPHONE IS OF THE DOUBLE -BUTTON CARBON TYPE AND
MOUNTED IN A SUITABLE STAND. CABLES OF SUFFICIENT LENGTH ARE SUPPLIED SO

THAT THE VARIOUS UNITS CAN BE INTERCONNECTED PROPERLY ALTHOUGH CONSIDER-
ABLY SEPARATED FROM EACHOTHER AND SO THAT THE AMPLIFIER CAN BE CONNECTED

TO THE POWER SUPPLY.

IN SOME INSTANCES, EVEN TWO SPEAKERS ARE USED EACH BEING MOUNTED

IN ONE-HALF OF THE CARRYING CASE SO THAT THE TWO SPEAKERS CAN BE PLACED

INDEPENDENTLY AT THE MOST DESIRED LOCATIONS. PORTABLE EQUIPMENT OF THIS

TYPE IS ILLUSTRATED IN FIG. 3.
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SO MUCH FOR THE GENERAL DESCRIPTION OF A TYPICAL PORTABLE AMPLIFY-

ING SYSTEM AND NOW LET US LOOK AT THE CIRCUIT DIAGRAM OF SUCH A UNIT.,

IN FIG. 4 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A THREE-TUBE AMPLI-

FIER WHICH IS SUITABLE FOR PORTABLE USE WHERE AN A.C. POWER SUPPLY 18 A-

VAILABLE. THE TUBES USED IN THIS CASE ARE A TYPE 57 IN THE INPUT STAGE

AND A 59 OPERATED AS A POWER PENTODE IN THE OUTPUT STAGE, WHILE AN 80SER-

VES AS THE RECTIFIER IN THE POWER PACK.

THE PARTICULAR CIRCUIT AS HERE ILLUSTRATED IS DESIGNED TO HANDLE TWO
DYNAMIC SPEAKERS, WHOSE FIELD COILS ARE ENERGIZED BY THE "WI CURRENT WHICH

IS SUPPLIEDtTO THE AMPLIFIER BY THE POWER PACK. THE TWO FIELD COILS, YOU

WILL OBSERVE, ARE CONNECTED IN SERIES, EACH HAVING A D.C. RESISTANCE RAT-

ING OF 1250 OHMS. THE 25,000 OHM RESISTOR WHICH IS CONNECTED BETWEEN HIGH

B+AND THE METAL CHASSIS OR SERVES AS A BLEEDER RESISTOR FOR THE SYS-

TEM.

UPON TURNING YOUR ATTENTION TO THE INPUT END OF THIS AMPLIFIER, YOU

WILL SEE THAT A DOUBLE-BUTTON CARBON MICROPHONE, ENERGIZED BY TWO SERIES

CONNECTED #6 DRY CELLS, IS CONNECTED TO THE PRIMARY WINDING OF THE INPUT

Spdaker prokccbiva.. Curtain Amplifier

Assembled for

Speakers e" Baffle

F%3. 3

Portable P. 4, System Wit% Tuio S/Dea ker-s.

OR MICROPHONE TRANSFORMER. A SWITCH IN THE CENTER-LEG OF THE MICROPHONE

CIRCUIT OFFERS A MEANS WHEREBY THE MICROPHONE CIRCUIT CAN BE INTERRUPTED

WHEN NOT IN USE.

THE IMPEDANCE OF THE MICROPHONE TRANSFORMER'S PRIMARY WINDING ISMA-.
TCHED TO THE RESISTANCE RATING OF THE MICROPHONE, WHILE ITS SECONDARYWIN2

ING IS MATCHED TO THE GRID CIRCUIT OF THE 57 TUBE INTO WHICH IT FEEDS. A

.5 MEGOHM POTENTIOMETER 18 CONNECTED ACROSS THE SECONDARY WINDING OF THIS

TRANSFORMER TO SERVE AS A VOLUME CONTROL AND IS INTERCONNECTED WITH THE

MICROPHONE CIRCUIT SWITCH SO THAT THE MICROPHONE CIRCUIT WILL BE INTERR-

UPTED AUTOMATICALLY WHEN THE VOLUME CONTROL IS AT ITS POSITION OF MINIMUM

VOLUME. THE.5 MEGOHM FIXED RESISTOR WHICH IS CONNECTED BETWEEN THE CON-

TROL GRID OF THE 57 TUBE AND GROUND SERVES AS A FIXED LEAK FOR THE GRID

OF THIS TUBE.

THE 57 TUBE IS COUPLED TO THE 59 THROUGH RES1S7ANCECAPACITY COUP-

LING AND THE 10,000 OHM RESISTOR IN THE PLATE CIRCUIT OF THE 57 TUBE, TO.

GEHTER WITH THE .5 MFD. CONDENSER,18 USED AS A FILTER TO PREVENT MOTOR-

BOATING. THE 59 IS USED IN THE CONVENTIONAL PENTODE MANNER AND THE PR1
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tiAFy VIINDINGS OF THE TWO OUTPUT TRANSFORMERS ARE CONNECTED IN PARALLEL IN
THE PLATE CIRCUIT OF THIS POWER TUBE. Now LET US FOLLOW THE SIGNALTHROUGH
FROM THE MICROPHONE TO THE SPEAKERS.

As

Circuit Diagram

POTENTIOMETER

THE SOUND WAVES ACT UPON THE MICROPHONE, THE MICROPHONE CURRENT
WILL VARYACCORD-
INGLY AS YOU AL-
READY LEARNED IN
YOUR PREVIOUS LEa
SON AND VOLTAGE
CHANGES OF CORR-
ESPONDING FRE-
QUENCY WILL THRU
INDUCTION APPEAR
ACROSS THESECON2
ARV WINDING OF

THE MICROPHONE
TRANSFORMER, AS

WELL AS ACROSS
THE ENDS OF THE
VOLUME CONTROLP2
TENTIOMETER. THE
SETTING OF THE

ARM DETERMINES WHAT PERCENTAGE OF THE AVAILABLE SIGNAL VOL-

F I G. 4

of a Pori -able A inplifier,

TAGE IS TO BE APPLIED ACROSS THE CONTROL GRID CIRCUIT OF THE 57 TUBE.

THE 57 TUBE OPERATES AS AN A.F. AMPLIFIER, SO THAT THE PLATECURRENT
VARIATIONS WILL PRODUCE VOLTAGE CHANGES OF SIGNAL FREQUENCY ACROSS THE
LOAD RESISTOR AND WHICH ARE APPLIED TO THE GRID CIRCUIT OF THE 59 THROUGH
THE .02 MFG. COUPLING CONDENSER. THESE SIGNAL VOLTAGE CHANGES UPON BEING
APPLIED TO THE GRID OF THE 59 TUBE, PRODUCE VARIATIONS IN THE PLATE CURR-
ENT OF THIS SAME TUBE AND WHICH ARE ALSO OF THE SIGNAL FREQUENCY AND THUS
CORRESPONDING VOLTAGE CHANGES ARE INDUCED INTO THE VOICE COIL CIRCUIT OF
BOTH SPEAKERS SO THAT THE ORIGINAL SOUNDS WHICH ARE PRODUCED IN FRONT OF
THE MICROPHONE ARE FAITHFULLY REPRODUCED BY THE SPEAKERS.

THE AmpLIFIER,WHOSE CIRCUIT DIA-
GRAM APPEARS IN FIG. 4, WILL DELIVER
A MAXIMUM POWER OUTPUT OFAPPROXIMATELY
3 TOE WATTS. ALTHOUGH THE PORTABLE
AMPLIFIER JUST DESCRIBED OFFERS ONLY A
RELATIVELY SMALL POWER OUTPUT,YETTHERE
ARE PORTABLE AMPLIFIERS IN USE WHOSE
POWER OUTPUT IS QUITE HIGH.

A 10 WATT AMPLIFIER

IN FIG. 5 YOU ARE SHOWN THE CON-
STRUCTIONAL ARRANGEMENT FOR AN AMPLI-
FIER WHICH IS RATED AT 6 WATTS BUT IN

ACTUAL OPERATION WILL_ PROVIDE AN UN-
DISTORTED POWER OUTPUT OF 10 WATTSWITt
OUT "FORCING" AND A MAXIMUM ORPEAK °La
PUT OF ABOUT 14 WATTS. THE TUBES USED
ARE A 57 IN THE INPUT STAGE, A 56 IN

FIG. 5

A /0 14/41 Amplif'i'er:
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THE INTERMEDIATE STAGE AND FOLLOWED BY A POWER STAGE EMPLOYING TWO 2A5/S

IN PUSH-PULL. AN 83 TUBE IS USED AS THE RECTIFIER.

THE CIRCUIT DIAGRAM OF THIS SAME AMPLIFIER APPEARS IN FIG5 AND AS

YOU WILL OBSERVE, THE 57 TUBE IS BEING USED AS A PENTODE AMPLIFIER SIMIL
ARILY AS IN THE PORTABLE AMPLIFIER WHOSE CIRCUIT DIAGRAM APPEARS IN FIG.4
OF THIS LESSON. A .5 MEGOHM POTENTIOMETER SERVES AS A GRID LEAK FOR THE

57 TUBE, AS WELL AS ACTING AS THE VOLUME OR "GAIN CONTROL", AS IT IS FRE-

QUENTLY CALLED. THE SECONDARY WINDING OF THE MICROPHONE TRANSFORMER ( NOT

SHOWN HERE) IS CONNECTED ACROSS THE INPUT TERMINALS.

TUBE
TWO SECONDARY
LIFIER ONE

THE 57 TUBE IS RESISTANCE-CAPACITY COUPLED TO THE 56 AND THIS LATTER

IS COUPLED TO THE POWER STAGE THROUGH AN INPUT PUSH-;PULL TRANSFORMER.
WINDINGS ARE PROVIDED ON THE OUTPUT TRANSFORMER OF THIS AMe
OF THEM HAVING AN IMPEDANCE RATING OF 15 OHMS FOR SPEAKER

VOICE COIL CONNECTION.THE
500 CHM SECONDARY WIND-
ING IS PROVIDED WHEN IT

IS DESIRED TO COUPLE THE

OUTPUT OF THE AMPLIFIERTO
A TRANSMISSION LINE AND

WHICH WILL BE MORE FULLY
EXPLAINED IN LATER LESSONS.

IU-

PUT

T0c4
0:04

r

57

Ct CO CS ICI

BLACK - YELLOW

110v AC

.1. MEG..02 mF 56
400V

0-
PRONO0-

.5045
- 1.0

.25 -
MEC.

RED

BROWN

.004.6o
600v

Cl . -646. - 400
CO 1004 400V
CO 2 Mr 160
C4 0. 2 F4 .100 V
C5. 2 400 V

BS

4.06.

sw

TA5

r.

E'S
OPUS,

804

ORTRAT

soo
I

ONMS1

THE TONE CONTROL COQ
SI3TE OF A .004 MFD. CON-
DENSER IN SERIES WITH A

.5 MEGOHM POTENTIOMETERUA
ED AS A RHEOSTAT AND CONN-
ECTED ACROSS THE CONTROL
GRID CIRCUIT OF THE 2A5

TUBES.

DUE TO. THE HIGHGAIN

OF THIS AMPLIFIER AND

SINCE A PHONOGRAPH PICK

UP DELIVERS A GREATERSIG
NAL VOLTAGE THEN DOES THE

AVERAGE MICROPHONE, PROVISIONS ARE MADE FOR PLUGGING A PHONOGRAPH PICK-

UP ACROSS THE .5 MEGOHM LEAK RESISTOR IN THE GRID CIRCUIT OF THE 56 TUBE,
THEREBY ENTIRELY ELIMINATING THE 57 INPUT STAGE WHEN REPRODUCING PHONO-

GRAPH RECORDINGS. THE VOLUME CONTROL FOR PHONOGRAPH REPRODUCTION WILL IN

THIS CASE HAVE TO BE MOUNTED AS A UNIT ON THE PHONOGRAPH PICK-UP AND AN

IMPEDANCE MATCHING TRANSFORMER BEING PROVICED WHOSE PRIMARY WINDING HAS

AN IMPEDANCE RATING EQUAL TO THAT OF THE PICK-UP AND ITS VOLUME CONTROL,

AND A SECONDARY WINDING WHOSE IMPEDANCE RATING MATCHES THE .5 MEGOHM LEAK
RESISTOR OF THE 56 TUBE AND ACROSS WHICH IT IS TO BE CONNECTED.

CircuiE
Ft 4. 6

Diagram of the
/0 Wa4

A TYPE 83 TUBE IS USED AS THE RECTIFIER IN THE POWER PACK AND IN ALL
OTHER RESPECTS THE AMPLIFIER FOLLOWS CONVENTIONAL CIRCUITS AND WITH WHICH
YOU ARE BY NOW ALREADY FAMILIAR.

THE TWO FILTER CHOKES ARE EACH OF THE 30 HENRY TYPE AND THE SPEAK-

ERS AS USED WITH THIS AMPLIFIER MUST BE OF THE A.D. TYPE IN WHICH THE

FIELDS ARE ENERGIZED BY AN INDIVIDUAL POWER SUPPLY AT THE SPEAKER.
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As REGARDS THE POWER OUTPUT OF A.F. AMPLIFIERS, THE FACT SHOULD BE
CONSIDERED THAT THE POWER OUTPUT RATINGS FOR THE PARTICULAR POWER TUBES
BEING USED ARE GENERALLY QUITE CONSERVATIVE AND THAT IT IS GENERALLYPOSS-
ISLE BY INCREASING THE PLATE VOLTAGE SLIGHTLY TO OBTAIN AN UNDISTORTED POW
ER OUTPUT OF APPROXIMATELY 20% GREATER THAN THAT FOR WHICH THE POWER TUBE
IN QUESTION IS RATED BY THE TUBE MANUFACTURER.

A CLASS "0-15 WATT AMPLIFIER

IN FIG. 7 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A CLASS °A" AMPLIFIER,
WHOSE OUTPUT POWER IS RATED AT 15 WATTS. THIS CIRCUIT CONSISTS OF THREE
PUSH-PULL STAGES AND WHICH RESULTS IN A UNIT OF EXCELLENT TONE QUALITY,IN
THAT THE PUSH-PULL ARRANGEMENT BALANCES OUT ALL EVEN HARMONIC DISTORTION
IN THE OUTPUT OF EACH STAGE.

NOTICE HOW TWO 5718, OPERATING AS A PUSH-PULL STAGE, ARE PROVIDED
AT THE INPUT.
A PUSH-PULL
TYPE
CHOKE IS IN-

CLUDED IN THE
PLATE CIRCUIT
OF THIS STAGE
AND THE SIG-
NAL VOLTAGES
AS PRODUCED
ACROSS ITS

EXTREMETIES
ARE APPLIED
TO THE GRIDS
OF THE TWO 56
TUBES THROUGH
THE COUPLING
CONDENSERS DI.
THE TWORESIS-
TORS R6 ACT AS
GRID LEAKS FOR
THE 56 TUBES,
AND WHAT WE
REALLY HAVE
HERE Is IMPED-

OF YOUR FIRST LESSONS

IN ADDITION,THE PUSH

A Class
I G 7

15 Waft A In pI

ANCE COUPLING ABOUT WHICH YOU ALREADY STUDIED IN ONE
TREATING WITH AUDIO FREQUENCY AMPLICATION, ONLY THAT
-PULL PRINCIPLE IS EMPLOYED.

THE PUSH-PULL STAGE WITH THE 56 TUBES IS COUPLED TO THE PUSH-PULL POD
ER STAGE EMPLOYING THE TYPE 2A3 TUBES. THE COUPLING TRANSFORMER USED IN
THIS CASE 18 SPECIALLY DESIGNED FOR THIS PURPOSE, BOTH OF ITS WINDINGS
OFFERING A PUSH-PULL CIRCUIT.

TWO SECONDARY WINDINGS ARE FURNISHED ON THE OUTPUT TRANSFORMER AND
EACH OF THESE IS TAPPED SO THAT A LARGE VARIETY OF OUTPUT IMPEDANCES ARE
AVAILABLE IN ORDER TO PERMIT PRACTICALLY EVERY TYPE OF LOAD TO BE MATCHED.
THIS PERMITS GROUPING OF MULTIPLE SPEAKERS IN ALL TYPES OF ARRANGEMENTS,
A8 WELL AS PROVIDING FASCILITIE8 FOR CONNECTING THE AMPLIFIER TO TRANS-
MISSION LINES OF VARIOUS DESIGNS. ALL OF THESE DETAILS WILL BE EXPLAINED
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FULLY IN LATER LESSONS.

TWO SETS OF PRIMARY WINDINGS ARE PLACED ON THE INPUT TRANSFORMER OF
THE AMPLIFIER SO THAT ANY TYPE OF MICROPHONE CIRCUIT, PRE..AMPLIFIER,RADIO
TUNER WITH DETECTOR, OR PHONOGRAPH PICKUP CAN BE PROPERLY MATCHED TO THE
AMPLIFIER.

THE POWER PACK OF THIS AMPLIFIER IS UNIQUE IN DESIGN AND THEREFORE
WARRANTS A MORE DETAILED EXPLANATION. THE 57-3, FOR INSTANCE, SERVES AS

THE RECTIFIER FOR THE ENTIRE AMPLIFIER,,WHEREAS. THE SOLE PURPOSE OF THE 82
TUBE IS TO FURNISH A FIXED BIAS VOLTAGE FOR THE TWO 2A3 TUBES.

BY LOOKING AT THE CIRCUIT OF THE 82 TUBE MORE CLOSELY,YOU WILL OB-

SERVE THAT THE
CENTERTAP OF ITS
FILAMENT WINDING
IS CONNECTED TO

ONE OF THEPLATES
OF THE 5:13. THE
TWO PLATES OFTHE
82 TUBE ARE TO-

GETHER CONNECTED
TO GROUND OR B -

THROUGH A RESIS-
TANCE NETWORK AND
SPECIAL FILTER
CIRCUIT. THE
CENTER TAP OFTHE
52.31s HIGH VOL-
TAGE WINDING IS

ALSO CONNECTED TO
GROUND.

FIG. 8
Circkiii- Di-4,gram o7C the 25 Wa#---

Ciass '8 " Ariloh/7er.

BE APPLIED TO THE FILAMENT or THE 82. SINCE AT THIS SAME INSTANT
PLATES OF THE 82 ARE NEGATIVE WITH RESPECT TO THE FILAMENT DUE TO
COMMON CONNECTION TO GROUND, NO CURRENT WILL FLOW THROUGH THE 82 TUBE.HOW
EVER, WHENEVER THE LEFT END OF -HE POWER TRANSFORMER'S HIGH VOLTAGE WIND-
ING BECOMES NEGATIVE, THE FILAMENT OF THE 82 TUBE WILL BECOME NEGATIVE

WITH RESPECT TO GROUND, AS WELL AS WITH RESPECT TO THE PLATES OF THE

82 TUBE,OR TO PUT IT ANOTHER WAY, THE PLATES OF THE 82 WILL NOW BE POSI-

TIVE WITH RESPECT TO THE FILAMENT OF THIS SAME TUBE. UNDER THESE CONDI-

TIONS, CURRENT WILL FLOW FROM GROUND, THROUGH THE 82 TUBE AND BACK TO THE
HIGH VOLTAGE WINDING. IN OTHER WORDS, THE 82 TUBE FUNCTIONS AS A HALF -

WAVE RECTIFIER AND PASSES CURRENT THROUGH RESISTOR R7 ONLY FROM THE LEFT

TOWARDS THE RIGHT. THE GRID RETURN CIRCUIT OF THE POWER STAGE BEING CONN-
ECTED TO THE NEGATIVE END OF R7- WHILETHE CENTER OF THE FILAMENT WINDING
FOR THESE SAME TUBES IS GROUNDED, THE RESULTING VOLT DROP AcRosq R WILLBE

NOW THEN,

WHENEVER THE LEFT
END OF THE POWER
TRANSFORMERIS
HIGH VOLTAGEWIN2
ING IS POSITIVE,
A POSITIVE POT-
ENTIAL WILL ALSO

THE
THEIR
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APPLIED AS A BIAS VOLTAGE TO THE POWER STAGE.

THE CHOKE AND CONDENSERS C4 SERVE AS A FILTER
TIFIED BY THE 82 TUBE SO THAT THE BIAS VOLTAGE WILL
THE RESISTOR Rs ACTS AS A CURRENT LIMITING RESISTOR

FOR THE CURRENT REG.
BE FREE FROM RIPPLE.
FOR THIS CIRCUIT.

THE VALUES FOR THE DIFFERENT PARTS AS USED IN THE CIRCUIT OF FIG. 7
ARE AS FOLLOWS:

R, 150011.- I

RZ = 250,00011-
R, = 20,00011 -
R4 = 1, WO 11 -
RS = 5,000 11

= 100, 0001E -
R7 = 15,00011 -
R8 = 70,000 n -

WATT RESISTOR
1 WATT RESISTOR
2 WATT RESISTOR
I WATT RESISTOR
2 WATT RESISTOR
I WATT RESISTOR
2 WATT RESISTOR
2 WATT RESISTOR

CI = el MFO. 400 VOLT PAPER CONDENSER.
C2= 1 MFO. 1000VOLT ELECTROLYTIC CONDENSER

(22MFD.ELECTROLYTICS OF 500 VOLTS IN SERIES).
03= 2 MFD. 50 VOLT ELECTROLYTIC CONDENSER
C4 =. 10 MFD. 200 VOLT ELECTROLYTIC CONDENSER

A 25-WATT CLASS "WI AMPLIFIER

A CIRCUIT DIAGRAM OF AN AMPLIFIER, WHICH IS CAPABLE OF FURNISHING
25 WATTS OF AUDIO POWER, IS ILLUSTRATED FOR YOU IN FIG. 8. THIS CIRCUIT
IS OF THE CLASS "B" TYPE AND EMPLOYS A TYPE 57 TUBE AS A PENTODE IN THE

INPUT STAGE, THE 57 IS RESISTANCE-CAPACITY COUPLED TO A 59 TUBE WHICH IS

USED AS A DRIVER WORKING INTO A PAIR OF 591s OPERATING AS A CLASS 1/1311POW6.
FR STAGE. AN 83 IS USED AS THE RECTIFIER IN THE POWER PACK*

TWO SETS OF PRIMARY WINDINGS ARE SUPPLY ON THE INPUT TRANSFORMER SO
THAT ANY TYPE OF MICROPHONE, RADIO TUNER, OR PHONOGRAPH PICKUP CAN BERRI
PERLY MATCHED TO THE INPUT CIRCUIT. THE OUTPUT TRANSFORMER IS ALSOPROVID.=
ED WITH A LARGE ASSORTMENT OF SECONDARY IMPEDANCES SO AS TO ACCOMMODATE
A LARGE VARIETY OF SPEAKER VOICE COIL CONNECTIONS, AS WELL AS ATRANSMISSma
ION LINE.

RACK AND PANEL AMPLIFIER CONSTRUCTION

ALTHOUGH THERE IS NO FIXED RULE REGARDING THE GENERAL FORM OR SHAPE
INTO WHICH AMPLIFIERS ARE BUILT, YET YOU WILL COMMONLY FIND IT TO BE THE
CASE THAT AMPLIFIERS HAVING A POWER OUTPUT RATING OF 20 WATTS OR LESS ARE
USUALLY BUILT ON A METAL CHASSIS BASE AS SHOWN IN FIG., 5, SO THAT THE UNIT
RESEMBLES A CONVENTIONAL RADIO RECEIVER.

AMPLIFIERS OF OUTPUT RATINGS GREATER THAN 20 WATTS,FREQUENTLYTHOUGH
BY NO MEANS ALWAYS, ARE BUILT IN THE RACK AND PANEL FORM SUCH AS ILLUS-
TRATED IN FIG, 9.

IN THIS CASE, THE FRAME WORK IS MADE OF ANGLE IRON. THE DIFFERENT

SECTIONS SUCH AS THE POWER PACK, AMPLIFIER, TUNER, ETC. ARE THEN MOUNTED
ON SHELVES AS INDIVIDUAL UNITS, ONE ABOVE THE OTHER AS SHOWN IN FIG. 9.

THE ARRANGEMENT IS GENERALLY SUCH THAT ANY ONE OF THE UNITS CAN BE REMOVED

INDEPENDENTLY WITHOUT DISTURBING THE OTHERS WHENEVER REPAIRS ARE NECESS
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ARY

AN AmPLIFIER FOR D.C. POWER SUPPLY

SO FAR, ALL OF THE AMPLIFIERS WHICH
WERE DESCRIBED TO YOU IN THIS LESSON ARE ET
SIGNED TO BE OPERATED FROM A 110 VOLT A.C.

POWER SUPPLY. IN FtGe 10, HOWEVER,YOU ARE
SHOWN THE CIRCUIT DIAGRAM OF A 6 WATT CLASS
"Au AMPLIFIER WHICH IS TO BE OPERATED FROM
A 110 VOLT D.C. LINE.

IN THIS CIRCUIT, A TYPE 77 TUBE IS

USED IN THE INPUT CIRCUIT AND IT WORKS INTO
THE SECOND STAGE THROUGH RESISTANCE-CAPACITY
COUPLING AND THIS IS FOLLOWED BY A POWER
STAGE CONTAINING TWO TYPE 48 TUBES CONNECTED
IN PUSH-PULL. BY USING A 24' VOLT BATTERY
TO FURNISH THE BIAS VOLTAGE FOR THE POWER
TUBES, THE POWER WHICH WOULD ORDINARILY BE

EXPENDED TO PRODUCE A BIAS VOLTAGE BY FLOW-
ING THROUGH A BIAS RESISTOR CAN BE USED TO

BETTER ADVANTAGE BY MAKING A HIGH PLATE VOLTAGE
WILL BRING ABOUT A GREATER POWER OUTPUT.

CRON7
VIEW

JaCK-
EW

'Pack
FIG.

and Panel
9

POSSIBLE AND WHICH IN TURN

THE INPUT TRANSFORMER FOR THIS AMPLIFIER IS SUPPLIED WITH PRIMARY

WINDINGS OF THE PROPER DESIGN TO ACCOMMODATE A PHONOGRAPH PICK-UP CONNEC-
TION, AS WELL AS FOR A DOUBLE-BUTTON CARBON MICROPHONE.

PROVISIONS ARE ALSO MADE SO THAT THE MICROPHONE CURRENT CAN BE OB-

TAINED DIRECTLY FROM THE AMPLIFIER'S CIRCUITS, BEING CONTROLLED BY THE

SETTING OF THE 1000 OHM POTENTIOMETER.

FIG. to
Circuit Diagram of 71he /10 Volt

0. C rnpiiri-ef-.

AN A.C.-D.C.
AMPLIFIER

QUITE
OFTEN,A PUBLIC
ADDRESS AMP-
LIFIER IS RE-

QUIRED WHICH
IS CAPABLE OF
OPERATINGEITd
ER FROM AN

A.C. OR A D.C.
POWER SUPPLY.
THE ONE WHOSE
CIRCUIT DIA-

GRAM IS ILL-

USTRATED IN

FIG. II WILL
MEET THESE O
MANDS. THE
TUBES USED ARE

TYPE 371S IN
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THE FIRST TWO STAGES AND A PAIR OF 4318 IN THE PUSH-PULL POWER STAGE. Two
252:5's ARE CONNECTED IN PARALLEL IN THE POWER CIRCUIT. FROM WHAT YOU HAVE
ALREADY LEARNED ABOUT AMPLIFIER CIRCUITS, AS WELL AS THE APPLICATION OF
THE 257.5 TUBE IN A.C.-D.C. RECEIVER CIRCUITS,THERE WILL BE NO NEED TOOla

CUSS THIS CIR-
CUIT ANY FUR-
THER. IT IS

WELL TO MENTION,
HOWEVER, THAT
THE OUTPUT
POWER OF THE
AMPLIFIER AS I1
LUSTRATED IN

FIG.II WOULD
BE ONLY ABOUT
3 WATTS,BUT BY
CONNECTING A

45 VOLT "B"

BATTERY IN THE
POSITIVE LEG OF
THE FILTERCIR-
CUIT AT THE
POINT MARKED
WITH AN X AND
CONNECTING ITS
POSITIVE OR
PLUS TERMINAL

"B" VOLTAGE FOR THE CIRCUIT WILL BE INCREASED ANDTHERE-..

zolwam
2 eurro

NIKE

4

micwoonpir
WITCH

0-0
NO VOLTS

37

SW 1575

2315

37
.01

V
Inuai EXTRK.ES
BLOCK WE FOR
HILULO POWER
OUTPUT PLUS
SIDE TO CHOKE

riggiP

43

43
B50-4

10 YOKE COIL

PIC, CIRCUiT ARRAKthittf1

a gram

TO THE CHOKE, THE

FIG. 11

of lthe A C -O. C. Amplifier:

SY MAKE AN OUTPUT POWER OF ABOUT 5 WATTS POSSIBLE.

A MOBILE SOUND SYSTEM

ANOTHER POPULAR FORM OF AMPLIFYING EQUIPMENT IS THAT DESIGNED FOR
USE ON SOUND TRUCKS AND OTHER AUTOMOTIVE VEHICLES. AMPLIFIERS OF THISTYPE
ARE GENERALLY DESIGNED SO THAT A 6 VOLT STORAGE BATTERY (USUALLY THE CAR
BATTERY) WILL FURNISH THE FILAMENT SUPPLY OF ALL TUBES, WHILE A DYNAMOTOR
OPERATED FROM THE 6 VOLT BATTERY SUPPLIES THE NECESSARY "B" VOLTAGE.THESE
DYNAMOTORS ARE SIMILAR TO THOSE WHICH WERE ALREADY DESCRIBED TO YOU IN

YOUR LESSONS TREATING WITH AUTOMOBILE RECEIVERS.

A.F.AMP
LIFYINIG EQUIP-
MENT,WHICH IS

INTENDED TO BE
USED ON AUTO-
MOTIVE VEHICL
ES, ARE GEN-
ERALLY REFERRED
TO AS MOBILE
SOUND SYSTEMS.

IN FIG.
12 YOU ARE
SHOWN A CIR-
CUIT DIAGRAM
OF A FOUR*TUBE Circuit Diagrom

FIG, 17 -

of krip/i/c/er:



STAGE. PROVISIONS ARE MADE FOR A DOUBLE -BUTTON CARBON MICROPHONE
AND ALSO FOR A PHONOGRAPH PICKUP INPUT. THE SECONDARIES OF THE
TRANSFORMER OFFER IMPEDANCE MATCHING FABCILITIES FOR A LARGE VARIETY
LOADS. A POWER OUTPUT OF APPROXIMATELY 12 WATTS IS AVAILABLE FROM
AMPLIFIER.

FIG. 13 WILL GIVE YOU
SOME SUGGESTIONS AS TO HOW THE
DIFFERENT UNITS OF THIS AMP-

LIFYING ASYSTEM MAY BE MOUNTED
ON A SEDAN.

HAVING COMPLETED THIS
LES8ON,YOU ARE NOW FAMILIAR
WITH THE GENERAL CONSTRUCTION
AND CIRCUIT FEATURES OF COMM-
ONLY USED A.F. AMPLIFIERS FOR
SOUND SYSTEMS AND YOU WILL
FIND THIS KNOWLEDGE TO BE OF
GREAT HELP TO YOU DURING YOUR
STUDIES OF COMING LESSONS IN

THIS SERIES WHERE AMPLIFYING
SYSTEMS ARE EXPLAINED FROM A
MORE TECHNICAL STANDPOINT THAN
HERETOFORE.

LESSON NO02
PAGE

AMPLIFIER WHICH IS DESIGNED FOR MOBILE USE AND THE TUBES USED ARE A 77 IN THE

INPUT STAGE, FOLLOWED BY AN 89 AND A PAIR OF 7918 IN THE PUSH -PUSH POWER
INPUT

OUTPUT
OF

THIS

110441A141.1

mICFLOP140141

A.APLIFIER ON FLOOR.

SPEAKER ARRANGEMENT ON ROOF OF CAR.
WHERE HORNS ARL TO RE USED INSTEAD OF RAFFLES

zleza.
WINDOW

klAffif

FIG, 13

Mouning Mobile 5.9.i.ii:omeni.

IT IS WELL TO MENTION AT
THIS TIME THAT THE SAME PLAN OF INSTRUCTION IS FOLLOWED THROUGHOUT YOUR

ADVANCED SPECIALIZATION SUBJECTS AS IN YOUR FOUNDATIONAL TRAINING. THAT

IS, YOU ARE FIRST PROPERLY FAMILIARIZED WITH THE VARIOUS COMPONENTS WHICH

ARE USED TOGETHER IN ORDER TO FORM THE SYSTEM AND THEN WHEN YOU HAVE AC-
QUIRED THIS BASIC KNOWLEDGE,YOU ARE TAKEN IN LOGICAL STEPS THROUGH THE

ANALYSIS OF THE ENGINEERING PROBLEMS WHICH ARE ASSOCIATED WITH THE 8Y8-

TEM. SUCH A WELL ORDERED PLAN, YOU NO DOUBT ALREADY REALIZE BY THIS TIME
PREVENTS THE POSSIBILITY OF OMITTING ANY DETAIL WHICH MAY NOT ALREADY BE
CLEAR TO A STUDENT AND OFFERS THE STUDENT A TYPE OF TRAINING WHICH IS

UNDERSTANDABLE AND EASY TO MASTER, WHILE AT THE SAME TIME MAKING THE IIVI-

BTRUCTION SUFFICIENTLY TECHNICAL IN NATURE SO THAT OUR GRADUATES ARE

QUALIFIED TO AVAIL THEMSELVES OF THE BETTER POSITIONS WHICH THE RADIO

INDUSTRY HAS TO OFFER.
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LESSON NO. AS -2

The man who fails to pay the price
of success will succeed in paying the
penalty of failure. The man who does

nct learn cannot earn.

I. WHAT IS THE ESSENTIAL DIFFERENCE BETWEEN A CLASS A AND
A CLASS B AMPLIFIER?

2. WHAT IS MEANT BY A "RACK AND PANEL" DESIGN AS APPLIED
TO AN AMPLIFIER?

3. - ILLUSTRATE BY MEANS OF A DIAGRAM AND EXPLAIN HOW THE

BIAS VOLTAGE IS PRODUCED FOR THE POVER STAGE IN THE AMP
LIFIZR CIRCUIT SHOWN IN FIG. 7 OF THIS LESSON.

4. - FOR WHAT REASON ARE AMPLIFIER INPUT TRANSFORMERS FRE-
QUENTLY SUPPLIED WITH SEVERAL PRIMARY WINDINGS,OR ELSE
WITH ONE PRIMARY WINDING HAVING A NUMBER OF TAPS?

5. - WHY ARE SEVERAL SECONDARY WINDINGS,OR ELSE A SECONDARY
WITH A NUMBER OF TAPS, FREQUENTLY SUPPLIED ON THE OUT-
PUT TRANSFORMER OF AN AMPLIFIER?

S.- DRAW A CIRCUIT DIAGRAM OF AN A.C. OPERATED CLASS HAn
AMPLIFIER.

7. - DRAW A CIRCUIT DIAGRAM OF AN A.C. OPERATED CLASS 11611
AMPLIFIER.

8. - EXPLAIN IN DETAIL HOW THE SIGNAL IS PASSED THROUGH THE
AMPLIFIZR FROM THE MICROPHONE TO ONE SPEAKER IN THE CPR
CUIT WHICH YOU HAVE DRAWN IN ANSWER TO QUESTION #6 OF
THIS EXAMINATION.

9. - DRAW A CIRCUIT DIAGRAM OF AN A.C. OPERATED PORTABLE AMP-
LIFIER HAVING A DOUBLE-SUTTON CARBON MICROPHONE INPUT obi
LY.

1011.. DRAW A CIRCUIT DIAGRAM OF AN AMPLIFIER SUITABLE FOR INS-
TALLATION ON A SOUND TRUCK OR CAR.

Printed In U. S. A.
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HAVING CONSIDERED MICROPHONES AND AMPLIFIER CIRCUITS IN THE TWO

PRECEDING LESSONS,THE NEXT LOGICAL UNIT OF THE SOUND SYSTEM TO BE BROUGHT

TO YOUR ATTENTION WILL BE THE LOUD SPEAKER.

IN GENERAL PRINCIPLES,THE
AND OTHER SOUND SYSTEMS ARE
PRACTICALLY THE SAME AS THOSE
USED FOR RADIO RECEIVERS AND
ABOUT WHICH YOU ALREADY LEAF]
NED IN THE EARLIER LESSONS OF
THIS COURSE. THERE ARE, HOW-
EVER,MANY SPECIAL FEATURES TO
BE FOUND ON PUBLIC ADDRESS
SPEAKERS AND ABOUT WHICH YOU
MUST KNOW BEFORE GOING ANY
FARTHER IN THIS WORK.

SPEAKERS,AS USED WITH
PUBLIC ADDRESS (P.A.)SYSTEMS,
CAN BE CLASSIFIED AS MAGNET
la, ELECTRODYNAMIC,CONE,HORN
TYPE ETC.AND ALL OF THESEWILL
BE DESCRIBED TO YOU IN THIS

LESSON.

MAGNETIC SPEAKER WITH
TRUMPET-TYPE HORN

FIRST,LET US LOOK AT

FIG.2. HERE YOU ARE SHOWN A

MAGNETIC SPEAKER UNITTOGETH-.
ER WITH A TRUMPET-TYPE HORN.
SINCE A MAGNETIC SPEAKER UNIT
IS BEING USED IN THIS INS-

TANCE,NO FIELD EXITING CURR-

SPEAKERS AS USED FOR PUBLIC ADDRESS WORK

F IG. 1

A 'Typical Speaker
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ENT WILL BE NEEDED AS IS THE CASE WITH THE ELECTRODYNAMIC SPEAKER UNIT
AND BECAUSE OF THIS,THE MAGNETIC TYPE SPEAKER ADAPTS ITSELF WELL FOR
QUICK INSTALLATIONS.

FURTHERMORE,THIS TYPE OF SPEAKER IS LIGHT IN WEIGHT,EASILY CARRIED
AND INSTALLED AND IS THEREFORE ADAPTABLE TO ALL KINDS OFTEMPORARY SOUND
INSTALLATIONS, THIS SPEAKER HAS GOOD SOUND PROJECTING QUALITIES FOR OUT-
DOOR PURPOSES AND BY USING A SUFFICIENT NUMBER OF THEM,A CONSIDERABLEAR
EA CAN BE ADEQUATELY COVERED BY THE INSTALLATION.

THIS SPEAKER,HOWEVER,DOES NOT HAVE THE TONE QUALITY AS THOSE TO BE

FIG.
Tr.urrtpet Type Horn For Pa b //c Address 5-y5 tein5".

SHOWN YOU LATER BUT THEN FOR GENERAL ANNOUNCING PURPOSES ETC.,TONE QUAL-
ITY IS NOT AS ESSENTIAL AS WHEN REPRODUCING MUSIC.

THE HORN ILLUSTRATED IN FIG.2 IS
INC* IT IS FINISHED IN BLACK WEATHER
PROOF DUCO AND WILL STAND ANY KIND OF
WEATHER. ITS TOTAL LENGTH IS 3 FT4r9
INCHES; IT HAS AN OPENING OF 20 IN.
AT ITS BELL OR MOUTH AND WEIGHS 15

LBS.

THE MAGNETIC SPEAKER UNIT IS

SHOWN IN FIGo3,WHERE YOU WILL OBTAIN
BOTH A FRONT AND INTERIOR VIEW. A

DOUBLE MAGNET IS USED IN THIS CASE,
SO AS TO ALLOW THE UNIT TO HANDLE A

GREAT DEAL OF POWER WITHOUT REDUCING
ITS EFFICIENCY. A POWER INPUT OF 11
WATTS IS RECOMMENDED FOR THIS UNIT
AND THIS SMALL WATTAGE MAKES IT POS-
SIBLE TO COVER A GREAT AREA,BY THE
USE OF A NUMBER OF HORNS,WITHOUT THE

MANUFACTURED BY WRIGHT-DE COSTER

.F I .3
Magnetic Speaker Unit

for Trwrypek Type 1-/orri.
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NECESSITY OF A VERY LARGE POWERFUL AMPLIFIER.

TRUMPET DYNAMIC UNITS

NOT ALL TRUMPET TYPE HORNS ARE FITTED WITH A MAGNETIC SPEAKER UNIT.
IN FIG. 4, FOR INSTANCE,YOU ARE SHOWN THREE SIZES OF DYNAMIC UNITS AS

MANUFACTURED BY THE RACON ELECTRIC CO. AND WHICH ARE DESIGNED TO BE USED
WITH TRUMPET HORNS.

ALTHOUGH THIS DYNAMIC UNIT.OPERATES UNDER THE SAME FUNDAMENTAL PRIM
CIPLES AS EXPLAINED TO YOU RELATIVE TO CONE -TYPE DYNAMIC SPEAKERS IN AN

EARLIER LESSON, VET THE UNIT FOR THE HORN TYPE SPEAKER IS SOMEWHAT DIFF-

ERENT IN CONSTRUCTION.

To BEGIN WITH,THE HORN TYPE DYNAMIC UNIT USES A SMALL DIAPHRAGM.
THIS DIAPHRAM IS MADE OF SOME LIGHT METAL,SUCH AS DURALUMINUM,HAVING A

DIAMETER OF FROM FOUR TO SIX INCHES. THE DIAPHRAGM IS USUALLY SUSPENDED
BY A CLOTH SUSPENSION,FASTENED AT SEVERAL POINTS AND QUITE OFTEN,A DOME-

FtG. 4
Three Sizes of Tru Prip eh Dynarnic

SHAPED DIAPHRAGM IS USED.

THE VOICE COIL IS WOUND WITH FINE COPPER OR ALUMINUM WIRE AND IT

IS FASTENED TO THE DIAPHRAGM. THE DIAPHRAGM IS FREE TO MOVE UP AND DOWN
WITH A PISTON LIKE MOTION WITH ITS MOVEMENT,HOWEVER,BEING MORE OR LESS
RESTRICTED. FLEXIBLE LEADS ARE USED BETWEEN THE VOICE COIL AND THE BIND-
ING POSTS,WHICH ARE MOUNTED ON THE OUTSIDE OF THE CASE.

THE CASE ITSELF IS MADE OF MAGNETIC STEEL,FORMING A PART OF THE
MAGNETIC CIRCUIT OF THE FIELDAND THE FIELD WINDINGS ARE HOUSED
THE CASE.

WITHIN

THIS TYPE OF SPEAKER UNIT MAY BE USED WITH A TRUMPET HORN OR ELSE

WITH AN EXPONENTIAL HORN WHICH IS EXPLAINED LATER IN THIS LESSON. IT

CANNOT,HOWEVER, BE USED SUCCESSFULLY WITH A PLAIN BAFFLE BOARD.DUE TO

THE MANNER IN WHICH IT MUST BE USED WITH A HORN, IT CAN BE SEEN THAT THE
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SPEAKER WILL BE HIGHLY DIRECTIONAL IN ITS PROPERTIES,SO AS TO CONCENTRATE
THE SOUND WITHIN A LIMITED AREA.

FIG.

The. ka Hort

ALL OF THE DYNAMIC SPEAKER UNITS
SHOWN YOU IN FIG.4 ARE RATED AT A PEAK
LOAD CAPACITY OF 50 WATTS BUT THE RECOMM-
ENDED CAPACITY FOR CONTINUOUS OPERATION IS
FROM 20 TO 25 WATTS. IN ALL THREE OF THE
MODELS HERE ILLUSTRATED,THE VOICE COIL HAS
AN IMPEDANCE RATING OF 15 OHMS AT IOW
CYCLES PER SECOND AND THE FIELD COIL IS

DESIGNED TO BE EXITED BY A 6 TO 8 VOLT SUS
PLY.

AS HAS ALREADY BEEN MENTIONED INTHIS
LESSON,THE TRUMPET HAS HIGHLY DIRECTIONAL
CHARACTERISTICS. THAT IS,IT WILL PROJECT
THE SOUND OVER A CONSIDERABLE DISTANCE IN

WHATEVER DIRECTION IT IS POINTED BUT IT

WILL NOT DISTRIBUTE THE SOUND OVER ANY A-
PPRECIABLE AREA TOWARDS EITHER SIDE OF ITS
OPENING. FOR THIS LATTER REASONOT IS THE
COMMON PRACTICE WHEN USING THIS TYPE OF

HORN AND WHERE THE AREA TO BE COVERED IS

RATHER LARGE,TO ARRANGE SEVERAL OF THESE
SPEAKERS AROUND A COMMON CENTER AND RADIA-
TING OUTWARD IN ALL DIRECTIONS AS ILLUS-

TRATED IN FIG.I OF THIS LESSON.

SPECIAL TRUMPET DESIGNS

IN ORDER TO OVERCOME THE SHORT -COMING OF THE ORDINARY TRUMPET HORN
AS REGARDS PROPER SOUND COVERAGE OVER AN APPRECIABLE AREA,SEVERAL MODI-
FICATIONS OF THIS TYPE OF SPEAKER WERE DEVISED. IN FIG.5,FOR INSTANCE,YOU
ARE SHOWN THE RADIAL HORN. THIS UNIT IS DESIGNED IN SUCH A MANNER THAT IT
WILL PROJECT SOUND OVER 360°0R FROM A COMMON POINT EQUALLY IN ALL HORI-

ZONTAL DIRECTIONS.

THIS HORN,IS THEREFORE PARTICULARLY' ADAPTED FOR SOUND TRUCK
TOWER,AMUSEMENT PARX,OR WHERE COMPLETE CIRCUMFERENTIAL COVERAGE IS
SIRED.

THE CONSTRUCTION OF THE HORN IS SUCH
THAT FOUR DYNAMIC UNITS WORK INTO IT SIMUL-
TANEOUSLY AND IN THIS MANNER,A LARGE VOLUME
OF SOUND CAN BE SATISFACTORILY HANDLED.ALSO
OBSERVE THE DEFLECTICN PLATES AS USED AT THE
MOUTH OF THIS HORN SO AS TO RADIATE THE
SOUND OUTWARD IN ALL DIRECTIONS. THIS HORN,
OF COURSE, IS INTENDED FOR MOUNTING IN A

VERTICAL POSITION THE SAME AS HEREILLUSTRA-
TED.

THE TRUMPET HORN WHICH IS SHOWN YOU IN
FIG. 6 HAS ITS BELL FLARED SO THAT THE SOUND

USE,

FIG. 6

711e F/ared Teurnpeh
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WAVES AS THEY ARE EMITTED FROM IT ARE SPREAD OVER
A LARGER AREA. THE COMPARATIVELY FLAT TOP AND

BOTTOM SIDES OF THIS HORN AID CONSIDERABLY IN

PREVENTING THE SOUND WAVES FROM BEING PROJECTED

EITHER UPWARDS OR DOWNWARDS. THIS TYPE OFTRUMPET
IS DESIGNED TO MEET SPECIAL CONDITIONS WHERE
SPACE IS LIMITED AND IS EXCELLENT FORSOUND-TRUCK
USE,WHERE HEIGHT LIMITATIONS ARE IMPOSED.

IN FIG. 7 YOU ARE SHOWN WHAT IS KNOWN AS A

FOUR -UNIT AIRPLANE HORN. THIS IS ALSO A SPECIAL

TRUMPET TYPE DESIGN AND IS INTENDED FOR LONG-

RANGE PROJECTION. PROVISIONS ARE MADE FOR CONNECT
ING FOUR DYNAMIC UNITS TO !TOO THAT WHEN USED

TOGETHER WITH AN AMPLIFIER OF HIGH AUDIO POWER

OUTPUT,THE SOUND CAN BE SATISFACTORILY PROJECTED
OVER A GREAT DISTANCE.

THE EXPONENTIAL HORN

A DIFFERENT TYPE OF HORN IS SHOWN IN FIG.8
THIS IS KNOWN AS AN EXPONENTIAL HORN AND SOME-

TIMES THIS ENTIRE SPEAKER ASSEMBLY IS REFERRED

TO AS AN "AIR...COLUMN SPEAKERS. THIS LATER NAME

WAS ORIGINATED FROM THE FACT THAT THIS HORN POS-
SESSES A LONG AIR COLUMN (DISTANCE FROM SPEAKER FIG, 7

UNIT TO BELL CR MOUTH) AND THIS AIDS MATERIALLY Focir L41

IN BRINGING ABOUT A MORE FAITHFUL REPRODUCTICNOF A irpian Horn,
THE LOWER AUDIO FREQUENCIES.

As AN EXAMPLE,YOU WILL FIND HORNS OF THIS TYPE HAVING AN AIR COLUMN
10 FEET LONG AND WITH A BELL OPENING 30 X 40 INCHES IN

CROSS-SECTION. THIS OPENING THEN GRADU-

ALLY DECREASES IN SIZE TOWARD THE INPUT

END OF THE HORN AT THE POINT WHERE THE

SPEAKER UNIT IS ATTACHED.

FIG, 8

7-L7,2 exponaneicil Alorr7

THE SAME DYNAMIC SPEAKER UNITS WHICH
APPEAR IN FIG.4 OF THIS LESSON ARE USED

WITH THE EXPONENTIAL TYPE HORN.

THE EXPONENTIAL HORN IS USEDCONSID-

FRABLY IN TALKING PICTURE INSTALLATIONS
AND WHEN USED WITH THE DYNAMIC SPEAKER

UNIT AS ALREADY STATED,THE ASSEMBLY WILL

FURNISH GOOD REPRODUCTION OF BOTH VOICE

AND MUSIC BUT IT IS MORE EFFECTIVE IN THE
REPRODUCTION OF THE LOWER FREQUENCIES THEN
O. THE HIGHER FREQUENCIES.

HIGH -FREQUENCY REPRODUCERS

AVERAGE SPEAKERS DROP SHARPLY IN RE
SPONSE AT FREQUENCIES ABOVE 3000 CYCLES
PER SECOND,WHEREAS HIGH FIDELITY AMPLI-

FIERS MAY SATISFACTORILY HANDLE FREQUEN-.
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CIES UP TO AROUND 17,000 CYCLES PER SECOND. HOWEVER,BY USING A HIGH-FRE
QUENCY SPEAKER IN ADDITION TO THE REGULAR SPEAKER,THIS DIFFICULTY CAN BE
OVERCOME.

FIG.9
A Nigh Frequency .572eaker.

WHENEVER A HIGH FREQUENCY REPRODUCER
IS USED WITH A REGULAR SPEAKER,A SPECIAL
FILTER SYSTEM IS ALSO EMPLOYED WHEREBY ONLY
THE HIGH FREQUENCIES ARE PASSED ON TO THE
HIGH FREQUENCY SPEAKER AND FOR WHOSE RE-
PRODUCTION IT IS ESPECIALLY DESIGNED. CON-
SEQUENTLY,THE HIGH FREQUENCY SPEAKER RE-
PRODUCES THE HIGHER FREQUENCIES FROM THE
POINT WHERE THE REGULAR SPEAKER LEAVES OFF
AND THE TWO BLEND TOGETHER SO AS TO COVER
A LARGE FREQUENCY RANGE AND THEREBY PROVIDE
HIGH FIDELITY PERFORMANCE.

THE NUMBER OF HIGH -FREQUENCY REPROD-
UCERSTO UBEIN CONJUNCTION WITH LOW- FRE-
QUENCY SPEAKERS DEPENDS ON THE INSTALLATION

OR DISTRIBUTION OF SOUND,ALTHOUGH IT MAY USUALLY TAKE TWO LOW -FREQUENCY
SPEAKERS FOR ONE OF THE NEW TYPE HIGH -FREQUENCY SPEAKERS IN ORDER TOATT-
AIN A GOOD BALANCE OF TONE.

IN FIG.9 YOU ARE SHOWN ONE OF THE NEW HIGH -FREQUENCY SPEAKERS. THE
SPEAKER UNIT ITSELF IS OF THE DYNAMIC TYPE AND IT IS FITTED WITH A SMALL
TRUMPET HORN. IT REQUIRES NO BAFFLE AND THE POWER INPUT TO THIS UNIT IS

LIMITED TO FIVE WATTS.

HIGH FREQUENCY SPEAKERS OF THE CRYSTAL TYPE ARE ALSO BECOMING POP-
ULAR AND THE ADVANTAGES OFFERED BY THEM ARE THAT THEY REQUIRE NO FIELD
CURRENT,AND CAN BE CONNECTED DIRECTLY TO THE VOICE COIL TERMINALS OF ANY
REGULAR DYNAMIC SPEAKER.THE MOVEMENT OF THIS SPEAKER CONSISTS OF FOUR
SPECIALLY MATCHED PIEZO-ELECTRIC CRYSTALS
THAT WILL ONLY RESPOND TO FREQUENCIES OVER
1500 CYCLES PER SECOND,THEREBY MAKING UN-
NECESSARY THE USE OF A FILTER SYSTEM.

CONE -DYNAMIC SPEAKERS

THE CONE -DYNAMIC SPEAKERS AS USED
FOR PUBLIC ADDRESS WORK ARE IDENTICAL TO
THOSE USED IN RADIO RECEIVERS WITH THE EX-
CEPTION THAT THEY ARE LARGER IN SIZE SO AS
TO BE CAPABLE OF HANDLING GREATER AUDIO POW
ER WITHOUT RATTLING;THEY ARE USUALLY OF THE
A.C. TYPE,HAVING THEIR INDIVIDUAL FIELDEN-
ERGIZING SUPPLY AND THE WATTAGE FURNISHED
THE FIELD COIL IS GENERALLY GREATER THAN
THAT USED FOR RECEIVER TYPE CONE -DYNAMIC
SPEAKERS. FIG.I0

Cone Dynamic Speaker.
IN FIG.10 YOU ARE SHOWN A TYPICAL EXAMPLE OFA CONE -DYNAMIC SPEAKER

AS USED FOR PUBLIC ADDRESS WORK. FREQUENTLY,SPEAKERS OF THIS TYPE ARE IS
FERRED TO AS AUDITORIUM SPEAKERS. OBSERVE IN THIS ILLUSTRATION THAT THIS
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SPEAKER THROUGHOUT IS OF STURDIER CONSTRUCTION THAN THE ORDINARY CONE

DYNAMICS.

THE QUESTION
FREQUENTLY ARISES

AS REGARDS THE
CHOICE BETWEEN A

TRUMPET TYPESPEAK-
ER OR A CONE -DYNA-
MIC PLACED EITHER
WITHIN A HORN OR

BEHIND AiBAFFLE.
THERE IS NO QUES-
TION BUT THAT FOR
PROJECTING SOUND
OVER A LONG DIS-
TANCE,THE TRUMPET
IS BEST,BUT WHERE
GOOD REPRODUCTION
IS DESIRED,THECONE
DYNAMIC UNIT ISPRE
FERABLE.HOWEVER,FOR

44igtA

FreciLiercy
Waves

Ft. tt

Sound Ernanak-ions-orri Cone Dynan -sic Speaker

BEST FREQUENCY RESPONSE,THE DYNAMIC CONE SHOULD BE

USED ONLY WITH STRAIGHT BAFFLES OR WIDE -FLARE HORNS. THZ REASON FOR THIS

IS ILLUSTRATED IN FIG.II.

By STUDYING FIG.II YOU WILL OBSERVE THE LOCATION AND SHAPE OF THE

LOW -FREQUENCY SOUND WAVES AS THEY EMANATE FROM THE CONE.THE HIGH-FREQUEN

CY WAVES,YOU WILL NOTICE,ARE PROJECTED PRACTICALLY STRAIGHT AHEAD SOTHAT
THEY WILL REACH OUT OVER CONSIDERABLE DISTANCE. THE LOW -FREQUENCY WAVES,
ON THE OTHER HAND, HAVE A NATURAL TENDENCY TO SPREAD OUTWARDS TOWARDS

THE SIDES SHORTLY AFTER THEY LEAVE THE CONE SURFACE AND ARE NOT READILY

PROJECTED FORWARD FOR ANY GREAT DISTANCE.

FIG, V7-

Ba fre fr Cone Dyna -
t77/C Speaker.

CONDITIONS BEING SUCHOT IS CLEAR

THAT IF THIS SPEAKER UNIT WERE MOUNTED

TO A HORN OF TRUMPET DESIGN WHERE THE

PROJECTION OF SOUND IS THE CHIEFCHARACT-
ERISTIC,THE LOW -FREQUENCY WAVES WILL BE

SQUASHED AND THEREBY DISTORTED BY THE

RESTRICTION OFFERED BY THE SMALL END OF

THE HORN. IN FACT,THESE LOW -FREQUENCY
WAVES WOULD ACTUALLY BE LOST IN A HORN

DESIGNED FOR THE PROJECTION OF SOUND UN-
LESS THE FLARE OR ANGLE OF THE HORN IS

SO GREAT THAT IT IS USELESS AS A SOUND

PROJECTING AND DIRECTING DEVICE.

THE HORNS AS USED WITH CONE- DYNA-
MIC SPEAKER UNITS ARE A COMPROMISE IN

THAT THEY ARE FLARED OCNSIDERABLY SO AS

NOT TO RESTRICT THE LOW -FREQUENCY WAVES

MATERIALLY AND YET AT THE SAME TIME ARE

CONSTRUCTED TO PROVIDE REASONABLY GOOD

SOUND PROJECTING QUALITIES. THESE VARIOUS

HORN DESIGNS WILL BE DESCRIBED TO YOU IN
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THE FOLLOWING PARAGRAPHS.

BAFFLES FOR CONE SPEAKERS

IN SOUND INSTALLATIONS WHERE IT

Cone
1,13

Speaker Mounted to Morn,

IS NOT NECESSARY THAT THE SOUND

WAVES BE DIRECTED PARTICULARLY
WELL IN ANY GIVEN DIRECTION AND

WHERE QUALITY OF REPRODUCTION IS
MOST DESIRABLE,THEN A STRAIGHT

BAFFLE CAN BE EMPLOYED IN CON-

JUNCTION WITH THE CONE-DYNAMIC
SPEAKER UNIT.

A TYPICAL BAFFLE FOR THIS

PURPOSE IS SHOWN YOU IN FIG. 12.

THE ONE HERE ILLUSTRATED IS ES-

PECIALLY SUITABLE FOR A SPEAKER

INSTALLATION IN DANCE HALLSISKAI
ING RINKS AND IN SOME THEATERS

(IN ALL INSTANCES DEPENDING UPON
THE ACOUSTIC PROPERTIES OF THE

ROOM).

THE BAFFLE INFI G. 12 1 S MADE OF SOME SUCH NON-RESONANT MATERIAL AS OE1

OTEX OR FIRTEX WHICH IS I" THICK AND ABOUT 4 FT. SQUARE. THIS MATERIAL

IS MOUNTED IN A WOODEN FRAME AND A SHELF IS PROVIDED ON THE REAR SIDE

OF THE BAFFLE TO SUPPORT THE SPEAKER UNIT.

THE USE OF HORNS WITH CONE SPEAKERS

IN CASES WHERE IT IS DESIRED THAT THE CONE SPEAKER PROJECT ITS

SOUNDS IN A DEFINITE DIRECTION,THEN THE SPEAKER UNIT CAN BE MOUNTED TO A

SPECIALLY DC.IGNED HORN,SUCH AS PICTURED IN FIG. 13.

THE HORN SHOWN IN FIG. 13 HAS AN OVERALL OUTSIDE LENGTH OF 48"

AND A BELL OPENING OF 30 x 21Lr- INCHES.

A FRONT VIEW OF THIS SAME HORN IS
BAFFLE OPENING FOR THE SPEAKER CONE CAN
CASE,THE BAFFLE IS ONLY SLIGHTLYLARG..
EH THAN ITS HOLES WHICH ACCOMMODATES
THE SPEAKER'S MOUTH. As YOU WILL NOTE
IN THIS ILLUSTRATION,BOTH SIDES OF

THIS HORN ARE FLARED,WHICH ENABLES IT
TO COVER A LARGE AREA.THE TOP OF THE

HORN,ON THE OTHER HANDOS PRACTICALLY
FLAT,WHICH ADDS TO THE ADVANTAGE OF

KEEPING THE SOUND OFF THE CEILING.

THIS TYPE HORN PROVIDES GOODRE-
SULTS IN THEATERS AND OTHER INDOOR Ij
STALLATIONS,WHERE THE SOUND IS TO BE

DIRECTED TOWARD THE AUDIENCE AND KEPT
AWAY FROM THE WALLS AND CEILING AS

MUCH AS POSSIBLE. IT IS ALSO SUITABLE

SHOWN IN FIG.14 AND HERE THE

BE SEEN AT THE INNER END. IN THIS

FIG. 14

Front View of ',tort -7,
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FOR OUTDOOR INSTALLATIONS,PROVIDED THAT THE DISTANCE TO BE COVERED ISNOT
TOO GREAT. THAT IS, THIS HORN SPREADS THE SOUND OUT OVER A WIDE AREA BUT
IS LIMITED AS TO THE DISTANCE COVERED*

IN FIG. 15 AN INTERESTING HORN
DESIGN IS SHOWN,WHOSE CHIEF FEATURE IS
TO PROJECT THE SOUNDS OVER ACONSIDER.
A3LE DISTANCE. IT WILL NOT,HOWEVER,CO
VER AS BROAD AN 'AREA AS THE HORN WITH
THE FLARED SIDES,WHICH IS SHOWN IN

FIG* 1447:BECAUSE OF THISIIT WILL BE

NECESSARY TO USE A GREATER NUMBER OF
THE HORNS OF THE TYPE ILLUSTRATED IN

FIG. IS,IN ORDER TO COVER THE SAME
AREA AS IS POSSIBLE WITH THE HORN OF
FIG. 14 BUT THE DISTANCE COVERED WILL
BE GREATER.

THE HORN OF FIG. 15 CAN BE USED
TO ADVANTAGE IN SOUND INSTALLATIONS
MADE AT AIRPORTS,STADIUMS ETC. WHERE
THE DISTANCE TO BE COVERED IS A VITAL
FACTOR. FURTHERMORE,AN INSTALLATION IN LOCATIONS AS THIS OFFER THEREQUIR
ED SPACE'S() THAT SEVERAL OF SUCH SPEAKERS CAN BE CONVENIENTLY MOUNTED IN
ORDER TO TAKE CARE OF A LARGE AREA.

F1C.15

Hori7 Design to Project
Sound zo Greater Distance,

NOT ONLY ARE THE HORN DESIGNS OF FIG. 14 AND 15 GOOD REPRODUCERS OF
VOICE BUT OF MUSIC AS WELL. THE HORN OF FIG. 15 HAS AN OVERALL LENGTH OF
48 INCHES AND A BELL OPENING OF 23 x 22 INCHES.

G. 16
Gigantic Speaker -

Outdoor Use

STILL ANOTHER TYPE OFHORN
IS SHOWN IN FIGIS AND IT IS

ESPECIALLY DESIGNED AND BUILT
FOR OUTSIDE USE. THE HORN IS

MADE OF THICK,STRONG,NON...RESON...

ANT MATER IAL, REINFORCED WITH
METAL. IT IS DOPED WITH A SPEC-
IAL WATER -PROOFING MATERIAL
WHICH WILL WITHSTAND THE SEVER-
EST KIND OF WEATHER AND ABUSE.

THE CONE TYPE ELECTRODY-
NAMIC SPEAKER UNIT,IS CONTAINED
WITHIN A METAL WATER -PROOF COM-
PARTMENT AT THE SMALL ENO OF THE
HORN. THE SPEAKER IN THIS CASE
USES A WEATHERPROOF CONE,WHICH
IS PROTECTED BY A COPPER SCREEN.
IT IS CLAIMED THAT THIS SPEAK-
ER UNIT AND HORN COMBINATION CAN
BE HEARD WITH EASE FOR A DIS-
TANCE OF TWO OR THREE MILES,
WHEN THE SPEAKER UNIT ISPROVID=.
ED WITH AN OPERATING POWER OF
15 TO 30 WATTS.
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THIS SPEAKER CAN BE MOUNTED ON TOP OF AN OPERATOR'S ROOM OR TOWER
AND ITS MOUTH CAN BE TURNED TO ANY DESIRED DIRECTION BY THE ANNOUNCER.
THIS HORN IS 7 FT. LONG AND ITS HEIGHT FROM THE BOTTOM OF THE BASE TO THE
TOP OF THE HORN IS 6 FT. THE WIDTH OF THE MOUTH IS 4 FT. I INCH AND THE
WIDTH OF THE BACK IS 16 INCHES. THIS GIGANTIC SPEAKER WEIGHS ABOUT 480
LBS.

SPEAKER CONNECTIONS

FOR SOUND INSTALLATIONS,WHERE ONLY A SINGLE SPEAKER IS USED, WE
HAVE PRACTICALLY THE SAME PROBLEMS TO CONTEND WITH AS IN THE CASE OF RE-
CEIVERS. FOR INSTANCE,WHEN USING A DYNAMIC SPEAKER,THE VOICE COIL IMPED-
ANCE SHOULD BE MATCHED TO THE IMPEDANCE OF THE AMPLIFIER'S OUTPUT TRANS".
FORMER SECONDARY WINDING. THAT IS TO SAY,IF THE VOICE COIL OF THE SPEAK-
ER BEING USED HAS AN IMPEDANCE RATING OF 9 OHMS,THEN THE SECONDARY WIND-
ING OF THE OUTPUT TRANSFORMER,ACROSS WHOSE TERMINALS THE VOICE COIL IS

TO BE CONNECTED, MUST
ALSO HAVE AN IMPEDANCE
RATING OF 9 OHMS. THIS
YOU HAVE ALREADY LEARN-
ED IN YOUR LESSONS PER-
TAINING TO RECEIVERS.

Fl G. 17
Parallel- Commecl-wel Speakers.

PARALLEL SPEAKER CONNECTION

IN PUBLIC ADDRESS
INSTALLATIONS, T IS

THE COMMON PRACTICE TO
USE MORE THAN ONESPEAK
ER AND A VARIETY OF
DIFFERENT SPEAKERCONN-
ECTIONS ARE BEING USED
IN SUCH CASES TO BRING
ABOUT THE DESIRED RE-

SULTS. FIRST,LET US
CONSIDER A PARALLEL
CONNECTION.

IN FIG. 17 YOU ARE SHOWN ONE WAY IN WHICH THREE DYNAMIC SPEAKERS
MAY BE CONNECTED IN PARALLEL. ASSUMING THAT EACH OF THE THREE SPEAKERS
HERE USED HAVE A VOICE COIL WHOSE IMPEDANCE RATING IS 9 OHMS,THEN THE
TOTAL EFFECTIVE IMPEDANCE OF THE THREE TOGETHER WILL BE EQUAL TO 1/3 OF
9 OR ONLY 3 OHMS. IN OTHER WORDS,THE TOTAL IMPEDANCE OF A PARALLEL COM-
BINATION WILL IN THIS INSTANCE BE DETERMINED IN THE SAME MANNER AS THE
TOTAL RESISTANCE OF A PARALLEL RESISTANCE COMBINATION NAMELY,
11.7.11.1t1 ETC*, OR

+
ETC.

R R1 R R3 Z ZZZ3
SINCE IN THE CIRCUIT OF FIG. 17, THE TOTAL.IMPEDANCE OF THE SPEAK-

ER VOICE COILS AMOUNTS TO 3 OHMS, THEN THE SECONDARY WINDING OF THE OUT-
PUT TRANSFORMER HERE USED MUST ALSO HAVE AN IMPEDANCE RATING OF 3 OHMS.
WE THEN SAY THAT THE IMPEDANCES ARE "PROPERLY MATCHED".

SERIES SPEAKER CONNECTION

FIG* 18 SHOWS YOU HOW THE SAME THREE SPEAKERS CAN BE CONNECTED IN
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SERIES. HOWEVER, WITH THE SERIES CONNECTION,THE TOTAL IMPEDANCE OF THE

SPEAKER VOICE COILS BECOMES EQUAL TO THE SUM OF THEIR INDIVIDUAL IMPED-

ANCES. IN OTHER WORDS,IF THE.VOICE COIL IMPEDANCE OF EACH OF THESPEAKERS
IN FIG*I8 IS 9 OHMS, THEN THE THREE TOGETHER WILL OFFER AN IMPEDANCE OF

9+9 +9 = 27 OHMS* ( IN A SERI ES CONNECTION R=110..Rii-R5ETC* OR Z ZI-11" Zit- Z.,

ETC). THE SECONDARY WINDING OF THE OUTPUT TRANSFORMER FOR THIS ARRANGE-

MENT MUST THEREFORE, BE 27 OHMS*

THEORETICALLY,THE DIVISION OF POWER BETWEEN THE PARALLEL OR SERIES
SPEAKER ARRANGEMENT WILL BE THE SAME BUT IN ACTUAL PRACTICE,IT WILL BE

MORE EVEN IN THE SERIES ARRANGEMENT,IN THAT THE CURRENT FLOW THROUGH EACH
SPEAKER WILL IN THIS CASE BE THE SAME REGARDLESS OF THE LENGTHS OF CONN..

THEM ETC. IN THE PARALLEL ARRANGEMENT, ASLIGHT..ECTING WIRE USED BETWEEN
LYHIGHER RESISTANCE IN
ONE BRANCH WILL DEPRIVE
THIS BRANCH OF THE PRa
PER PROPORTION OF POW-
ER AND AT THE SAMETIME
CAUSE AN EXCESS OFPOW..
ER TO BE IMPRESSED UPON
THE OTHER SPEAKERS.

IF A HIGH IMPED-
ANCE LOAD IS USED,SUCH
AS A NUMBER OF MAGNET-
IC SPEAKERS AND HEAD..

PHONES,THEN IF TOO MANY
OF THESE ARE CONNECTED
IN SERIES,THE TOTALIM..
PEDANCE WILL BECOME SO
HIGH AS TO BE IMPRACT..0
ICAL, HENCE A PARALLEL
ARRANGEMENT WOULD HERE
BE RESORTED TO. THEN
ON THE OTHER HANDS IF LOW IMPEDANCE REPRODUCERS,SUCH AS C'NAMIC SPEAKERS

ARE USED,WE FIND THAT IF TOO MANY OF THESE UNITS ARE CONNECTED IN PARA..

LLEL,THE TOTAL IMPEDANCE WILL BECOME SO SMALL AS TO BE IMPRACTICABLE.
THEREFORE,TO HAVE A SPEAKER LOAD WHOSE TOTAL IMPEDANCE IS NEITHER TOO

HIGH NOR TOO LOW FOR PRACTICAL PURPOSES, A SERIES -PARALLEL ARRANGEMENT

OF SPEAKERS IS USUALLY EMPLOYED.

FIG. 18

Series- Cormecfed Speakers.

SERIES -PARALLEL SPEAKER CONNECTION

A SERIES -PARALLEL CONNECTION OF SPEAKERS IS SHOWN YOU IN FIG. IS.

HERE WE HAVE NINE SPEAKERS THREE SPEAKERS ARE CONNECTED IN SERIES

IN EACH GROUP AND THE THREE GROUPS ARE CONNECTED IN PARALLEL ACROSS THE

SECONDARY WINDING OF THE OUTPUT TRANSFORMER*

IF EACH OF THE SPEAKERS HERE USED HAS A VOICE COIL IMPEDANCE OF

9 OHMS,THEN THE TOTAL IMPEDANCE OF EACH SERIES GROUP WILL BE 3 X 9 OR 27
OHMS. THEN SINCE THREE SUCH GROUPS OF 27 OHMS EACH ARE CONNECTED IN PAR&
LLEL,THE TOTAL IMPEDANCE OF THE ENTIRE COMBINATION WILL BE 2743 OR 9

OHMS. THIS, YOU WILL NOTICE,IS THE SAME IMPEDANCE VALUE AS OFFERED BY

ANY ONE OF THE SPEAKERS ALONE. THE SECONDARY WINDING OF THE OUTPUTTRANS...
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FORMER WILL IN THIS CASE THEN HAVE TO BE RATED AT 9 OHMS.

TRANSMISSION LINES

ALL OF THE SPEAKER CIRCUITS SO FAR SHOWN YOU IN THIS LESSON ARE

SUCH THAT THE VOICE COILS OF THE SPEAKERS ARE CONNECTED DIRECTLY ACROSS

THE SECONDARY WINDING OF THE OUTPUT. TRANSFORMER AND THE ENTIRE SPEAKER
CIRCUIT IS THUS OF A LOW -IMPEDANCE ORDER. IF THE NATURE OF THE INSTALLA-

TIDN IS SUCH THAT THE SPEAKERS ARE LOCATED AT A CONSIDERABLE DISTANCE

FROM THE AMPLIFIER AND THEREBY REQUIRING WIRES OF CONSIDERABLE LENGTH

BETWEEN THESE TWO POINTS,THEN WE RUN INTO DIFFICULTIES,WHEN USING SPEAK-
ER CIRCUITS AS SO FAR ILLUSTRATED.

THE RUN OF WIRES BETWEEN THE OUTPUT OF THE AMPLIFIER AND THESPEAK-

CRS IS KNOWN AS THE TRANSMISSION LINE. IF THE TRANSMISSION LINE IS OF

THE LOW -IMPEDANCE TYPE,As WILL BE THE CASE IN THE CIRCUITS SO FAR ILLUS-
TRATED,WE HAVE THE FOLLOWING CONDITIONS TO CONTEND WITH:

FIG. 19
Series- Parallel Connection o74" SIbeeikers

THE CHAR-
ACTERISTICS OF A
LOW -IMPEDANCE TRA
NSMISSION LINE
(AROUND 8 TO 16

OHMS) ARE AS

FOLLOWS:

(I) LOWVOI
TAGE AND HIGH CUB
RENT.

(2) STRONG
ELECTROMAGNETIC
FIELDS AROUND THE
WIRES WHICH MAY
CAUSE FEED -BACK
OR CROSS -TALK.

(3) D.C.RL
SISTANCE OF LINES

(DUE TO LENGTH) IS APPRECIABLE AND RESULTS IN A LOSS OF POWER.

To OVERCOME THESE UNDESIRABLE CONDITIONSOT IS THE COMMON PRACTICE
TO USE TRANSMISSION LINES OF HIGHER IMPEDANCE FOR INSTALLATIONS OF THE

TYPE NOW BEING CONSIDERED AND SO THAT THE IMPEDANCES WILL THEREBY NOT BE
MIS -MATCHED BETWEEN THE AMPLIFIER AND THE SPEAKERS,TWO SPECIAL IMPEDANCE -
MATCHING TRANSFORMERS ARE USED IN THE MANNER ILLUSTRATED IN FIG. 20.

TRANSMISSION LINES OF HIGH -IMPEDANCE VALUES SUCH AS 5000 OHMS OR

HIGHER HAVE THE FOLLOWING CHARACTERISTICS: -

(I) HIGH VOLTAGE AND LOW CURRENT.

(2) WEAK ELECTROMAGNET FIELDS.

(3) POWER LOST DUE TO CURRENT BEING OPPOSED BY D.C. RESISTANCE
TRANSMISSION LINE NEGLIGIBLE.

OF
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(4) CAPACITIVE EFFECT BETWEEN THE TWO LINES APPRECIABLE.

THE FIRST THREE CHARACTERISTICS OF THE HIGH IMPEDANCE TRANSMISSION
LINE ARE DESIRABLE,WHEREAS THE LAST MENTIONED CHARACTERISTIC IS HIGHLY

UNDESIRABLE DUE TO THE BY-PASSING EFFECT OF THE HIGHER FREQUENCIES BE-

TWEEN THE LINES.

IN ACTUAL INSTALLATION PRACTICE,A COMPROMISE IS THEREFORE MADE BE-
TWEEN A LOW AND HIGH IMPEDANCE TRANSMISSION LINE AND RATINGS OF 200 TO

600 OHMS HAVE BEEN FOUND TO BE IDEAL. TRANSMISSION LINES OF 500 OHMS ARE
MOST COMMONLY USED FOR PUBLIC ADDRESS WORK.

WITH THIS INFOR-
MATION IN MIND,LET US
RETURN TO FIG.20. HERE
WE FIND THAT IF A 500
OHM TRANSMISSION LINE
IS BEING USED,THEN THE
OUTPUT TRANSFORMER OF
THE AMPLIFIER,OR THE
"TUBE TO LINE TRANS-
FORMER" IN THIS CASE,
WOULD HAVE A PRIMARY
WINDING WHOSE IMPEDANCE
IS MATCHED TO THE PLATE
CIRCUIT OF THE POWER
TUBES,WHEREAS ITS SEC-
ONDARY WINDING WOULD
BE RATED AT 500 OHMS.
THE "LINE TO SPEAKER
TRANSFORMER",ON THE
OTHER HAND,WILL IN THIS
CASE HAVE A PRIMARY WINDING WHOSE IMPEDANCE RATING IS 500 OHMS TO MATCH

THE SECONDARY OF THE PRECEDING TRANSFORMER AND THE SECONDARY WINDING WILL
HAVE AN IMPEDANCE RATING TO CONFORM WITH THE TOTAL VOICE COIL IMPEDANCE

CALLED FOR BY THE PARTICULAR SPEAKER COMBINATION.

A rn pl;f:Ve r Transmission
Line

0
0

0

0
0
41111.

.11M.

0

Tube to
Line Transfs

Speaker
Voice

Line

Coils

Speale.
Trans{:

Application
FIG. 20

of 7;11/151n iss;c5,7 /-/tre.

MULTIPLE SPEAKER TRANSFORMERS

IN FIG. 21 YOU ARE SHOWN A GOOD METHOD OF CONNECTING A GROUP OF

SPEAKERS TO A TRANSMISSION SYSTEM. IN THIS EXAMPLE,EACH SPEAKER HAS ITS

INDIVIDUAL INPUT TRANSFORMER MOUNTED DIRECTLY AT THE SPEAKER AND THE PRJ

MARY WINDING OF THE INPUT TRANSFORMER OF EACH OF THE FIVE SPEAKERS BEING

USED HAS AN IMPEDANCE RATING OF 2500 OHMS. SINCE FIVE OF THIS WINDINGS

ARE CONNECTED IN PARALLEL ACROSS THE TRANSMISSION LINE, THEIR TOTAL OR

COMBINED IMPEDANCE WILL BE 1/5 OF 2500 OHMS OR 500 OHMS. THIS COMBINED OR

EFFECTIVE LOAD IMPEDANCE OF 500 OHMS WILL THEREFORE MATCH THE 500 OHM

IMPEDANCE RATING OF THE AMPLIFIER TO LINE TRANSFORMERIS SECONDARY WIND-

ING. THE SECONDARY WINDING OF EACH OF THE SPEAKER INPUT TRANSFORMERS WILL

OF COURSE HAVE ITS IMPEDANCE MATCHED TO THAT OF THE VOICE COIL TO WHICH

IT IS CONNECTED.

ANOTHER METHOD OF COUPLING A GROUP OF SPEAKERS HAVNG INDIVIDUAL
SPEAKER INPUT TRANSFORMERS TO THE TRANSMISSION LINE IS ILLUSTRATED FOR

YOU IN FIG. 22. HERE THE PRIMARY WINDINGS OF THE SPEAKER INPUT TRANSFORM-
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ERS ARE CONNECTED IN A SERIES -PARALLEL ARRANGEMENT. IF EACH OF THESEPRI...
MARY WINDINGS HAVE AN IMPEDANCE RATING OF 500 OHMS,THE TOTAL IMPEDANCE
OF EACH SERIES GROUP WILL BE EQUAL TO 5004500 OR 1000 OHMS BUT SINCE
TWO OF THESE SERIES GROUPS ARE CONNECTED IN PARALLEL,THEIR COMBINED EFF-
ECTIVE IMPEDANCE WILL BE 1000472 OR 500 OHMS,WHICH IS THE SAME AS THAT
OF ANY ONE OF THESE WINDINGS ALONE. THEREFOREON ORDER FOR THE ENTIRE
SPEAKER CIRCUIT TO BE PROPERLY MATCHED TO THE SECONDARY WINDING OF THE
AMPLIFIER TO LINE TRANSFORMER,THIS LATTER WINDING MUST HAVE AN IMPEDANCE
RATING OF 500 OHMS.

FIG. 2.)
A Five -Speaker

HAVING COMPLETED THIS LESSON,YOU SHOULD NOW HAVE A GOODUNDERSTAND-
ING OF THE DIFFERENT TYPES OF SPEAKERS AND HORNS,AS WELL AS THE VARIOUS
METHODS OF CONNECTING MULTIPLE SPEAKERS TO THE AMPLIFIER OF A PUBLIC ADD-
RESS INSTALLATION.

IN THE FOLLOWING LESSON,YOU ARE GOING
MOST INTERESTING SUBJECT -....NAMELY ACOUSTICS.
AMPLIFYING EQUIP-
MENT CAN BE USED
TO THE BESTADVANT...

AGE IN THE MORE
DIFFICULT INSTALIr
ATIONS BY REDUCING
ECHOES, REVERBERA-
TION AND DEADSPOTS
TO A MINIMUM. NOT
ONLY WILL YOU FIND
THIS NEXT LESSON
OF SPECIAL INTEREST
BUT IT IS ALSO
EXCEEDINGLY IMPOR-
TANT IN THAT IT

DEALS WITH A SUB...

JECT WHICH ISLITT.=
LE UNDERSTOOD BY
THE AVERAGE TECH.,.

NICIAN.

TO ENGAGE IN THE STUDY OF A

HERE YOU WILL LEARN HOW SOUND

FIG. 27

5 -cries- Para/le/ Speak. - CoNnect/ons.
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LESSON NO. AS -3

I. FOR WHAT TYPE OF SOUND SYSTEM INSTALLATION ARE TRUMPET

TYPE MAGNETIC SPEAKERS BEST SUITED?

2. - DESCRIBE A DYNAMIC SPEAKER UNIT OF THE TYPE SUITABLE FOR
USE WITH A TRUMPET OR EXPONENTIAL HORN.

3. - WHAT FORM OF HORN IS BEST SUITED FOR A CONE DYNAMIC
SPEAKER? STATE THE REASON FOR YOUR ANSWER.

4. - WHY ARE HIGH FREQUENCY SPEAKERS USED IN SOME INSTANCES?

5. - ILLUSTRATE BY MEANS OF A DIAGRAM HOW A GROUP OF THREE
DYNAMIC SPEAKERS MAY HAVE THEIR VOICE COILS CONNECTED TO

THE SECONDARY WINDING OF A SINGLE OUTPUT TRANSFORMER.
(INDICATE IMPEDANCE VALUES ON YOUR DIAGRAM.)

6. - WHAT ARE THE CHIEF ADVANTAGES OF USING A 500 OHM TRANS-
MISSION LINE BETWEEN THE OUTPUT OF THE AMPLIFIER ANOTHE
SPEAKERS OF A PUBLIC ADDRESS SYSTEM?

7. - DRAW A CIRCUIT DIAGRAM,SHOWING HOW FOUR SPEAKEFS,HAVING
INDIVIDUAL INPUT TRANSFORMERS,MAY BE CONNECTED TO A

COMMON TRANSMISSION LINE AND SHOW HOW THE IMPEDANCESARE
MATCHED.

8. - WHAT TYPE OF SPEAKER INSTALLATION WOULD YOU PREFER TO USE
IF FAITHFULNESS OF REPRODUCTION IS THE MOST IMPORTANT CHAR
ACTERISTIQ DESIRED?

9. - HOW DO THE CONE DYNAMIC SPEAKERS,AS USED FOR PUBLIC ADD-
RESS WORK,DIFFER FROM THIS SAME TYPE OF SPEAKER AS USED
IN CONJUNCTION WITH A RADIO RECEIVER?

10." DESCRIBE AN EXPONENTIAL HORN. WHAT OTHER NAME IS SOME-
TIMES USED FOR A SPEAKER EMPLOYING AN EXPONENTIAL HORN?



Success Secrets

The man who thinks he has no chance destroys his
chances by acknowledgment of self -defeat.

The world is filled with good brains which have
missed the opportunity of training.

You say that you deserve success-then prove it.
Present your facts-show results, but don't rest

your case with words.

Dishonesty doubles the journey to success.

A crooked path must always be longer than a
straight one.

There's only one way that's right, and all the other
ways are wrong.

Good ideas are only seeds. They must be planted
and tilled before they can produce.

Printed in U. S. A.



RADIO TELEVISION
Practical

OVAL
Established

1%1
Los Angeles,

J. A. ROSENKRANZ, Pres.

1:0catio
Training

z
California

COPYRIGHTED - 1936

Jimplifgitv terns
LESSON NO. 4

° A COUS TICS
ALTHOUGH AN EXCELLENT SOUND AMPLIFYING SYSTEM MAY BE DESIGNED AND

CONSTRUCTED, YET THE INSTALLATION AS A WHOLE MAY BE A FAILURE IF THE A-

COUSTIC CONDITIONS ARE NOT SATISFACTORY. THEREFORE, IF THE BEST OF RESULTS

ARE TO BE EXPECTED FROM ANY SOUND SYSTEM, IT IS IMPERATIVE THAT THE EN-

GINEER IN CHARGE OF THE INSTALLATION WORK HAVE A GOOD UNDERSTANDING OF

ACOUSTICS.

By ACOUSTICS IS MEANT THE SCIENCE OF SOUND AND IN THIS LESSON WE

SHALL TREAT THIS SUBJECT FROM AN ANGLE OF CLEAR AND INTELLIGIBLE REPROD-

UCTION. To MAKE THISPOS-
SIBLE,THE SPEAKER MUST BE
INSTALLED AT THE MOST

ADVANTAGEOUS POSITIONS SO
AS TO DISTRIBUTE THE
SOUND OVER THE DESIRED
AREA UNIFORMLY AND IF THE
SYSTEM BE INSTALLED IN

AN AUDITORIUM,HALL OR ANY
OTHER SPACIOUS ENCLOSURE
OR EVEN IN THE OPEN AIR

FOR THAT MATTER,PROPER
STEPS MUST BE TAKEN SO

AS TO REDUCE ECHOES,REV-
ERBERATION,DEAD SPOTS ETC

FRANKLY,THE TASK OF
CREATING THE PROPER A-

COUSTIC CONDITIONS IS

FREQUENTLY THE MOST DIFL
ICULT PROBLEM OF THE EN-
TIRE INSTALLATION AND
ALTHOUGH THE RULES AND
FORMULAS AS PRESENTED TO
YOU IN THIS LESSON WILL
BE OF GREAT HELP IN THE
ACOUSTIC TREATMENT OF

An
FIG.1

A Lialloriam Equipped With
4,-1 A rnpiifyirs g System.
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HALLS, AUDITORIUMS, ETC., YET YOU SHOULD BEAR. IN MIND THAT CONSIDERABLEEXPERIMENT MUST ALSO FREQUENTLY BE RESORTED TO DURING THE PROGRESS OF THEINSTALLATION WORK, IN ORDER TO BRING ABOUT THE DESIRED RESULTS.

REVERBERATION

No DOUBT, YOU HAVE ALREADY EXPERIENCED THE DIFFERENCE WHICH EXISTSIN SOUNDS WHEN HEARD IN AN EMPTY ROOM OR AUDITORIUM AS COMPARED TO THENATURE OF SOUNDS WHEN PRODUCED IN THE SAME ROOM OR AUDITORIUM AFTER /THAS BEEN FULLY FURNISHED OR WHEN A CROWD OF PEOPLE IS PRESENT. THIS IS ONEOF THE ACOUSTICAL CONDITIONS WITH WHICH THE SOUND ENGINEER MUST DEAL.

SOUND, YOU WILL RECALL, CONSISTS OF VIBRATIONS OF AIR OR "WAVES",ASWE GENERALLY CALL THEM, AND THEY ARE REFLECTED READILY WHENEVER THEYSTRIKE BARE WALLS OR HARD SURFACES. IN FIG. 2, FOR INSTANCE,WE HAVE A SIMPLE DIAGRAM WHICH ILLUSTRATES THE DIFFERENT PATHS WHICH SOUND WAVES MAYFOLLOW FROM THE TIME THEY LEAVE THEIR SOURCE UNTIL THEY REACH THE EARS OFTHE LISTENERS.

Sides 1.4.)a1 .St 1

.1-tA
;<5>1_5.:.e.rier

7 -
1.

LI.

-- -014

N./
Side u)11.11

10

tv

F I G. 2.
Typical Pail's blihich SoLitid tVavesMay 7i-a ye/ %el a Room

CONSIDER FIG.
2 AS REPRESENTING A

HALLS SUCH ASA DANCE
HALL OR GYMNASIUM
AND WHERE THE WALLS,
FLOOR)AND CEILINGARE
ALL BARE AND MADEOF
RELATIVELY HARDFIN-
ISHED MATERIAL.ALSO
VISUALIZE THIS HALL
AS BEING EMPTY OF
ALL FURNISHINGS AND
THAT THE SOURCE OF
SOUND AND ONE LIST-
ENER OR OBSERVER
ARE THE ONLYOBJECTS
PRESENT.

FIRST LET US
CONSIDER THE PATH"A" IN FIG. 2, WHICH REPRESENTS THE MOST DIRECT ROUTE BY WHICH SOUNDWAVESMAY TRAVEL FROM THE SOURCE TO THE LISTENER. THIS IS THE MOST DESIRABLESOUND PATH WHICH WE CAN HAVE AND WILL RESULT IN A FAITHFUL REPRODUCTION OFTHE SOUND AT THE EARS OF THE LISTENER. HOWEVER,WHEN THE LISTENER IS LOCA-TED AT AN APPRECIABLE DISTANCE FROM THE SOURCE OF THE SOUND,LARGE AMOUNTSOF BOUND ENERGY WILL REACH HIM BY WAY OF THE REFLECTED PATHS. ONE OFTHESEPATHS, FOR EXAMPLE, IS MARKED AS "B" IN FIG. 2 AND IN THIS CASE THE SOUNDTRAVELS TOWARDS SIDE WALL #1 AND FROM WHICH IT IS REFLECTED TOWARDS THELISTENER. WE HAVE A SIMILAR CONDITION WHERE THE SOUND WAVES TRAVEL THEROUTE "C", STRIKE SIDE WALL #2 AND ARE THEN REFLECTED TOWARDS THE LISTENER.

ANOTHER POSSIBLE PATH IS OFFERED BY ROUTE NE", WHERE A SOUND WAVEIS STARTED TOWARDS THE REAR OF THE SOURCE,STRIKES THE REAR WALL, AND ISREFLECTED TOWARDS THE OBSERVER, WHILE SOME OF IT EVEN PASSES THE LISTENER,STRIKES THE FRONT WALL AND IS AGAIN REFLECTED TOWARDS HIM SO THAT HEACTUALLY HEARS THE SOUND COMING
FROM BEHIND. THESE ARE JUST SOME OF THEPATHS WHICH THE SOUND WAVES MAY TRAVEL IN A ROOM OF THE TYPE DESCRIBED,
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YET ACTUALLY ANY NUMBER OF ADDITIONAL PATHS MAY ALSO BE OFFERED SUCH AS

FLOOR REFLECTIONS, CEILING REFLECTIONS AND VARIED REFLECTIONS FROM ALL

POSSIBLE ANGLES.

As YOU WILL NO DOUBT NOW AGREE, A COMPLEX CONDITION EXISTS AND THE

LISTENER IS LITERALLY "SWARMED WITH A MULTITUDE OF SOUNC WAVES STRIKING

HIS EARS FROM ALL DIRECTIONS. SINCE SOUND WAVES TRAVEL THROUGH AIR AT A

DEFINITE SPEED (APPROXIMATELY 1100 FT. PER SECOND) IT STANDS TO REASON

THAT WHEN A GIVEN SOUND IS PRODUCED, CORRESPONDING WAVES WILL REACH THE

LISTENER AT DEFINITE INTERVALS OVER A PERIOD OF TIME, DEPENDING UPON THE

DISTANCE EACH OF THE MANY REFLECTED WAVES TRAVEL FROM THE SOURCE UNTIL

THEY REACH THE EARS OF THE LISTENER. THIS RESULTS IN A CONDITION WHERE THE
SOUND PERSISTS FOR SOME TIME AFTER IT HAS BEEN PRODUCED RATHER THAN TONE
DOWN OR DISAPPEAR IMMEDIATELY AFTER THE SOUND IS STOPPED AT THE SOURCE.
THIS TENDENCY FOR THE SOUND TO PERSIST OVER A DEFINITE PERIOD OF TIME AF-
TER IT HAS BEEN PRODUCED ORIGINALLY AND STOPPED AT THE SOURCE IS KNOWN AS
REVERBERATION.

VARIOUS EFFECTS OF REFLECTIONS UPON OBSERVED SOUND

NOT ONLY WILL THE REFLECTION OF SOUND WAVES PRODUCE REVERBERATION

BUT IN ADDITION, SEVERAL OTHER PRINCIPAL EFFECTS WILL RESULT FROM THISCOU
DITION. FOR EXAMPLE, THE AVERAGE INTENSITY OF THE SOUND AS HEARD BY THE

LISTENER WILL BE INCREASED SINCE THE SOUND ORIGINALLY RADIATED IN OTHER

DIRECTIONS IS REFLECTED BACK TO THE LISTENER. ANOTHER INTERESTING FACT IS

THAT SELECTIVE ABSORPTION OF CERTAIN REFLECTING SURFACES TEND TO REFLECT

MORE THAN THE HIGHER FREQUENCIES AND THIS WILL ALTER THE

RELATIVE AMPLITUDES OF THE DIFFERENT FREQUENCY COMPONENTS OF THE SOUND.

SOUND REFLECTIONS AS JUST DESCRIBED WILL ALSO ALTER THE RELATIVE Abp
LITUDE OF THE DIFFERENT FREQUENCY COMPONENTS OF THE SOUND DUE TO THE IN-

TERFERENCE EFFECTS WHICH RESULT FROM THE FACT THAT THE PHASE WITH WHICH
THE ENERGY TRAVELING ALONG THE DIFFERENT POSSIBLE PATHS COMBINES AND DE-

PENDS UPON THE FREQUENCY OF THE SOUND AND THE POSITION OF THE LISTENER.

REVERBERATION TIME

THE NUMBER OF SECONDS, OR FRACTION OF A SECOND, WHICH IS REQUIRED FOR
THE SOUND TO DIE OUT AFTER THE SOURCE OF SOUND CEASES IS KNOWN AS THE RE-

VERBERATION TIME AND IS MEASURED IN SECONDS. THE FORMULA FOR CALCULATING
THE REVERBERATION TIME 13 T- .05V ; WHERE T; -THE REVERBERATION TIME IN

A

SECONDS; VrATHE VOLUME OF THE ROOM OR AUDITORIUM; A=THE TOTAL UNITS OF

ABSORPTION IN THE ROOM OR AUDITORIUM AND THE VALUE .05 IS A CONSTANT.

THE VALUE V TO USE FOR ANY GIVEN PROBLEM IS DETERMINED BY MULTIPLY-
ING TOGETHER THE LENGTH OF THE ROOM OR HALL BY ITS WIDTH AND THEN MULTI-

PLYING THIS VALUE BY ITS HEIGHT. IF A BALCONY IS EMPLOYED IN THE ROOM IN

QUESTION, THEN THE AVERAGE HEIGHT IS USED,DEDUCTIONS BEING MADE FOR THE

FLOOR SPACE EXISTING BETWEEN ORCHESTRA AND BALCONY AND BETWEEN BALCONIES.

THE TOTAL UNITS OF ABSORPTION OR "A" OF THE FORMULA IS DETERMINED
BY FIRST MEASURING THE SQUARE FOOTAGE OF EVERY TYPE OF MATERIAL USED IN

THE SURFACE CONSTRUCTION OF THE ROOM AND MULTIPLYING IT BY ITSCOEFFICIENT
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OF ABSORPTION. THE VARIOUS PRODUCTS THUS OBTAINED FOR THE TOTAL ABSORP-
TION OF EACH TYPE OF SURFACE ARE THEN ADDED TOGETHER TO OBTAIN THE TOTAL
ABSORPTION OF ALL OF THE VARIOUS TYPES OF SURFACES TOGETHER* THIS THEN,

WILL BE THE ACTUAL ABSORPTION OF THE ENTIRE ROOM AND IS TO BE USED FOR

THE VALUE "A" IN OUR FORMULA FOR CALCULATING THE REVERBERATION TIME.

G.3FL

A Dining Roorr7 UM/7 Sound -
L 0 u d Speakers ore Concealed

Behind Grill in Ceding.
WIDTH IS 55 FEET. THE AVERAGE HEIGHT IS 30 FT. THE

THE COEFF-
ICIENTS OF SOUND
ABSORPTION HAVE
BEEN DETERMINED
FOR PRACTICALLY
ALL MATERIALS AND
YOU ARE GIVEN A

LIST OF THEM IN

TABLE I. IN THIS
TABLE EACH SQUARE
FOOT OF THE MAC.

TERIALDESI3NATED
IS RATED BY COM-
PARISON WITH ONE
SQUARE FOOT OF
OPEN WINDOW SPACE,
WHICH ISACCEPTED
AS 100% ABSORP...

TIVE AND THERE-
FORE HAS A CO-
EFFICIENT OF UN-
ITY.

CALCULAT IONS

To ILLUS-
TRATE THE ACTUAL
APPLICATION OF

THE REVERBERATION
TIME FORMULA,
LET US WORK OUT
A SPECIFIC PROB-
LEM.

IN FIG. 4
WE HAVE A TOP
AND SIDE VIEW OF
AN AUDITORIUM
'WHOSE ACOUSTIC
CONDITIONS ARETO
BE ANALIZED. THE
LENGTH OF THIS
AUDITORIUM IS 75

FEET AND ITS

TOTAL VOLUME OF THIS

AUDITORIUM WILL THEN BE EQUAL TO 75 x 55 x 301=123,750 CUBIC FEET.

THE FLOOR SPACE WILL BE EQUAL TO APPROXIMATELY 75/ x 551=4125 SQ.
FEET. OF THIS TOTAL FLOOR SPACE,LET US SUPPOSE THAT 1000 SQUARE FEET
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IS UTILIZED FOR AISLES WHICHLEAV..
ES, 4125 MINUS 1000 OR ABOUT 3125
SQUARE FEET OF ACTUAL FLOOR SPACE
TO ACCOMMODATE SEATS.

THE FLOOR SPACE FOR SEATS IN
THIS PARTICULAR AUDITORIUM IS MACE
OF UNFINISHED WOOD WHICH ACCORD-
ING TO TABLE I HAS A COEFFICIENT
OF ABSORPTION OF 0.061.THEREFORE,
THE TOTAL ABSORPTION FOR THIS
FLOOR SPACE 18 EQUAL TO 0.061 X
3125=190.6 UNITS or ABSORPTION.
HOWEVER, SINCE SEATS ARE MOUNTED
ABOVE THIS FLOOR SPAOE,THEY WILL
BE ABOUT 75% EFFECTIVE INCANCELL-
ING OUT FLOOR ABSORPTION BECAUSE
THEY COVER THE GREATER PORTION OF
THE FLOOR. THEREFORE, THE TOTAL
FLOOR ABSORPTION WILL AMOUNT TO

ONLY ABOUT 25% OF 190.6 ORAPPROX-
IMATELY 48 UNITS.

A TOTAL OF 425 SEATS AREPRQ
VIDEO IN THIS AUDITORIUM AND THEY
ARE OF THE PARTLY UPHOLSTERED TYPE
AND ACCORDING TO TABLE 1,8EATS OF
THIS TYPE EACH HAVE A COEFFICIENT
OF ABSORPTION OF 1.6. THEREFORE,
THE TOTAL ABSORPTION OF THE SEATS
WILL AMOUNT TO 425 X 1680UNIT8

THE TOTAL AREA OF THE CEIL-
ING AND WALLS FOR THIS AUDITORIUM,
WE SHALL ASSUME HAS THROUGH ACT-
UAL MEASUREMENT AND CALCULATION
BEEN FOUND TO BE EQUAL TO 10,000
SQUARE FEET AND WHICH IN THEGREAI
ER PARTS CONSISTS OF A PLASTER AND
GLASS SURFACE. FROM TABLE I WE
SHALL CHOOSE A COEFFICIENT OF AB-
SORPTION OF .03 FOR THIS SURFACE.
THUS THE TOTAL ABSORPTION FORTHE
WALLS AND CEILING BECOMES .03 x
10,000=300 UNITS.

TAB"LE 1

COEFFICIENTS OF ABSORPTION

MATERIAL
UNITS PER
SQUARE FOOT

THE STAGE FLOOR MEASURES 351
X 20' AND 80 ITS TOTAL AREA BE-
COMES 35ix 20=700 SQUARE FEET.
THIS FLOOR IS MADE OF VARNISHED
WOOD WHICH ACCORDING TO TABLE 1 HAS

OPEN WINDOW
1 00

PLASTER 025 TO .034
.CONCRETE 015
BRICK SET IN PORTLAND

CEMENT 025
MARBLE .01
GLASS,8INGLE THICKNESS .027
WOOD SHEATHING 061
WOOD, VARNISHED 03
CORK TILE 03
LINOLEUM .03
CARPETS 15 TO .29
CRETONNE CLOTH 15

CURTAINS IN HEAVY FOLDS 50 TO 14,00
HAIRFELT ill (JOHNS..
MANVILLE) 31

HAIRFELT 1" (JOHNS..
MANVILLE) 59

FLAXLINUM 2M 34
SABINITE ACOUSTICAL
PLASTER 21

ACOUSTI..CELOTEXsTYPE

BB,PAINTED OR UN-
PAINTED 70

ACOUSTP.CELOTEXITYPE
B,PAINTED OR UN-
PAINTED 47

SANACOUST.IC TILE I"
ROCK WOOL FILLER too.. 74

NAsNKOTE,TYPE A,
3/411 THICK 27

INDIVIDUAL OBJECTS

AUDIENCE,PER PERSON 4,4,41 4.7
PLAIN CHURCH PEWS

LINEAR FT. 18

UPHOLSTERED CHURCH PEWS
PER LINEAR FT. 4,4, UP TO 1.6

PLAIN PLYWOOD AUDITORIUM
CHAIRS, EACH 24

PART UPHOLSTERED CHAIRS 1.6

COMPLETELY UPHOLSTERED
CHAIRS 3.0

A COEFFICIENT OF ABSORPTION OF .03
AND SO THE TOTAL ABSORPTION OF THE FLOOR 18 700 X .03=21 UNITS.

As YOU WILL RECALL, 1000 SQUARE FEET OF THIS AUDITORIUM'S TOTAL
FLOOR SPACE IS ALLOTED TO AISLES AND WHICH ARE COVERED WITH CARPET AND
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WHICH HAS A COEFFICIENT OF ABSORPTION 0F125. THE TOTAL ABSORPTION OFTHE
CARPET -COVERED AREA THUS AMOUNTS TO 1000 x .251=250 UNITS.

WE HAVE NOW ACCOUNTED FOR THE ABSORPTION OF EACH TYPE OF EFFECTIVE
SURFACE EMPLOYED IN THIS AUDITORIUM. OUR NEXT STEP THEN, 18 TO ADD TO-
GETHER ALL OF THESE VARIOUS UNITS. THUS WE HAVE:

WOOD FLOOR
SEATS ---
CEILING AND WALLS -.
STAGE FLOOR
CARPET FLOOR

.1MODIMIMID

all ammo.

TOTAL

75'

a
.44

f)

4

Side View
30' Average.

Height

55'

FIG. 4
Working Plan of A uclitorium.

IOUS VOLUMES.

48 UNITS
680 UNITS
300 UNITS
21 UNITS

250 UNITS
1299 UNITS

OUR TOTAL UNITS
OF ABSORPTION OR NO
THUS BECOMES 1299 UNITS.

SUBSTITUTING THE
VALUES NOW AVAILABLE IN
OUR FORMULA T....05V,WE

A

HAVE T.- .05 x 123.750-
1299

6167.5
1299

it 4.76 SECONDS.

THIS BRINGS US
UP TO THE POINT WHERE
WE MUST TAKE INTO ACC-
OUNT THE OPT1MUMREVER-
BERATION TIME FOR ANY
TYPE OF INSTALLATION.
IN OTHER WORDS,WE MUST
HAVE SOME SYSTEMWHERE-
BY WE CAN ASCERTAIN
WHAT THE REVERBERATION
SHOULD BE FOR ANY IN-
STALLATION 80 THAT THE
ACOUSTIC CONDITIONS
WILL BE SATISFACTORY
FROM THIS STANDPOINT.
IN TABLE 11 YOU ARE
GIVEN A LIST WHICHSPC2
IFIES THE OPTIMUM PER-
IODS OF REVERBERATION
FOR ENCLOSURES OF VAR..

BY REFERRING TO TABLE 11 AND COMPARING THE REVERBERATION TIME OF

4.76 SECONDS WHICH WE HAVE CALCULATED FOR OUR SAMPLE PROBLEM WITH THEVAJI
UES GIVEN IN TABLE II, WE FIND THAT THE OPTIMUM PERIOD OF REVERBERATION
FOR OUR AUDITORIUM OF 123,750 CUBIC FEET VOLUME SHOULD BE APPROXIMATELY
1.4 SECONDS* WE THUS NOTE THAT OUR CALCULATED VALUE OF 4.76 SECONDS 18

RATHER HIGH FOR OPTIMUM CONDITIONS BUT WE MUST BEAR IN MIND THAT OUR CAL
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CULATIONS WERE BASED ON THE FACT THAT NO AUDIENCE IS PRESENT AND WHICH

OF COURSE IS NOT A NORMAL CONDITION WHEN THE AUDITORIUM IS IN USE.

SINCE THE SEATING CAPACITY OF THE AUDITORIUM BEING CONSIDERED IS

425 PERSONS AND THE COEFFICIENT OF ABSORPTION PER PERSON IS 4.7 ACCORDING
TO TABLE I, THEN THE TOTAL ABSORPTION AS OFFERED BY THE AUDIENCE AMOUNTS
TO 425 x 4.71=1998 UNITS APPROXIMATELY. HOWEVER, THIS WILL SERVE TO JUST
ABOUT CANCEL OUT THE ABSORPTIVE EFFECTS OF AN EQUAL NUMBER OF SEATS.
SINCE, THE SEATS SUPPLIED 680 UNITS'OF ABSORPTION,WE CAN FIND THE REVER...
BERATION WITH A FULL AUDIENCE IN THE FOLLOWING MANNER: T.- .05 X 123.750

1299+(I998..680)

6187.5 6187.5
1299 +1318 2617

=22.4 SECONDS. NOTICE THAT WITH A FULL AUDIENCE,THE

REVERBERATION TIME APPROACHES THE
OPTIMUM VALUE MUCH MORE CLOSELY
THAN WHEN NO AUDIENCE IS PRESENT.

IN PRACTICE, IT IS NOT AD-
VISABLE TO ASSUME THE AUDIENCE
AS FILLING THE AUDITORIUM TO ITS
FULLEST CAPACITY. IT IS A BETTER
POLICY TO CONSIDER THEATTENDANCE
AS BEING AN "AVERAGE VALUE", OR
APPROXIMATELY 2/3 OF THE AUDIT-.

OPIUM'S SEATING CAPACITY. THEN
IF THE ACOUSTIC CONDITIONS OF

THE AUDITORIUM ARE ARRANGED TO
BE SATISFACTORY FOR THIS ATTEND-.
ANCE, THEY WILL ALSO BE CORRECT FOR

TABLE 11
OPTIMUM PERIODS OF REVERBERATION

BELOW 7,000

SECONDS

CUBIC FEET .0

7,000 TO 20,000 .1

20,000 TO 45,000 .2

85,00045,000 To .3

85,000 TO 145,000 .4

145,000 To 225,000 .5

225,000 To 330,000 .6

330,000 TO 465,000 .7

630,000 TO 835,000 .9

835,000 TO 1,100,000 2.0

FULL ATTENDANCE.

FOR INSTANCE, WITH 2/3 ATTENDANCE, THE TOTAL PERSONS IN THE AUDIT
OPIUM WILL BE 2/3 OF 425 OR APPROXIMATELY 283 PERSONS. THIS AMOUNT
PERSONS WILL ACCOUNT FOR AN ABSORPTION OF 283 X 4,72=1330 UNITS

or
AND

SINCE 142 SEATS ARE EMPTY,THEY WILL STILL HAVE THEIR ABSORPTION EFFECT.
THEREFORE, THE EMPTY SEATS WILL PROVIDE AN ABSORPTION OF 142 X I6=227
UNITS.

THE TOTAL ABSORPTION OF THE AUDITORIUM WHEN 2/3 OF THE CAPACITYAUQ
IENCE IS PRESENT,THEN BECOMES:

WOOD FLOOR
SEATS

CEILING AND WALLS
STAGE FLOOR
CARPET
PERSONS

48 UNITS
227 UNITS
300 UNITS
21 UNITS
25C UNITS
I33C UNITS

TOTAL 217E UNITS

SUBSTITUTING THIS VALUE IN OUR REVERBERATION TIME FORMULA,WE HAVE:

T=.05 x 123.750 = 6187.5 --2.8 SECONDS
2176 2176

Now THEN, UPON COMPARING OUR FINAL CALCULATED REVERBERATION TIME
VALUE OF 2.8 SECONDS WITH THE OPTIMUM VALUE OF 1.4 SECONDS ALLOWABLE FOR
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THE INSTALLATION,WE NOTE THAT OUR CALCULATED VALUE IS 2.8 MINUS 1.4 OR
1.4 SECONDS TOO HIGH.

BY THUS KNOWING THAT OUR REVERBERATION TIME FOR THE AUDITORIUM IS

1.4 SECONDS IN EXCESS TO WHAT IT SHOULD BE, WE CAN FIND THE ADDITIONAL
UNITS OF ABSORPTION NECESSARY TO CORRECT THE CONDITION BY APPLYING THE
FORMULA T__.05V IN THE TRANSPOSED FORM A. -4,05V AND THUS "T" IN THIS

- A

INSTANCE BECOMES 1.4 SECONDS AND "V" REMAINS AS 123,750 CUBIC FEET.

A .05 x 123,750_ 6187.5
1.4 1.4

SUBSTITUTING THESE VALUES IN THE FORMULA A= 05V t WE HAVE
T

--4419 UNITS (APPROXIMATELY). IN OTHER WORDS,

4419 ADDITIONAL UNITS OF ABSORPTION ARE NECESSARY IN ORDER TO REDUCE THE

1 G. 5

Ae? Instal/aL-ior7 of Speakers to Pro-
vide Prograri.s on the Beach,

REVERBERATION
TIME OF THE AUD-
ITORIUM FROM ITS
PRESENT VALUE OF
2.8 SECONDS TO

THE OPTIMUM VAL..
UE OF 1.4SECONDS.

OUR NEXT
STEP IS TOSELECT
SOME STANDARD
MATERIALSUITABLE
FOR ACOUSTICTRQL
TMENT AND WHOSE
COEFFICIENT OF
ABSORPTION IS

KNOWN.

FOR THIS
PARTICULAR AUD.

ITORIUM,HEAVYCUB
TAINS ARRANGED IN FOLDS WOULD SUPPLY THE DESIRED ABSORPTION EFFECT WHILE
AT THE SAME TIME SERVING AS AN ATTRACTIVE INTERIOR DECORATION FOR THE
ROOM. BY REFERRING TO TABLE 1, WE NOTE THAT CURTAINS ARRANGED IN HEAVY
FOLDS HAVE A COEFFICIENT OF ABSORPTION ANYWHERE FROM ABOUT .50 TO 1.00.
LET US ASSUME THAT WE CHOSE A TYPE OF CURTAIN WHOSE COEFFICIENT OFABSORE
TION IS 0.75. USING THIS MATERIAL,WE WOULD NEED 44194.75=5892 SQUARE
FEET OF IT IN ORDER TO SUPLY THE NECESSARY ADDITIONAL 4419 UNITS OF AB-
SORPTION.

THIS MATERIAL SHOULD BE PLACED ON THE SIDE AND REAR WALLS PARTIC-
ULARLY AND AT THE FRONT OF THE CEILING. THE STAGE WALLS SHOULD ALSO BE
DRAPED TO ELIMINATE THE REVERBERATION AT THOSE POINTS WHICH WOULD REFLECT
BACK TO THE MICROPHONE AND CREATE EFFECTS OF ROOMINESS.

A QUICK CHECK OF REVERBERATION TIME

A QUICKER METHOD OF CHECKING THE REVERBERATION TIME THAN THE PRO-
CEDURE JUST OUTLINED IS TO STATION ONESELF AT SOME POINT IN THE AUDIT-
ORIUM BLOWING A WHISTLE HAVING A 512 CYCLE NOTE. THIS WHISTLE SHOULD BE
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BLOWN AT AVERAGE INTENSITY FOR A PERIOD ABOUT AS LONG AS REQUIRED TO FILL.
THE AUDITORIUM WITH SOUND. AS SOON AS THE AUDITORIUM IS FILLED WITH

SOUNDISTOP BLOWING THE WHISTLE AND WITH A STOP WATCH MEASURE THE TIME

ELAPSED FROM THE INSTANT YOU STOP BLOWING THE WHISTLE UNTIL THE SOUND

DIES OUT COMPLETELY.

THIS TEST SHOULD BE REPEATED AT LEAST THREE TIMES AT ANY ONE LOCA-
TION AND THE SAME PROCEDURE SHOULD BG CARRIED OUT AT VARIOUS DIFFERENT
PLACES IN THE AUDITORIUM, ESPECIALLY UNDERNEATH BALCONIES,ON THE STAGE,

IN RECESSES ALONG THE WALLS AND AT THE CENTER OF THE AUDITORIUM.

A RECORD SHOULD BE MADE FOR EACH "TIME PERIOD" AS OBTAINED WITH
THIS TEST AND WHEN ALL OF THESE TIME MEASUREMENTS HAVE BEEN MADE, THEY

SHOULD ALL BE ADDED TOGETHER AND THIS TOTAL DIVIDED BY THE NUMBER OF

TESTS MADE. IN THIS MANNER, THE "AVERAGE TIME PERIOD OF REvERBERATION"IS

OBTAINED.

THIS VALUE
CAN THEN BE SUS-
TRACTED FROM THE
OPTIMUM REVERBER-
ATION PERIOD AS

SPECIFIED IN

TABLE II AND THIS
REMAINDERSUBSTI-
TUTED FOR THE
VALUE "T" IN THE
FORMULA A .05V

T

IN ORDER TO DE-
TERMINE THE NUM-
BER OFASSORPTION
UNITS NEEDED.

THEDESIRED
MATERIAL CAN THEN
BE SELECTED WITH
WHICH TO "TREAT"
THE WALLS ETC.AND BY DIVIDING THE TOTAL NUMBER OF ABSORPTION UNITS NEEDED

BY THE COEFFICIENT OF ABSORPTION OF THE MATERIAL TO BE USED,THE TOTAL A-

MOUNT OF THIS MATERIAL REQUIRED CAN BE ASCERTAINED.

FIG. 6
Con ducting Test During cio

Sound in.stalloilon.

THIS MATERIAL CAN THEN BE DISTRIBUTED THROUGHOUT THE AVAILABLE SUR
FACES OF THE AUDITORIUM. THE REAR WALLS SHOULD BE TREATED IN PREFERENCE

TO ALL OTHERS, AND THEN IN ORDER, BALCONY LEDGES,THE FRONT AND CENTER SE

TIONS OF THE SIDE WALLS, STAGE AND FRONT SECTION OF CEILING.

DIRECTIONAL TYPE HORNS, SUCH AS DESCRI3ED IN THE PREVIOUS LESSON,

CAN BE USED TO ADVANTAGE IN KEEPING THE SOUND WAVES FROM STRIKING SURFACES

WHICH TEND TO REFLECT THEM RATHER READILY AND IN THIS MANNER REDUCE REV-

ERBERATION.
MATERIALS FOR ACOUSTIC TREATMENT

THE ACOUSTIC PROPERTIES OF BUILDINGS BEING CONSTRUCTED ARE MOST

SATISFACTORILY CONTROLLED BY THE USE OF POROUS TILES ANC PLASTERS, WHILE
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DRAPES,RUGS, AND FELT ARE USED PRIMARILY FOR CORRECTIVE PURPOSES INSTRUC".
TURES ALREADY BUILT AND WHERE ACOUSTIC CORRECTIONS ARE TO BE MADE,ORWHERE
IT IS DESIRED TO VARY THE ACOUSTIC PROPERTIES FROM TIME TO TIME.

INSTALLATION OF SPEAKERS

IN ADDITION TO THE ACOUSTIC CONDITION OF THE AUDITORIUM OR HALL BE-
ING SATISFACTORY,IT IS ALSO IMPORTANT THAT THE PLACEMENT OF THE SPEAKERS
BE CORRECT. FOR INSTANCE, WHERE HORN TYPE SPEAKERS ARE USEDITHEIRLOCATION
AND ANGLES MUST BE SUCH THAT MAXIMUM DISTRIBUTION OF THE SOUND WILL BE 02
TAINED.

To AmpliFizr

FIG. 7
The Effeck of Proper. Speaker- Locations.

In a Thea-erorAudifor-iiirr,.

"A". FURTHERMORE,THIS
PERSONS SEATED ON THE
ER IN ITSELF DOES NOT

SAME
MAIN
TAKE

IN FIG.7,

FOR EXAMPLE, YOU
WILL SEE HOW
TWO SPEAKERS
FLOOD THE AUD-
ITORIUM OF A

THEATER WITH
SOUND.NOTICE IN
THIS ILLUSTRA-
TION THAT IF

SPEAKER "AM WERE
USED ALONE,THEN
THE PEOPLE OCC-
UPYING THOSE
SEATS BETWEEN
THE STAGE AND
POINT "C" WOULD
NOT BE SERVED
PROPERLY BY HORN

HORN WOULD NOT DELIVER SUFFICIENT SOUNOTO THOSE
FLOOR BELOW THE BALCONY. SO YOU SEE,THIS SPEAK-
CARE OF THE ENTIRE AUDITORIUM.

BY INSTALLING THE ADDITIONAL SPEAKER "B" AND BY SETTING IT AT THE

PROPER ANGLE, ITS SOUND WAVES CAN BE MADE TO SPREAD OUTWARD TO THOSESEATS
BELOW THE BALCONYIAS WELL AS TO THOSE SEATS BETWEEN POINT "C"AND THESTAGE.
THE TWO SPEAKERS TOGETHER THEN,ARE ABLE TO FLOOD THE AUDITORIUM WITH SOUND,
AS FAR AS HEIGHT AND THE DISTANCE TOWARD THE REAR OF THE AUDITORIUM ARE
CONCERNED.

IN THE PREVIOUS LESSON ON SOUND AMPLIFIERS,YOU LEARNED THAT SOME
SPEAKER HORNS ARE FLARED SO AS TO DIRECT THE SOUND WAVES UPWARD AND DOWN-
WARD AS THEY TRAVEL OUTWARDS FROM THE SPEAKER,WHEREAS OTHERS ARE FLARED IN
SUCH A MANNER THAT THEY TEND TO SPREAD THE SOUND WAVES OUT TOWARD THE SI-
DES AND TO KEEP THEM AWAY FROM THE CEILING. EACH OF THESE HAVE THEIR IN-

DIVIDUAL ADVANTAGES,DEPENDING UPON THE ACOUSTIC PROPERTIES OF THE ROOM IN
WHICH THEY ARE INSTALLED.

ALWAYS BEAR IN MIND THAT WHEN HORN SPEAKERS ARE USED,THEY MUST BE

CHOSEN WITH THE PROPER FLARE FOR INDOOR WORK AND SO DIRECTED THAT THE MU
IMUM OF SOUND REACHES REAR OR SIDE WALLS THAT ARE NOT TREATED TO PREVENT

REFLECTION OF SOUND WAVES.YOU WILL ALSO FIND IN PRACTICE THAT THE MOST
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SUITABLE LOCATION AND ANGULAR POSITION OF THE SPEAKERS IS GENERALLY DE-

TERMINED FROM THE RESULTS OF A SERIES OF SYSTEMATIC TESTS,IN WHICH THE

SPEAKERS HAVE BEEN TEMPORARILY SET UP AT THE MOST ADVANTAGEOUS POINTS Uli

TIL THE BEST POSITION IS FOUND.

IT ISN'T ADVISABLE TO USE A GREATER NUMBER OF SPEAKERS THAN ABSOLF..

UTELY NECESSARY IN ORDER TO PROVIDE SOUND DISTRIBUTION SINCE THE GREATER

THE NUMBER OF SPEAKERS USED, THE MORE COMPLEX WILL BE THE SYSTEM NOT ON-

LY FROM THE STANDPOINT OF WIRING BUT ALSO FROM THE STANDPOINT OF PREVENT

ING THE SOUND WAVES FROM THE DIFFERENT UNITS CONFLICTIN4 WITH EACHOTHER.

OVER -DISTRIBUTION WILL ALSO OVER -EMPHASIZE ANY POOR ACOUSTICS. TOO FEW

SPEAKERS, ON THE OTHER HAND, WILL RESULT IN INSUFFICIENT DISTRIBUTION OF

THE SOUND SO THAT THE VOLUME THROUGHOUT THE AUDITORIUM MAY BE UNEVEN AND

DEAD SPOTS MIGHT EXIST WHERE THE VOLUME OF SOUND MAY BE ABNORMALLY LOW.

PHASING SPEAKERS

WHEN MORE THAN ONE SPEAKER IS USED,THE PHASING OF ALL OF THE UNITS

MUST BE UNIFORM,THAT IS, THE POLARITIES OF THE FIELDS AND VOICE COILS OF

ALL THE SPEAKERS MUST BE SUCH THAT THE DIAPHRAGMS OF ALL OF THE SPEAKERS

MOVE INWARDS AND OUTWARDS TOGETHER. IN OTHER WORDS,THEY MUST ALL MOVE

OUTWARD AT THE SAME INSTANT AND ALL MOVE INWARD AT THE SAME INSTANT.

SHOULD THE POLARITY OF ONE UNIT BE REVERSED SO THAT THE DIAPHRAGM OF ONE

SPEAKER MOVES INWARD WHILE THAT OF THE OTHER MOVES OUTWARD,THEN THE AIR

WILL BE COMPRESSED AROUND ONE SPEAKER WHILE THE AIR AROUND THE OTHER

SPEAKER IS RAREFIED AND THIS WOULD RESULT IN A GOOD DEAL OF THE SOUND

BEING BALANCED OUT BEFORE IT IS PROJECTED VERY FAR. IN ADDITION,SUCH A

CONDITION WILL BRING ABOUT THE LOSS OF SOME FREQUENCIES AND THIS WILLPRO

DUCE DISTORTION.

SOME CONE UNITS HAVE THE VOICE COIL POLARITIES MARKED,THE POSITIVE

SIDE BEING PAINTED RED AND THE NEGATIVE SIDE BLACK. THEREFORE WHEN CONN-

ECTING ALL THE VOICE COILS IN PARALLEL,ALL OF THE RED TERMINALS ARECONN-

ECTED TOGETHER AND ALL OF THE BLACK TERMINALS ARE CONNECTED TOGETHER.

SHOULD A SERIES CONNECTION BE USED,THEN
CONNECT RED TO BLACK ETC. THE

FIELD TERMINALS ARE ALSO MARKED PLUS AND MINUS AND SO THE PLUS TERMINALS
OF ALL THE FIELD COILS

SHOULC SE CONNECTED TO

THE PLUS SIDE OF THE

FIELD SUPPLY AND ALL OF

THE NEGATIVE FIELD COIL

TERMINALS TO THE NEGA-

TIVE SIDE OF THE FIELD

SUPPLY. REVERS ING EITHER
THE FIELD COIL OR VOICE
COIL CONNECTIONS OF ONE
OF THE SPEAKERS WILL
THROW THAT UNIT OUT OF

PHASE WITH THE OTHERS.Make 6, Break CorinecEi-)ti
Hare

Output Eo l_ine
"Trartsf,

I Ci 8

A Speaker Phase 7ise
CHECKING THE PHASING OF THE SPEAKERS IS TO TURN

ALL THE SPEAKERS AND THEN MOMENTARILLY CONNECT A

WHEN WORKING WITH

A SPEAKER CIRCUIT OFTHE
TYPE ILLUSTRATED IN FIG.

S, A QUICK METHOD OF

ON THE FIELD SUPPLY FOR

4i VOLT MC" BATTERY
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CROSS THE SECONDARY TERMINALS OF THE OUTPUT TO LINE TRANSFORMER.

AS THIS "C" BATTERY CONNECTION IS MADE BY ONE PERSON,ANOTHERSHOULD
FEEL THE DIAPHRAGM OF EACH SPEAKER IN TURN AND NOTE IN WHICH DIRECTION THE
DIAPHRAGM MOVES AS THE "CM BATTERY CONNECTION IS COMPLETED.THEDIAPHRAGMS
OF ALL THE SPEAKERS SHOULD MOVE IN THE SAME DIRECTION AS THIS TEST IS
MADE AND WHENEVER ONE OF THEM MOVES IN A REVERSE DIRECTION TO THAT OFTHE
OTHERS,EITHER ITS VOICE COIL CONNECTIONS OR FIELD COIL CONNECTIONS SHOULD
BE REVERSED, WHICHEVER IS MOST CONVENIENT. IT IS IMPORTANT THAT THE "CU
BATTERY CONNECTION BE COMPLETED FOR ONLY AN INSTANT AS EACH SPEAKER IS
TESTED AND THE BATTERY CONNECTIONS SHOULD AT NO TIME BE REVERSED AS THE
TEST IS IN PROGRESS.

IT IS ALSO OF UTMOST IMPORTANCE THAT THE MICROPHONE BE SO PLACED AS
TO BE PROTECTED AGAINST ANY OF THE SPEAKER SOUND WAVES FROM ACTING UPON
THE DIAPHRAGM OF THE MICROPHONE. SHOULD THIS OCCUR,THEN WE HAVE A CONDI-
TION KNOWN AS FEED -BACK AND IT WILL CAUSE AN ANNOYING HOWLING SOUND TO
BE EMITTED BY THE SPEAKERS.

)1( ./xinuination Otiotion
LESSON. NO. A.S.4

I. WHAT DO YOU UNDERSTAND TO BE THE MEANING OF ACOUSTICS?

2. WHAT IS REVERBERATION?

3. WHAT IS MEANT BY REVERBERATION TIME?

4. EXPLAIN IN DETAIL HOW THE REVERBERATION TIME OF AN AUD-
ITORIUM MAY BE DETERMINED BY CALCULATION.

5. WHAT DO WE MEAN BY THE COEFFICIENT OF ABSORPTION OF A
MATERIAL?

6. - IF THE REVERBERATION TIME FOR A HALL OR AUDITORIUM HAS
BEEN DETERMINED,HOW CAN YOU TELL TO WHAT EXTENT ACOUSTIC
TREATMENT OR CORRECTION IS REQUIRED?

7. WHEN CALCULATING THE REVERBERATION TIME OF AN AUDITORIUM
ETC.,WOULD YOU CONSIDER THE ROOM TO BE FILLED TO CAPACITY
BY PERSONS? STATE THE REASON FOR YOUR ANSWER.

8. - DESCRIBE A QUICK METHOD FOR DETERMING THE REVERBERATION
TIME OF A LARGE ROOM OR HALL.

9. WHAT MAJOR CONDITIONS SHOULD BE CONSIDERED WITH RESPECT
TO THE PLACEMENT OF SPEAKERS AND THE TYPE OF SPEAKER
UNIT AND HORN TO USE?

Mem* WHY IS THE PROPER PHASING OF SPEAKERS IMPORTANT WHEN A
NUMBER OF SPEAKERS ARE USED? EXPLAIN HOW THIS WORK 16
DONE.

PRINTED IN U.
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LESSON NO. 5

0112ECT - COUPLED AM PL I F/ ERS

IN ALL OF THE AUDIO AMPLIFER CIRCUITS WHICH YOU HAVE DEALT WITH SO
FAR IN YOUR STUDIES THE VARIOUS STAGES WERE COUPLED TOGETHER EITHER THRU
TRANSFORMERS,BY RESISTANCE CAPACITY COUPLING OR THROUGH SOME FORM OF INF-

PEDANCE COUPLING. AT ANY RATE, THERE WAS NO DIRECT CONNECTION BETWEENTHE
PLATE OF ONE TUBE AND THE CONTROL GRID OF THE FOLLOWING TUBE. THE ONLY
CONNECTION WHICH THESE TWO ELEMENTS HAD BETWEEN EACHOTHER WAS EITHERTHRU
MUTUAL INDUCTANCE OR THROUGH THE CAPACITY OFFERED BY A COUPLING CONDEN-
SER.

IN THIS LESSON,HOWEVER, YOU ARE GOING TO BE SHOWN HOW THE VARIOUS
STAGES OF AN A.F.AMPLIFIER CAN BE CONNECTED TOGETHER WITHOUT EMPLOYING
EITHER OF THESE AND INSTEAD, TO USE A DIRECT CONNECTION.AMPLIFIERS WHICH
EMPLOY THIS LATTER METHOD OF
INTERCONNECTING OR COUPLING

THE DIFFERENT STAGES ARE KNOWN
AS DIRECT COUPLEDI AMPLIFIERS

AND somETImEsTHENAMELOFTIN-
WHITE IS ASSOCIATED WITH THEM.

CIRCUIT ARRANGEMENT

IN FIG2 YOU ARE SHOWN
THE FUNDAMENTAL CIRCUIT DIA-
GRAM OF A TYPICAL DIRECT COUP-
LED AMPLIFIER IN WHICH A TYPE
-24 TUBE IS WORKING INTO A
TYPE -45 TUBE. BY STUDYING
THIS DIAGRAM CLOSELY,YOU WILL
NOTICE THAT A GROUP OF SERIES
RESISTORS CONSISTING OF Rz,
R3, R4, R5, R6, AND R7 ARE
CONNECTED IN THE FORM OF A

VOLTAGE DIVIDER ACROSS THE
"B" SUPPLY. FOR THE PRESENT,WE
SHALL NOT CONSIDER THE VALUES

F I G. 1

An Amp/frier En-11:7/oy/ng
0/reel- Coap //
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OF THIS RESISTOR NETWORK AND SIMPLY ASSUME THAT THE VOLTAGES AVAILABLE AT

THE DIFFERENT POINTS OF THIS CIRCUIT ARE AS NOTED ON THE DIAGRAM.IN THIS

WAY,THE PREPARATORY EXPLANATION WILL BE SIMPLIFIED SOMEWHAT BEFORE WE EN
TER INTO THE ACTUAL CALCULATIONS.

THE VOLTAGE IMPRESSED ACROSS THE ENTIRE B+ AND B- CIRCUIT IS 445

VOLTS AND THE PLATE OF THE POWER TUBE IS CONNECTED THROUGH ITS OUTPUT

TRANSFORMER TO THE +445 VOLT TERMINAL.

THE ACTUAL PLATE VOLTAGE OF THIS TUBE,HOWEVER, IS NOT 445 VOLTS 8,-,

CAUSE THE CENTER TAP OF ITS FILAMENT SHUNTING RESISTOR IS CONNECTED
THE VOLTAGE DIVIDER AT A POINT CORRESPONDING TO A POTENTIAL OF +195V' TS.

THE EFFECTIVE PLATE VOLTAGE AT ANY FILAMENT TYPE TUBE, YOU WILL REC:.LL,

IS EQUAL TC THE DIFFERENCE IN VOLTAGE BETWEEN THE POTENTIALS APPLIED TO

THE PLATE AND TC THE FILAMENT. THEREFORE, THE EFFECTIVE PLATE VOLTAGE AT
THE POWER TUBE SOCKET IN THIS CASE ACTUALLY AMOUNTS TO ONLY 445 VOLTS

MINUS 195 VOLTS OR 250 VOLTS.

FIG. 2
Typica/ Direci-Coup/ed AHip/i1,;2r.

THE RESISTOR Ra SERVES A DOUBLE PURPOSE. FOR EXAMPLE,FIRST IT

WILL BE SEEN THAT THE PLATE CIRCUIT OF THE -24 AMPLIFIER TUBE ISCONNECT-
ED TO THE +245 VOLT TAP THROUGH THE RESISTOR Rs. THE RESISTANCE VALUE OF

Re, IS SUCH THAT A DROP OF 100 VOLTS WILL BE DEVELOPED ACROSS ITS ENDS

WHEN THIS TUBE IS DRAWING NORMAL PLATE CURRENT. THEREFORE,ONLY 245 VOLTS

MINUS 100 VOLTS OR 145 VOLTS WILL BE IMPRESSED UPON THE PLATE OF THIS

TUBE.

THIS VALUE OF 145 VOLTS, HOWEVER, IS NOT THE EFFECTIVE PLATE VOL-

TAGE OF THIS TUBE BECAUSE THIS TUBE'S PLATE CURRENT ALSO FLOWS THROUGH

RESISTOR RI WHICH IS CONNECTED BETWEEN THIS TUBE'S CATHODE AND THE NEGA-

TIVE "B" LINE. THE VALUE OF THIS RESISTOR AND THE PLATE CURRENT FLOWING

THROUGH IT ARE SUCH THAT A VOLTAGE OF 15 VOLTS IS DEVELOPED ACROSS ITS

ENDS*-- ITS UPPER END BEING POSITIVE WITH RESPECT TO ITS LOWER END AND

AND FOR THIS REASON THE CATHODE OF THE -24 TUBE IS 15 VOLTS POSITIVE WITH
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RELATION TO B-. THEREFORE, THE EFFECTIVE PLATE VOLTAGE UPON THE -24 TUBE
IS EQUAL TO 145 VOLTS MINUS 15 VOLTS OR 130 VOLTS*

THE CONTROL GRID OF THE -24 TUBE 18 CONNECTED TO THE +I3 VOLT POINT
OF THE VOLTAGE DIVIDER THROUGH THE SECONDARY WINDING OF THE TRANSFORMER*
THE EFFECTIVE GRID BIAS VOLTAGE UPON THIS SCREEN -GRID TUBE,HOWEVER, IS

NOT +13 VOLTS BECAUSE THE TUBES CATHODE 18 AT A POTENTIAL OF +15 VOLTS
AS WAS ALREADY STATED. IN OTHER WORDS, THE CATHODE POTENTIAL IS 2 VOLTS
GREATER THAN THAT OF THE CONTROL GRID AND WHICH MEANS THAT THE CONTROL
GRID IS ACTUALLY AT 2 VOLTS NEGATIVE POTENTIAL WITH RESPECT TO THE CATH-
ODE OF THE SAME TUBE. SINCE IT IS ALWAYS THE DIFFERENCE IN POTENTIAL BED
TWEEN THE CONTROL GRID AND THE CATHODE WHICH DETERMINES THE EFFECTIVE
GRID BIAS VOLTAGE, THE -24 TUBE IN THE CIRCUIT OF FIG* 2 IS IN REALITY

BEING OPERATED WITH A BIAS OF -2 VOLTS.

THE SCREEN GRID OF THE -24 TUBE IS CONNECTED TO THE +60 VOLT TAP OF
THE VOLTAGE DIVIDER BUT SINCE THE CATHODE POTENTIAL IS +15 VOLTS, THE

EFFECTIVE SCREEN GP I0 VOLTAGE FOR THE -.24 TUBE WILL BE ONLY 60 MINUS 15

OR 45 VOLTS*

NO DOUBT YOU HAVE BEEN WONDERING ABOUT THE VOLTAGE A8 APPLIED TO

THE GRID OF THE POWER TUBE. SINCE THE GRID OF THIS TUBE IS CONNECTED DI-
RECTLY TO THE PLATE OF THE PRECEDING TUBE, IT AT FIRST GLANCE APPEARS AS
IF THE POWER TUBEI 8 GRID IS ALSO GOING TO HAVE A POTENTIAL OF +145 VOLTS
IMPRESSED UPON IT AND SUCH A CONDITION WOULD BE ENTIRELY CONTRADICTORY TO
ALL PRINCIPLES WHICH YOU HAVE SO FAR LEARNED*

THE TRUTH OF THE MATTER IS, HOWEVER, THAT THIS POWER TUBE IS ACT-.

UALLY OPERATING AT A NEGATIVE GRID BIAS VOLTAGE OF 50 VOLTS. THE REASON

FOR THIS IS THAT THE CENTER OF THE POWER TUBEIS FILAMENT IS SUBJECTED TO
A "9" VOLTAGE OF +195 VOLTS SINCE THE CENTER TAP OF ITS F I LAMENT SHUNT INQ
RESISTOR IS CONNECTED TO A POINT OF THIS POTENTIAL. THEREFORE, EVEN
THOUGH+ I 45 VOLTS BE IMPRESSED UPON THIS TUBE' QM ID, THE EFFECT I VE VOLTAGE AS

IMPRESSED ACROSS THE GRID AND F I LAMENT OF THE POWER TUBE WILL BE 195 MINUS 145

OR 50 VOLTS. FURTHERMORE, 8 INCETNE FILAMENT OF THIS TUBE 18 AT A POTENTIAL 50

VOLTS HIGHER THAN ITS GR 0, THEW,' D 18 IN REALITY 50 VOLTS NEGATIVE WITH RED

SPEW' TO ITS FILAMENT AND THUS A 50 VOLT NEGAT I VE BIAS IS ACTUALLY APPLIED TO

THE GRID CIRCUIT OF THIS TUBE.

SINCE RESISTOR Rs IS INSTALLED IN THE PLATE CIRCUIT OF THE -24TUBE,
A8 WELL AS IN THE GRID CIRCUIT OF THE POWER TUBE, ALL VOLTAGE CHANGES
APPEARING ACROSS ITS EXTREMET I ES DUE TO THE PLATE CURRENT VARIATIONS AT

SIGNAL FREQUENCY PASSING THROUGH ITS THESE SAME 8 I GNAL VOLTAGES WILL BE

APPLIED ACROSS THE GRID AND FILAMENT OF THE POWER TUBE AND THEREBY PERMIT
THIS TUBE TO FUNCTION IN THE CONVENTIONAL MANNER.

DIRECT COUPLED AMPLIFIERS ARE RECOGNIZED FOR THEIR UNIFORM RESPONSE
THROUGHOUT THE ENTIRE AUDIO FREQUENCY RANGE AND THIS 18 DUE TO THE FACT

THAT THE COUPLING BETWEEN STAGES DOES NOT DEPEND UPON THE SIGNAL VOLTAGE
BEING NPASSED'"ONI THROUGH THE PROPERTIES OF EITHER INDUCTANCE OR CAPA-

CITY AND BOTH OF WHICH FAVOR CERTAIN FREQUENCY RANGES MORE OR LESS.

ONE OF THE DISADVANTAGES OF THIS TYPE OF CIRCUIT LIES IN THE FACT

THAT A SOURCE OF RATHER HIGH "B" VOLTAGE 18 REQUIRED IN ORDER THAT THE

PROPER VOLTAGE DISTRIBUTION CAN BE OBTAINED THROUGHOUT THE CIRCUIT. THIS
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HIGH "B" VOLTAGE REQUIREMENT CALLS FOR A MORE EXPENSIVE POWER TRANSFORM-
ER AND FILTER CHOKES, AS WELL AS FILTER AND BYPASS CONDENSERS WHICH ARE
CAPABLE OF WITHSTANDING THE HIGH VOLTAGES TO BE HANDLED.

CIRCUIT ARRANGEMENTS

VARIOUS ARRANGEMENTS ARE EMPLOYED IN PRACTICE IN ORDER TO OBTAIN
DIRECT COUPLING AND NOW THAT YOU ARE FAMILIAR WITH THE BASIC PRINCIPLES
GOVERNING THE CIRCUITS AND OPERATION OF THIS TYPE OF AMPLIFIER, WE SHALL
PROCEED WITH A MORE DETAILED STUDY OF THE VARIOUS CIRCUIT DESIGNS EMPLOY
ED IN AMPLIFIERS OF THIS TYPE.

DIRECT COUPLED AMPLIFIER WITH COMMON CHOKE

IN FIG. 3 YOU ARE SHOWN THE DIAGRAM OF AN INTERESTING DIRECT COUP-
LED AMPLIFIER CIRCUIT IN WHICH AN A.F. CHOKE IS USED AS THE LOAD IN THE

PLATE CIRCUIT OF THE FIRST TUBE
ADVANTAGES OF USING

RATHER THAN A RESISTANCE. ONE OF THE

A CHOKE FOR THIS PURPOSE IS THAT THE C. C. RESIE"

TANCE OF A GOOD

EP. 180V
Eg  13.5V
Ip. 5 AAA

27 180+13 5. 493.5 V.

13.5
V

Ep  250V
Eg 16.5 VIp 31 MA

47 2504.210.460V

25
CI C4 13.5

+

OUTPUT
TRANS. FIELD

COIL CHOKE

110V,
AC

Circui k
POSE.

FIG. 3

417 e. Amp I f'er.

CHOKE OF THIS

TYPE 18 MUCH LESS
THAN THAT OF A

RESISTANCEEQUIV-
ALENT TO THESAME
LOADING EFFECT,

CONSEQUENTLY THE
VOLTAGE DROP A-

CROSS THIS CHOKE
DUE TO THE FLOW
OF PLATE CURRENT
WILL BE MUCH LESS
THAN THAT ACROSS
A PLATE LOAD RE-
SISTOR AS WOULD
ORDINARILY BE
USED FOR THISPUB

ALTHOUGH THE A.F. CHOKE SHOULD BE OF THE BEET QUALITY,YET WHEN USED
IN A CIRCUIT OF THIS TYPE, THEFREQUENCY CHARACTERISTIC OF THECHOKE WILL BE
IMPROVED OVER TO WHAT IT WOULD BE IF THE SAME UNIT WERE TO BE EMPLOYED IN
A CONVENTIONAL CIRCUIT.

THE DESIGN PROCEDURE FOR AN AMPLIFIER OF THIS TYPE WOULD BECARRIED
OUT IN THE FOLLOWING MANNER:

FIRST, WE MAKE NOTE OF THE OPERATING CHARACTERISTICS UNDER WHICH

THE TUBES OF THE CIRCUIT ARE TO FUNCTION,THAT IS THE PLATE VOLTAGE! BIAS
VOLTAGEPLATE CURRENT ETC. WHICH ARE ALL OBTAINED BY REFERENCE FROM TUBE
DATA WHERE THE NECESSARY SPECIFICATIONS ARE GIVEN FOR OPERATING THETUBEB
TO BE USED AS AMPLIFIERS.

FOR THE BAKE OF A SPECIFIC EXAMPLE, LET US ASSUME THAT THE TYPE -27
INPUT TUBE IS f0 BE OPERATED WITH A PLATE VOLTAGE OF 180 VOLTS AND ABIA8
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OF VOLTS AND THAT UNDER THESE CONDITIONS THE TUBE WILL DRAW 5 MA.
OF PLATE CURRENT. THE TYPE 47 POWER TUBE WE SHALL ASSUME 18 TO BE OPERA"'
TED WITH A PLATE AND SCREEN VOLTAGE OF 250 VOLTS, A GRID BIAS OF 16.5
VOLTS AND THAT THE PLATE CURRENT AMOUNTS TO 31 MA AND THE SCREEN CURRENT
TO 6 MA.

NOW THEN, SINCE THE PLATE VOLTAGE FOR THE 27 TUBE IS TO BE 180
VOLTS AND THE BIAS ..'13.5 VOLTS, THE ACTUAL VOLTAGE WHICH MUST BE DELIV-
ERED TO THE PLATE OF THIS TUBE SHOULD BE EQUAL TO 180+13.5 = 193.5VOLTS.
THEN IF THE D.C. RESISTANCE OF THE PLATE CIRCUIT CHOKE 18 300 OHMS AND
THE PLATE CURRENT OF THE 27 TUBE 18 5 MA., THE VOLTAGE DROP ACROSS THIS
CHOKE WILL BE EQUAL TO 300 X .005 = 1.5 VOLTS AND CONSEQUENTLY THE VOL-
TAGE AT THE INPUT END OF THIS CHOKE WILL BE $93.5 + 1.5 = 195 VOLTS.

SINCE THE BIAS VOLTAGE FOR THE 47 TUBE IS TO BE -16.5 VOLTS AND15
VOLTS OF THIS AMOUNT f8 ALREADY DEVELOPED ACROSS THE ENDS OF THE A.F.
CHOKE, ONLY 16.5 MINUS 1.5 OR 15 VOLTS WILL HAVE TO BE FURNISHED BY THE
VOLTAGE DROP ACROSS THE BIAS RESISTOR OR RI . THE FILAMENT OF THE 47
TUBE MUST THEN BE AT A POSITIVE POTENTIAL AMOUNTING TO 195 PLUS 15 OR 210
VOLTS. THEN SINCE THE PLATE VOLTAGE OF THE 47 TUBE 18 TO BE 250 VOLTS AND
ITS FILAMENT IS GOING TO BE MAINTAINED AT A POTENTIAL OF 210 VOLTS, THEN
THE VOLTAGE WHICH MUST BE AVAILABLE AT THE PLATE OF THE 47 TUBE WILL BE

250 + 210 = 460 VOLTS. THIS MEANS THAT A VOLTAGE OF 460 VOLTS MUST BE

SUPPLIED AT THE OUTPUT OF THE POWER PACKIS FILTER SYSTEM. ALLOWING FOR

THE REQUIRED VOLTAGE DROP ACROSS THE SPEAKER FIEL COIL WHICH 18 BEINGUS-
ED AS A SECOND FILTER CHOKE IN THIS CIRCUIT AND ALSO FOR THE VOLTAGE DROP
ACROSS THE FIRST FILTER CHOKE, WE CAN ESTIMATE OUR REQUIRED "Eiw VOLTAGE
ACROSS THE INPUT OF THE FILTER TO BE APPROXIMATELY 560 VOLTS. THEREFOREA
TYPE 61 TUBE WITH ABOUT 650 TO 700 VOLTS APPLIED TO ITS PLATE WILL DE-
LIVER THE NECESSARY 'TR VOLTAGE AND CURRENT.

HAVING DETERMINED THESE VOLTAGE VALUES OF THE CIRCUIT,OUR NEXT JOB
IS TO WORK OUT THE DESIGN FOR THE RESISTANCE NETWORK OR VOLTAGE DIVIDER
SYSTEM. TO BEGIN WITH, THE BIAS VOLTAGE FOR THE 47 TUBE 18 TO BE 16.5
VOLTS AND OF THIS AMOUNT 15 VOLTS IS TO BE FURNISHED BY THE VOLTAGE DROP
ACROSS Rt FOR REASONS ALREADY STATED. THE PLATE, AS WELL AS THE SCREEN
CURRENT OF THE 47 TUBE MUST ALL FLOW THROUGH RI AND THEREFORE THE TOTAL
CURRENT PASSING THROUGH THIS RESISTOR WILL AMOUNT TO 31 PLUS 6 OR 37 MA,
THEN IF THE VOLTAGE DROP ACROSS RI 18 TO BE 15 VOLTS FOR BIASING PURPOSES,
ITS RESISTANCE VALUE ACCORDING TO NUL LAW WILL BE R = E =la = 405

OHMS. 1 .037

THE PLATE CIRCUIT OF THE -27 TUBE IS CONNECTED TO THE NEGATIVE END
OF R1 THROUGH THE A.F. CHOKE AND CONSEQUENTLY THE PLATE CURRENT FOR THIS
TUBE WILL BE TAKEN OFF THE VOLTAGE DIVIDER SYSTEM AT THIS POINT. THIS
MEANS THAT ONLY 37 MINUS 5 OR 32 MA. WILL FLOW THROUGH R. THEN SINCE
THE NEGATIVE END OF RI 18 AT A POTENTIAL OF 195 VOLTS AND THE CATHODE OF
THE 27 TUBE IS TO BE MAINTAINED AT A POTENTIAL OF +13.5 FOR BIASING PUR-
POSES, THE VOLTAGE DROP REQUIRED ACROSS RzWILL BE 185 MINUS 13.5 OR

181.5 VOLTS. THEREFORE, THE RESISTANCE VALUE FOR Ri WILL BE R = E =181.5,
= 5672 OHMS. 1 .032

FINALLY, SINCE THE CATHODE OF THE 27 TUBE IS TO BE $3.5 VOLTS HIqu
ER THAN THE GROUND POTENTIAL FOR BIASING PURPOSES, THE VOLTAGE DROP A-
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CROSS R3 MUST BE 13.5 VOLTS. ALSO NOTICE THAT THE CIRCUIT ARRANGEMENT IS
SUCH THAT THE PLATE CURRENT OF BOTH THE 47 AND 27 MUST FLOW THROUGH R3

AND WHICH WILL AMOUNT TO 37 MA. THE RESISTANCE VALUE FOR R3 IS THUS FOUND
AS FOLLOWS: R E 1.5 365 OHMS.

1 .037

BEAR IN MIND THAT IN OUR PRESENT DISCUSSION WE ARE ONLY CONSIDERING
THE DESIGN PROCEDURE WHICH MAKES DIRECT COUPLING POSSIBLE. IN THE ACO.

TUAL AMPLIFIER IT WOULDN'T BE ADVISABLE TO OPERATE THE UNIT WITHOUT ANY
BLEEDER CIRCUIT FOR THE POWER PACK AND WHICH WOULD REALLY BE THE CASE IN
THE CIRCUIT OF FIG, 3. THIS CONDITION COULD BE OVERCOME IN FIG. 3, Ho -

EVER, SIMPLY BY CONNECTING A SUITABLE RESISTOR ACROSS THE POSITIVE .D

NEGATIVE TERMINALS AT THE OUTPUT OF THE FILTER, CHOOSING ITS VALUE SO

THAT THE BLEEDER CURRENT WILL BE NORMAL WHILE AT THE SAME TIME,THEPOTEN
TIAL DIFFERENCE ACROSS ITS EXTREMETIES 1WILLBE OF THE PROPER MAXIMUM VALUE
REQUIRED BY THE AMPLIFIER CIRCUIT IN QUESTION.

fiP 90V.Og.Gv.
Ip . 2.7%4A

177
OHMS

27 90+6.96v.
ti

Ep . 180V
Eq . 13.5V.
I p 5 MA

27 11110+109.5 .2.9.5V

0.5-mE0

904,,e 14 aLW
6 V

2901 6259 1427
OHMS

373
OM wS

25 5

OHMS OHMSlo o.4F

- - ALL VOLTAGES mEaSuPLED TO

Ep 250 V.
Eg 50 v
I p 34 MA

45 250+339.5
565.5 v

8
NIS

F I G . 4

Three Direc- Coupled Stages.

THREE DIRECT-
COUPLET STAGES

IN FIG4.4YOU

ARE SHOWN HOW

THREE STAGES MAY
BE CONNECTED TO-

GETHER BY DIRECT
COUPLING AND HOW

THE VOLUME MAY BE
CONTROLLED IN SUCH
A SYSTEM.

THE SAME
GENERAL PROCEDURE
IS APPLIED TO LA
ING OUT THE
SIGN FOR A CIR-
CUIT OF THIS TYPE
AS HAS ALREADY

BEEN EXPLAINED REGARDING THE PRECEDING TWO.. -STAGE CIRCUIT. FOR INSTANCE,

WE HAVE A SIMILAR RESISTANCE NETWORK FOR DISTRIBUTING THE VOLTAGE AND

CURRENT IN THE PROPER MANNER TO THE VARIOUS CIRCUITS SO THAT EACH OF THE
TUBES MAY OPERATE ACCORDING TO PRESCRIBED SPECIFICATIONS. THE VOLTAGES
AND CURRENT REQUIRED BY EACH TUBE ARE NOTED DIRECTLY ABOVE THE CORREB.."

PONDING TUBE. THE INPUT 27 TUBE, FOR INSTANCE, 13 GOING TO EMPLOY A

PLATE VOLTAGE OF 90 VOLTS AND A BIAS OF 6 VOLTS AND SO THE VOLTAGEAVAIL
ABLE AT ITS PLATE MUST BE 90 PLUS 6 OR 96 VOLTS. SINCE THIS TUBE DRAWS

2.7 MA. OF PLATE CURRENT WHICH MUST FLOW THROUGH AN A.F. CHOKE OF 300

OHMS RESISTANCE, THE VOLTAGE DROP ACROSS THIS CHOKE WILL BE 300 TIMES
.0027 = 0.8 VOLT.

THE SECOND 27 TUBE IS GOING TO REQUIRE A BIAS OF -13.5 AND SINCE

THIS GRID IS AT A POSITIVE POTENTIAL OF 96 VOLTS THE SAME AS THE PLATE
OF THE PRECEDING TUBE,ITS CATHODE POTENTIAL MUST BE 96 + 13.5 = 109.5
VOLTS. THE PLATE VOLTAGE FOR THIS SECOND 27 TUBE IS TO BE 160 VOLTS AND

SO THE VOLTAGE AVAILABLE AT ITS PLATE MUST BE ISO + 109.5 = 289.5 VOLTS.

THE TYPE 45 TUBE IS TO BE OPERATED WITH A PLATE VOLTAGE OF 250 VOLTS
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AND A BIAS OF 50 VOLTSICONSEQUENTLY ITS FILAMENT POTENTIAL SHOULD BE
289.5 PLUS 50 = 339.5 VOLTS AND THE VOLTAGE AVAILABLE AT ITS PLATE MUST
BE 339.5 PLUS 250 OR 589.5 VOLTS.

As TO THE RESISTANCE NET*ORK,NOTE THAT 34 MA. FLOW THROUGH R. OF
THIS AMOUNT 5 MA. PASS THROUGH THE SECOND 27 TUBE SO THAT ONLY 34 MINUS
5 OR 29 MA. FLOW THROUGH THIS SAME 29 MA. CONTINUES FLOWING THROUGH
R3 BUT IN ADDITION THE PLATE CURRENT OF THE SECOND 27 TJBE 18 RETURNEDBY
THE CATHODE SO THAT ACTUALLY 29 PLUS 5 OR 34 MA. FLOW THROUGH R3. OFTHIS
AMOUNT 2.7 MA. IS USED BY THE INPUT 27 TUBE LEAVING ONLY 34 MINUS 2.7 OR
31.3 MA. FOR R4. THIS 2.7 MA. WILL TOGETHER. WITH THE 31.3 MA. FLOW THRU
R5 AND THEREFORE 31.3 PLUS 2.7 OR 34 MA. PASS THROUGH R5°

SINCE A VOLT DROP OF 1.5 VOLTS IS PRODUCED ACROSS THE A.F. CHOKE
IN THE PLATE CIRCUIT OF THE SECOND 27 TUBE, ONLY 50 MINUS 1.5 OR 48.5
VOLTS WILL HAVE TO BE PRODUCED ACROSS RI AND THEREFORE THE VALUE OF RI

BECOMES R= E/I =

Agta = 1427 OHMS,
.034

(NOTICE THAT WITH
RESPECT TO THE
GRID CIRCUIT OF
THE '..45TUBE, THE
1.5 VOLT DROP At
CROSS THE 2NDA.F.
CHOKE AND THE 48.5
VOLT DROP ACROSS
RI ARE EFFECTIVELY

IN SERIES, THE GRID
-PLATE END OF THE
SECOND A.F. CHOKE
BEING AT A DOTEN...

*NAL OF 48.5 PLUS
1.5 OR 50 VOLTS
LESS THAN THE FI
AMENT POTENTIAL OF

Ep 180V
1p 6 MA

55
180v

X X

50
MAO

.1111! ram

300
OHMS
6 MA

0 5 -AEG
R3

ek4F. -

Ep  250V
. 16.5 V

I p 31 mA
OUTPUT
RAMS.

47 250+ I96.5L 446.5 Az

317 MAs 51

31 MA
5865 R2
01.ms

FIG. 5

Application of fhe -55 "robe .

THE -45 TUBE. HENCE THE GRID OF THE L5 TUBE IS 50
VOLTS NEGATIVE WITH RESPECT TO ITS FILAMENT, THE VOLTAGE DROP ACROSS Rz
18 TO BE 291 VOLTS MINUS 109.5 VOLTS OR 181.5 VOLTSTHIS MEANS THAT THIS
THIS RESISTOR MUST HAVE A VALUE OF 6259 OHMS (R = E = 161.5 = 6259 0146411).

1 .029
THE VOLTAGE DROP ACROSS R4 MUST BE 109.5 MINUS 96.8 OR 12.7 VOLTS AND SO
ITS RESISTANCE VALUE WILL BE R = E = 12.7, = 373 OHMS.

1 .034

THE VOLTAGE DROP ACROSS R4 WILL BE 96.8 MINUS 6 OR 90.8 VOLTS AND
ITS RESISTANCE VALUE WILL THEN BE 2901 OHMS (R - - = 2901 OHMS)*
THE VOLT DROP ACROSS R5WILL BE EQUAL TO THE BIAS VOLTAGE WHICH IS TO BE

APPLIED TO THE GRID OF THE INPUT 27 TUBE OR 6 VOLTS AND SINCE 34 MA. OF
CURRENT PASSES THROUGH IT,THE RESISTANCE VALUE OF R5 MUST BE R = E = 6

= 177 OHMS. I .034

NOTICE PARTICULARLY THE VOLUME CONTROL WHICH IS USED IN THIS CIF,"

CUIT THE POTENTIOMETER WHICH SERVES AS THE VOLUME CONTROL HAS ONE OFITS
ENDS CONNECTED TO THE PLATE END OF THE SECOND A.F. CHOKE WHILE ITS OTHER
END IS CONNECTED TO GROUND THROUGH A 2 UFO, CONDENSER AND THE ARM OFTHIS
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POTENTIOMETER IS CONNECTED TO THE GRID OF THE 45 TUBE. IN THIS WAY, THE

BIAS VOLTAGE FOR THE 45 .TUBE WILL NOT BE ALTERED AS THE POSITION OF THE

VOLUME CONTROL IS CHANGED. THE AUDIO FREQUENCY CURRENTS,HOWEVER,WILLREACT
THROUGH THIS VOLUME CONTROL CONDENSER AND THE POSITION OF THE POTENTIO-

METER ARIA WILL GOVERN THE PERCENTAGE OF ACTUAL SIGNAL VOLTAGE WHICH 16

APPLIED TO THE GRID OF THE TUBE.

ALSO TAKE NOTE OF THE FACT THAT IN THE CIRCUIT OF FIG.S, ASEPARATE
FILAMENT WINDING IS USED FOR EACH STAGE SO AS TO AVOID HIGH POTENTIALS

BETWEEN THE ELEMENTS OF THE TUBES.

A-55 TUBE DIRECT-COUPLED TO A POWER STAGE

IN FIG. 5 YOU ARE SHOWN HOW A TYPE 55 TUBE IS CONNECTED INTO ApOW-
ER OUTPUT
STAGE BYMEANS
OF D 1 RECT COUE

LING. SINCE
THE AMPLIFY-
ING HALF OF

THE 55 TUBE IS
DIODE BIASED,

THERE IS NO
NEED FOR AN

AUDIO BY-PASS
CONDENSER AND
THIS MAKES IT
POSSIBLE TO

REALIZE A

BETTER TONE
QUALITY.

.,EPI33V
RP:
.4-5 R.FC.l 55 135 V.

SO
IOW

MEG.

E.  taoy.
;

4 13.5v.
1

r.  5 MA.
I

27 1150 + WS S 324.5 V.1
I ..r.'

%a 14Y.32834
30

378.5V.

--r

- 135 V ---- 1.1*-4.- 12.4 V.-- 141.5 v -1-'L-s443'S V  3 MA
11,47 RAO 37 0.0411 ell 01443 14150 ON.As R1 ;

E. .250V.
Eq  50 V

 34 *AA
45 Ckrf PVT

Q MF.(cov

IP  3.7APA

3233
0040

X X :NCI z

SECTION TO WONT
OF DOTTED LINE IS

A SEPARATE UN IT

LH. POWER. JUL UNITUN IT

.3

260s1,.

SPFR
FIELD

174

z

FIG. G.

IT SHALL
BE NOTED HERE,

Direct -Coupled Amplifier Willi Dual Power Pocks. HOWEVER, THAT
IN MANY CASES

THE VOLTAGE DROP ACROSS R4 'DUE TO THE RECTIFIED 6IGNAL,MAY BE INSUFFI-

CIENT TO PROPERLY BIAS THE TRIODE HALF OF THE 55 EXCEPT ON STRONG LOCAL

STATIONS. FOR THIS REASON,THE PLATE VOLTAGE ON THE 55 TUBE SHOULD BE AS

LOW AS POSSIBLE WITHOUT TOO MUCH SACRIFICE.

THE SAME PROCEDURE IS EMPLOYED FOR CALCULATING THE VARIOUS RESISTOR
VALUES IN THIS CIRCUIT AS HAS ALREADY BEEN EXPLAINED AND 80 THERE WILL

BE NO NEED TO GO INTO FURTHER DETAILS REGARDING THIS MATTER.

ALL NECESSARY VALUES ARE NOTED ON THIS DIAGRAM SO THAT YOU SHOULD
HAVE NO DiFFIC.;LTY IN ANALYZING THIS CIRCUIT BY SIMPLY APPLYING THE PRIN-
CIPLES WHICH HAVE ALREADY BEEN THOROUGHLY EXPLAINED.

DIRECT-COUPLED AMPLIFIER WITH DUAL POWER PACKS

DIRECT COUPLED AMPLIFIERS EMPLOYING MORE THAN TWO STAGES ORDINARILY
OFFER A DISADVANTAGE FROM THE STANDPOINT THAT THE MAXIMUM "B" VOLTAGE MUST
BE ABNORMALLY HIGH AND THEREBY NECESSITATES THE USE OF EXPENSIVE COMPO-

NENTS IN THE POWER SUPPLY SYSTEM. IN FIG. 6, HOWEVER, YOU ARE SHOWN AN



LESSON NO.5 PAGE 9

INTERESTING THREESTAGE DIRECT COUPLED AMPLIFIER CIRCUIT IN WHICH TWO
POWER SUPPLIES CONSISTING OF STANDARD COMPONENTS ARE EMPLOYED.

HERE THE FIRST POWER UNIT IS EMPLOYED TO FURNISH THE NECESSARY POW
ER FOR THE FIRST TWO STAGES OF THE AMPLIFIER, AS WELL AS THE BIAS VOL."

TAGE FOR THE POWER TUBE. THE SECOND POWER UNIT IS THEREFORE ONLY CALLED
UPON TO SUPPLY A "B" VOLTAGE OF 250 VOLTS AND THE FILAMENT VOLTAGE FOR
ITS 80 RECTIFIER TUBE AND THE TYPE 45 POWER TUBE.

EVEN THOUGH A BLEEDER CURRENT FLOWS THROUGH THE SERIES OF RESIS-
TANCES IN THE CIRCUIT OF FIG* 6 YET THIS DOES NOT COMPLICATE THE CALCUL."
ATIONS TO ANY APPRECIABLE EXTENT. THIS SIMPLY MEANS THAT THE DRAINEDBLE-
EDER CURRENT MUST BE ADDED TO THE NORMAL TUBE CURRENT IN EACH CASE.

IN THE CIRCUIT OF FIG.6
FOR INSTANCE, A BLEEDER CURR-
ENT OF 10 MA. IS BEING ENF-

PLOYED AND THEREFORE THE 5 MA.
PLATE CURRENT OF Vz AND THE
10 MA. OF BLEEDER CURRENT FLOW
THROUGH RI WHILE ONLY 10 MA.

PASSES THROUGH R.2.. A CLOSE
STUDY OF FIG.6 WILL MAKE THIS
DISTRIBUTION OF
FECTLY CLEAR IN
UES ARE PLAINLY
THE REST OF THE

CURRENT PER...

THAT ALL VAL."
NOTED THEREON.
VOLTAGE DIS-

TRIBUTION CALCULATIONS FOLLOW
THE SAME PROCEDURE AS ALREADY
WERE SO FULLY EXPLAINED IN

CONJUNCTION WITH THE PRECED-
ING EXAMPLES.

FIG.7
A Four -Tube ,Direct- Coupled

Pri p / Pie

THE VOLUME CONTROL FOR THIS CIRCUIT, YOU WILL NOTICE,CONSISTS OF
A .5 MEGOHM POTENTIOMETER WHOSE EXTREMETIES AE CONNECTED IN A MODIFIED
PARALLEL ARRANGEMENT AROUND A.F. CHOKE "CK-1" 60 THAT IT ALSO ACTS AS
PART OF THE PLATE CIRCUIT LOAD FOR Vi AS WELL AS PART OF THE GRID CIR-
CUIT OF VIAND FOR THIS REASON SIGNAL VOLTAGE VARIATIONS WILL APPEAR A"'

CROSS BOTH THE CHOKE AND VOLUME CONTROL. THE SETTING OF TkE POTENTIOMET-
ER ARM THEREFORE DETERMINES WHAT PERCENTAGE OF THE AVAILAELE SIGNAL VOLF.
TAGE VALUE IS APPLIED TO THE GRID OF Vz AND IN THIS WAY TIE VOLUME IS COIF,

TROLLED*

WITH THE INFORMATION SO FAR GIVEN YOU, YOU SHOULD EXPERIENCE NO
DIFFICULTY IN CALCULATING THE VOLTAGE AND CURRENT DISTRIBUTION IN AUDIO
AMPLIFIERS OF THE DIRECT COUPLED TYPE, REGARDLESS CF ANY MINOR
TAILS WHICH MAY DIFFER IN THE GENERAL CIRCUIT ARRANGEMENT. IN OTHERWORDS,
EVEN, IF THE A.F. CHOKES AS USED IN THESE PARTICULAR CIRCUITS WERE TO BE
REPLACED WITH RESISTORS, THE PROCEDURE FOR THE CALCULATIONS WOULD STILL
BE THE SAME AS 80 FAR DESCRIBED.

A FOUR -TUBE DIRECT -COUPLED AMPLIFIER

IN FIG.7 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A MODERN FOUR -TUBE
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DIRECT -COUPLED AMPLIFIER AND IN WHICH THE TUBES USED ARE A 57 PENTODE
INPUT, FOLLOWED BY A SPECIAL DIRECT -COUPLED PUSH-PULL ARRANGEMENT ENF-

P A PAIR OF 2A316. AN 83 16 USED IN THE POWER PACK. THIS AMPLIFIER

HAS AN OUTPUT RATING OF 10 WATTS.

NOTICE THAT IN THIS AMPLIFIER ALSO, A SEPARATE FILAMENT WINDING IS
PROVIDED FOR EACH TUBE FOR THE SAME REASON AS ALREADY MENTIONED IN CON-

JUNCTION WITH THE CIRCUIT APPEARING IN FIG. 6 OF THIS LESSON. THE VOLUME
CONTROL IS NOT INSTALLED IN THE AMPLIFIER ITSELF BUT IS INCLUDED IN A

SEPARATE MIXER -CONTROL UNIT WHICH IS HOUSED IN A SEPARATE ENCLOSURE NOT

SHOWN HERE. THE OUTPUT TERMINALS OF THIS CONTROL UNIT ARE TO BECONNECTD
ACROSS THE INPUT TERMINALS OF THE AMPLIFIER.

THE POWER STAGE IS RATHER UNUSUAL IN DESIGN. HERE THE PLATE RESIS-
TANCE OF VEIS CONNECTED IN PARALLELWITHTHEPLATEGRIDRESISTORS(THE .35

MEG. AND .15 MEG. RESISTORS) AND BOTH OF WHICH TOGETHER ARE CONNECTED PM'
CROSS B+ AND B- SO THAT THE "WI CURRENT WILL DIVIDE BETWEEN THESE TWO

PATHS PROPORTIONATELY TO THEIR RESISTANCES. IF THE GRID OF V2. IS DRIVEN

POSITIVE BY A SIGNAL VOLTAGE, THEN THIS WILL DECREASE THE RESISTANCETHRU
V% SO THAT THE PLATE CURRENT FLOW THROUGH IT INCREASES WITH RESPECT TO ITS
NORMAL VALUE AND IN THIS WAY REDUCE THE VOLTAGE DROP ACROSS THE PLATE -
GRID RESISTORS. THE REVERSE IS TRUE WHEN THE GRID OF V/ 18 DRIVEN NEGA-
TIVE BY A SIGNAL AND THEREFORE WHENEVER THE GRID OF V% IS POSITIVE, THE
GRID OF V3 16 PROPORTIONATELY NEGATIVE AND VICE VERSA SO THAT PUSH-PULL

OPERATION IS REALIZED.

RESISTANCE - COUPLED PUSH-PULL AMPLIFIER

IN FIG. 8 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF AN AMPLIFIER WHICH
IS DIFFERENT IN DESIGN FROM ANY OF THE OTHERS WHICH WERE SO FAR SHOWN YOU.
HERE YOU WILL OBSERVE, THAT PUSH-PULL PERFORMANCE IS OBTAINED IN TWOSTA-
GES WITHOUT THE USE OF INTERSTAGE COUPLING TRANSFORMERS.

A TYPE 53 TUBE IS EMPLOYED AT THE INPUT OF THIS AMPLIFIER AND AS

YOU WILL NOTICE FROM THE SYMBOL OF THIS TUBE, IT REALLY CONSISTS OF TWO

HEATER TYPE TRIODES ENCLOSED IN A SINGLE GLASS BULB. FOR THE SAKE OF EX-
PLANATION, WE SHALL CALL THE LEFT HALF OF THIS TUBE THE "FIRST SECTION"
AND THE RIGHT HALF THE "SECOND SECTION". THIS TUBE IS EMPLOYED IN APHASE
INVERSION CIRCUIT AND THIS SYSTEM OPERATES ON THE PRINCIPLES AS WILL NOW
BE EXPLAINED.

IT IS A WELL KNOWN FACT THAT THE OUTPUT SIGNAL IN THE PLATE CIRCUIT
OF A TUBE 18 180° OUT OF PHASE WITH THE INPUT SIGNAL; IN OTHER WORDS,

THE AMPLIFYING TUBE REVERSES THE PHASE OF THE SIGNAL. Now THEN REFERRING
TO THE CIRCUIT OF FIG. 8, THE SIGNAL IS APPLIED TO THE GRID OF THE FIRST
SECTION OF THE 53 -- THE OUTPUT VOLTAGE APPEARING ACROSS THE PLATE CIR"
CUIT LOAD OF THIS FIRST TUBE SECTION AND IS TRANSFERRED THROUGH COUPLING
CONDENSER C, THEREBY APPEARING ACROSS RESISTORS R6 AND R7 IN SERIES, AT

THE SAME TIME ACTING UPON THE GRID OF THE UPPER 56 TUBE.

THAT PORTION OF THE SIGNAL VOLTAGE WHICH APPEARS ACROSS R7 IS NOW

TRANSFERRED TO THE GRID OF THE SECOND SECTION OF THE 53 AND IS INVERTED
AND AMPLIFIED SO THAT THE SIGNAL VOLTAGE IN ITS PLATE CIRCUIT 18 EQUAL
AND OPPOSITE TO THAT ACROSS R6 AND R7 .
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THE VALUES OF R4 AND R7 HAVE BEEN SO CHOSEN AS TO MAKE THEVOLTAGES
EQUAL IN BOTH HALVES OF THE TUBE.

THIS SECOND SIGNAL VOLTAGE IS THEN APPLIED TO THE GRID OF THE SEC-

OND 56 TUBE BY WAY OF CONDENSER C. THUS THE 53 IS COUPLED TO TWO 56 TYPE
TUBES IN PUSH-PULL WITHOUT THE USE OF A TRANSFORMER AND THEREBY ELIMINA-
TING SOME OF THE CAUSES OF FREQUENCY DISCRIMINATION.

THIS SAME FUNCTION AS PERFORMED BY THE 53 TUBE COULD BE PERFORMED
BY TWO ORDINARY TUBES BUT THE 53 HAS THE ADVANTAGE OF SAVING SPACE AND

PARTS.
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The Rev's -Eon ce - Coupled Amplif/er-,

TWO STAGES DIRECTLY COUPLED.

THE INTER-

MEDIATE STAGEEM
PLOYING THE TWO
56 TUBES FEEDS

INTO THE THIRD
STAGE OF THE AME
LIFIER WHERE THE

TWO 2B6 TUBES
ARE USED.THESE
2B6 TUBES ARE

OF THE TRIPLE"'

TWIN TYPE COM-'

SISTING OF TWO

HEATER TYPE TU.
ODE SECTIONS EN-
CLOSED IN A

SINGLE GLASS

BULB AND EACH OF
THESE TUBES
REALLY COMPRISES

THE PLATE LOAD OF THE FIRST SECTION IS IN THE CATHODE SIDE OF THE

PLATE CIRCUIT. THE VOLTAGE ACROSS THIS RESISTOR IS APPLIED TO THE GRID OF
THE SECOND SECTION WITHOUT ANY ADDITIONAL APPARATUS BECAUSE THE TWO ARE

CONNECTED TOGETHER. THIS THEREFORE, IS ANOTHER FORM OF DISTORTIONLESS EN

ERGY TRANSFER.

THE ONLY COUPLING TRANSFORMER USED IN THIS ENTIRE AMPLIFIER IS THAT
WHICH IS EMPLOYED TO COUPLE THE AMPLIFIER TO THE SPEAKER. THE OUTPUT OF

THIS AMPLIFIER IS RATED AT 15 WATTS.



examination auotioto

LESSON NO. AS -5

"He is not only idle who does
nothing,but he is idle who might be

better employed."

I. WHAT IS THE DISTINCTIVE FEATURE OF DIRECT -COUPLED AMPLI-
FIERS IN REGARDS TO THE CIRCUIT ARRANGEMENT?

2. WHAT IS THE MOST OUTSTANDING FEATURE OF DIRECT- COUPLED
AMPLIFIERS WITH RESPECT TO PERFORMANCE?

3. - WHAT IS ONE OF THE DISADVANTAGES OFFERED BY DIRECT -COUPLED
AMPLIFIERS?

4. - DRAW A CIRCUIT DIAGRAM WHICH ILLUSTRATES THE BASIC PRIN..
CIFLES OF A DIRECT -COUPLED AMPLIFIER.

5. - EXPLAIN HOW THE CIRCUIT WHICH YOU HAVE DRAWN IN ANSWER TO
QUESTION #4 OPERATES.

6. - WHY IS IT THAT ALTHOUGH THE PLATE OF A TUBE IS CONNECTED
TO THE CONTROL GRID OF THE FOLLOWING TUBE THAT THIS SECOND
TUBE IS STILL ABLE TO OPERATE WITH A NEGATIVE GRID BIAS?

7. DRAW A CIRCUIT DIAGRAM OF A COMPLETE DIRECT -COUPLED AMPLI-
FIER.

8. - EXPLAIN IN DETAIL HOW YOU WOULD PROCEED IN DESIGNING A DI'
RECT....COUPLED AMPLIFIER WITH RESPECT TO THE PROPER VOLTAGE
DISTRIBUTION AND ILLUSTRATE YOUR EXPLANATION BY MEANS OF A
DIAGRAM.

9. WHY IN THE CIRCUIT OF FIG. 3 IS THE 53 TUBE BEING EMPLOYED
AS A PHASE...INVERTER?

104". WHAT ADVANTAGE IS OFFERED BY A CIRCUIT, SUCH AS ILLUSTRATED
IN FIG. 8, OVER THE MORE CONVENTIONAL AMPLIFIER CIRCUITS.

PRINTED IN U.S.A.
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LESSON NO. 6

ALGEBRA I
ALGEBRA IS THE CONTINUATION OF ARITHMETIC AND IS OF GREAT VALUE IN

SOLVING ENGINEERING PROBLEMS.

IT IS THE TOOL WHICH ENABLES US TO PERFORM RATHER COMPLEX CALCULA-
TIONS IN A MOST SYSTEMATIC MANNER AND TO ARRIVE AT AN ANSWER WITH ACCU-
RACY AND IN THE SHORTEST POSSIBLE TIME.

A NUMBER OF TERMS OR EXPRESSIONS ARE USED IN CONNECTION WITH ALGE-

BRA WITH WHICH YOU ARE, PERHAPS, NOT YET FAMILIAR. IT ES THEREFORE ES-

SENTIAL THAT THESE TERMS
FIRST BE BROUGHT TO YOUR AT
TENTION BEFORE WE GO INTO
THE EXACT MATHEMATICAL PROC
ESSES AS APPLIED TO ALGEBRA.

ALGEBRAIC EXPRESSION

AN ALGEBRAIC EXPRES-
SION IS ANY EXPRESSION THAT
REPRESENTS A NUMBER BY MEANS
OF THE SIGNS AND SYMBOLS OF
ALGEBRA. FOR INSTANCE, 3ABC
IS AN ALGEBRAIC EXPRESSION
THAT TELLS US THAT THE FAC-
TORS 3,A,B,AND C ARE ALL TO
BE MULTIPLIED TOGETHER AND

COULD ALSO BE WRITTEN IN THE
FORM 3XAXBXC,WHERE THE SIGN
(X) DENOTES THE PROCESS OF
MULTIPLICATION AS YOU AL-

READY LEARNED IN A PREVIOUS
LESSON TREATING WITH MATH -

FIG. I

A GOOD KNOWLEDGE OF MATHEMATICS IS
REQUIRED BY THE RADIO ENGINEER
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EMATICS IN GENERAL.

FACTORS

IF WE SHOULD BE WORKING WITH AN ALGEBRAIC EXPRESSION SUCH AS 23
ACD, THEN 23,A,C, AND D ARE ALL CONSIDERED AS BEING THE FACTORS OF THIS
ALGEBRAIC EXPRESSION. IN OTHER WORDS, THE VARIOUS INDIVIDUAL PARTS OF AN
ALGEBRAIC EXPRESSION CONSTITUTE ITS FACTORS.

COEFFICIENT

SHOULD WE CONSIDER THE SAME EXPRESSION 23 ACO AGAIN, THEN ANY ONE
OF ITS FACTORS OR ANY PRODUCT OF TWO OR MORE OF THEM IS CALLED THE CO-
EFFICIENT OF THE REMAINING PART. FOR EXAMPLE, 23A MAY BE CONSIDERED AS
BEING THE COEFFICIENT OF CD OR 23AC MAY BE CONSIDERED AS BEING THECOEFP-
ICIENT OF D. AS A GENERAL RULE, HOWEVER, WE REFER TO THE NUMERICAL PART
OF THE EXPRESSION ONLY AS BEING THE COEFFICIENT AND IN WHICH CASE IT IS

CALLED THE NUMERICAL COEFFICIENT. WHENEVER NO NUMERICAL PART ISEXPRESSED,
THEN IT IS UNDERSTOOD TO BE I. FOR INSTANCE, I ACX IS THE SAME AS ACX.

POWER -EXPONENT

IF ALL THE FACTORS IN A PRODUCT ARE EQUAL AS a.a.a.a: THEN THE PRO-
DUCT OF THE FACTORS IS CALLED A POWER OF ONE OF THEM. (THE PERIODS APPEAR
ING BETWEEN THE SUCCESSIVE LETTERS "An IN THIS CASE DENOTE THE PROCESS OF
MULTIPLICATION AND ARE EQUIVALENT TO THE MORE COMMONLY USED SYMBOL FOR
MULTIPLICATION X). THE FORM Q.Q.Q.Q IS USUALLY WRITTEN AS a4 AND THISVAL
UE IS SPOKEN OF AS BEING CZ FOURTH POWER. THE SMALL NUMBER TO THE RIGHT
AND ABOVE INDICATES HOW MANY TIMES a IS TAKEN AS A FACTOR. IN THE CASE
OF a4, ats CALLED THE BASE AND 4 THE EXPONENT AND IT WOULD INDICATE THAT
Q IS TAKEN FOUR TIMES AS A FACTOR.

As FURTHER EXAMPLES, LET US CONSIDER Ct WHICH IS READ AS C SQUARE
OR C SECOND POWER AND INDICATES THAT C IS TAKEN TWICE AS A FACTOR; C3 IS
READ AS C CUBE OR C THIRD POWER AND INDICATES THAT C IS TAKEN THREETIMES
AS A POWER; C4 IS READ AS C FOURTH POWER AND INDICATES THAT C IS TAKEN
FOUR TIMES AS A FACTOR; Cn IS READ AS C NTH POWER OR C EXPONENTvs N44 ANDIN-
DICATES THAT C IS TAKENmNmTIMES AS A FACTOR.

WHEN NO EXPONENT IS WRITTEN,THEN THE EXPONENT IS UNDERSTOOD TO BE
1; THUS A IS THE SAME AS A.

A TERM

A TERM IN AN ALGEBRAIC EXPRESSION 16 A PART OF THE EXPRESSION NOT
SEPARATED BY A PLUS OR MINUS SIGN. THUS, IN THE EXPRESSION 4 AX 3C -D,
WE FIND THE TERMS TO BE 4 AX, 3C AND D.

IT IS CONVENIENT TO HAVE NAMES FOR ALGEBRAIC EXPRESSIONS HAVINGDI-
FFERENT NUMBERS OF TERMS. FOR EXAMPLE, A MONOMIAL IS AN ALGEBRAIC EX-
PRESSION CONSISTING OF ONE TERM SUCH AS 3 XY; A BINOMIAL CONSISTS OF TWO
TERMS SUCH AS 4AB2 2X3Y2AND A TRINOMIAL CONSISTS OF THREE TERMS SUCH AS
2.0ti2-3xv4+ 8 C20! ANY ALGEBRAIC EXPRESSION OF TWO OR MORE TERMS (GENER-
ALLY ABOVE THREE) 18 CALLED A POLYNOMIAL OR A MULTINOMIAL. THE EXPRESSION
4184-2XYz+ 7C20-10A4WOULD BE A POLYNOMIAL OR A MULTINOMIAL.



LESSON NO.6
PAGE 3

TERMS THAT ARE EXACTLY THE SAME OR DIFFER ONLY IN THEIR COEFFIC-

IENTS ARE CALLED LIKE TERMS OR SIMILAR TERMS, WHEREAS TERMS THAT DIFFER

OTHERWISE THAN IN THEIR COEFF!CIENTS ARE UNLIKE OR DISSIMILAR TERMS.THUS

6A} X2, -TA;x1ANo ISAIXIARE LIKE TERMS; WHILE
6AX1,-7 A'XI-ANO 16 AYZ ARE

UNLIKE TERMS.

POSITIVE AND NEGATIVE NUMBERS

THE DEGREES OF TEMPERATURE INDICATED BY THE THERMOMETER SCALE, FOR

EXAMPLE, ARE COUNTED IN TWO OPPOSITE DIRECTIONS FROM THE ZERO POINT AND

WE USUALLY SPEAK OF A TEMPERATURE AS SO MANY DEGREES ABOVE OR BELOW ZERO.

IN ALGEBRA, HOWEVER, WE EMPLOY A SYSTEM OF ABREVIATION TO STATE THE SAME

THING AND WE DO THIS BY USING THE SIGNS + AND

ANY NUMBER PRECEDED BY THE SIGN IS CALLED A POSITIVE NUMBER AND

IS THEREFORE ABOVE A ZERO VALUE. ON THE OTHER HAND,ANY NUMBER PRECEDED BY

THE - SIGN 16 CALLED A NEGATIVE NUMBER AND IS THEREFORE BELOW A ZERO VAk

UE. THIS COULD BE ILLUSTRATED AS IS SHOWN YOU IN FIG. 2. THESE POSITIVE

AND NEGATIVE NUMBERS, TOGETHER WITH ZERO, FORM THE SYSTEM CALLED ALGE-

BRAIC NUMBERS.

THE ABSOLUTE OR NUMERICAL VALUE OF A NUMBER IS THE VALUE WHICH IT

HAS WITHOUT REFERENCE TO ITS SIGN. THUS, +5 AND -5 HAVE THE SAME ABSOLUTE

VALUE 5.

ADDITION OF ALGEBRAIC NUMBERS

THE ADDITION OF ALGEBRAIC NUMBERS CAN BE DEMONSTRATED TO YOU GRA-

PHICALLY BY MEANS OF FIG. 2 ANC WHICH WILL NO DOUBT HELP TO MAKE THIS

CLEARER TO YOU.

eLc. -6 -5 -4 -3 -2 -Ilit
Aillimm

NegesEive Values

0

+I +2 +3 +4 +5 +6
I I

Posi ive VaLtes

etc.

FIG .

PosiL've and Negative Numbers.

LET US SUPPOSE, FOR INSTANCE, THAT YOU ARE TO DETERMINE THE ALGE-

BRAIC SUM OF +3 AND +2. IN THIS CASE, WE WOULD START AT THE ZERO MARK IN

Fla. 2 AND COUNT THREE DIVISIONS TOWARDS THE RIGHT WHICH WILL BRING US

TO A VALUE OF +3. THEN IF WE SHOULD MOVE OVER TWO MORE DIVISIONS TOWARDS

THE RIGHT FROM THIS MARK OF +3 OR ADD +2, AS IT WERE, THEN THIS WOULD

BRING US TO THE +5 MARK. IN OTHER WORDS, THE ALGEBRAIC SUM OF +3 AND +2

is +5.

Now LET US SUPPOSE THAT WE ARE TO FIND THE ALGEBRAIC SUM OF +3 AND

-2. IN THIS CASE, WE WOULD MOVE FROM ZERO TOWARDS THE RIGHT TO THE +3

MARK. THEN IF WE ARE TO ADD -2 TO THIS VALUE, WE WOULD MOVE BACK OR TO-
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WARDS THE LEFT OF +3 FOR TWO DIVISIONS AND WHICH WOULD BRING US TO THE
+I MARK. THUS WE HAVE SHOWN THAT THE ALGEBRAIC SUM OF +3 AND -2 is +1.

A CAREFUL CONSIDERATION OF THE FOREGOING EXPLANATION WILL DISCLOSE
THE FOLLOWING RULE:

(I) THE ALGEBRAIC SUM OF TWO NUMBERS WITH LIKE SIGNS IS THE SUM OF
THEIR ABSOLUTE VALUES, WITH THE COMMON SIGN PREFIXED.

THUS:- +4
+3

-5

-4
+7 -9

(2) THE ALGEBRAIC SUM OF TWO NUMBERS WITH UNLIKE SIGNS IS THE DI-
FFERENCE BETWEEN THEIR ABSOLUTE VALUES WITH THE SIGN OF THE ONE GREATER
IN ABSOLUTE VALUE PREFIXED.

EXAMPLE:- +7 -3
-3 _±
+4 +2

WHENEVER IT IS NECESSARY TO ADD THREE OR MORE ALGEBRAIC NUMBERSIDE"
FFERING IN SIGNS, THEN FIND THE SUM OF THE POSITIVE NUMBERS AND THE SUM

OF THE NEGATIVE NUMBERS BY RULE (I) AND THEN ADD THESE SUMS BY RULE (2).

EXAMPLET" TO FIND THE SUM OF +3,+8,-6,-4,-10,+2 WE TAKE +348+a-+13
AND (-6)  (-4) + (-10) =-20, THEN +13 44-20) = -7 THE SUM.

SUBTRACTION OF ALGEBRAIC NUMBERS

IN SUBTRACTION AS APPLIED TO ORDINARY ARITHMETIC, T IS ASSUMEDTHAT
THE MINUEND IS ALWAYS GREATER THAN THE SUBTRAHEND. HOWEVER, IN THE SUB-
TRACTION OF ALGEBRAIC NUMBERS WE NOT ONLY MAY HAVE THE SUBTRAHEND LARGER
THAN THE MINUEND WHEN THE NUMBERS ARE POSITIVE BUT EITHER OR BOTHSUBTRk"
HEND AND MINUEND MAY BE NEGATIVE NUMBERS. THE RULES FOR SUBTRACTING AL
GEBRAIC NUMBERS ARE AS FOLLOWS:

RULE THE SUBTRACTION OF ALGEBRAIC NUMBERS IS PERFORMED BY CON"
SIDERING THE SIGN OF THE SUBTRAHEND CHANGED AND PROCEEDING AS INADDITION
OF ALGEBRAIC NUMBERS.

EXAMPLE:- +7 +4 -6 -3 -8 +7
-2

+4
-±-6
-2 -4 +4 -II +9

ADDITION AND SUBTRACTION OF LITERAL ALGEBRAIC EXPRESSIONS

As YOU ALREADY KNOW, IN ARITHMETIC WE CANNOT ADD OR SUBTRACT UNLIKE
THINGS. FOR INSTANCE, WE ADD 5 BUSHELS, 8 BUSHELS, 10 BUSHELS AND OBTAIN
23 BUSHELS. SHOULD WE WISH TO ADO 10 BUSHELS TO 3 GALLONS THEN THE ONLY
WAY THAT WE COULD WRITE THIS WOULD BE IN THE FORM 10 BUSHELS +3 GALLONS.
IN OTHER WORDS, SINCE THESE ARE TWO DIFFERENT UNITS OF MEASUREMENT, THEY
CANNOT BE COMBINED INTO ONE.



LESSON NO.6 PAGE 5

WE HAVE A SIMILAR CONDITION TO CONTEND WITH IN RESPECT TO THE ADD-

ITION AND SUBTRACTION OF LITERAL ALGEBRAIC EXPRESSIONS. FOR INSTANCE, 6D

+ 4o + 7D = 17D; OR 4XY + 7XY +6XY = 19xy ETC. WHEREAS IN THE CASE OFSU/
TRACTION, WE HAVE 17A 6A = I2A AND 46X/Y2=6X3Y1= 40 xvz. SHOULD WE,HOW

EVER, WISH TO ADD TWO UNLIKE ALGEBRAIC EXPRESSIONS AS 3A AND 2B, THEN THE

ONLY WAY WE CAN INDICATE THIS ADDITION IS THUS, 3A + 2114 BUT THEY CANNOT

BE COMBINED INTO A SINGLE TERM.

THE RULE FOR THE ADDITION AND SUBTRACTION OF LITERAL ALGEBRAIC EX-

PRESSIONS IS AS FOLLOWS: RULE:- MONOMIALS WHICH ARE ALIKE OR SIMILAR CAN

BE ADDED OR SUBTRACTED BY ADDING OR SUBTRACTING THE COEFFICIENTS. IF THE

MONOMIALS ARE UNLIKE, THEN THE OPERATIONS CAN ONLY BE INDICATED.

EXAMPLES OF ADDITION:
(1)

+ 3 ABC
- 6 ABC
+10 ABC
-16 ABC
- 3 ABC

(2)

- 16 xv3
+ 3 xY3
- 4 xso
- 7 xy3
+ 03 XY3

-12 ABC + 4 xv3

EXAMPLES OF SUBTRACT ION:

( I)

4 AXl
-6 AXZ
10 Ax

(2)

-21 x2Y
3 ey

-24 x'y

(3)

17 AB
- 3 x
- 4 0
+ 3 A

17 AB -3x -4c3 +3A2

(3)
14 AB

- 6 c
14 AB + 6c

THE ADDITION AND SUBTRACTION OF POLYNOMIALS IS SIMILAR TO THAT OF

MONOMIALS. SIMPLY WRITE THEM SO THAT LIKE TERMS ARE IN THE SAME COLUMN

AND COMBINE THE TERMS IN EACH COLUMN AS WITH MONOMIALS.

EXAMPLE OF ADDITION:

+ 3 AX2+ 14y2- 3 7.

- 7 Ax"-- 16y2+ 7 z

+ 10 AX1- 4y2+ 9 z
- 7 Ax2+ 10y2-Itz
- Ax2+ 4y2 -e- 2 z

EXAMPLE OF SUBTRACTION

17 xy2 -14 c2+ 4A
10 XY2 5 cz- 8A
7 xyz - 9 c2+12A

TERMS WITH UNLIKE COEFFICIENTS

IT OFTEN HAPPENS THAT WE WISH TO ADD OR SUBTRACT TERMS WHERE THE

COEFFICIENTS THAT ARE TO BE UNITED ARE NOT ALL NUMERICAL. FOR EXAMPLE,

ADO D2 X, EZ X, AND CX BY UNITING THE COEFFICIENTS OF X HERE THE CO-

EFFICIENTS OF)CARE 01, EZ, AND C. SINCE THESE ARE UNLIKE TERMSITHE ADDI-
TION CAN ONLY BE INDICATED; THUS 02+ E2+ C. WE MAY WRITE THE SUM THEN OF

OlX, E2X AND CX AS (D2+ E2+ C) X. SIMILARLY, THE SUM OF 6x, 5x AND 2x
MAY BE WRITTEN (6+5+2) X; ALTHOUGH HERE THE COEFFICIENTS CAN ACTUALLY BE

UNITED AND EXPRESSED AS ONE SYMBOL, THUS 13X.

SIGNS OF GROUPING

WHEN A SIGN OF GROUPING IS PRECEDED BY A + OR SIGN, IT INDICATES
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THAT THE EXPRESSION ENCLOSED BY THE SIGN OF GROUPING IS TO BE ADDED TO
OR SUBTRACTED FROM WHAT PRECEDES.

WHEN A PLUS SIGN PRECEDES A SIGN OF GROUPING, WE MAY REMOVE THE
SIGN OF GROUPING WITHOUT MAKING ANY CHANGE IN SIGNS. THUS, A+(B+C)= A+B+C.
WHEN PRECEDED BY A MINUS SIGN, THE SIGN OF GROUPING MAY BE REMOVED IFTHE
SIGNS WITHIN ARE CHANGED. THUS, A+(B+C+0) = A+ B + C - D.

THE REASON FOR THIS CHANGE IS THE SAME AS FOR THE CHANGING OF THE
SIGNS IN THE SUBTRAHEND WHEN SUBTRACTING.

WHEN THERE ARE SEVERAL SIGNS OF GROUPING,ONE WITHIN ANOTHER, THEY
MAY BE REMOVED BY FIRST REMOVING THE INNERMOST ONE, AND THEN THE NEXT
OUTER ONE, CONTINUING TILL ALL ARE REMOVED.

EXAMPLE#I:- SIMPLIFY 4x1 -5y2 +x - (6x7' -3x-(y1 -x)]

BEGINNING WITH THE INNER SIGN OF GROUPINGIOR THE PARENTHESIS IN

THIS CASE,OUP FIRST STEP IS AS FOLLOWS; 4X1+5Y2+X+ (37(2+3X +V2+X). THEN

BY REMOVING THE BRACKETS WE HAVE; 4X1+ 5191 X - 6X4+ 3x + X. X. THEN

UPON COMBINING SIMILAR TERMS WE ARRIVE AT THE ANSWER OF +2X1+4Y2+3X.

EXAMPLE #2t- SIMPLIFY 8- {7- (44-(2X)))
SOLUTION: 8- {7 - (4+ (2-0)1

= 8- {7 - {4+ 2-x)}
= 8- 17 - 4- 2+xl
= 8- 7 + 4+
= 7-x (ANSWER)

INSERTION OF SIGNS OF GROUPING

ANY TERMS OF A POLYNOMIAL MAY BE ENCLOSED IN A SIGN OF GROUPINGPU
CEDED BY A PLUS SIGN WITHOUT CHANGE OF SIGNS. THEY MAY BE ENCLOSED IN A

SIGN OF GROUPING PRECEDED BY A MINUS SIGN, PROVIDED THE SIGN OF EACHTERM
WITHIN tS CHANGED FROM TO OR FROM + TO -.

EXAMPLE #1:- ENCLOSE THE LAST THREE TERMS IN THE EXPRESSION AX +BY
+ CD - E WITHIN PARENTHESES PRECEDED BY A + SIGN.

SOLUTION: AX + BY + CD +. E = AX+ (BY + CD - E).

EXAMPLE #2:+ ENCLOSE THE LAST THREE TERMS IN THE EXPRESSION AX +BY
+ CD -E WITHIN PARENTHESES PRECEDED BY A - SIGN.

SOLUTION: AX + BY + CO - E = AX4+BY+CD+E).

MULTIPLICATION

IN THE MULTIPLICATION AS APPLIED TO (ALGEBRA, WE HANDLE POSITIVE
NUMBERS IN THE SAME MANNER AS WHEN WORKING WITH REGULAR ARITHMETICALVAL+
UES AND WITH WHICH YOU ARE ALREADY FAMILIAR. FOR INSTANCE, IF WE WISH TO
MULTIPLY 5 BY 3, WE CAN WRITE THIS IN THE FORM 5 x 3 = 5 + 5 + 5 = 15.
ALGEBRAICLY, WE COULD ALSO WRITE THIS AS (+5) X (+3) = (+5) + (+5) + (+5)
= +15.
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FROM THE PRECEDING CONSIDERATIONS, WE CAN ESTABLISrI THE FOLLOWING

RULES FOR FINDING THE PRODUCT OF TWO ALGEBRAIC NUMBERS:

(I) THE NUMERICAL PART OF THE PRODUCT IS THE PRODUCT OF THE ABSO-

LUTE VALUES OF THE MULTIPLICAND AND MULTIPLIER*

(2) THE SIGN OF THE PRODUCT IS PLUS WHEN THE SIGNS OF THE MULTI-

PLICAND AND MULTIPLIER ARE ALIKE, AND MINUS WHEN THEIR SIGNS

ARE UNLIKE.

THIS IS CALLED THE LAW OF SIGNS IN MULTIPLICATION AND MAY BE STAT-
ED AS FOLLOWS:

+ x + = +
- x - = +
+ x - =
- x + = MID

CONTINUED PRODUCTS

TO FIND THE PRODUCT OF THREE OR MORE NUMBERS, WE FIND THE PRODUCT
OF THE FIRST TWO, AND THEN MULTIPLY THIS PRODUCT BY THE THIRD AND SO ON
TILL ALL THE NUMBERS HAVE BEEN USED. THE RULES FOR SIGNS IN MULTIPLICA-

TION OF THIS TYPE ARE AS FOLLOWS:

(I) THE PRODUCT OF AN ODD NUMBER OF NEGATIVE FACTORS IS NEGATIVE*

(2) THE PRODUCT OF AN EVEN NUMBER OF NEGATIVE FACTORS IS POSITIVE*

(3) THE PRODUCT OF ANY NUMBER OF POSITIVE FACTORS IS POSITIVE.

THUS, ("2)(""2)(".2)("2)(""2) = -32 WHILE (-2)(-2)(-2)(-2)(-2)(-2) =
+64. THE FIRST OF THESE EQUALS ('"2)5 AND IS THEN READ "THE FIFTH6 POWER

OF '''2"41 THE SECOND OF THE PRECEDING EXPRESSIONS IS EQUAL TO (-2)

TO STILL FURTHER ILLUSTRATE THIS POINT, LET US CONSIDER THEFOLLOW''
ING EXAMPLES:

(-e=:(-2)(-2)= 4 = 22"

(-2)3=(-2) (-2) (-2)= -8= -23
(-44 4-2) (-2) (-2) (-2)= 16 = 24

(-2)5 =(-2) (-2) (-2) (-2) (-2) = -32 = -25
-25= -(2) (2) ( 2) ( 2) ( 2)= -32

(-3)1. (-43 = (-3) (-3) (-2) (-2) (-2) = -72

(42) (3') = 4 x 4 x 3 x 3= 144

LAW OF EXPONENTS

THE LAW OF EXPONENTS STATES THAT THE PRODUCT OF TWO OR MORE POWERS
OF THE SAME BASE IS EQUAL TO THAT BASE AFFECTED WITH AN EXPONENT EQUAL TO
THE SUM OF THE EXPONENTS OF THE POWER.

EXAMPLE:- MULTIPLY 14A3 e BY -3A4 B3
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SOLUTION: 14 A3 B2

- 3 A4B3
-42 A785

EXPLANATION:- SINCE THE MULTIPLIER IS COMPOSED OF THE FACTORS -24

A4, AND B3, THE MULTIPLICAND MAY BE MULTIPLIED BY EACH SUCCESSIVELY. IN

EACH CASE, THE PRODUCT FOR ANY ONE OF THESE FACTORS IS OBTAINED BYMULTI
PLYING A SINGLE FACTOR IN THE MULTIPLICAND BY IT. WE MULTIPLY BY -.24 BY

MULTIPLYING 14 A3BZBY -3 WHICH GIVES -42 A3B: THIS IS MULTIPLIED BY A4,

BY MULTIPLYING THE A3BY A4WHICH GIVES -42 A7824, THIS IS MULTIPLIED BY 83
BY MULTIPLYING THE BZBY B3WHICH GIVES -42 A785AS THE ANSWER.

THIS MULTIPLICATION PROCESS, YOU WILL NOTICE, IS CARRIED OUT BY DE

TERMING IN THE FOLLOWING ORDER:

(I) THE SIGN OF THE PRODUCT.
(2) THE COEFFICIENT OF THE PRODUCT.
(3) THE LETTERS OF THE PRODUCT.
(4) THE EXPONENTS OF THESE LETTERS.

THUS IN THE EXAMPLE JUST EXPLAINED, THE SIGN IS + X '" = CO-

EFFICIENT IS 14x3 = 42; THE LETTERS ARE GLAND B; AND THE EXPONENTS ARE

FOR A, 3+4 = 7, AND FOR By 2+3 = 5.

Now THAT YOU HAVE SEEN HOW WE MULTIPLY A MONOMIAL BY A MONOMIAL,
LET US NEXT TURN OUR ATTENTION TO THE METHOD EMPLOYED FOR MULTIPLYING A

POLYNOMIAL BY A MONOMIAL.

TO MULTIPLY A POLYNOMIAL BY A MONOMIAL

THE PRODUCT OF A POLYNOMIAL AND A MONOMIAL IS FOUND BY MULTIPLYING
EACH TERM OF THE MULTIPLICAND BY THE MULTIPLIER AND TAKING THE ALGEBRAIC
SUM OF THESE PARTIAL PRODUCTS.

EXAMPLE:- MULTIPLY 7 AX3 - 21 A134..'' 3 X2BY 2 A2e3x4.

PROCESS:- 7AX3 3x-2- (MULTIPLICAND)

2A2B3X4 (MULTIPLIER)
I4A3 83X7- 42A1B7X4 6A2B1X4(ANSWER)

EXPLANATION:- FIRST MULTIPLY THE FIRST TERM OF THE MULTIPLICAND OR
7AX3BY 2A2B3X4IN THE SAME MANNER AS JUST EXPLAINED FOR MULTIPLYING A

MONOMIAL BY A MONOMIAL. PLACE THIS RESULT AS THE FIRST TERM IN THE PRO-
DUCT AND THEN MULTIPLY THE SECOND TERM OF THE MULTIPLICAND OR -21 AB4 BY
2A283X4, PLACING THIS RESULT AS THE SECOND TERM OF THE PRODUCT. FINALLY,
MULTIPLY THE LAST TERM OF THE MULTIPLICAND OR -3x28Y 2AZB3X AND PLACE
THIS RESULT AS THE THIRD TERM IN THE PRODUCT.

TO MULTIPLY A POLYNOMIAL BY A POLYNOMIAL

RULE:- To MULTIPLY A POLYNOMIAL BY A POLYNOMIAL MULTIPLY EVERY TERM
OF THE MULTIPLICAND BY EACH TERM OF THE MULTIPLIER, WRITE THE LIKE TERMS
OF THE PARTIAL PRODUCTS UNDER EACHOTHER AND FIND THE ALGEBRAIC SUM OF

THE PARTIAL PRODUCTS.
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EXAMPLE:- MULTIPLY X -L+ 3XY 2vI8v 2xv - 2v2

PROCESS:- Xl+ 3XY - 2Y2(MULTIPLICAND)
2xv - 2v7- (MULTIPLIER)

(STEP #I) 2XY3+ 6X.LY2- 4XY3
(STEP #2) -2X2 6XY3+ 4y4
(STEP #3) 2XY3+ 4X2YA- IOXY3+ 4Y4 (ANSWER)

EXPLANATIONS -

OBSERVE IN THE FOREGOING PROCESS THAT OUR FIRST STEP IS TO MULTIPLY
THE ENTIRE MULTIPLICAND BY 2XY GIVING us 2xv3+ 6x2v1-4xv3As SHOWN IN

STEP #I". THE NEXT STEP IS TO MULTIPLY THE ENTIRE MULTIPLICAND BY THE
SECOND TERM OF THE MULTIPLIER -2Y2AN ORDER TO OBTAIN THE RESULT
-2X2Y21-6XY3+ 4Y4IN "STEP #2". OBSERVE THAT THE TERMS OBTAINED IN STEP #2
ARE PLACED UNDER CORRESPONDING TERMS AS APPEAR IN STEP #I. IN STEP #3 WE
ADD SIMILAR TERMS APPEARING IN STEPS #1 AND #2 AND OBTAIN OUR FINAL RE-
SULT OR ANSWER OF 2XY3+ 4X2Y1.,,IOXY3+

Now LET US CONSIDER THE MULTIPLICATION PROCESS WHEN THREE TERMS A-
PPEAR IN BOTH THE MULTIPLIER AND MULTIPLICAND.

EXAMPLE:- MULTIPLY 3A2 + 382 + AB BY B3 -2A2 8 +ABZ

PROCESS:- 3A2+ 3E12+ AB (MULTIPLICAND)
B3 - 2A2B + A821MULTIPLIER)

(STEP #I) 3A1 eml. 305+AB4

(STEP #2) -6A' B3 ...6A4 8-2A3 B1"

STEP #3) + Al- B3 +3A84 +3A3 82

-2A283+ 385+4AB4-6A4B+A3 B-4 (ANSWER)

EXPLANATIONS- THE FIRST STEP OR "STEP #1" OF THE FOREGOING PROCESS
CONSISTS OF MULTIPLYING EACH TERM OF THE MULTIPLICAND BY THE FIRST TERM
OF THE MULTIPLIER OR B3AND THIS GIVES US 3A2B3+ 3B5+ AB4AS THE PARTIAL
PRODUCT IN "STEP #1". IN ORDER TO OBTAIN THE PARTIAL PRODUCT FOR "STEP

#2", WE MULTIPLY EACH TERM OF THE MULTIPLICAND BY THE SECOND TERM OF THE
MULTIPLIER OR .,..2A213 AND THIS GIVES US -6A183-.6A4B .".2A313-4AS THE SECOND

PARTIAL PRODUCT.

IT IS IMPORTANT THAT WE PLACE THE VARIOUS TERMS OF THE SECOND PAR-
TIAL PRODUCT DIRECTLY BENEATH SIMILAR OR CORRESPONDING TERMS OF THE
FIRST PARTIAL PRODUCT. IN OTHER WORDS, THE TERM 6A1B3OF STEP #2 MUST BE
DIRECTLY BELOW THE TERM 3A2OOF STEP #I AND SINCE THERE ARE NO TERMS

HAVING THE COEFFICIENTS A4B AND A3B2IN THE PARTIAL PRODUCT OBTAINED IN

STEP #I, THE TERMS "*6A48 AND -m2A3E(LOF STEP #2 MUST BE PLACED TO THE

RIGHT OF THE LAST TERM APPEARING IN STEP #1.

To OBTAIN THE PARTIAL PRODUCT APPEARING IN STEP #3 WE MULTIPLY
EACH TERM OF THE MULTIPLICAND BY THE THIRD TERM OF THE MULTIPLIER OR

+ AB2AND THEREBY OBTAIN THE PARTIAL PRODUCT A1 B1+ 3A84+ 3A382AND WE

PLACE THESE THREE TERMS DIRECTLY UNDER THE SIMILAR TERMS APPEARING IN

THE PARTIAL PRODUCTS OBTAINED IN STEPS #1 AND #2. OUR FINAL STEP THEN IS
TO ADD ALGEBRAICALLY THESE THREE PARTIAL PRODUCTS AND IN THIS WAY OB-

TAIN OUR FINAL PRODUCT OR ANSWER -'2A185+385+4A84...6A4B +A'S%
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DIVISION

DIVISION IS THE INVERSE OF MULTIPLICATION. THAT IS, THE QUOTIENT

MUST BE AN EXPRESSION THAT MULTIPLIED BY THE DIVISOR WILL GIVE THE DEVI'''.

DENO.

FROM THE LAW OF SIGNS AND THE LAW OF EXPONENTS IN MULTIPLICATION WE
HAVE THE FOLLOWING RULES:

(I) IN DIVIDING, LIKE SIGNS GIVE A POSITIVE AND UNLIKE SIGNS GIVE

A NEGATIVE SIGN FOR THE QUOTIENT.

(2) IN DIVIDING POWERS OF THE SAME BASE, THE EXPONENT OF THE QUO-

TIENT EQUALS THE EXPONENT OF THE DIVIDEND MINUS THE EXPONENT

OF THE DIVISOR.

THIS APPLIES, BY DEFINITION OF THE POSITIVE INTEGRAL EXPONENT, ONLY
WHEN THE EXPONENT OF THE DIVIDEND IS LARGER THAN THE EXPONENT OF THE DI-

VISOR. THUS A5 A3 = Al": BUT WHEN THE EXPONENTS ARE EQUAL AND WE SUB-

TRACT, WE OBTAIN THE EXPONENT 0, WHICH IS MEANINGLESS.

IN DIVIDING THE SAME POWERS OF THE SAME BASE, THE QUOTIENT IS I.

THUS A34- A3 = I AND IN GENERAL An Ah= I.

DIVISION OF ONE MONOMIAL BY ANOTHER

THE STEPS TO EMPLOY FOR THE DIVISICN OF ONE MONOMIAL BY ANOTHER IS

AS FOLLOWS:

(I)
(2)

(3)

DETERMINE THE SIGN OF THE QUOTIENT
DETERMINE THE COEFFICIENT
DETERMINE LETTERS AND EXPONENTS.

REMEMBER THAT fN THE PROCESS OF DIVISION WE DIVIDE WHERE WEMULTIPLY
EN MULTIPLICATION AND WE SUBTRACT EXPONENTS WHERE WE ADD EXPONENTS INMUL-
TIPLICATION.

EXAMPLE: DIVIDE 25A4X5 BY .5.X2. X3

PROCESS: "' CARRIED OUT IN STEPS, THIS WOULD BE AS FOLLOWS:

25+-5 = -5
A4 4- A2= A2

X5. ÷ X5= X2'

THEREFORE 25A4 -5A2 X3= '..5A2 X2(ANSWER)

THE LAST OF THESE ABOVE LINES ONLY SHOULD BE WRITTEN DOWN IN PERFORM
ING THE WORK. THE FIRST THREE STEPS ARE MENTAL OPERATIONS AND ARE ONLY
PLACED HERE FOR GUIDANCE.

THE DIVISION OF ONE MONOMIAL BY ANOTHER MAY ALSO BE PERFORMED AS A

CANCELLATION. FOR EXAMPLE, IF WE RECALL THAT AN EXPRESSION LIKE 4A2 83
MEANS 4A.A.B.B.8, WE MAY WRITE I6A1B5C344A4B3EN THE FORM

Af'4/-,6A.,(11,ji6cB-BC-C-C

,(1',613C)31
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Now BY CANCELLING THE FACTORS COMMON TO THE DIVIDEND AND DIVISOR

(THAT IS CROSSING -OFF SIMILAR FACTORS) THE PRODUCT OF THE FACTORS REMAIN-
ING IN THE DIVIDEND IS THE QUOTIENT. THIS PROCESS IS TOO LONG FOR RAPID

WORK WITH COMPUTATIONS OF THIS TYPE BUT IT MAY CLEAR UP POINTS IN DIVISION
INVOLVING ALGEBRA WHICH MAY AT FIRST TROUBLE A STUDENT.

DIVISION OF A POLYNOMIAL BY A MONOMIAL

EXAMPLE: - DIVIDE 24A5 Y3 - 96A5 Y6BY 8A4

PROCESS:- 8A4 Y3) 24A5 Y3- 96A5 Y6

3A - I 2AY3

RULE:- THE DIVISION IS PERFORMED BY DIVIDING EACH TERM OF THE D IV -

I DEND BY THE DIVISOR, BEGINNING AT THE LEFT.

EXPLANATION:- NOT ICE THAT IN THE PROBLEM JUST PRESENTED, WE FIRST

DIVIDE THE NUMBER 24 BY 8 WHICH GIVES US 3 AS THE FIRST NUMBER OF THE D I-
V I SOR. WE THEN DIVIDE THE FIRST A5 OF THE EXPRESS ION 24 A5 Y3BY A4OF OUR

DIVISOR WHICH GIVES US THE "A" TO FORM 3A AS THE FIRST EXPRESS ION OF THE

QUOTIENT. THEN BY DIVIDING -96 A5 Y6OR THE SECOND EXPRESS ION OF THE DIVID-
END BY THE DIVISOR 8 A4 Y3WE FIND THAT -96+8 = -12; A54 A4= A AND Y6+ Y3=
V3 AND OUR QUOTIENT THEN BECOMES 3A - 12 AY3.

PRACTICE PROBLEMS

THE FOLLOWING IS A GROUP OF PRACTICE PROBLEMS WHICH WILL GIVE YOU

THE OPPORTUNITY OF PUTTING INTO USE THE VARIOUS ALGEBRA IC PROCESSESS WHICH
WERE EXPLAINED TO YOU IN THIS LESSON. You WI LL ALSO FIND THE ANSWERS HERE
GIVEN FOR EACH OF THESE PRACTICE PROBLEMS SO THAT YOU CAN CHECK YOUR OWN

WORK.

WHEN YOU FEEL THAT YOU HAVE MASTERED THIS WORK AND SOLVED ALL OF
THESE PRACTICE PROBLEMS SATISFACTORILY, THEN YOU ARE READY TO ANSWER THE
EXAMINATION QUEST IONS WHICH APPEAR AT THE END OF THIS LESSON.

]: FIND THE SUM IN THE FOLLOWING EXERCISES.
I. +7, -10, -13, +16, +25, -3 ANSWER =22

2. +3, +16, -21, -I, +2, +1 ANSWER = 0

3. ANSWER =2X+2Y2x+3A+m,2N.- 3A-im

III PERFORM THE FOLLOWING EXAMPLES IN SUBTRACTION.
I. FROM 3AX-4CD TAKE 10 A X-2CD ANSWER -7AX -2co

2. FROM tAi2MN + NI TAK E Mz+ 2MN + N z ANSWER -4 MN

TIT SIMPLIFY BY REMOVING THE SIGNS OF GROUPING AND UNITING THE LIKE TERMS
IN THE FOLLOWING:

I. 4A +7e - (3A+2B) ANsWER=A+5B

2. 5 -3x+( -18+2x) ANSWER= -I3-X

=FIND THE PRODUCT OF THE FOLLOWING:
I . 10 Ael AND 3A3s ANSWER= 30A483

2. 582(5+6E32-784) ANSWER = 25e1+30e4-35 B6

FREE THE roLLowING SIGNS OF GROUPING AND SIMPLIFY

I. (A+s) (A-8) ANsWERT.A2-82

2. (3x1-+As)(3xt-As) ANSWER= 9X4 -A2 87-
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IE. PERFORM THE FOLLOWING PROCESSES OF DIVISION:

I. 18A3B2X BY -3A2BX ANSWER m -6AB
2. -42A3M2Y3 BY 7A2M2 ANSWER m -6AY3

. 120 + 3A4 + 18A BY 3A3
ANSWER

4 + A + 6A2
. 24X2Y2 - 8X4YI - 24

ANSWER n
XY2 BY 8x = 3xy2 - x3y5 - 3Y2

EXAMINATION QUESTIONS

LESSON NO. AS -6

I. WHAT IS THE SUM OF 2A2 - 4CD, -8A2 - 7CD, -25A' + I6CD?

2. ADD 7X2 - 9Y2 IIXY, toe - 4XY - IIY2 +)7X2.

3. FROM AX2 + 3AY2 - 4Z2 SUBTRACT 2AX2 + 3AY2

4. TAKE 2x3- Y2 FROM THE SUM OF X3- 2XY + 3Y2 AND XY + 4Y2.

5. SIMPLIFY BY REMOVING THE SIGNS OF GROUPING AND UNITING
THE LIKE TERMS IN THE FOLLOWING EXPRESSION:

A - 2B - - (B - C) - 5C]

6. - COLLECT ALL THE COEFFICIENTS OF X IN THE FOLLOWING WITH
IN PARENTHESES PRECEDED BY A MINUS (-) SIGN:

2cx - 4Dx + 6Ex - 2x

7. - MULTIPLY 5X + 4Y BY 3X - 2Y.

8. - FREE THE FOLLOWING EXPRESSION OF SIGNS OF GROUPING AND
SIMPLIFYING:

9.

5(X2 - AB) + 6(x2 + AB)

- MULTIPLY 4x3 - 3x2Y +-5xy2 - 6Y3 BY 5X + 6Y.

10. - DIVIDE 42A3 - I4A2 + 28A BY 7A.
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ALGEBRA ZI
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THIS LESSON 18 A CONTINUATION OF THE PRECEDING ONE, THEREFORE IT

IS IMPORTANT THAT YOU MASTER THE PAST LESSON BEFORE GOING AHEAD WITH THIS

ONE. YOU WILL FIND THAT, TOGETHER, THESE TWO LESSONSTREATING WITHALGEBRA

WILL GIVE YOU A GOOD UNDERSTANDING OF THIS SUBJECT.

You ARE NOW PREPARED TO LEARN ABOUT FACTORS AND THE PROCESS OF FACT

ORING AS APPLIED TO ALGEBRAIC EXPRESSIONS.

FACTORS OF A POLYNOMIAL WHEN ONE FACTOR IS A MONOMIAL

BY LOOKING AT THE EXPRESSION I4AX 28AY  84Az, IT CAN READILY BE

SEEN THAT EACH TERM OF THIS EXPRESSION CAN BE DIVIDED BY I4A.THEQUOTIENT

THUS BECOMING X + 2r + 6z.

IT THUS FOLLOWS THAT THE PRODUCT OF X4 -2Y -1-6Z AND 14A IS 14AX-1.28AY+

84AZ AND WE THEN SAY THAT I4A ANC
X+2Y+6Z ARE THE FACTORS OF I4Ax+

28wr+84wz.

THE RULE THUS BECOMES: THE

FACTORS OF A POLYNOMIAL SIMILAR
TO THE FOREGOING ARE A MONOMIAL,

CONTAINING ALL THAT 18 COMMON TO

EACH TERM OF THE POLYNOMIAL AND
THE QUOTIENT FOUND BY DIVIDING THE
POLYNOMIAL BY THE MONOMIAL.

EXAMPLE: FACTOR THE EXPRESS

ION 4A.-2AX4.6M- . BY INSPECTION

IT WILL BE SEEN THAT THE MONOMIAL
FACTOR 16 2AX. THEN BY DIVIDING
THE POLYNOMIAL 4/75C-2AX4-6/7,X2. BY

2AX,WE OBTAIN 2AX-X4.3AX WHICH IS

Mathematics Is Essential To The
Laboratory Technician.
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THE OTHER FACTOR. THE FACTORS ARE WRITTEN IN THE FORM 2AX(2AX+3AX)*

SQUARES AND SQUARE ROOTS OF MONOMIALS

By THE PRINCIPLES OF MULTIPLICATION ALREADY GIVEN, THE SQUARE OF A
MONOMIAL MAY BE FOUND AS FOLLOWS:

(I) THE SIGN IS ALWAYS PLUS*

(2) THE NUMERICAL COEFFICIENT IS THE SQUARE OF THE NUMERICAL CO-
EFFICIENT OF THE MONOMIAL*

(3) THE EXPONENT OF ANY LETTER IS TWICE THE EXPONENT OF THE SAME
LETTER IN THE MONOMIAL.

THUS (5A1 B3 = 25A4 86 AND ("4A3 B2 D)2 = 16A6 B4 D14,

THE SQUARE ROOT OF A MONOMIAL CAN BE FOUND BY DOING THE INVERSEPR2
CESSES TO THOSE FOR FINDING THE SQUARE or A MONOMIAL. THE RULES FOR EX-
TRACTING THE SQUARE ROOT FOLLOW:

(I) THE SQUARE ROOT CAN BE FOUND OF A POSITIVE NUMBER ONLY.

(2) THE NUMERICAL COEFFICIENT IS THE SQUARE ROOT OF THE NUMERICAL
COEFFICIENT OF THE MONOMIAL.

(3) THE EXPONENT OF ANY LETTER IS ONE HALF THE EXPONENT OF THE SAME
LETTER IN THE MONOMIAL*.

IT THUS FOLLOWS THAT THE MONOMIAL OF WHICH THE SQUARE ROOT 18 TO BE
TAKEN MUST HAVE A NUMERICAL COEFFICIENT THAT IS A PERFECT SQUARE AND ALL
THE EXPONENTS MUST BE EVEN NUMBERS. OTHERWISE, THE SQUARE ROOT CANNOT BE
FOUND EXACTLY*

EXAMPLE: 1116A4 B4= 4A2e AND 11225X4Y6Z2= I5X2Y3Z BUTVRITITIT'CAN ONLY
BE EXPRESSED AS 115A2B3AND OWE; CANNOT BE FOUND EXACTLY.

THE SQUARE OF A BINOMIAL

THE EXPRESSION (A+64LDENOTES THAT THE BINOMIAL (A+B) IS TO BE
SQUARED OR MULTIPLIED BY ITSELF. THIS CAN BE WORKED AS FOLLOWS:

A + B
A + B
Al+ AB

+ AB + 132-

2A8 + ez

THIS SAME WORK, HOWEVER, CAN BE GREATLY SIMPLIFIED BY APPLYING THE
FOLLOWING RULES:

(I) THE SQUARE OF THE SUM OF TWO NUMBERS (OR LETTERS) EQUALS THE
SQUARE OF THE FIRST PLUS TWICE THE PRODUCT OF THE FIRST BY THE
SECOND PLUS THE SQUARE OF THE SECOND.
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(2) THE SQUARE OF THE OIFFERENCE OF TWO NUMBERS
OF THE FIRST MINUS TWICE THE PRODUCT OF THE
PLUS THE SQUARE OF THE SECOND.

THE USE OF THESE PRINCIPLES WILL SAVE MUCH WORK

EQUALS THE SQUARE
FIRST BY THESECOND

IN MULTIPLICATION.

EXAMPLE I: FIND THE VALUE OF (CD+E)1

EXPLANATION: THE SQUARE OF THE FIRST TERM = (COIL= DI CL.

TWICE THE PRODUCT OF THE FIRST BY THE SECOND = 2(CD)E = 2COE.

THE SQUARE OF THE SECOND TERM =

THEREFORE, (co+01-= clo2+2coe+E2

EXAMPLE 2: ( 2A+97- = 4/42 +4A ez+84

EXAMPLE 3: (2xz-3,.%)2= 4x4-12x2v3+9v6.

THE PRODUCT OF THE SUM OF TWO NUMBERS
BY THE DIFFERENCE OF THE SAME TWO NUMBERS

By MULTIPLICATION (A+0(A-0) = Az -B:

SINCE#A ANDS ARE GENERAL NUMBERS, WE MAY USE THI3 STATEMENT AS A

FORMULA AND 80 WRITE AT ONCE, WITHOUT ACTUAL PRODUCT

OF THE SUM AND THE DIFFERENCE OF ANY TWO NUMBERS. THE FORMULA MAY BE

TRANSLATED INTO WORDS AS FOLLOWS: THE PRODUCT OF THE SUM AND THE DIFFER-
ENCE OF TWO NUMBERS EQUALS THE DIFFERENCE OF THEIR SQUARES.

EXAMPLE I: (2c+36)(20-30) = 4c1 -9e

EXAMPLE 2: (16+2)(16-2) = 162-e= 256-4 = 252.

FACTORS OF THE DIFFERENCE OF TWO SQUARES

FROM A CONSIDERATION OF THE pRECEOING,IT IS EASILY SEEN THAT THE

DIFFERENCE OF TWO SQUARES CAN BE FACTORED INTO TWO BINOMIAL FACTORS THAT
ARE, RESPECTIVELY, THE SUM AND THE DIFFERENCE OF THE SQUARE ROOTS OF
THESE SQUARES.

EXAMPLE I: 4-4L= (2414)(2-A)

EXAMPLE 2: 16.-9v2= (4W+3Y)(4A1-3Y).

THE PRODUCT OF TWO BINOMIALS HAVING ONE CCMMON TERM

By MULTIPLICATION, WE FIND THE FOLLOWING PRODUCTS:

(I) (A+2)(A+3) = A245A+6

(2) (,r2) (A-3) = Az -SA46

(3) (A+2)(k-3) =
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(4) (A -2)(A+3) = AL+A-.6

(5) (A+8)(A+c) = AL+(s+c)A+Bc.

FROM AN INSPECTION OF THE FOREGOING, THE TRUTH OF THE FOLLOWING
STATEMENTS CAN BE SEEN:

THE PRODUCT OF TWO BINOMIALS, HAVING ONE COMMON TERM ANO THE OTHER
TERMS UNLIKE, 16 A TRINOMIAL CONSISTING OF THE SQUARE OF THE COMMON TERM,
THE ALGEBRAIC SUM OF THE UNLIKE TERMS TIMES THE COMMON TERM, AND THE PR2
DUCT OF THE UNLIKE TERMS.

THUS IN (I) OF THE PREVIOUS EXAMPLES, THE COMMON TERM IS NAN AND
THE UNLIKE TERMS ARE 2 AND 3. THE SQUARE OF THE COMMON TERM IS A2. THE
ALGEBRAIC SUM OF THE UNLIKE TERMS IS 2+3 = 5 AND THIS TIMES THE COMMON
TERM 18 5 TIMES A = 5A. THE PRODUCT OF THE UNLIKE TERMS IS 2X3 = 50HENCE
THE RESULT (A+2)(A+3) = A1 -45A+6.

LIKEWISE IN EXAMPLE (3), THE SQUARE OF THE COMMON TERM IS A. THE
ALGEBRAIC SUM OF THE UNLIKE TERMS IS THE SUM OF +2 AND '"34 OR -I. THIS
TIMES THE COMMON TERM A 18 A. THE PRODUCT OF THE UNLIKE TERMS 18 2TIME8

= -6. HENCE THE RESULT (A+2)(A-3) = A2'W"6.o

TO FACTOR A TRINOMIAL INTO TWO BINOMIALS WITH ONE COMMON TERM

BY FURTHER STUDY OF THE ALGEBRAIC MANIPULATIONS AS JUST EXPLAINED,
ONE CAN FORESEE THE POSSIBILITIES OF FACTORING A TRINOMIAL INTO TWO BIN-
OMIALS WITH ONE COMMON TERM. THE METHOD OF FACTORING SUCH FORMS CAN BEST
BE SEEN BY CONSIDERING SPECIFIC EXAMPLES:

EXAMPLE 1: FACTOR AL+9A+20

BY INSPECTION, IT WILL BE SEEN THAT THIS TRINOMIAL HAS ONE TERM
054.", THAT IS A PERFECT SQUARE. THEREFORE, A, THE SQUARE ROOT OF Al, 18
TO BE THE COMMON TERM OF THE FACTORS IF THERE ARE ANY. THE UNLIKE TERMSOF THE FACTOR MUST HAVE A PRODUCT OF +20 AND A SUM OF +9. BY INSPECTION,IT WILL BE SEEN THAT +5 AND +4 HAVE SUCH A PRODUCT AND SUM. HENCE THEFACTORS OF A14.9A+20 ARE (A+5)(A+4).

EXAMPLE 2: FACTOR AL-A-20

As BEFORE, THE COMMON TERM IS A. THE UNLIKE TERMS HAVE A PRODUCT OF-20 ANO A SUM OF "1. THE PRODUCT BEING ONE OF THE TERMS WILL HAVE TOBE AND THE OTHER 4.. THE SUM BEING "'", SHOWS THAT THE LARGER IN ABSOLUTE
VALUE 18 "". THIS GIVES -5 AND +4 AS THE NUMBERS.

HENCE AZ-A-201 = (A.6)(A44)

MANY TRINOMIALS THAT APPEAR TO BE OF THE KIND HERE CONSIDERED CAN-NOT BE FACTORED IN THIS WAY. FOR INSTANCE, Xj+7X+5 CANNOT BE FACTORED INTHIS MANNER, FOR WE CAN FIND NO INTEGRAL NUMBERS WHICH HAVE A SUM OF 7AND A PRODUCT OF 5.

EQUATIONS

AN EQUATION 16 A STATEMENT THAT WO EXPRESSIONS ARE EQUAL IN VALUE.-
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THUS AAB IS AN EQUATION. SO ARE A =1147-; V =4/31D5mo 3x+4 = 10.

THE PART TO THE LEFT OF THE EQUALITY SIGN IS CALLED THE FIRST MEM-

BER OF THE EQUATION, AND THE PART TO THE RIGHT, THE SECOND MEMBER.

IF THE AREA OF A RECTANGLE IS 30 SQ. FT. AND THE ALTITUDE 18 4 FT.

WE HAVE 36 = 4e, WHERE B STANDS FOR THE BASE OF THE RECTANGLE.NOW IT 113

EASY TO SEE THAT THE STATEMENT, OR EQUATION 18 TRUE IF, AND ONLY IF 8 =

9. IN OTHER WORDS, 36 = 4x9. SUCH AN EQUATION AS THIS, WHERE THE LATTER

WHOSE VALUE WE WISH TO FIND HAS A CERTAIN VALUE, IS CALLED A CONDITIONAL

EQUATION. THAT IS, THIS EQUATION IS TRUE ON
THE CONDITION THAT B = 9 AND

FOR NO OTHER VALUE OF B.

NOT ALL STATEMENTS OF EQUALITY ARE CONDITIONAL. FOR INSTANCE,

2
18 AN EQUATION; BUT X MAY HAVE ANY VALUE WHATEVER AND STILL

MAKE THE EQUATION TRUE. THUS IF X = 3, THE EQUATION BECOMES -=1- = 3-2
3+2

OR I = I. ON THE OTHER HAND, IF X=4 WE GET 2=2. SIMILARLY,FOR ANY VALr

UE WE GIVE X.

THIS KIND OF AN EQUATION IS CALLED AN IDENTICAL EQUATION.

THE NUMBER ASKED FOR IN AN EQUATION OR THE LETTER STANDING FOR IT

IS CALLED THE UNKNOWN NUMBER, THE UNKNOWN QUANTITY, OR BRIEFLY,THE UN-

KNOWN. To SOLVE AN EQUATION IS TO FIND THE VALUE OR VALUES OF THE UNKNOWN

THAT WILL MAKE THE EQUATION TRUE.

A LARGE NUMBER OF PROBLEMS, THAT ARE SOLVED BY MEANS OF ALGE8RA,CM

VOLVE THE EQUATION IN ONE FORM OR ANOTHER. THIS MAKES THE EQUATION THE

MOST IMPORTANT TOOL OF ALGEBRA; IN FACT, IT MAY BE LOOKED UPON AS A MORE

OR LESS COMPLICATED PIECE OF MACHINERY, WITH WHICH THE STUDENT SHOULD Em

COME FAMILIAR.

TO BECOME FAMILIAR WITH THE MECHANISM OF THE EQUATION AND ITS APPS

LICATIONS REQUIRES TIME AND DRILL IN SOLVING EQUATIONS. MUCH OF THE WORK

IN SOLVING EQUATIONS 18 MECHANICAL IN THAT IT DOES NOT REQUIRE MUCH

THOUGHT IN ITS PERFORMANCE. HOWEVER, THERE 13 A REASON FOR DOING EACH

STEP THAT IS TAKEN.

SOLUTION OF EQUATIONS

AS ALREADY STATED, TO SOLVE AN EQUATION IS TO DETERMINE THE VALUE

OR VALUES OF THE UNKNOWN NUMBER OR NUMBERS IN THE EQUATION. LET US NOW

CONSIDER SOME SIMPLE EQUATIONS AND THEREBY WORK OUT SOME GENERAL METHODS

OF PROCEDURE IN THE SOLUTION.

EXAMPLE I: FIND THE VALUE OF X, IF X"'"5 = 3. HERE ONE READILY BEES

BY INSPECTION THAT X = 8 BUT THIS DOES NOT HELP US ANY IN SOLVING A MORE

COMPLICATED EQUATION. IF, HOWEVER, WE NOTICE THAT IN ORDER TO DETERMINE

X = 8, 5 IS ADDED TO EACH MEMBER OF THE GIVEN EQUATION, WE HAVE AMETHOD

OF PROCEDURE THAT WE CAN APPLY TO ANOTHER LIKE PROBLEM. WE HAVE THEN THE

FOLLOWING SOLUTION:
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G ivEN EQuAT ION,
x--5 = 3ADDING 5 TO EACH MEMBER, x-5+5 = 3+5COLLECTING THE TERMS,
x = 8

THIS PROCESS CAN BE SHORTENED AS FOLLOWS:

x-5 = 3
x = 3+5
x = 8

EXAMPLE 2: SOLVE FOR X, IF
SOLUTION: GIVEN EQUATION --
SUBTRACTING 3 FROM EACH MEMBER

-X+`3=
x+3 =

x+3-3 =

10
10

10-3COLLECTING THE TERMS = 7

EXAMPLE 3: SOLVE FOR B,
SOLUT ION: GIVEN EQUATION,
DIVICING EACH MEMBER BY 4,

4e =
48 =- B =

36
36
9

EXAMPLE 4: SOLVE FOR X, IF.... 4x+5-7 = 2x+6SOLUTION: GIVEN EQUATION 4x+5-7 = 2x+6ADDING 7 TO BOTH MEMBERS - 4x+5 = 2x+6+7SUBTRACTING 5 FROM BOTH MEMBERS _ 4x = 2x+6+7-5SUBTRACTING 2x FROM BOTH MEMBERS
4x -2x = 6+7-5COLLECTING THE TERMS - - - 2x = 8DIVIDING BOTH MEMBERS BY 2, _ x = 4.

NOTICE THAT WHEN A TERM IS ADDED TO OR SUBTRACTED FROM BOTHMEMBERSOF AN EQUATION, IT IS TRANSPOSED
FROM ONE MEMBER TO THE OTHER AND ITS

SIGN IS CHANGED. Now BY THIS TRANSPOSING, WE CAN BRING ALL THE TERMS THATCONTAIN THE UNKNOWN INTO THE FIRST MEMBER AND ALL THE OTHERS INTO THESECOND MEMBER. THIS GIVES A CONVENIENT FORM, FOR WE WISH FINALLY TO HAVEAN EQUATION IN WHICH THE FORM 18:

UNKNOWN = SOME NUMBER

STEPS IN SOLUTION: THE SOLUTION OF AN EQUATION THAT IS IN ASIMPLEFORM MAY THEN BE CARRIED OUT IN THE FOLLOWING THREE STEPS:

(I) TRANSPOSE ALL TERMS CONTAINING THE UNKNOWN TO THE FIRST MEMBER,AND ALL OTHER TERMS TO THE SECOND MEMBER. IN EACH CASE, CHANGETHE SIGN OF THE TERM TRANSPOSED.

(2) COLLECT THE TERMS IN EACH MEMBER

(3) DIVIDE EACH MEMBER BY THE COEFFICIENT OF THE UNKNOWN.
IT WILL BE FOUND LATER THAT THERE ARE OTHER CHANGES TO BE MADE INAN EQUATION THAT IS NOT IN A SIMPLE FORM, BEFORE THESE THREE STEPS ARETO BE PERFORMED.

AXIOMS

AN AXIOM IS A TRUTH THAT WE ACCEPT WITHOUT PROOF*TkE SOLUTIONS OF
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THE EQUATIONS AND THE CHANGES MENTIONED IN THE PREVIOUS EXPLANATIONS SU-

GGEST THE FOLLOWING AXIOMS:

(I) IF EQUAL NUMBERS ARE ADDED TO EQUAL NUMBERS, THE SUMS AREEQUAL.

(2) IF EQUAL NUMBERS ARE SUBTRACTED FROM EQUAL NUMBERS, THEREMAIND

ERS ARE EQUAL.

(3) IF EQUAL NUMBERS ARF MULTIPLIED BY EQUAL NUMBERS,THE PRODUCTS

ARE EQUAL.

(4) IF EQUAL NUMBERS ARE DIVIDED BY EQUAL NUMBERS,THE QUOTIENTS

ARE EQUAL.

(5) NUMBERS THAT ARE EQUAL TO THE SAME NUMBER OR EQUAL NUMBERS ARE

EQUAL TO EACHOTHER

(6) LIKE POWERS OF EQUAL NUMBERS ARE EQUAL.

(7) LIKE ROOTS OF EQUAL NUMBERS ARE EQUAL.

(8) THE WHOLE OF ANYTHING EQUALS THE SUM OF ALL ITS PARTS.

TESTING THE EQUATION

THE EQUATION PRESENTS THE FOLLOWING QUESTION: WHAT NUMBER, IF ANY,

MUST THE UNKNOWN REPRESENT IN ORDER THAT THE TWO MEMBERS OF THE EQUATION

SHALL BE EQUAL? THE SOLUTION OF THE EQUATION ANSWERS THIS QUESTION, BUT

IT IS ALWAYS WELL TO TEST OR CHECK THE WORK. THIS MAY BE DONE SY SUBSTI"

TUTING THE NUMBER OBTAINE') FOR THE UNKNOWN IN PLACE OF THE UNKNOWNLETTER

IF THE TWO MEMBERS OF THE EQUATION THEN BECOME IDENTICAL,THE NUMBER SUB-

STITUTED IS THE CORRECT ANSWER TO THE EQUATION.

EXAMPLE: SOLVE AND TEST: 47x-17 = 235-37x

SOLUTION: GIVE EQUATION 47x-17 = 235-37x

TRANSPOSING 47x+37x = 235+17

COLLECTING TERMS 84x = 252

DIVIDING BY THE COEFFICIENT OF X OR 84, x = 3

TESTING BY SUBSTITUTING 3 FOR X IN THE EQUATION, 141-17 = 235-111

COLLECTING TERMS GIVES THE IDENTICAL EQUATION, 124 = 124 WHICH

PROVES THAT THE ANSWER X = 3 IS CORRECT.

EQUATIONS INVOLVING GROUPED TERMS

IF AN EQUATION HAS INDICATED
MULTIPLICATIONS AND SIGNS OF GROUPING,

IT IS USUALLY BEST TO PERFORM THE MULTIPLICATIONS AND REMOVE THE SIGNS

OF GROUPING BEFORE PROCEEDING WITH THE SOLUTION OF THE EQUATION.

EXAMPLE I: FIND THE VALUE OF C FROM 4c+3 (2c -4(c-4= 72-6c

SOLUTION:

(I) GIVEN EQUATION 4c-F3(2c-4(cA.2))= 72-6c

(2) SIMPLIFYING 4c+3(2c-4c+8) = 72-6c
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(3) SIMPLIFYING 4c+6c-12c+24 = 72-6c
(4) TRANSPOSING 4c+6c-12c46c = 72-24
(5) COLLECTING TERMS 4c = 48
(6) DIVIDING BY THE COEFFICIENTS OF CI c=12

TEST: 40+3(24-4 (1a-2))= 72-72 OR 0 = O.

EXAMPLE 2: SOLVE ,r0R X IN THE FOLLOWING EQUATION:
(I+3x) = (5X)L44(1 '"%)(3""2X)

SOLUTION:

(I) GIVEN EQUATION, (1+3X)2= (5'X)244 (I'`"X)(3'2X)
(2) REMOVING PARENTHESIS, I+6x+9x2 25-10x+x1+12-210x+8x1(3) TRANSPOSING,

9X21:2...eXt+6X.1-10X+20X = 25+12-I
(4) COLLECTING TERMS, 36x = 36
(5) DIVIDING BY 36, x = I.

TEST: (i+e= (5-6L+ 4 (1-1)(3-2)
41= 4240
16 = 16

EQUATIONS SOLVED BY THE AID OF FACTORING

THE EQUATIONS CONSIDERED 80 FAR HAVE REDUCED TO A FORM IN WHICH ACERTAIN NUMBER OF TIMES THE UNKNOWN EQUALED SOME NUMBER. THUS 6x = 12 ISSUCH A FORM. THEY ARE CALLED SIMPLE EQUATIONS.

ALL EQUATIONS DO NOT REDUCE TO SUCH A FORM AS THIS. FOR INSTANCE,WHEN THE EQUATION HAS BEEN REDUCED, WE MAY HAVE AN EQUATION IN WHICH THESQUARE OF THE UNKNOWN EQUALS SOME NUMBER. THUG x1= 5 is SUCH A FORM.SUCH AN EQUATION IS CALLED A PURE QUADRATIC EQUATION.

AGAIN, WHEN THE EQUATION IS SIMPLIFIED AND REDUCED, WE MAY HAVE AFORM CONTAINING THE SQUARE AND THE FIRST POWER OF THE UNKNOWN EQUALINGSOME NUMBER. THUS X2."*5X = 24 18 SUCH A FORM. SUCH AN EQUATION IS CALLEDAN AFFECTED QUADRATIC.

SOME OF THESE FORMS OF EQUATIONS, TOGETHER WITH CERTAIN OTHER FORMSCAN BE SOLVED BY THE AID OF FACTORING.

EXAMPLE I: SOLVE THE EQUATION Xi'"SX46 = 0
EXPLANATION: THIS EQUATION PRESENTS THE FOLLOWING QUESTION: FORWHAT VALUES OF X DOES X2""6X46 EQUAL ZERO? IF WE FACTOR THE EXPRESSION INTHE FIRST MEMBER WE GET (X-2) (x-'3) = 0. THE QUESTION NOW IS: FOR WHATVIk6UE6 OF X DOES THE PRODUCT (W`2)(X*4) HAVE THE VALUE ZERO? WE KNOW THATTHE PRODUCT OF TWO FACTORS 18 ZERO IF EITHER, OR BOTH, FACTORS ARE ZEROAND NOT OTHERWISE. HENCE THE PRODUCT IS ZERO IF = Op OR X"'3 = 0.THUS, THE SOLUTION x2 -5x+6 = 0 DEPENDS UPON THE SOLUTION OF THE TWO SIM"PLE EQUATIONS, = 0 AND x-3 = 0. THESE GIVE THE VALUES 2 AND 3 FOR X.

THAT THESE ARE THE VALUES OF X MAY BE TESTED BY SUBSTITUTING EACHONE SEPARATELY IN THE EQUATION x1 -6x+6 = O.
SUBSTITUTING X = 2, GIVES 4-10+6 = 0,
SUBSTITUTING X = 3, GIVES 9-15+6 = 0,

OR 0
OR 0

=
=
0
0
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THE VALUES OF THE UNKNOWN NUMBER THAT SATISFY THE EQUATION,THAT IS,

ANSWER THE QUESTION, ARE CALLED ROOTS OF THE EQUATION.

A QUADRATIC EQUATION HAV:NG ONE UNKNOWN

EXAMPLE I: SOLVE THE EQUATION X2-25 = 0

SOLUTION:
(1) GIVEN EQUATION_
(2) FACTORING
(3) PUTTING EACH FACTOR EQUAL
(4) TRANSPOSING__

LETTER ALINAYS HAS

x9--25 = 0
(x+5)(x-5) = 0

TO ZERO. _ X+5 = 0 AND X-5
X = -5 AND X =

THIS SAME PROBLEM CAN ALSO BE SOLVED IN

TWO ROOTS.

=0
5

THE FOLLOWING MANNER:

(1) GIVEN EQUATION
(2) TRANSPOSING -- _
(3) TAKING THE SQUARE ROOT OF EACH MEMBER OF THE

EQUATION. - _ -
x-25 = 0

_ x1= 25

x =± 5

HERE THE SIGNItIS READ "PLUS OR MINUS AND IT MEANS THAT 5 IS A

PLUS AS WELL A8 A MINUS QUANTITY. IT SHOULD BE NOTED HERE THAT WE ARESAX

!NG THAT 25 HAS THE TWO SQUARE ROOTS +5 AND -5. EITHER OF THESE IS THE

SQUARE ROOT OF 25, FOR (4-5)1= 25 AND ALSO (-02. 25. HENCE BOTH FULFILL

THE DEFINITION OF A SQUARE ROOT, THAT IS, ONE OF THE TWO EQUAL FACTORS

INTO WHICH A NUMBER MAY BE DIVIDED.

WE HAVE THE FOLLOWING RULES OF PROCEDURE WHEN SOLVING AN EQUATION

BY THE AID OF FACTORING.

(1) SIMPLIFY THE EQUATION AS MUCH AS POSSIBLE.

(2) TRANSPOSE ALL TERMS TO THE FIRST MEMBER OF THE EQUATION.

(3) FACTOR THE EXPRESSION IN THE FIRST MEMBER.

(4) EQUATE EACH FACTOR TO ZERO
(5) SOLVE EACH OF THESE EQUATIONS.

FORMULAS

A FORMULA A8 GIVEN USUALLY STANDS SOLVED FOR ONE LETTER IN TERMS

OF SEVERAL OTHERS. FOR EXAMPLE, CONSIDERING THE FORMULA T =ph +2A,WEHAVE

T STATED IN TERMS OF P,H, AND A.

IT OFTEN HAPPENS THAT ONE WISHES TO EXPRESS H, FOR INSTANCE, IN

TERMS OF T, P AND A. To DO THIS, IT IS ONLY NECESSARY TO SOLVE THE FORM""

ULA AS AN EQUATION AND FIND THE VALUE OF THE PARTICULAR LETTER DESIRED

IN TERMS OF THE OTHERS.

EXAMPLE: SOLVE THE FORMULA I = PH+2A FOR EACH OF THE OTHER LETTERS

SOLUTION: HERE THERE ARE THREE LETTERS OTHER THAN I AND WE SHALL

SOLVE FOR P,M, AND A IN TURN.

(I) GIVEN EQUATION_ --
(2) TRANSPOSING _
(3) 0/VIDING BY THE COEFFICIENT OF

"-44 AND INDICATING THE DIVISION

T = PH4.2A
=  T4 -2A

P WHICH IS
WE HAVE: P =
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(4) SOLVING STEP (2) FOR H WE HAVE -- --
(5) TO SOLVE FOWAAITRANSPOSE STEP (I) AS FOLLOWS
(6) DIVIDING BY THE COEFFICIENT OF°A4WHICH 182,

WE OBTAIN A =,,T-pm

2

T -2A

ALGEBRAIC FRACTIONS

-2A
P
= -T+pH

YOU ARE ALREADY FAMILIAR WITH THE USE OF FRACTIONS AS APPLIED TO
ARITHMETIC AND YOU WILL FIND THAT IN ALGEBRAIC EXPRESSIONS INVOLVING FRAM
TIONS, THE SAME PRINCIPLES ARE APPLIED AND THE SAME OPERATIONS PERFORMED
AS IN ARITHMETIC.

REDUCTION OF A FRACTION TO ITS LOWEST TERMS

As YOU WILL RECALL FROM YOUR PREVIOUS STUDIES OF ARITHMETIC,A FRA2
TION IS IN ITS LOWEST TERMS WHEN THERE IS NO FACTOR COMMON TO BOTH NUM-
ERATOR AND DENOMINATOR. THE SAME APPLIES TO ALGEBRA. TO REDUCE AN ALGE-
BRAIC FRACTION TO ITS LOWEST TERMS, WE FIRST FACTOR EACH TERM OF THE FR&
CTION AND CANCEL THE COMMON FACTORS.

EXAMPLE I: REDUCE 6X1Y3 TO ITS LOWEST TERMS

PROCESS. 6X2 Y3
I 2x4 Y4

12x4 Y4

=/2(.,3t'X' X=101/1

21-2 ./3)6)e.
././)1/./9

2tY

EXAMPLE 2: REDUCE X2-Y2 TO ITS LOWEST
X2+2XY+Y1

PROCESS:

x2+2XY+Y2= Y

EXAMPLE 3: p247N-30 (N+10)
/(

N+10N2-7m+12

(N- 4 ,LAY3r N -4

L-+-
(X+Ne

THE LOWEST COMMON MULTIPLE

TERMS

To FIND THE LOWEST COMMON MULTIPLE OF A GROUP OF ALGEBRAICEXPRESS-
IONS, THE FIRST STEP IS TO SEPARATE EACH TERM INTO ITS PRIME FACTORS. THIS
DONE, THE LOWEST COMMON MULTIPLE IS FOUND BY TAKING EACH FACTOR THEGREAI
EST NUMBER OF TIMES IT IS FOUND IN ANY EXPRESSION.

EXAMPLE I:

PROCESS:

THEREFORE

EXAMPLE 2:

PROCESS:

THEREFORE,

FIND THE L.C.M.(LOWEST COMMON MULTIPLE) OF 12X2Y,16XY3
AND 240Y
12X2Y = 22' 3 x2. Y
I 6XY3 = 24 x  V3
24x/v = 23 3  x4 -

L.L.C.M = 24. 3 - 193= 48x3 Y3

FIND THE L.C.M. OF X2+2XY+YIANO X .`f2

X +2x,144/2= (x+r)2

x2. -v2= (x4y)(x-Y)

L. c.u. = x+v)2(x-v)
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THE LOWEST COMMON DENOMINATOR

THE METHOD OF FINDING THE LOWEST COMMON DENOMINATOR (1.4C004,) FOR A
GROUP OF ALGEBRAIC FRACTIONS CAN BEST BE EXPLAINED BY MEANS OF THE FOLL
OWING EXAMPLE:

AN

EXAMPLE: CHANGE X , Z , AND TO FRACTIONS
91..-----

v-2 v'+4v-I2
HAVING A L.C.O.

PROCESS: To FIND THE L.C.D., PROCEED AS FOLLOWS:

Y-2 = v-2
v1+4v-12 = (v-+6) (v'-2)

v.2 +6v =y( v+6)

THEREFORE L.C.M.= v(v+6)(14-2)

To CHANGE THE GIVEN FRACTIONS TO FRACTIONS HAVING
L.C.D. WE HAVE:

(I) --2S-- = -
v-2 Y v+6 v-2)

( 2) Z

v1+4v- 12 ( Y+6) ( Y-2

( 3) _ -Y .-

Y2 +6Y - Y(Y+6)

y(y+6)(Y-2)

xvi+6xv - XY1+6XY
v(v2+4v-I2 v3+4v;-I2v

ZY
Y(Y+6)(Y'2)

V(142)
Y( Y+6)

(t*2):=

ZY
r/44y2.-I2v

v(v-z)

ADDITION AND SUBTRACTION OF FRACTIONS

AS

ALGEBRAIC FRACTIONS CAN BE ADDED OR SUBTRACTED AS IN ARITHMETIC BY
FIRST REDUCING THEM TO FRACTIONS HAVING A COMMON DENOMINATOR AND THEN
ADDING OR SUBTRACTING THE NUMERATORS. THE RESULT SHOULD THEN BE REDUCED

TO ITS LOWEST TERMS.

EXAMPLE I: FIND THE SUM OF X AND A2+Xl"

A+X

PROCESS: L.C.O. * ALX1 = (A+X)(A1C)
THEN

= )...6.1:A./.

(A+X Al ""X2

A A(eX) 11A2r.AX

A+X (A+X)(A"'X) ''9(1.

Al4A1
Al.m.X31A+X)(A"'X) Al"'Xt

THEN BY ADDING THE NUMERATORS, THE SUM

2A2 +2X2

EXAMPLE 2: FROM
A2 -AX

Al I

TAKE A +2K
Al-X1'

PROCESS: L.C.O. = A(A+X)(*....X) = A1

OF THE FRACTIONS IS
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A+X (A+X)(A+X) A2+2Ax+x'l
-

A2 -AX A(A+X) (014-X) A3- AXT

A+2x A(A+2x) A.2+2Ax
A3 -X1 A(A+X)(A-X) A3-AXL

THEN BY SUBTRACTING THE NUMERATOR OF THE SECOND FRACTION FROM THE
NUMERATOR OF THE FIRST, WE HAVE

A2+2AX+X7-

A2+2AX
THEREFORE OUR ANSWER Is

MULTIPLICATION OF FRACTIONS

X

A3 -AXE

As IN ARITHMETIC, THE PRODUCTS OF TWO OR MORE FRACTIONS. IS THE PRO-
DUCT OF THEIR NUMERATORS DIVIDED BY THE PRODUCT OF THEIR DENOMINATORS.

IF WE FIRST CANCEL ALL FACTORS COMMON TO BOTH THE NUMERATOR ANDTHE
DENOMINATOR, THE RESULT WILL BE IN ITS LOWEST TERMS WHEN THE MULTIPLYING
IS DONE.

EXAMPLE: PERFORM THE FOLLOWING PROBLEM OF MULTIPLICATION:

PROCESS: BY

_2
x x

X+2xy+y2 xt-2xr+YI x3

FACTORING THESE EXPRESSION WE OBTAIN:

xrY X x (X-I-Y)(XY)
(X+Y)(X+Y) (X...Y)(X-*Y) X3

BY CANCELLING WE HAVE:

--44'"*C---- X

ideMeg,X+YY
X kiltfli C.X"ggr

X3 X3

DIVISION OF FRACTIONS

ONE FRACTION IS DIVIDED BY ANOTHER BY MULTIPLYING THE RECIPROCALOF
THE DIVISOR BY THE DIVIDEND. THE RECIPROCAL OF A NUMBER, YOU WILL RECALL,
IS I DIVIDED BY THAT NUMBER. THE RECIPROCAL OF A FRACTION IS THEN THE
FRACTION INVERTED.

EXAMPLE: DIVIDE x -11x-28 BY X2. -'18X+65

x'-3*- 18 x2 -9x+ 18

PROCESS: GIVEN PROBLEM X2 -I00--26 x'2 -18x+65

x1 -3x-18 ' -9x+I8

INVERTING THE DIVISOR WE HAVE: x2 -I Ix -26 X x2 -9x+18
x2 --3x-18 x--I8x+65
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FACTORING AND CANCELLING WE HAVE:
(721rc-5)

c

-i_12,1_ )1,1-x-6
x+3 x-5 x1 -2x-15

EQUATIONS INVOLVING ALGEBRAIC FRACTIONS

THE EQUATIONS AS SO FAR PRESENTED TO YOU DID NOT INVOLVE FRACTIONS,

SO THE STEP FOR YOU TO TAKE AT THIS TIME, WILL BE TO FAMILIARIZE YOUR-

SELF WITH FRACTIONAL EQUATIONS.

WHEN AN EQUATION CONTAINS FRACTIONS, THESE MUST SE REMOVED. WE

SPEAK OF THIS PROCESS AS 'CLEARING THE EQUATION OF FRACTIONS'. AN EQUA-

TION CAN BE CLEARED OF FRACTIONS BY MULTIPLYING BOTH MEMBERS OF THE EQUA-

TION BY THE LOWEST COMMON DENOMINATOR OF ALL THE FRACTIONS IN THE EQUA-

TION.

EXAMPLE SOLVE IL + 17 - _A__
5 8 10

THE LOWEST COMMON DENOMINATOR IN THIS CASE WOULD BE 40.

THEN BY MULTIPLYING EACH TERM BY 40, WE CAN CLEAR THE

EQUATION OF FRACTIONS IN THE FOLLOWING MANNER:

=
5 40

= _15,A

8 40

17 = = 40x17 =
I 40 40

x = -4x
10 40

THUS BY USING THE NUMERATOR ONLY, THE DENOMINATORS BEING COMMON,

wE HAVE 8x+5x = 680 - 4x

TRANSPOSING TERMS 8x+5x+4x = 680

COLLECTING TERMS - 17x = 680

DIVIDING BY COEFFICIENT OF X OR 17 __ x = 660
17

x = 40

TEST IF X=40 IN THE EQUATION A .2s = 17 ...A...THEN BY SUBSTITUT-
,-

0 8 10

ING 40 FOR X IN THIS EQUATION WE HAVE Q + N. = 17 -E/
5 8 10

8 + 5 = 17-4
13 = 13

EXAMPLE 2: IN THE EQUATION S = E - R SOLVE FOP I.

0.220

PROCESS: CLEARING OF FRACTIONS WE OBTAIN 0.220 S = &IR
TRANSPOSING -IR = E -0.220 S
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DIVIDING BY COEFFICIENT OF I OR R WE HAVE:
I

E -0.220S

PRACTICE PROBLEMS
R

THE FOLLOWING IS A SERIES OF PRACTICE PROBLEMS WHICH WILL GIVE YOUTHE OPPORTUNITY OF BECOMING STILL MORE FAMILIAR WITH THE ALGEBRAIC PRO-CESSES EXPLAINED IN THIS LESSON BEFORE ANSWERING THE EXAMINATION QUES-TICNS. THE ANSWERS TO THESE PROBLEMS ARE ALSO GIVEN HERE SO THAT YOU CANCHECK YOUR OWN WORK.

II

FIND THE PRODUCTS OF THE FOLLOWING WITHOUT ACTUAL MULTIPLICA-
TION AND TEST BY ACTUAL MULTIPLICATION:

I . (x+v)1
2. (3x+242-
3. (3Ax-441
4. ( 2AI Y1+3Y)1.

FIND

ANSWER = X42XY+Y2
ANSWER = 9X2+I2XV+4Y2
ANSWER = 9A2X224AXV+16Y2
ANSWER = 4A4 12A2 49v z

THE PRODUCT OF THE FOLLOW:NG WITHOUT
AND TEST BY ACTUAL MULTIPLICATION:

ACTUAL MULTIPLICATION

I. (2X+2Y)(2X+2Y) ANSWER = 4X1 -4Y2
2. ( )(3+Ne's) ( x-Y3) ANSWER = )(6-y6
3. (12x-I3)(12x+13) ANSWER = 144)(2-169
4. (3)(-0(3x+Y) ANSWER = 9X2-Yz

III FACTOR THE FOLLOW:NG AND TEST BY MULTIPLICATION:

I. ANSWER (4+2Y)(4
16 - = -2Y)2. 36A4- 4982 ANSWER (6A -78)(6A +78)=

3. 1-9x4 ANSWER (I+3X1)(1-'3X2)=
4. 7I ANSWER (7+5)(7-5)

-5z =
5.

ANSWER (B-4)(0-3)
82-7E1+12 =

6.
ANSWER (X+4)(x-2)

xa+2x-8 =
7. ANSWER (X46)(X+7)

x2+I5x+56 =

IS1 SOLVE

1.

THE FOLLOWING EQUATIONS:

7x-5 = *-23 ANSWER =
2x-(5x+5) = 7 ANSWER = -3

2.

3. 3( x+1 ) =: -5 ( x- I ) ANSWER =
4. 7x+I9 = 5x+7 ANSWER = -6
5. GIVEN THE EQUATION A = jr AB.

SOLVE B ANSWER A =TcFOR A AND

V REDUCE THE FOLLOWING FRACTIONS TO

s = A
*TT cx,

THEIR LOWEST TERMS.

1. 125 ANSWER = 5
225

9
2. ein 3A X4 ANSWER = A

35,00 5x

3. A7 --5A+6 ANSWER =
A-5-7A+10
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la PERFORM THE FOLLOWING PROCESSES:

I. ADD A-3, AND 5+A ANSWER = 3=1

3 6 6

2. FROM 4A+3X TAKE 5A+2 ANSWER =

3A 3
3A

3. Aoo 3 r
4 AND 7 ANSWER= 7-10

x-2 x-3 x1 -5x+6 x2.. -5x+6

4. MULTIPLY 2A. BV ANSWER = M

cx 3

5. FIND THE PRODUCT OF lag x 1661)(2. X 703

4co 2191 413/C2

ANSWER = AC01

6. DIVIDE 3x+y, BY AA ANSWER = ZS&

9 3 12x

7. MULTIPLY A2+2AB-1-82 BY A ANSWER = A +AB

A7.-82. A -a

SOLVE THE FOLLOWING EQUATIONS FOR THE UNKNOWN NXN ANO TEST

THE RESULTS:

1. A 4_ = 19_ _ ANSWER = 5

2 6 3

2. 2a ...ix +.52i = 4/9 ANSWER = 4

3 8 18 24

3. x+1 = 2 ANSWER = I

2 4

IN ORDER TO HANDLE QUICKLY AND ACCURATELY ALGEBRAIC PROBLEMS OF

THE TYPES EXPLAINED, A GREAT DEAL OF PATIENT PRACTICE IS REQUIRED. AL-

THOUGH MATHEMATICS OF THIS TYPE IS NOT ENECESSARY FOR THE ORDINARY ME-

CHANICA, YET IT IS ESSENTIAL FOR THOSE WHO INTEND TO ENGAGE IN THE EN-

GINEERING FIELD IN A SUPERVISORY CAPACITY AND WHICH AFTER ALL SHOULD BE

THE ULTIMATE GOAL OF EVERY NATIONAL GRADUATE. REMEMBER ALWAYS, IT RE-

QUIRES ADDITIONAL CONCENTRATION ON THE PART OF THE STUDENT TO MASTER

THIS WORK, BUT THE EFFORT MADE IN ACQUIRING THIS KNOWLEDGE WILL BE WELL

WORTH WHILE.
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LESSON NO. AS- 7

Faith is the essential condition of
confidence, and confidence is the ess-
ential condition of success. t

I. - FIND THE PRODUCT (2X+3Y)2WITHOUT RESORTING TO ACTUAL
MULTIPLICATION.

2. - FIND THE PRODUCT OF (3X+4Y)(3X-4Y) WITHOUT RESORTING
TO ACTUAL MULTIPLICATION.

3. - FACTOR THE EXPRESSION 4A4-161:17.

4. - FACTOR THE EXPRESSION X74.7X+12.

5. - SOLVE THE FOLLOWING EQUATION FOR X: 3x+4 =
THE TEST OR PROOF THAT YOUR VALUE FOR 'VI

- REDUCE THE FRACTION X2 *x-S TO ITS LOWES
x -4x44

7 -. Avo

'3. - FROM

9. - FIND

2A+5 AND
3 6

3A+2 TAKE 7AB-10B
B 8.4

2
THE PRODUCT OF A.2=1 x

x-1

x+10. SHOW
IS CORRECT.

T TERMS.

Me"' GIVEN THE EQUATION V = 2)T3R/L2- ,SOLVE FOR R.

PRINTED IN U.S.A.
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LESSON NO. 8

EXPONENTS, POWERS, ROOTS AND LOGARITHMS

IN THIS LESSON YOU ARE GOING TO BE FAMILIARIZED WITH SOME OF THE
MOST IMPORTANT MATHEMATICAL PROCESSES USED IN SOLVING ENG SNEER ONG PROBLEMS
AND IT iS THEREFORE ADVISABLE THAT YOU GIVE THIS LESSON YOUR UTMOST A TT-,
ENT ION.

IN A PREVIOUS LESSON TREATING WITH MATHEMATICS YOU WERE ALREADY IN-
TRODUCED TO EXPONENTS SO THAT WHAT YOU HAVE SO FAR LEARNED ABOUT THIS
SUBJECT WILL AGAIN APPLY AT THIS TIME/ONLY THAT WE SHALL CARRY THIS ANA"''

LYS'S A LITTLE FURTHER THAN HERETOFORE.

LAW OF EXPONENTS IN MULTIPLICATION

THE LAW OF EXPONENTS AS
APPLIED TO MULTIPLICATION WAS
ALREADY GIVEN YOU PREVIOUSLY
BUT IT IS ADVISABLE THAT IT BE
BROUGHT TO YOUR ATTENTION A-
GAIN AT THIS TIME 80 AS TO "TIE
IN" WITH YOUR PRESENT STUDIES
AND THEREFORE MAKE THE SUBJECTS
AS PRESENTED IN THIS LESSON
MORE UNDERSTANDABLE.

IN THE CASE OF MULT I PL
CATION, YOU WI LL RECALL, WE ADD
EXPONENTS AND TH18 CAN BE EX-
PRESSED IN SYMBOLS FOR ALL
GENERAL CA8E8 IN THE FOLLOWING
MANNER:

Am Att= APn
OR A3  A4= A3+ 4 = A7

FIG.1

Logarillims-Essentiat La Solve Design Pro-
iilems in Amplifying Sysiems,
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LAW OF EXPONENTS IN DIVISION

WHEN DIVIDING EXPRESSIONS INVOLVING EXPONENTS, THEN WE SUBTRACT
EXPONENTS AND THIS CAN BE EXPRESSED IN SYMBOLS FOR ALL GENERAL CASES IN
THE FOLLOWING MANNER:

= A"
OR Ak9+ A2 = 14:1 A8

WHERE M IS GREATER THAN N. SHOULD M = NI THEN Al+ A = I

POWER OF A POWER

IN ORDER TO FIND THE POWER OF A POWER, THE EXPONENTS ARE MULTIPLIED.
FOR EXAMPLE, (11711.= en. ILLUSTRATED NUMERICALLY, WE COULD HAVE: (Ai r =AiA8

Alst

POWER OF A PRODUCT

THE POWER OF A PRODUCT 18 EQUIVALENT TO THE PRODUCT OF THE POWERS OFTHE FA CTORS FOR EXAMPLE, ( A EICO)7t= A.1;131 C1113

OR (4.6.09, 416184
OR ( 3Ai X5 Y4 )4= 34( AZ){ (X3)4 ( Y4 4= 8 IA8 xrIN9

POWER OF A FRACTION

THE POWER OF
VIDEO BY THE POWER

EXAMPLE:

A FRACTION IS EQUAL
OF THE DENOMINATOR.

TO THE POWER OF THE NUMERATOR 01'''

(t BM
OR 00)5 = ace = 10.10.10 = 1020 =8

\ 5 i 5 5  5  5 126
OR i 3A3 84K \5= Al) 1. 4 . 1 27A9 811)(32y2. i 21iv1

tiv 5

ROOT OF A POWER

IF WE TAKE THE ROOT OF A POWER, WE NAVE THE INVERSE OF FINDING THE
POWER OF A POWER. THAT 18, THE INVERSE OF (Arr= irtWOULD BEIVP-= A1114.ttOR Atk . A NUMERICAL EXAMPLE FOR FINDING THE ROOT OF A POWER WOULD BE AlFOLLOWS:

=: 4,8+4 = 41 = 16

ANOTHER EXAMPLE FOLLOWS: FIND THE CUBE ROOT OF 3689 XII

89 415 x 1'1+3= 37-131x4

! AI

SOLUTION: V3-89 Xr1:- 364:3

ZERO EXPONENT

ANY NUMBER OTHER THAN ZERO WHICH IS AFFECTED BY A ZERO EXPONENT 18
EQUAL TO ONE.

EXAMPLES: 1° = 5° = 1; 59 = 1; A9 = I.
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NEGATIVE EXPONENT

IN THE EXPLANATION PERTAINING TO THE LAW OF EXPONENTS IN DIVISION
YOU WERE SHOWN THAT Am r A = All -II. WHEN M IS GREATER THAN N AS IN AN EX-

AMPLE SUCH AS A64: A2= A4, WE OBTAIN A POSITIVE EXPONENT BUT WHEN PA 18 LESS

THAN N AS IN THE EXAMPLE A -. - A6= A-4 , WE OBTAIN A NEGATIVE EXPONENT.

I T IS ALSO TRUE THAT A6 = _L AND THEREFORE A4 = _L.
A4 A4 A4

SIMILARLY An = RULE: A NUMBER AFFECTED 8* A NEGATIVE EXPONENT E-

An

QUALS I DIVIDED BY THE SAME NUMBER AFFECTED BY A POSITIVEPOSIT EXPONENT AND

WHICH IS EQUAL IN ABSOLUTE VALUE TO THE NEGATIVE EXPONENT.

% -6
EXAMPLE: (I) 3 =

3' 729

( 2) 5-3 =_j_ = I

53 125

FRACT IONA L EXPONENT

rn+n
IF WE APPLY THE LAW 11747-= A WHEN M AND N HAVE ANY VALUES,THEN

tri

WE HAVE 'yA = AlT ALSO W"--= A!' = An

BY DEFINITION THEN, A FRACTIONAL EXPONENT INCICATES A ROOT. THE

DENOMINATOR 18 THE INDEX OF THE ROOT AND THE NUMERATOR IS THE EXPONENTOF
A POWER.

m
i -A

A FORM LIKE An MEANS EITHER
m
N Ant OR (IA)m . IN OTHER WORDS,THENUX

. r

BER. A MAY BE RAISED TO THE4MTH"POWER AND THEN THE"NTH"ROOT TAKEN,OR ELBE
THENTH"ROOT MAY BE TAKEN FIRST AND THEN THE RESULT RAISED TO THE 0 MTHII

POWER.

3

THUS 814 = 8 = 164 = 4
OR 8N = 0 8 YI-= 21=4

OTHER EXAMPLES OF FRACTIONAL EXPONENTS FOLLOW:

( I) 16)(2 = \TIC= 4

( 2) 642715 = 31/ 64 = 4

( 3) 32/5=W1 23= 8
(4) 4-3/' = rzr =

4'/ 1-47 1,164 8

IN ENGINEERING WORK, IT 18 A COMMON PRACTICE TO WRITE LONG NUMBERS
IN A SHORTER FORM WITH THE AID OF EXPONENTS. FOR EXAMPLE Id' = 1000; ME'

= 1,000,000; 103= .001; 101 = .000001 ETC.

1...06A )2/ 71-1MS
THE PROCESS OF MULTIPLICATION,D1VISION, RAISING TO POWERS AND

TRACTING ROOTS OF ARITHMETICAL NUMBERS IS GREATLY SIMPLIFIED BY THE USE

OF LOGARITHMS. MANY CALCULATIONS THAT ARE DIFFICULT OR EVEN IMPOSSIBLE BY
ORDINARY ARITHMETICAL METHODS ARE SOLVED QUITE READILY BY MEANS OFLOGAR
ITHMS. THIS WI LL BECOME MORE APPARENT AS YOU PROGRESS THROUGH THIS LESSON
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DEFINITION

A LOGARITHM OF A NUMBER IS THE EXPONENT BY WHICH THE BASE MUST BE
AFFECTED IN ORDER TO PRODUCE THAT NUMBER. THE LOGARITHMS OF ALL THE Poe-
ITIvE NUMBERS TO A GIVEN BASE ARE CALLED A SYSTEM OF LOGARITHMS AND THE
BASE 18 CALLED THE BASE OF THE SYSTEM.

ALTHOUGH ANY BASE MAY BE USED IN A SYSTEM OF LOGARITHMS, VET THE

BASE 10 IS MOST COMMONLY USED BECAUSE IT OFFERS THE MOST CONVENIENT ME-

THOD TO WORK WITH.

LET US CONSIDER THE EXAMPLE 34 = 81. IN TERMS OF LOGARITHMS THIS

SAME EXPRESSION CAN BE INTERPRETED AS THE LOGARITHM OF 81 TO THE BASE 3

IS 4 AND THIS WOULD BE WRITTEN AS LOG81 = 4. NOTE THAT THE EXPRESSION

LOGX IS AN ABREVIATION FOR LOGARITHM/1 AND IS USED MOST EXTENSIVELY.OTif

ER EXAMPLES FOLLOW:

EXPRESSED AS EXPONENTS EXPRESSED AS LOGARITHMS

33 = 27 Los33 27=
34 81 4_____ Loa381=

26 = 532 Loo.2.32=

103= 1000 3LoG101000=

64V3 4 4 1/3- =LOG64

SINCE LOGARITHMS TO THE BASE 10 ARE MOST EXTENSIVELY USED IN PRAC-
TICE, LET US THEREFORE NOW CONSIDER THIS SYSTEM IN MORE DETAIL.

LOGARITHMS TO THE BASE 10

WHEN THE BASE 10 18 EMPLOYED IT HAS BECOME THE PRACTICETO OMIT THE
BASE AND SIMPLY WRITE THE EXPRESSIONS IN THE FOLLOWING MANNER:

LOG 10 .... = I LOG I = 0
LOA 100 ... = 2 LOG 0.1 .. =-1
LOG 1000... = 3 Lem 0.01.. = -2
LOG I0,000..= 4 LOG 0.00I..= -3
Los 100,000 = 5 LOG 0.0001 = -4

IN OTHER WORDS, WHEN NO BASE 18 EXPRESSED, IT IS UNDERSTOOD TO BE

10.

AS YOU WILL OBSERVE FROM THE FOREGOING, THE LOGARITHM OF ANY NUM-

PER BETWEEN 10 AND 100 IS I PLUS A FRACTION; BETWEEN 100 AND 1000 THE LO2

ARITHM 18 2 PLUS A FRACTION; BETWEEN 0.) AND 0.01 THE LOGARITHM IS -1 MI
NUS A FRACTION OR -2 PLUS A FRACTION.

As A GENERAL RULE, THE LOGARITHM OF A NUMBER CONSISTS OF TWO PARTS,
NAMELY, A WHOLE NUMBER AND A FRACTIONAL PART. THE WHOLE NUMBER IS CALLED
THE CHARACTERISTIC AND THE FRACTIONAL PART IS CALLED THE MANTISSA. THE

MANTISSAS OF THE POSITIVE NUMBERS ARRANGED IN ORDER ARE CALLED A TABLE OF

LOGARITHMS.

THE LOGARITHM OF 4976 CONSISTS OF THE CHARACTERISTIC 3 AND
MANTISSA BECAUSE 4976 LIES BETWEEN 1000 AND 10,000. THE LOGARITHM

SO::
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36,572 IS 4 PLUS A FRACTION BECAUSE 36,572 LIES BETWEEN 10,000 AND
100,000. THE LOGARITHM OF 0.0432 is -2 PLUS A FRACTION BECAUSE 0.0432
LIES BETWEEN 0.01 AND 0.1.

FROM THE EXAMPLES JU8T GIVEN, YOU WILL READILY NOTE THAT MULTIPLY-
ING A NUMBER 8Y 10 INCREASES ITS CHARACTERISTIC BY 1. WHEN USING THE BABE
10 IN A SYSTEM OF LOGARITHMS, THE CHARACTERISTIC CAN BE DETERMINED BY
INSPECTION AND IT 18 THEREFORE ONLY NECESSARY TO HAVE THE MANTISSA GIVEN
IN A TABLE.

RULES FOR DETERMINING THE CHARACTERISTIC

FROM WHAT HAS JUST BEEN MENTIONED REGARDING THE CHARACTERISTICS IN
A SYSTEM OF LOGARITHMS USING A BASE OF 10, YOU WILL READILY REALIZE THAT
THE FOLLOWING RULES APPLY:

(1) FOR WHOLE NUMBERS, THE CHARACTERISTIC 18 ONE LESS THAN THE Hug
BER OF WHOLE NUMBER FIGURES AND IS POSITIVE.

(2) FOR DECIMALS, THE CHARACTERISTIC IS ONE MORE THAN THE NUMBER OF
ZEROS IMMEDIATELY AT THE RIGHT OF THE DECIMAL POINT AND 18 Ng2
ATIVE.

(3) IN A NUMBER CONSISTING OF A WHOLE NUMBER AND A DECIMAL,CONSID-
ER THE WHOLE NUMBER PART AND APPLY RULE (1).

EXAMPLES: THE CHARACTERISTIC OF 472 IS 2 AS PER RULE (1); THE
CHARACTERISTIC OF 36,743 IS 4 AS PER RULE (1); THE CHARACTERISTIC OF
0.034 IS -2 AS PER RULE (2) AND FOR 0.000765 AS PER RULE (2);FOR 3.47
THE CHARACTERISTIC 16 0 AS PER RULE (3) AND FOR 463.89 IT 18 2 AS PER
RULE (3).

THE MANTISSA

TO DETERMINE THE MANTISSA IS A MORE DIFFICULT TASK THAN DETERMINA-
TION OF THE CHARACTERISTIC AND WE USE A TABLE TO DO so. A FOUR PLACE
TABLE OF LOGARITHMS 18 GIVEN YOU UNDER THE HEADING TABLE I. By EXAMIN-
ING THIS TABLE, YOU WILL OBSERVE THAT IT 18 DIVIDED INTO A SERIES OF Hog
IZONTAL AND VERTICAL COLUMNS. THE FIRST VERTICAL COLUMN OF THE TABLE HAS
THE LETTER N AT THE TOP AND WHICH IS AN ABREVIATION FOR *NUMBER". THE
OTHER VERTICAL COLUMNS HAVE THE NUMBERS 0..1..2..3 ETC. AT THEIR TOP. BELOW
THESE NUMBERED COLUMNS YOU WILL FIND NUMBERS MADE UP OF FOUR FIGURES.
THESE NUMBERS ARE DECIMALS AND ARE THE MANTISSAS OF THE LOGARITHMS OF THE
NUMBERS MADE UP OF THE FIGURES IN THE COLUMN HEADED N TOGETHER WITH THE
HEAD OF ANOTHER COLUMN. SINCE THESE MANTISSAS TAKE CARE OF FOUR DECIMAL
PLACES, THIS TABLE RECEIVES ITS CLASSIFICATION OF A //FOUR PLACE TABLE.

ANY NUMBER CONSISTING OF THREE FIGURES HAS ITS FIRST TWO FIGURES IN
THE COLUMN HEADED N AND ITS THIRD FIGURE AT THE TOP OF ANOTHER COLUMN.
FOR EXAMPLE IN THE CASE OF THE NUMBER 368 THE 36 IS FOUND IN THE COLUMN
HEADED N AND THE 8 AT THE TOP OF ANOTHER COLUMN.

TO FIND THE MANTISSA OF A NUMBER CONSISTING
OF THREE SIGNIFICANT FIGURES

YOU HAVE ALREADY BEEN SHOWN HOW THE CHARACTERISTIC OF A NUMBER 18
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DETERMINED SO NOW LET US SEE HOW THE MANTISSA OF THE NUMBER IS FOUND FROM
THE TABLE. AS OUR FIRST EXAMPLE, LET U8 CONSIDER A NUMBER WHICH HAS

THREE SIGNIFICANT FIGURES SUCH AS 493 FOR INSTANCE.
TO DO THIS, WE FIRST LOOK IN THE COLUMN HEADED N FOR THE FIRST TWO

FIGURES OF THE NUMBER 493 OR 49. THIS DONE, WE MOVE DIRECTLY TOWARDS THE
RIGHT FROM 49 UNTIL WE COME TO THE VERTICAL COLUMN WHICH HAS THE THIRD
FIGURE OF OUR NUMBER OR THE 3 AT ITS TOP. WE FIND IT TO BE "6928". IT
SHOULD BE REMEMBERED, HOWEVER, THAT THIS VALUE OF "6928" FOR THE MANTISSA
OF 493 IS A DECIMAL AND THESE FOUR FIGURES ARE REALLY THE FIRST FOUR Fkl
ORES TO THE RIGHT OF THE DECIMAL POINT. HENCE THE MANTISSA FOR 493 IS

ACTUALLY 0.6928.

REGARDLESS OF THE POSITION OF THE DECIMAL POINT IN THE NUMBER FOR
WHICH THE MANTISSA IS BEING SOUGHT, THE MANTISSA STILL REMAINS 0.6928.
FOR EXAMPLE, IF THE NUMBER IN QUESTION BE 493; 4.93; 49.3; OR 4930 THE
MANTISSA WILL STILL BE 0.6928 BUT THE CHARACTERISTIC WI LL OF COURSE BE

DIFFERENT IN EACH CASE.

TABLE I

LOGARITHMS OF NUMBERS AND PROPORTIONAL PARTS

N 0 1 1 2 3 4 1 6 A- 7 8 9

nalP irarta
1 2 3 4 5roportio 5 7 8 4

10 0000 0043,100869128 0170;021210263 02940334 374 4 8 12 17 21 26 29 33 37

11
11
13

0414
0792
1139

045364920531
082808640899
1173 1206.1239

056906070645
09340969'1004
1271 13031338

068207190758
103810721106
13671399 1430

4 8 11
3 7 10;14
3 6 1013

15 19 23
17 21124
16 1923

26 30 34
28 31
26 29

14
15
16

1461
1761
2041

1491'15231653
179018181847
20882025;122

15841 161411644
187510031931
214811751201

1673,1703
196919872014
22271224

1732

2279

3 6 9,12
3 6 8111
3 5 811

15 18
14 1720
13 1618

21 24 27
22 25
21 24

17
18
19-

2304
2563
2788

23301225512380
2677260112626
281018832866

240534301465
264826722696
2878/2923

348025042529
2718 27422766
29452967I2989

3 6 7
2 5 7
2 4 7

10 12 15117
9 13 1416
9 11 13116

1

20 22
19 21
18 30

30
-
3010

,

303230443075
,

3096311813139 81603181 201 2 4 6 8 11 1315 17 19

21
22
22

32223243'3263'3284
8424
3617

34443484 3483
36363666 3874

3304133223345
360235228541
369237113729

336513853464
1156035793598
374787663784

2 4 61

3 4 61

2 4 61

8 10 12
8 10 12
7 9 11

14 16 18
14 16 17
13 16 17

24
26
26

3802
3979
4150

382038383856
39974014
4166141834200

1

4031
387438923909
40481406614082
42184232'4149

i-1

392749463962
409941164133
4266'4281{42-%1

2 4 5
2 3 6

3 5

7 9 11
7 9 10
7 8 10

12 14 16
12 14 15
11 13 15

27
28
29

4314
4472
4624

43304346
4487
4639148644569

4362
45024518

43784323 4409
45334548'4564
46834698147111-1--

442544404456
45794594
4728.47424757

4609
2 8 6
2 3 6
13 4

6 8 911
6 8 9
6 7 910

18 14
11 12 14

12 13

30 771 4786480048141 4829'48484857 4871148864900 1 8 4 6 7 910 11 13

31
32
33

4914
5051
5186

4928,1 4142 4955
6065 507915092
519852114224

49691498314997
610461146132
5237 52504263

601130245038
514515159
5276152895302

173
1 3 4
1 3 4
1 3 4

6 7 810
5 7 8
5 6 8

11 12
9 It 12
9 10 12

34
35
3615563

11315
5441

5828534015363
5453 4465'6478
6675 55875599

536853785391
6490 55026514
5611 5623 5535

5403
5527
6647

54164428
65345561
5658 5870

1 3 4
12 4
1 2 41

6 5 8
5 . 6 7
6 6 7

9 10 11
9 10 11
8 10 11

37
38
39

5682
6798
5111

5604570515717
68095821;5832
592259334944

572957403752
5843.585515866
595569664477

5763
58776888
598859996010

5777888
99

1 2 3
1 2 8
1 1 8

6 6 7
6 6 7
4 I 7

8 9 10
8 9 10
8 9 10

40- 6021- 6031 60426053 6064160751085 6096 61071- 6117 1 3 3 4 5 6 8 9 10

41
42
43

6128
6232
6335

6138'61496160
6243 625316263
6345 6365.6385

8170 61806191
6274 6284.6244
6375 63896395

6201 6212
6304 63146325
6406 6415

6272

6425

1 3 3
1 2 3
1 2 3

4 5 6
4 6 1
4 6 8

7 8 9
7 8 9
7 8 9

44
45
46

6435
6532
6628

6444164546464
8642 66516561
663766466666

6474.548416193
5571 5680,6590
6865'6675.6684

6503 65137-8522
6599 66096618
06935702 6712

1 2 3
1 1 3
1 1 3

4 5 6
4 5 6
4 5 6

7 8 9
7 8 9
7 7 8

47
48
49

6721
6812
6902

8780673916749
682168306839
6911169206928

6768
6848686711866
8937

67676778

69496065

6786 6794
6876 6884
696449726%1

6803
6893

1 2 8
1 3 3
1 2 3

4 5 6
4 4 5
4 4 6

8 7 8
6 7 8
6 7 8

50 6990 6998170077015 702470337042 705010597067 1 2 8 3 4 5 6 7 8

51
53
63

7076
7160
7243

70847093/101,
71687177 7185
725172597267

,--
711071181126
7193,720217310
n75'72847292

71351717152
7218 7226
73007308

7235
7316

1 2 3
1 2 2
1 2 2

3 4 5
8 4 5
3 4 6

6 7 8
6 7 7
6 6 7

54 7324 7332173407348 7356 7h3T417372 7380 7388 7396 1 2 2 3 4 5 6 6 1,

$

0 1 2 3 4 A 6 7 8 91334 6 9
_JMumigisk_4 67

7 7412 741 427 436 7443 74617469 474 1 3 2 3 4 5 6 6 7

Il
75067813
76817589
7667 7864

7
7597

75
004

7

7
7612

RI
'

'

I 1 3
1 1 2
I 1 2

3
3
8

4
4
4

6 6
5 6
5 6

7
7
7

7731
7803
87

7810
7710
7832

1 I 2
I I 2
1 1 2

3
3
3

4 4
4 4
4 4

6 6
6 6
5 6

7
6
$

,,,4444;,,.

Ii ilia'
, ' 14 79621 .

'

1 I 3

1 :
3

:
3 4

: :
5 6
: igi. :

m.

".

ii

=at in , ==' 1 1 'EKE
1 I 2
11 2
I I 3

3 3 4
3 3 4
3 5 4

5 '6

1 5
5 5
4 5

6

 
'

t

 1
ha"

I
'.

?I 18407:14
7

1

76
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*.

fr",'
, ,..,,,,1:1'..

iiiiiiii
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11 2

3
3
3
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3
3

4 5
4 6
4 6

4

X91611144164

8591
1
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7

871 lia6. iiiii

I 1
11
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2
2
1

3 4
3
3

4 11

6 8
4 5

5
6
5

{ 4 A1111441 I = I 1 4 5 A

1 I 2
11 2

3
2

3
II 3
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4 4

$
5

'

7
1019106

0004

9112 Il

lb

in 9074
in

1 1
11
1 1

2
2
1
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3
1
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4 4
4 4

6
5
4

'11
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is

I
I 9201
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'
17 I
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NM

'1861 2
1 I
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3
3
1
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5
5
5

.

111111
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.
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4

$
4
4
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2
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2
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1 1
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2
3
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TO FIND THE MANTISSA OF A NUMBER CONSISTING
OF ONE OR TWO SIGNIFICANT FIGURES

WHEN THE NUMBER CONSISTS OF ONE OR TWO SIGNIFICANT FIGURES,THENUM-,
SER IS FOUND IN THE COLUMN HEADED N AND THE MANTISSA TO THE RIGHT IN THE
COLUMN HEADED ZERO. FOR EXAMPLE, THE MANTISSA OF 24 AS PER TABLE I IS

0.3802. THIS IS FOUND BY LOOKING IN THE N COLUMN FOR THE 24 AND TO THE

RIGHT UNDER THE 0 COLUMN.

THE MANTISSA OF 3 IS 0.4771 AND THIS IS FOUND FROM TABLE I BY LOOK-
ING IN THE "N" COLUMN FOR THE NUMBER 30 AND TO THE RIGHT IN THE ZERO COL-

UMN.

TO FIND THE MANTISSA OF A NUMBER CONSISTING OF
FOUR OR MORE SIGNIFICANT FIGURES

TABLE I, YOU WILL NOTICE, IS ONLY DIRECT READING FOR NUMBERS HAV-

ING THREE SIGNIFICANT FIGURES, THAT IS, NUMBERS MADE UP OF THREE FIGURES

OR A ZERO AS THE FOURTH FIGURE SUCH AS 428 OR 8790 ETC. OUR NEXT STEP

THEN WILL BE TO SEE HOW THE MANTISSAS CAN BE FOUND FOR NUMBERS CONSIST-

ING OF FOUR OR MORE SIGNIFICANT FIGURES. As AN EXAMPLE, LET US FIND THE

MANTISSA OF THE NUMBER 3965.

By INSPECTION, YOU WILL READILY REALIZE THAT THE NUMBER 3965 LIES

BETWEEN 3960 AND 3970 AND THEREFORE ITS MANTISSA MUST LIE BETWEEN THE

MANTISSAS OF 3960 AND 3970. WE THEN PROCEED AS FOLLOWS:

MANTISSA OF 3960 = 0.5977
MANTISSA OF 3970 = 0.5988

THE DIFFERENCE BETWEEN THESE TWO MANTISSAS IS EQUAL TO 0.5988

0.5977 = 0.0011 AND THIS IS SPOKEN OF AS BEING THE TABULAR DIFFERENCE.

Now THEN, SINCE AN INCREASE OF 10 IN THE NUMBER (3960 TO 3970) INCREAS-

ES THE MANTISSA BY 0.0011, IT IS LOGICAL THAT AN INCREASE OF 5 IN THE

NUMBER (3960 TO 3965) WILL INCREASE THE MANTISSA 5/10 AS MUCH OR EN OUR

PARTICULAR CASE 0.0011 X 0.5 = 0.00055. THE MANTISSA FCR 3965 THEREFORE

BECOMES 0.5977 + 0.00055 = 0.59825 OR 0.5982 (APPROXIMATELY). THE PRO-

CESS OF DETERMINING THE MANTISSA BY THE METHOD JUST EXPLAINED IS KNOWN AS

INTERPOLATION.

THE PROCESS OF INTERPOLATION IS SIMPLIFIED CONSIDERABLE BY THE BEI
TION TITLED "PROPORTIONAL PARTS" IN THE RIGHT HAND SECTION OF THE LOGAR-

ITHM TABLE. FOR EXAMPLE, IN THE PROBLEM WHICH WE HAVE JUST COMPLETED FOR

FINDING THE MANTISSA OF THE NUMBER 3965,wE FOUND THAT THE MANTISSA WAS TO

BE 5/10 AS MUCH AS THE MANTISSA FOR 3960 AND SO WE LOOK FOR THE COLUMN

HEADED 5 UNDER "PROPORTIONAL PARTS" STRAIGHT DOWN UNTIL WE COME TO THE

HORIZONTAL LINE CORRESPONDING TO THE NUMBER 39 IN THE N COLUMN AND WE

FIND THE NUMBER 5,wHICH CORRESPONDS TO THE FOURTH DECIMAL PLACE. THIS

MEANS THAT WE ARE TO ADD 0.0005 TO THE MANTISSA OF 3960 OR 0.5977+0.0005=

0.5982 AS THE MANTISSA FOR 3965.

NOW LET US CONSIDER ANOTHER ExAMPLE.NAMELY TO FIND THE MANTISSA

FOR THE NUMBER 63,478 THIS NUMBER LIES BETWEEN 63,400 AND 63,500 AND

FROM THE TABLE WE THUS OBTAIN THE FOLLOWING:
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MANTISSA FOR 63,400 = 0.8021
MANTISSA FOR 63,500 = 0.8028

TABULAR DIFFERENCE = 0.8028  0.8021 = 0.0007.

THEN SINCE AN INCREASE OF MO IN THE NUMBER INCREASES
BY 0.0007 IT IS CLEAR THAT AN

THE MANTISSA
INCREASE IN THE NUMBER OF 78 OR 63400 TO

63478 WILL INCREASE THE MANTISSA 0.0007 x 0.78 = 0.000546 OR APPROXI-
MATELY 0.0005 TO THE NEAREST FOURTH DECIMAL PLACE. THEREFORE, THE MAW'
TESSA FOR 63,478 IS EQUAL TO 0.8021 + 0.0005 OR 0.8026.

TO USE THE PROPORTIONAL PARTS SECTION OF THE TABLE IN woRxismirmis
PROBLEM, WE WOULD LOOK IN THE "8" COLUMN (78 BEING VERY NEAR 80)AND DOWN
THIS COLUMN TO A POINT CORRESPONDING TO 63 IN THE N COLUMN AND WHERE WE
FIND /18n. (THIS FIVE IS THE FOURTH DECIMAL PLACE). THEREFORE,WE ADO
0.0005 TO THE MANTISSA OF 63,400 OR 0.8021 + 0.0005 = 0.8026 AND WHICH
CHECKS WITH THE PREVIOUS METHOD.

WHEN IT IS

ABLE TO DETERMINE

EXAMPLE I:
PROCESS:

EXAMPLE 2:
PROCESS:

EXAMPLE 3:

FINDING THE LOGARITHM OF A NUMBER

DESIRED TO FIND THE LOGARITHM OF A NUMBER IT IS AIN'S...
THE CHARACTERISTIC FIRST AND THEN THE MANTISSA.

FIND THE LOGARITHM OF 425.
THE CHARACTERISTIC = 2. (AS PER RULEI FOR CHARACTERISTICS)
THE MANTISSA = 0.6284 (AS PER TABLE)
THEREFORE, THE LOGARITHM OR LOG OF 425 = 2.6284.
FIND THE LOGARITHM OF 7543
THE CHARACTERISTIC = 3 (AS PER RULE
THE MANTISSA FOR 7540 = 0.8774
THE MANTISSA FOR 7550 = 0.8779
TABULAR DIFFERENCE = 0.8779-0.8774 = 0.0005
7543 is GREATER THAN 7540 BY 3 AND SO
0.3X0.0005 = 0.00015 OR 0.0001. MANTISSA FOR
7543 = 0.8774 + 0.0001 = 0.8775
THEREFORE LOG 7543 = 3.8775.

FIND THE LOGARITHM OF 0.00042
THE CHARACTERISTIC =
THE MANTISSA = 0.6232
THEREFORE LOG 0.00042 = 4.6232

NOTICE THAT IT IS NOT PERMISSIBLE TO PLACE THE MINUS SIGN BEFORE
THE CHARACTERISTIC IN WRITING A NEGATIVE LOGARITHM FOR THIS WOULD INDI-
CATE THAT BOTH CHARACTERISTIC AND MANTISSA ARE NEGATIVE WHEREAS THE MAN-
TISSA SHALL ALWAYS BE POSITIVE. TO OVERCOME THIS DIFFICULTY, THE NEGATIVE
SIGN IS PLACED ABOVE THE CHARACTERISTIC AS WAS DONE IN EXAMPLE 3 WHICH
WAS JUST EXPLAINED.

ANOTHER METHOD OF WRITING THE NEGATIVE LOGARITHM IS TO INCREASE
THE CHARACTERISTIC BY IO AND MM.:RAC? 10 AT THE RIGHT OF THE MANTISSA.
THUS THE LOGARITHM OF 0.00042 MAY BE WRITTEN AS 7.6232 OR 6.6232-10.

TO FIND THE NUMBER CORRESPONDING TO A LOGARITHM

IN ENGINEERING PRACTICE, NOT ONLY IS IT NECESSARY TO OFTEN FIND
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THE LOGARITHM OF A NUMBER BUT IT IS ALSO FREQUENTLY NECESSARY TO FIND

THE NUMBER CORRESPONDING TO A GIVEN LOGARITHM.

EXAMPLE: FIND THE NUMBER HAVING 3.4548 FOR A LOGARITHM.
PROCESS: SINCE THE DECIMAL OF THE LOGARITHM DOES NOT EFFECT THE

MANTISSA, WE CAN DETERMINE ONLY THE FIGURES OF THE NUM
BER WITH THE AID OF THE MANTISSA. THE DECIMAL POINT WILL
BE DETERMINED LATER BY MEANS OF THE LOGARITHM'S CHARA

CTERISTICe

THE NUMBER CORRESPONDING TO A MANTISSA OF 0.4548 AS PER THE LOG

TABLE = 285. IN OTHER WORMS LOOK FOR THE MANTISSA 0.4548 OR "4548" IN THE
LOG TABLE. TO THE LEFT OF THIS MANTISSA YOU WILL FIND THE NUMBER 28 IN

THE N COLUMN AND AT THE TOP OF THE COLUMN IN WHICH THIS MANTISSA I8 FOUND,
THE NUMBER 5 APPEARS. THE NUMBER THEREFORE CONSISTS OF THE FIGURES 285

BUT AS YET THE POSITION OF THE DECIMAL POINT HAS NOT BEEN DETERMINED. IN

THE GIVEN LOGARITHM 3.4548 WE HAVE A CHARACTERISTIC OF 3 AND WHICH Accog
DING TO THE RULE FOR CHARACTERISTICS MEANS THAT FOUR FIGURES MUST BEPL4k2
ED TO THE LEFT OF THE DECIMAL POINT. THIS MEANS THAT ONE ZERO MUST BE AB,
NEXED TO THE FIGURES 285 AND THE NUMBER THUS BECOMES 2850.

IN THE EXAMPLE JUST GIVEN YOU THE NUMBER COULD BE DETERMINED DI"

RECTLY FROM THE TABLE. Now, HOWEVER, LET US SEE WHAT SHOULD BE DONE WHEN
THEMANTISSA OFA GIVEN NUMBER IS NOT GIVEN EXACTLY IN THE TABLE. AS AN EA

AMPLE, LET US FIND THE NUMBER CORRESPONDING TO THE LOGARITHM 2.4366.

UPON LOOKING IN TABLE I FOR THE MANTISSA 0.4366 OF THIS LOGARITHM
YOU WILL OBSERVE THAT IT DOES NOT APPEAR HERE. THE NEAREST MANTISSA TO

0.4366 AS GIVEN IN THIS TABLE ARE 0.4362 AND 0.4378 AND BETWEEN WHICH
0.4366 LIES.

AS PER TABLE I, THE NUMBER CORRESPONDING TO THE LOGARITHM 2.4362

18 273 AND THE NUMBER CORRESPONDING TO 2.4378 18 274. THUS IT IS SEEN

THAT AN INCREASE IN THE MANTISSA OF 0.4378-0.4362 = 0.0016 AND WHICH

MAKES AN INCREASE OF I IN THE CORRESPONDING -NUMBER (274-273 = I). THE

GIVEN MANTISSA 0.4366 is 0.0004 LARGER THAN 0.4362. THEREFORE,THE REQUIR-

ED NUMBER IS 0.0004 x I = .25 LARGER THAN 273 AND CONSEQUENTLY THE NUM"'
0.0016

BER CORRESPONDING TO THE LOGARITHM 2.4366 18 273.25.

WHEN DEALING WITH THE TABULAR DIFFERENCE,FOR CONVENIENCE, IT IS PRA
FERABLE TO DROP THE DECIMAL POINT. THIS WILL RESULT IN THE FOLLOWING:

X = = .25.
16

THE RULES FOR FINDING THE NUMBER CORRESPONDING TO A GIVEN LOGAR-

ITHM CAN BE EXPRESSED AS FOLLOWS:

(I) WHEN THE MANTISSA OF THE GIVEN LOGARITHM IS EXACTLY GIVEN IN

THE TABLE, THE FIRST TWO FIGURES OF THE NUMBER ARE FOUND TO

THE LEFT OF THE GIVEN MANTISSA IN THE COLUMN HEADED N,AND THE

THIRD FIGURE IS FOUND AT THE HEAD OF THE COLUMN IN WHICH THE

MANTISSA IS GIVEN.

(2) WHEN THE MANTISSA OF THE GIVEN LOGARITHM 18 NOT EXACTLY GIVEN
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IN THE TABLF, FIND THE MANTISSA NEAREST THE GIVEN MANTISSA BUT SMALLER.
THE FIRST THREE FIGURES OF THE NUMBER ARE THOSE CORRESPONDING TO THIS
MANTISSA AND ARE FOUND BY RULE (I).

FOR ANOTHER FIGURE, DIVIDE THE DIFFERENCE BETWEEN THE MANTISSA
FOUND AND THE GIVEN MANTISSA BY THE TABULAR DIFFERENCE. THE QUOTIENT IS

THE OTHER FIGURE. ALWAYS DETERMINE THIS FIGURE TO THE NEAREST TENTH.

IN BOTH RULES (I) AND (2) PLACE THE DECIMAL POINT SO THAT THE
RULES FOR DETERMING THE CHARACTERISTIC MAY BE APPLIED AND GIVE THE GIVEN
CHARACTERISTICS.

AS FURTHER EXAMPLES, THE FOLLOWING ARE PRESENTED:

EXAMPLE is FIND THE NUMBER OF WHICH 2.8420 18 THE LOGARITHM.THE
MANTISSA 0.8420 18 FOUND IN THE TABLE TO THE RIGHT OF 69 AND IN THECOL-
UMN HEADED 5; THEREFORE THE NUMBER CONSISTS OF THE FIGURES 695. THE DEC-
IMAL POINT MUST BE PLACED SO AS TO GIVE A CHARACTERISTIC OF 2 WHEN THE
RULE FOR CHARACTERISTIC IS APPLIED. CONSEQUENTLY, 695 IS THE NUMBER
WHOSE LOGARITHM IS 2.8420.

EXAMPLE #2: FIND THE NUMBER
TISBA NEAREST 0.7624 IS 0.7619 WHICH

WHOSE LOGARITHM IS 1.7624. THE MAW'
18 THE MANTISSA OF 578. THE TABULAR

DIFFERENCE IS 8. THE DIFFERENCE BETWEEN THE MANTISSA FOUND (0.7619) AND
THE GIVEN MANTISSA (04,7624) IS 5. THEN SINCE 5+8 = 0.6 APPROXIMATELY,THE
NUMBER CORRESPONDING TO THE LOGARITHM 1.7624 IS 57.86.

TO FIND THE PRODUCT OF TWO OR MORE FACTORS BY USING LOGARITHMS

THE RULE FOR FINDING THE PRODUCT OF TWO OR MORE FACTORS BY USING
LOGARITHMS 18 AS FOLLOWS: FIND THE SUM OF THE LOGARITHMS OF THE FACTORS.
THE PRODUCT IS THEN THE NUMBER CORRESPONDING TO THIS SUM OF LOGARITHMS.

THE

EXAMPLE: FIND THE PRODUCT OF 4.62 X 0.36 X 8.528

PROCESS: LOG 4.62 = 0.6646
LOG 0.36 = 1.5563
LOG 8.528 = 0.9308

LOG OF PRODUCT = 1.1517 THEREFORE TIE PRODUCT IS EQUAL TO
NUMBER CORRESPONDING TO THE LOGARITHM 1.1517 OR 14.18 (ANSWER)

TO FIND THE QUOTIENT OF TWO NUMBERS BY LOGARITHMS

TO FIND THE QUOTIENT OF TWO NUMBERS BY MEANS OF LOGARITHMS IS AS

FOLLOWS: SUBTRACT THE LOGARITHMS OF THE DIVISOR FROM THE LOGARITHM OF THE
DIVIDEND. THE QUOTIENT IS THE NUMBER CORRESPONDING TO THIS DIFFERENCE.

EXAMPLE
PROCESS:

FIND THE QUOTIENT OF
LOG 42.65
LOG 6.873

LOG OF QUOTIENT

42.65+6.373
= 1.6299

= 0.8372
0.7927

THEREFORE, THE QUOTIENT IS EQUAL TO THE NUMBER CORRESPONDING TO

THE LOGARITHM 0.7927 OR 6.204.

SOMETIMES WHEN SOLVING PROBLEMS BY MEANS OF LOGARITHMS YOU WILL

FIND THAT THE ANSWER AS OBTAINED WITH LOGARITHMS DOES NOT CHECK EXACTLY
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WITH THE ANSWER AS OBTAINED BY CONVENTIONAL CALCULATION. THE REASON FOR
THIS 18 THAT THE LOGARITHM METHOD IS ONLY AN APPROXIMATE METHODiNEVER".
THELESS IT IS SUFFICIENTLY ACCURATE FOR PRACTICAL PURPOSED- THE DIFFER-
ENCE IN RESULTS BEING ONLY BLIGHT.

EXAMPLE 2: SOLVE THE roLLowINa PROBLEM: 6.372 x 0.6837 x 4t2§g
3.73 x 0.4216 x 36.66

OUR FIRST STEP IN AN EXAMPLE OF THIS TYPE 18 TO FIND THE LOGARITHM
OF THE NUMERATOR IN THE SAME MANNER As WAS JUST EXPLAINED TO YOU REGARD"'
1NG THE DETERMINING OF THE PRODUCT OF A SERIES OF NUMBERS BY MEANS OF LOS
ARITHM8. WE THUS OBTAIN THE FOLLOWING:

Loa 6.372 = 0.8042
Loa 0.6837 = 9.8348 - 10
Loa 4.362 = 0.6397

11.2787 - 10
LOG OF NUMERATOR = 1.2787

THE NEXT STEP IS TO FIND THE LOGARITHM OF THE DENOMINATOR IN THE
SAME MANNER AND THIS RESULTS IN THE FOLLOWING:

Loa 3.73 = 0.5717
Loa 0.4216= 9.6249 - 10
Loa 36.65 = 1.5641

11.7607 - 10
LOG OF DENOMINATOR = 1.7607

THE NEXT STEP 18 TO DIVIDE THE NUMERATOR
GIVEN PROBLEM AND TO THIS WE FIRST SUBTRACT THE LOGARITHM OF THE DENOM-
INATOR FROM THE LOGARITHM OF THE NUMERATOR AS FOLLOWS:

LOG OF NUMERATOR = 1.2787
LOS OF DENOMINATOR =
LOG OF QUOTIENT = -111111A10

THEREFORE; THE QUOTIENT 18 EQUAL TO THE NUMBER CORRESPONDINO TO
THE LOGARITHM OF 1.5180 OR 0.3296. THE ANSWER TO THIS GIVEN PROBLEM IS
THEREFORE 0.3296 (APPROXIMATELY).

TO FIND THE POWER OF A NUMBER BY LOGARITHMS

To FIND THE POWER OF A NUMBER BY LOGARITHMS THE RULE 18 AS FOLLOWS:
MULTIPLY THE LOGARITHM OF THE NUMBER BY THE EXPONENT OF THE POWER. THE
NUMBER CORRESPONDING TO TI418 LOGARITHM IS THE REQUIRED POWER.

EXAMPLE 1: FIND THE VALUE OF (2.378)6
PROCESS: Loa 2.378 = 0.3762

6 x Loa 2.378 = 2.2572 = Loa OF POWER.
THE NUMBER CORRESPONDING TO THE LoaARITNN1 2.2672 =
180.8 AND THEREFORE (2.378)4 = 180.8 (ANSWER).

EXAMPLE 2: FIND THE VALUE OF (9.876)'
PROCESS: Loa 9.876 = 0.9946

3/4 or Loa 9.876 = 0.9946 x 3/4 = 0.7460 = Loa
(9.870141

THEREFORE (9.876)4 = 5.571 (ANSWER)
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TO FIND THE ROOT OF A NUMBER BY LOGARITHMS

THE RULE FOR FINDING THE ROOT OF A NUMBER BY LOGARITHMS IS ASFOLL
OWS: DIVIDE THE LOGARITHM OF THE NUMBER BY THE INDEX OF THE ROOT. THE
NUMBER CORRESPONDING TO THIS LOGARITHM IS THE REQUIRED ROOT.

r3

EXAMPLE I: FIND N27.658
PROCESS: LOG 27.658 = 1.4418

1/5 LOG 27.658 = 0.2884 = Lon 27.658
THEREFORE, 07658 = 1.943

EXAMPLE 2: FIND (''i 0.008673
PROCESS: LOG 0.008673 = 7.9382 10

LOG10.008673 = 1/6 OF (7.9382-10)
= 1/6 OF (57.9382-60)
= 9.6564-10
= 1.6564

THEREFORE 10.008673 = 0.4533

NOTICE IN THIS EXAMPLE, THAT WHEN WE ARE TO DIVIDE A LOGARITHM
WITH A NEGATIVE CHARACTERISTIC WHICH IS NOT A MULTIPLE OF THE DIVISOR,IT
IS BEST TO FIRST ADD AND SUBTRACT SUCH A NUMBER OF TIMES 10 80 THAT AFTER
DIVIDING THERE WILL BE A ..10 AT THE RIGHT. THUS IN THE ABOVE,BEFORE DID
VIDING (7.9382-10) BY 6,WE ADD AND SUBTRACT 50.

(ixamincition OUZ5 t it) Ito

 " WHAT IS THE

LESSON AS..8

VALUE OF ( 3At ?

4

ROOT OF \IA4BBCII?2. WHAT 18 THE

3. .-. WHAT 18 THE LOGARITHM OF 315?

4. WHAT IS THE LOGARITHM OF 5445?

5.  WHAT NUMBER HAS 2.6160 FOR A LOGARITHM?

6* FIND THE VALUE OF (4.765) BY USING LOGARITHMS AND SHOW
ALL YOUR WORK*

7. FIND THE PRODUCT OF 3.72 X 0.86 X 5.624 BY USING LOG-
ARITHMS AND SHOW ALL YOUR WORK*

8. FIND THE QUOTIENT OF 63.47+4.726 BY MEANS OF LOGARITHMS*

9. SOLVE THE FOLLOWING PROBLEM BY MEANS OF LOGARITHMS:
4.723 x 0.4378 x 3.427
2.63 x 0.3942 x 38.73

10. EXPRESS THE VALUE 3.5 X 107AS A CONVENTIONAL NUMBER.

PRINTED IN USi
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THE DECIBEL.
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IN PREVIOUS LESSONS,WE REFERRED TO THE GAIN AND OUTPUT OF AMPLIFIERS
CONSIDERABLE, SPEAKING OF THESE CHARACTER,STICS IN TERMS OF VOLTAGE AND
WATTS. FOR EXAMPLE, WE MAY SAY THAT A CERTAIN AMPLIFIER OFFERS A VOLTAGE
GAIN OF 270 AND THAT IT FURNISHES AN OUTPUT POWER OF 5 WATTS.

NOW LET US MAKE A COMPARISON BETWEEN TWO AMPLIFIERS OF DIFFERENT POW
ER OUTPUT RATINGS AND ANALYZE THE SITUATION WITH RESPECT TO THE SOUND
VOLUME AS PERCEIVED BY THE EAR.

AMPLIFIER #I IN FIG.

LIFIER #2 OF FIG.2 FURN-
ISHES A POWER OUTPUT OF
10 WATTS.IN OTHER WORDS,
AMPLIFIER #2 SUPPLIES
JUST TWICE THE POWER OUT
PUT OF AMPLIFIER #1 AND
UPON FIRST THOUGHT ONE
MIGHT SUPPOSE THAT WHEN
OPERATING AT FULL VOLUME,
THE SOUNDS EMITTED BY

AMPLIFIER#2 WOULD APPEAR
TO THE EAR AS BEING TWICE
AS LOUD AS THOSE FROM AM
PLIFIER #I.SUCH,HOWEVER,
IS NOT THE CASE BECAUSE
OUR SENSE OF HEARING DOES
NOT RESPOND TO DIFFERENT
SOUND ENERGIES LINEARLY
OR IN DIRECT PROPORTION
TO THE CHANGE IN SOUND
ENERGIES.INSTEAD OF THIS,
OUR SENSE OF HEARING RE-
SPONDS TO DIFFERENT SOUND

2 FURNISHES A POWER OUTPUT OF 5 WATTS AND AMP -

Fig. 1
A.F. Amplifying Equfpment In

Studio Control Room.
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ENERGIES LOGARITHMICALLY OR TO PUT IT ANOTHER WAY,THE EAR'S RESPONSE IS
PROPORTIONAL TO THE LOGARITHM OF THE CHANGE IN SOUND ENERGY.

IT THUS BECOMES APPARENT THAT IN ORDER TO EXPRESS THE RATIO OF POW-
ERS OF EITHER ELECTRICAL OR SOUND ENERGIES WITH RESPECT TO THE RESPONSE
OF THE EAR, A SPECIAL UNIT OF MEASUREMENT SHOULD BE USED AND SUCH IS THE
CASE IN PRACTICE. THIS UNIT IS KNOWN AS THE DECIBEL AND IS GENERALLY
ABBREVIATED AS "DB";"DB" OR "DB". THE DECIBEL IS ALSO FREQUENTLY SPOKEN
OF AS THE TRANSMISSION UNIT AND WHICH IS ABBREVIATED AS "TU".

OUR NEXT STEP WILL BE TO SEE HOW THE DECIBEL IS RELATED TO POWER RA-
TIOS AND THIS IS EXPRESSED AS A FORMULA IN THE FOLLOWING MANNER:

DECIBELS = 10 LOG10 PI THE LARGER POWER)
P2 THE SMALLER POWER)

THIS FORMULA STATES THAT THE VALUE IN DECIBELS IS EQUAL TO 10 TIMES
THE LOGARITHM OF THE POWER RATIO TO THE BASE 10. THE BASE 10 IS UNDER
STOOD AND THEREFORE FREQUENTLY OMITTED IN THE FORMULA.TO ILLUSTRATE THIS,
LET US RETURN TO OUR EXAMPLE IN FIG. 2 AND SEE HOW THINGS WORK OUT.

THE POWER OUTPUT FOR AMPLIFIER #I IS 5 WATTS AND THIS VALUE IS RE-
PRESENTED AS P2 IN THE FORMULA. THE POWER OUTPUT FOR AMPLIFIER #2 IS 10
WATTS AND THIS VALUE IS REPRESENTED AS P IN THE FORMULA. SUBSTITUTING
THESE VALUES IN THE FORMULA, WE HAVE:

DECIBELS = 10 LOG 10
Kt 5

= 10 LOG 2
10 x 0.3010
3 (APPROXIMATELY)

EXPLANATION: THE FIRST STEP IN THIS PROBLEM IS TO DIVIDE THE 10 BY

FtG.z
A comparison, 5e4weer? A rnp/



LESSON NO.9 PAGE 3

THE 5 AND THUS OBTAIN THE 2 IN THE SECOND LINE. WE THEN LOOK UP THE LOG-
ARITHM OF 2 IN TABLE 1 OF THE PRECEDING LESSONIFINDING IT TO BE 0.3010
AND MULTIPLYING THIS BY 10 WE OBTAIN OUR ANSWER OF 3. THIS MEANS THAT

AMPLIFIER #2 FURNISHES AN OUTPUT OF 3 DECIBELS OR 3 DB. GREATER THAN THAT
OF AMPLIFIER #1.

THEORETICALLY,ONE DB. IS THE SMALLEST CHANGE IN SOUND ENERGY WHICH

THE HUMAN EAR CAN RECOGNIZE BUT GENERALLY SPEAKING,IT REQUIRES A GOOD

SENSE OF HEAPING TO NOTICE SOUND ENERGY CHANGES OF 3 DB.

FROM THE PRECEDING EXPLANATION YOU WILL SEE THAT EVEN THOUGH THE

POWER OUTPUT OF AMPLIFIER #2 IS TWICE THAT OF AMPLIFIER #I,YET AS FAR AS
THE EAR IS CONCERNEO,THERE WILL BE BUT SLIGHT DIFFERENCE IN THE SOUNDIN-
TENsITIES DELIVERED BY THESE TWO AMPLIFIERS.

IT IS IMPOR-
TANT TO NOTE THAT
THE DECIBEL IS A

RELATIVE VALUE
RATHER THAN AN AS
SOLUTE VALUE. IN

OTHER WORDS,WECAa
NOT SPEAK OF AN AM
PLIFIER AS HAVING
AN OUTPUT OF SO

MANY DB. BUT WE
CAN SAY THAT A

CERTAIN AMPLIFIER
HAS AN OUTPUT OF

SO MANY DB. MORE OR LESS THAN ANOTHER AMPLIFIER WITH WHICH A COMPARISON

IS BEING MADE. IN LIKE MANNEROF WE ASSIGN SOME ARBITRARY VALUE SUCH AS

10 MILLIWATTS, FOR EXAMPLE, AS A REFERENCE POINT AND COMPARE THE OUTPUT

OF SEVERAL AMPLIFIERS TO THIS 10 MILLIWATT REFERENCE LEVEL,THEN WE CAN

SAY THAT ONE OF THE AMPLIFIERS HAS IS DB. OR 75 08. GREATER OR LESS OUT

PUT. THE 10 MILLIWATTS WOULD IN THIS CASE BE CONSIDERED AS THE liZEROROW-

ER LEVEL%

Input power
o.00to MUJ.

Microphone?

ClutpuE power=
15 Warrs

Speaker

/-"i Amplifier /

///

Gain = (93.39 DID.

F. I . 3
Amplifier- Gai,-7

IN BROADCAST WORK IT HAS BECOME CUSTOMARY TO USE 6 MILLIWATTS OR

0.006 WATT AS THE ZERO LEVEL,WHEREAS 10 MILLIWATTS OR 0.01(rWATT IS USED
IN SOME TYPES OF TELEPHONE WORK.

GAIN EXPRESSED IN DECIBELS

IT HAS BECOME THE COMMON PRACTICE TO EXPRESS THE GAIN OF AMPLIFIERS
IN TERMS OF DECIBELS AND AN EXAMPLE OF SUCH IS ILLUSTRATED IN FIG.3.HERE

LET US SUPPOSE THAT THE INPUT TO THE AMPLIFIER IS EQUAL TO 0.006 MILLI -

WATT OR 0.000006 WATT AND THAT THE OUTPUT POWER DELIVERED AT THE SPEAKER
AMOUNTS TO 15 WATTS. SUBSTITUTING THESE VALUES INTO THE FORMULA 0B = 10

LOG Pi WE WOULD HAVE DB (GAIN) = 10 LOG 15 = 10 LOG 2,500,000 =
10

Pz 0.000006

10 X 6.3971 = 63.39. IN OTHER WORDS,THE GAIN OF THE AMPLIFYING SYSTEM IN

FIG. 3 WOULD AMOUNT TO 63.39 DECIBELS OR 63.39 DB.

ATTENUATION

NOT ONLY IS THE DECIBEL ASSOCIATED WITH THE GAIN OF AMPLIFYING SYS-
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TEMS BUT IT IS LIKEWISE USED IN CONNECTION WITH LOSSES IN AN AMPLIFYING
SYSTEM. FOR EXAMPLE, IN THE SYSTEM ILLUSTRATED IN FIG. 4 THE AMPLIFIER
IS PROVIDING AN OUTPUT OF 10 WATTS AND THE LINES BETWEEN THE AMPLIFIER
AND THE SPEAKER ARE RESPONSIBLE FOR A POWER LOSS AMOUNTING TO 200 MILLI -

WATTS. THIS MEANS THAT THE ACTUAL POWER AVAILABLE AT THE SPEAKER WILL
BE 10 MINUS 0.2 = 9.8 WATTS. EXPRESSED IN DECIBELS, THIS LINE LOSS WOULD
FIGURE OUT AS FOLLOWS: DB = 10 LOG Pi= (0 LOG 10 = 10 X LOG 1.02 =

r2
T-15

10 x o.0086 = 0.08 De. LOSS IN THE TRANSMISSION LINE. THIS LOSS OF EN-
ERGY IS COMMONLY SPOKEN OF AS ATTENUATION AND THIS MEANS THAT THE TRANS-
MISSION LINE IN THE SYSTEM OF FIG. 4 CAN BE SAID TO OFFER AN ATTENUATION
AMOUNTING TO o.o8 De.

IT IS ALSO CUSTOMARY TO REFER TO AN INCREASE IN POWER AS SO MANY
"DB UP" AND LOSSES IN POWER AS SO MANY "DB DOWN".

THE DECIBEL AS RELATED TO VOLTAGE AND CURRENT CHANGES

SO FAR, YOU HAVE ONLY BEEN SHOWN HOW THE DECIBEL

Amplifier ou4put
10 Wcriis

/,AMPLIFIER. Line

Speaker

'-Power loss in line
= soo

F G . 4
Example of 05. Loss.

FUNDAMENTAL FORMULAS ARE AVAILABLE:

DECIBELS = 20 LOGm

AND DECIBELS = 20 LOG

E

II

1z

IS RELATED TO POW-
ER RATIOS AND

STRICTLY SPEAK-
ING THE DECIBEL
DEALS WITH POW-
ER RATIOS ONLY.
THERE ARE TIMES,
HOWEVER, WHEN IT
IS DESIRABLE TO
DETERMINE A DB.
GAIN OR ATTENUA-
TION IN TERMS OF
VOLTAGE CHANGES
OR CURRENT CHANG
ES. FOR THIS,THE
TWO FOLLOWING

THE LARGER VOLTAGE)
THE SMALLER VOLTAGE)

THE LARGER CURRENT)
THE SMALLER CURRENT)

CARE MUST BE EXERCISED IN APPLYING THESE LATTER TWO FORMULAS, HOW-
EVERy BECAUSE THEY ARE ONLY CORRECT PROVIDED THAT THE IMPEDANCES ARE
EQUAL ACROSS WHICH THESE TWO VOLTAGES ARE APPLIED OR THRU WHICH THESE
TWO CURRENT VALUES FLOW.

IN THE EVENT THAT THE IMPEDANCES ARE NOT EQUAL THEN THE FOLLOWING
FORMULAS SHOULD BE USED.

DECIBELS = 20 LOG*

AND DECIBELS = 20 LOGPa
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IF THE NATURE OF THE CIRCUIT IS SUCH THAT THE VOLTAGES IN QUESTION

ARE APPLIED ACROSS A PURE RESISTANCE CIRCUIT OR THE CURRENTS IN QUESTION
FLOW THROUGH A PURE RESISTANCE CIRCUIT,THEN RI AND Ri IN THE PRECEDING

FORMULAS WILL BE EXPRESSED IN OHMS RESISTANCE WHEREAS IF THE CIRCUITS
ING CONSIDERED INVOLVE INDUCTANCE, CAPACITY AND RESISTANCE OR ANY COMBIN-
ATION THEREOF, THEN RI AND RiOF THE FORMULAS WILL HAVE TO BE EXPRESSED IN
TERMS OF EFFECTIVE IMPEDANCE.

Now LET US PROCEED AND SEE HOW THIS LAST GROUP OF FORMULAS WOULD BE
APPLIED IN PRACTICE. FIRST, WE SHALL CONSIDER PROBLEMS IN WHICH THE RE*

SISTANCE8 OR IMPEDANCES ASSOCIATED WITH THE TWO VOLTAGE AND CURRENT VAL-

UES ARE EQUAL.

CALCULATING THE VOLTAGE GAIN OF AN AMPLIFIER IN TERMS OF DECIBELS

IN FIG. 5 YOU ARE SHOWN THE ARRANGEMENT OF AN AMPLIFYING SYSTEM CON
SISTING OF THREE AMPLIFYING UNITSt NAMELY, A PRE-AMPLIFIER,AN INTERMED-

IATE AMPLIFIER AND A FINAL AMPLIFIER. THESE THREE UNITS ARE LOCATED IN

DIFFERENT PARTS OF A STUDIO AND ARE INTERCONNECTED WITH A TRANSMISSION

LINE. THE SIGNAL IS PASSED THROUGH EACH OF THESE UNITS IN TURN,AMPLIFIED

To Microphone
Circuit

To speakers

1////////i77
'-.1/INTERME
Z ////////4* ....///,///

/ PRE - /1 /INTERMEDIATE ) `,// F1 MAL
AMPLIFIER., A MPLI F I ER.,/ AMPLIFIER., i

//
Input Voltage .3v,

/ / /,/ /27/2;;

Output voltage =150 V.

F I G . 5

A 5,.../slem of 4mplifYieig
BEFORE BEING PASSED ON TO THE NEXT AND UNTIL THE SIGNAL FINALLY REACHES

THE SPEAKERS.

WE SHALL ASSUME THAT THE INPUT :MPEDANCE TO THE INTERMEDIATE AMP-*

LIFIER IS EQUAL TO THE OUTPUT IMPEDANCE OF THIS SAME AMPLIFIER AND THAT

THE SIGNAL VOLTAGE INPUT TO THE INTERMEDIATE AMPLIFIER AMOUNTS TO 3 VOLTS

AND THE OUTPUT SIGNAL VOLTAGE FROM THIS SAME AMPLIFYING UNIT AMOUNTS TO

20 VOLTS. WITH THESE FACTS KNOWN,CALCULATE THE GAIN OF THIS INTERMEDIATE
AMPLIFIER EXPRESSED IN DB. SINCE THE INPUT AND OUTPUT TERMINAL IMPEDAN
CES OF THIS INTERMEDIATE AMPLIFIER ARE EQUAL,THE FORMULA TO USE IN SOL-
VING THIS PROBLEM IS:

DECIBELS = 20 LOolo El---- AND IN WHICH CASE THE VALUE FOR E1 = 150
Ez

VOLTS AND THE VALUE FOR Ez = 3 VOLTS. SUBSTITUTING THESE VALUES IN THE

FORMULA, WE HAVE:

DECIBELS = 20 Loa 15a
10 3
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DECIBELS = 20 LOG 50

= 20 x 1.6990

= 33.98

IN OTHER WORDS,THE INTERMEDIATE AMPLIFIEO IN FIG. 5 PROVIDESA GAIN
OF APPROXIMATELY 34 DB.

APPLICATION OF THE DECIBEL TO CIRCUITS INVOLVING CURRENT CHANGES

IN FIG. 6 WE HAVE A CIRCUIT IN WHICH A TRANSMISSION LINE SERVES, AS
THE CONNECTING LINK BETWEEN THE SOURCE OF POWER AND THE LOAD. LET US AS
SUME THAT UNDER NORMAL CONDITIONS 20 MILLIAMPERES FLOWS THROUGH THE TRINN
SMISSION LINE AND THAT THE LOAD IS THEN INCREASED TO SUCH A POINT THAT
THE CURRENT THROUGH THE TRANSMISSION LINE RISES TO A VALUE OF 70MILLIAM-
PERES. THE TERMINAL IMPEDANCE AT EACH END OF THE TRANSMISSION LINE IS
EQUAL.

1G. e

THE PROBLEM IS TO FIND
THE LOSS EXPRESSED IN DB Re'"
SULTING FROM THE INCREASED
CURRENT FLOW THROUGH THE TRIG
NSMISSION LINE OF FIXED
SISTANCE

FORMULA TO USE IN
THIS CASE IS:

DECIBELS = 20 LOG
A Problem in Changing ClirrenA 1/.=7/v¢5. '° I2

ANC SUBSTITUTING THE VALUES
OF 70 FOR I/ AND 20 FOR Iz WE HAVE:

DECIBELS = 20 LOGio 20

= 20 LOG 3.5

= 20 x 0.5441
= 10.882

THIS MEANS THAT IF THE CURRENT THROUGH THE TRANSMISSION LINE IS IN-
CREASED FROM 20 TO 70 MILLIAMPERES, WE WOULD REALIZE A LOSS OR ATTENUA."'

TICN OF APPROXIMATELY II DB,

CALCULATING GAIN INVOLVING DIFFERENT TERMINAL IMPEDANCES

SO FAR, ALL OF THE SAMPLE PROBLEMS DEALING WITH GAIN AND ATTENUATION
INVOLVING VOLTAGE OR CURRENT CHANGES WERE OF THE TYPE IN WHICH THE TWO RR
SISTANCES OR IMPEDANCES IN QUESTION ARE EQUAL. Now LET US SEE HOW WE
WOULD ATTACK A PROBLEM WHERE THE IMPEDANCES INVOLVED ARE NOT EQUAL.

PROBLEM: A CERTAIN AMPLIFIER HAS I VOLT APPLIED TO ITS INPUTRESIS-
TANCE OF 15,000 OHMS. A VOLTAGE OF 50 APPEARS ACROSS ITS OUTPUT RESIST-
ANCE OF 4000 OHMS. FIND THE VOLTAGE GAIN EXPRESSED IN DECIBELS.
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FORMULA: De = 20 LOG _g.105R7-
)0 Evi.777

WHERE E = 50; E = I; R = 4000 OHMS AND R - 15,000 OHMS*

SUBSTITUTING THESE VALUES IN THE FORMULA WE HAVE:

DECIBELS = 20 LOG 50 4- 4fTY5)

I --'r'05,000

50 ÷ 63.24
I ÷ 122.48

=20 LOG

= 20 LOG .79

.0082

= 20 LOG 96.3

= 20 x 1.9836

= 39.67

THUS WE HAVE DETERMINED THAT THE GAIN OF THIS PARTICULAR AMPLIFIER
IS EQUIVALENT TO APPROXIMATELY 40 DECIBELS.

POWER RATIO IN TERMS OF DECIBELS

SO FAR, WE HAVE ONLY WORKED WITH PROBLEMS WHERE WE DETERMINED THE

DECIBEL GAIN OR ATTENUATION IN TERMS OF THE VOLTAGE, CURRENT OR POWER 96
TIO0 QUITE OFTEN, HOWEVER, IT IS DESIRED TO REVERSE THE PROCEDURE, THAT

IS, TO DETERMINE WHAT POWER RATIO, FOR INSTANCE, IS NECESSARY IN ORDER TO

BRING ABOUT A CERTAIN 08 GAIN OR ATTENUATION. TO ILLUSTRATE THIS,LET U8

CONSIDER THE FOLLOWING SPECIFIC EXAMPLE.

PROBLEM: A CERTAIN CIRCUIT IS KNOWN TO OFFER A LOSS OR ATTENUATION
OF 30 DB. WHAT POWER RATIO CORRESPONDS TO THIS LOSS?

SOLUTION: THE BASIC FORMULA TO APPLY IN THIS CASE 18 DB = 10 LoGio

AND TO SOLVE FOR THE RATIO Pt . To DO THIS, IT IS NECESSARY TO

Pz Pz

FIRST TRANSPOSE THE GIVEN FORMULA SO THAT THE RELATION PI WILL APPEAR
P

TO THE LEFT OF THE EQUALS SIGN. THIS IS ACCOMPLISHED BY FIRST WRITING
THE FORMULA IN THE FORM 10 LOG P1 = DB, BY SUBSTITUTING THE VALUE OF

10
rZ

30 FOR D8. WE HAVE: 10 LOG 2.1= 30. THE NEXT STEP IS TO DIVIDE THROUGH
w PI

THE EQUATION BY 10 AND THUS OBTAIN = ANTILOG 3 WHENCE PI = 1000.
Pz Pz

NOTICE THAT WE HAVE HERE USED THE EXPRESSION WANTILOGno TO FIND THE
ANTILOG OF A NUMBER IS JUST THE REVERSE PROCEDURE OF FINDING ITS LOGAR""

ITHM. FOR EXAMPLE, THE LOGARITHM OF 1000 IS 3 WHEREAS THE NUMBER CORRES""
PONDING TO THE LOGARITHM OF 3 OR THE ANTILOG OF 3 IS 1000.

VOLTAGE GAIN IN TERMS OF DECIBELS

SHOULD WE BE DEALING WITH A PROBLEM INVOLVING A VOLTAGE GAIN IN TERMS
OF DB, THEN WE WOULD PROCEED IN THE MANNER AS ILLUSTRATED BY THE FOLLOW'.
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ING EXAMPLE: A CERTAIN AMPLIFIER IS KNOWN TO OFFER A GAIN OF 48 ()BANAT
IS THE VOLTAGE GAIN OF THIS AMPLIFIER, ASSUMING THE INPUT AND OUTPUTTERM
INAL IMPEDANCES AS BEING EQUAL?

SOLUTION: THE FORMULA TO USE IN THIS CASE 16 DB = 20
o E

LOG E' AND
i

SUBSTITUTING THE VALUE 48 FOR D8 WE HAVE 48 = 20 LOG E' ANDWE SOLVE
10 E2

FOR THE RELATION IN THE FOLLOWING MANNER:

20 LOG Et = 48
E2

DIVIDING BY 20 LOG = 2.4
Ez

El = ANTILOG OF 2.4
Ez

= 250. THAT IS TO SAY,THIS PARTIO"
E

ULAR AMPLIFIER WILL FURNISH A VOLTAGE GAIN OF APPROXIMATELY 250.

OVERALL GAIN OF AN AMPLIFYING SYSTEM

THE DECIBEL GREATLY SIMPLIFIES CALCULATING THE OVERALL GAIN OF AN
AMPLIFYING SYSTEM IN WHICH A SERIES OF GAINS AND LOSSES ARE EXPERIENCED
BETWEEN THE INPUT AND OUTPUT OF THE SYSTEM. THIS IS DUE TO THE FACT THAT
THE SUCCESSIVE GAINS AND LOSSES IN THE SYSTEM WHEN EXPRESSED IN DECIBELS
CAN BE ADDED ALGEBRAICALLY.

FOR EXAMPLE, IN FIG. 7 WE HAVE AN AMPLIFYING SYSTEM CONSISTING OF

THREE AMPLIFYING UNITS INTERCONNECTED BY TRANSMISSION LINES. AMPLIFIER
#1 SUPPLIES A GAIN OF IS Os; AMPLIFIER #2 SUPPLIES A GAIN OF 35 08 AND
AMPLIFIER #3 SUPPLIES A GAIN OF 20 DB. FURTHERMORE, THE TRANSMISSION LINE
BETWEEN AMPLIFIER 41 AND AMPLIFIER #2 INTRODUCES A LOSS OF 6 DB AND THE
TRANSMISSION LINE BETWEEN AMPLIFIER #2 AND AMPLIFIER #3 INTRODUCES A LOSS
OF 5 DO.

TO CALCULATE THE OVERALL GAIN OF THIS SYSTEM, WE ADD THE DB VALUES
OF THESE VARIOUS SECTIONS TOGETHER ALGEBRAICALLY,REMEMBERING THAT ALL
GAINS ARE CONSIDERED AS POSITIVE 08 VALUES AND ALL LOSSES AS NEGATIVE 08
VALUES. THEREFORE, THE OVERALL GAIN OF THE SYSTEM IN FIG. 7 FROM THE IN-
PUT OF THE FIRST AMPLIFIER TO THE OUTPUT OF THE FINAL AMPLIFIER WOULD BE
WRITTEN IN THE FORM + 15 D8 -6 DB + 35 DB -5 DB + 20 DB = 469 Do.

IT IS ALSO TRUE THAT IF THE GAIN OF EACH STAGE OF AN AMPLIFIER IS

KNOWN IN TERMS OF DECIBELS,THEN THE OVERALL GAIN OF THE AMPLIFIER EX-
PRESSED IN DECIBELS WILL BE EQUAL TO THE SUM OF THE OB. GAIN OF THE VAR-
IOUS STAGES.

FREQUENCY RESPONSE CURVES

WHEN CONSIDERING THE MERITS OF AN A.F. AMPLIFIER, IT IS IMPORTANT TO
KNOW HOW MUCH IT AMPLIFIES EQUAL INPUT VOLTAGES THROUGHOUT THE AUDIO FRE
QUENCY RANGE, THIS TEST CAN BE MADE BY CONNECTING AN A.F. OSCILLATOR A"

CROSS THE INPUT TERMINALS OF THE AMPLIFIER AS SHOWN IN FIG. 8. SUCH AN
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OSCILLATOR CAN BE MADE TO GENERATE AN AUDIO FREQUENCY SIGNAL OR NOTE OF
ANY FREQUENCY DESIRED WITHIN ITS RANGE. THIS OSCILLATOR IS ADJUSTED IN
TURN TO GENERATE A VARIETY OF DIFFERENT AUDIO SIGNALS AND THE SIGNAL VOL
TAGE CAREFULLY MEASURED ACROSS THE INPUT TERMINALS OF THE AMPLIFIER BY

MEANS OF THE VACUUM TUBE VOLTMETER.FOR EACH FREQUENCY SETTING,THE OSCILL
ATOR IS ADJUSTED SO THAT THE SAME VOLTAGE IS AVAILABLE ACROSS THE INPUT
TERMINALS OF THE AMPLIFIER.

THE VACUUM TUBE VOLTMETER, WHICH IS CONNECTED ACROSS THE OUTPUT OF
THE AMPLIFIER, IS USED TO MEASURE THE OUTPUT SIGNAL VOLTAGE AVAILABLE FOR
EACH FREQUENCY SETTING OF THE A.F. OSCILLATOR. LET US SUPPOSE, FOR EX-
AMPLE, THAT THE CHARACTERISTICS OF THIS PARTICULAR AMPLIFIER UNDER TEST
ARE SUCH THAT THE OUTPUT VOLTAGE IS 8 TIMES AS GREAT AS THE INPUT VOLTAGE
WHEN A 100 CYCLE SIGNAL IS BEING PRODUCED, 8o TIMES AS GREAT WHEN A 1000
CYCLE SIGNAL IS BEING PRODUCED AND 150 TIMES AS GREAT WHEN A 5000 CYCLE

Gain= 15 Db. Gain =35 Db. Gain =. 20 Db.

input
AmPL.

#

Am PL. /1
,-/

// *1 Output*3/ /
jl

Line loss = 6 Db, Line loss = 5 Db.

F G . 7
Overall D.B. Gam

SIGNAL IS BEING PRODUCED. THESE FIGURES MEAN THAT THIS PARTICULAR AMPLI
FIER HAS A VOLTAGE AMPLIFICATION OF 8 AT 100 CYCLES,A VOLTAGE AMPLI-
FICATION OF 8o AT 1000 CYCLES AND A VOLTAGE AMPLIFICATION OF 150 AT 5000
CYCLES. IN WORK DEALING WITH AUDIO FREQUENCIES,THE AMPLIFICATION AT 1000
CYCLES IS GENERALLY TAKEN AS A REFERENCE AND THE AMPLIFICATION AT ALL
OTHER FREQUENCIES COMPARED TO THIS VALUE.

SINCE THE VOLTAGE AMPLIFICATION AT 1000 CYCLES IS 8o FOR THE PARTIC
ULAR AMPLIFIER UNDER CONSIDERATION, THIS VALUE OF 8o WILL BE USED AS THE
REFERENCE POINT. SINCE THE GAIN AT 100 CYCLES IS ONLY 8, THE RATIO BE-
TWEEN THE 1000 CYCLE GAIN AND THIS VALUE BECOMES 8o = 10. EXPRESSED IN

8

DECIBELS THIS WOULD BE EQUIVALENT TO 20 DB. WHICH IS SHOWN AS FOLLOWS:

DB = 20 LOG40 80 = 20 x LOG io = 20 x I = 20.

THE 100 CYCLE AMPLIFICATION IS THEREFORE 20 De. LESS THAN THE 1000

CYCLE AMPLIFICATION.

AT 5000 CYCLES THE VOLTAGE RATIO BECOMES 1 = 1.87 AND THIS WOULD
0

BE EQUIVALENT TO A GAIN OF 5.L3 DB.AS PER THE FOLLOWING CALCULATIONS:

I 0De = 20 LOG = 20 LOG 1.87
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De = 20 x 0.2718
= 5.43

THE IDEAL AMPLIFIER WOULD AMPLIFY ALL FREQUENCIES OF THE AUDIO FRE-
QUENON, RANGE UNIFORMLY WELL. SUCH RESULTS, HOWEVER, ARE NOT REALIZED IN

ACTUAL PRACTICE ALTHOUGH SOME VERY REMARKABLE RESULTS ARE BEING OBTAINED.

THE AMPLIFIER FOR WHICH THE CALCULATIONS HAVE JUST BEEN GIVEN HAS

POOR CHARACTERISTICS IN THAT A DECIDED LOSS IS OBTAINED AT THE LOWER FRE
QUENCIES SO THAT THE LOW NOTES WOULD BE PRACTICALLY INAUDIBLE,WHILE ON

THE OTHER HAND,THE HIGH NOTES WOULD BE ACCENTUATED CONSIDERABLY ABOVE THE
NORMAL 1000 CYCLE LEVEL. IT THUS BECOMES OBVIOUS THAT THE DECIBEL IS OF

GREAT VALUE IN EXPRESSING THE PERFORMANCE OF AMPLIFYING EQUIPMENT IN TERMS
OF THE EFFECT UPON THE EARS OF THE LISTENER. IT IS CUSTOMARY TO PLOT FRE
QUENCY RESPONSE CURVES FOR AMPLIFIERS IN THE MANNER SHOWN YOU IN FIG. 9.
HERE THE FREQUENCIES ARE LAID OFF HORIZONTALLY ON GRAPH PAPER WHICH IS

RULED VERTICALLY ACCORDING TO A LOGARITHMICAL SCALE WHEREAS ITS HORIZON-
TAL LINES ARE
RULED EQUIDISTANT
APART TO DESIG-
NATE THE GAIN EX
PRESSED IN DEC-
IBELS.

FIG.
Sei  -up For a Performance T:251-.

ED ON THE GRAPH PAPER AND CONNECTED TOGETHER WITH A CONTINUOUS LINE
FORM A CURVE SIMILAR TO THAT SHOWN YOU IN FIG. 9.

WHEN THE

DB VALUES AT D1F
FERENT FREQUEN-
CIES HAVE BEEN
OBTAINED BY THE
TEST ILLUSTRATED
IN FIG. 8, THEN
CORRESPONDING
POINTS ARE PLOTT

TO

THE CURVE IN FIG. 9 SHOWS THAT THE PARTICULAR AMPLIFIER FROM WHICH
IT WAS PLOTTED OFFERED UNIFORM AMPLIFICATION THROUGHOUT THOSE FREQUENCIES
EXTENDING FROM 100 TQ 3000 CYCLES PER SECOND. IT DROPS GRADUALLY UNTIL

THE 4000 CYCLE POINT IS REACHED AND THEN DROPS OFF ABRUPTLY AS AFREQUEN-
CY OF 10,000 CYCLES IS APPROACHED. FROM 100 CYCLES OOWNWARD,THE GAIN IN-
CREASES SLIGHTLY UNTIL A POINT CORRESPONDING TO 55 CYCLES IS REACHED AND
THEN DROPS OFF RAPIDLY AT FREQUENCIES BELOW 55 CYCLES.

NOT ONLY ARE GRAPHS AS THIS USED FOR ILLUSTRATING THE PERFORMANCE OF
AMPLIFIERS BUT THEY ARE ALSO EMPLOYED TO ILLUSTRATE THE PERFORMANCE OF

VARIOUS UNITS WHICH ARE USED IN AUDIO FREQUENCY AMPLIFYING SYSTEMS SUCH
AS MICROPHONES, SPEAKERS, A.F. TRANSFORMERS ETC.

ANOTHER PROBLEM INVOLVING DB GAIN

SO AS TO BE CERTAIN THAT YOU FULLY UNDERSTAND HOW TO FIGURE THE vol
TAGE GAIN EXPRESSED IN DECIBELS WHEN THE IMPEDANCES IN QUESTION ARE NOT

EQUAL LET US CONSIDER ONE MORE PROBLEM. HERE IT 1$: A CERTAIN AMPLIFIER
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HAS AN INPUT IMPEDANCE OF 500,000 OHMS AND ACROSS WHICH A SIGNAL VOLTAGE

OF 0.5 VOLT IS IMPRESSED. A SIGNAL VOLTAGE OF 30 VOLTS IS AVAILABLE

ACROSS AN IMPEDANCE OF 7000 OHMS IN THE OUTPUT OF THIS AMPLIFIER.WHAT IS
THE VOLTAGE GAIN OF THIS AMPLIFIER EXPRESSED AS De?

SOLUTION: THE FORMULA TO USE HERE IS:

DB = 20 LoGro E

Ez÷

THE VALUE FOR El. 30 VOLTS; IR1= 7000 OHMS; E2= 0.5 VOLTS AND Rz=

500,000 OHMS. BY SUBSTITUTING THESE VALUES IN OUR FORMULA WE HAVE:

DB = 20 LOG/0

DB = 20 LoG

DB = 20 LOG 10

30 17000
0.5 ÷ 500,000

30 -i- 83.7

0.5 712

0.358
.0007

DB = 20 LOG 511

De = 20 x 2.7084

DB = 54 APPROXIMATELY.

THE VOLTAGE GAIN OF THIS AM
PLIFIER WOULD BE EQUIVALENT TO AP
PROXIMATELY 54 DB.

FIG. 9
A Frequency Response Ccdrve.

THIS IS A VERY IMPORTANT LESSON AND YOU ARE URGED TO STUDY IT

WITH UTMOST CARE. YOU WILL FIND COMPUTATIONS SUCH AS EXPLAINED IN THIS

LESSON TO BE USED CONSIDERABLY IN LATER LESSONS OF THIS COURSE AS WELL

AS IN ENGINEERING WORK OUT IN THE INDUSTRY.

IN THE NEXT LESSON YOU ARE GOING TO BE TOLD ABOUT VARIOUS VOLUME

CONTROL SYSTEMS AS USED IN AMPLIFIERS AS WELL AS BEING MADE FAMILIAR WITH
MIXERS, AND OTHER ALLIED SUBJECTS.



EXAMINATION QUESTIONS

LESSON NO. A.S.-9

I. - DEFINE THE DECIBEL.

2. - IF A CERTAIN AMPLIFIER AT ONE PARTICULAR TIME FURNISHES AN OUTPUT
OF 3 WATTS AND THIS OUTPUT IS THEN INCREASED TO 12 WATTS, HOW MANY
DECIBELS WILL THIS POWER INCREASE REPRESENT?

3. - WHAT IS MEANT BY THE EXPRESSION ATTENUATION?

4. - THE INPUT AND OUTPUT IMPEDANCES OF A CERTAIN AMPLIFIER ARE EQUAL.IF
A SIGNAL VOLTAGE OF 2 VOLTS IS APPLIED TO THE INPUT OF THIS AMPLI-
FIER AND A SIGNAL VOLTAGE OF 100 APPEARS AT ITS OUTPUT, WHAT IS THE
GAIN OF THIS AMPLIFIER EXPRESSED DB.?

5- A CERTAIN CIRCUIT IS ARRANGED SO THAT BY OPENING A SWITCH ADDI-
TIONAL RESISTANCE IS ADDED TO THE CIRCUIT AND BY CLOSING THE SWITCH,
THE RESISTANCE OF THE CIRCUIT IS REDUCED.WHEN THIS SWITCH IS CLOSED,
A CURRENT OF 100 MILLIAMPERES FLOWS THRU THE CIRCUIT AND WHEN THE
SWITCH IS OPEN, A CURRENT OF 25 MILLIAMPERES OF CURRENT FLOWS THRU
THE CIRCUIT. WHAT ATTENUATION EXPRESSED IN DB. IS OBTAINED WHEN THE
SWITCH IS OPEN AS COMPARED WITH THE SWITCH IN THE CLOSED POSITION?

6. - A CERTAIN AMPLIFIER HAS 0.75 VOLTS APPLIED TO ITS INPUT RESISTANCE
OF 20,000 OHMS.A SIGNAL VOLTAGE OF 75 APPEARS ACROSS ITS OUTPUT RE-
SISTANCE OF 6000 OHMS. WHAT IS THE GAIN OF THIS AMPLIFIER EXPRESSED
IN DB.?

7. - AN AMPLIFIER IS KNOWN TO FURNISH A GAIN OF 6o DB.,AND AT WHICH TIME
A SIGNAL VOLTAGE OF 30 VOLTS IS BEING DELIVERED. WHAT IS THE SIGNAL
VOLTAGE INPUT TO THE AMPLIFIER AT THIS TIME? CONSIDER THE INPUT AND
OUTPUT IMPEDANCES OF THIS AMPLIFIER TO BE EQUAL.

8. - A CIRCUIT IS KNOWN TO OFFER AN ATTENUATION OF 50 DB. WHAT POWER RA-
TIO CORRESPONDS TO THIS LOSS?

9. - FOUR AMPLIFIERS ARE CONNECTED IN SERIES. AMPLIFIER #1 OFFERS A GAIN
OF 20 DB; AMPLIFIER #2 A GAIN OF 50 DB; AMPLIFIER #3 A GAIN OF 8o
DB AND AMPLIFIER #4 A GAIN OF 4o DB. THE TRANSMISSION LINE BETWEEN
AMPLIFIERS #1 AND #2 INTRODUCES AN ATTENUATION OF 3 DB;THAT BETWEEN
AMPLIFIERS #2 AND #3 AN ATTENUATION OF 5 DB;AND THAT BETWEEN AMPLI-
FIERS #3 AND #4 AN ATTENUATION OF 2 DB. WHAT IS THE OVERALL GAIN OF
THIS COMPLETE AMPLIFYING SYSTEM?

10.- DRAW A FREQUENCY RESPONSE CURVE IN WHICH DECIBELS ARE PLOTTED
AGAINST FREQUENCY AND EXPLAIN THE MEANING OF THIS CURVE.
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ATTENUATION NETWORKS AND MIXERS
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IN HIGH QUALITY SOUND TRANSMISSION CIRCUITS SUCH AS USED FOR TELE-
PHONE LINES,RADIO-BROADCAST SOUND EQUIPMENT,PUBLIC-ADDRESS SYSTEMS,TALK-
ING PICTURE APPARATUS ETC., RESSTANCE NETWORKS KNOWN AS ATTENUATORS ARE
USED EXTENSIVELY.THESE ATTEN-
UATORS OR PADS, AS THEY ARE
MOST GENERALLY CALLED,OFFER A
MEANS WHEREBY THE ENERGY

WHICH IS BEING TRANSMITTED TO
A LOAD AT THE FAR END OF THE
LINE MAY BE CONTROLLED IN HAG
NITUDE AND IN THIS WAY MAKE

POSSIBLE AN EFFICIENT TRANS-
MISSION SYSTEM FROM WHICH THE
MAXIMUM OUTPUT OF ENERGY WITH
THE LEAST DISTORTION MAY BE

OBTAINED.

WHEN USED, THESE PADS ARE
ALWAYS IN THE TRANSMISSION
LINE BETWEEN THE SOURCE OF
ENERGY AND THE LOAD. THE

SOURCE OF ENERGY MAY BE ANY
OF THE FOLLOWING:

(I) OUTPUT OF A SPEECH
IS FEEDING AN
LOCATED AT A

OF A LOW LEV
AS A CON -

AMPLIFIER
SPEECH AMP
SOME DIS-

FIG. I

A TWO -CHANNEL SOUND AND
CENTRALIZED RADIO SYSTEM
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(3) OUTPUT OF A HIGH LEVEL POWER AMPLIFIER.

(4) OUTPUT OF MICROPHONE CIRCUITS ETC.

THE LOAD MAY CONSIST OF A TRANSMISSION LINE CARRYING THE ENERGY
AND TERMINATING IN AN IMPEDANCE LOCATED AT THE FAR END OF THE LINE. THIS
LOAD IMPEDANCE MIGHT CONSIST OF ANY OF THE FOLLOWING:

I. - PRIMARY SIDE OF A LINE -MATCHING TRANSFORMER (LINE TO LINE
TRANSFORMER).

2. - INPUT CIRCUIT OF A SPEECH AMPLIFIER.
- LOUD SPEAKERS LOCATED AT DISTANT POINTS FROM AN AMPLIFIER.

. - MIXING CIRCUITS ETC.

THE CHARACTERISTICS OF A PAD ARE SUCH AS TO IMPOSE A CONSTANT IM-
PEDANCE UPON THE TRANSMISSION LINE AND THEREBY CONTROLLING THE LEVEL
(MAGNITUDE) OF THE ENERGY WHICH IS BEING TRANSMITTED TO THE LOAD AT THE
FAR END OF THE LINE. THE PAD MAINTAINS THIS LEVEL BY INTRODUCING A LOSS
IN ENERGY BETWEEN THE SOURCE AND THE LOAD AND AT THE SAME TIME CAUSING

FIG. 'Z.
Two Amplifiers Coupled by a Tra'n5/ni scion Line.

NO IMPEDANCE MISMATCH TO THE IMPEDANCES BETWEEN WHICH IT IS WORKING,NAME
LYE THE SOURCE IMPEDANCE AND THE LOAD IMPEDANCE.

A PRACTICAL PROBLEM

To ILLUSTRATE THE APPLICATION OF A PAD AND AT THE SAME TIME EXPLAIN
THE METHOD OF CALCULATING ITS VALUES,LET US CONSIDER THE FOLLOWING PRAC
TICAL EXAMPLE.

IN FIG. 2,THE SIGNAL ENERGY AS SUPPLIED AT THE OUTPUT OF AMPLIFIER
#1 IS DELIVERED BY THE TRANSMISSION LINE TO AMPLIFIER #2 FOR FURTHER AM-
PLIFICATION. You WILL ALSO OBSERVE THAT IN ORDER TO BRING ABOUT PROPER
MATCHING OF IMPEDANCES BETWEEN THESE TWO AMPLIFIERS ONE TRANSFORMER IS
USED TO MATCH THE OUTPUT IMPEDANCE OF AMPLIFIER #1 TO THE TRANSMISSION
LINE AND A SECOND TRANSFORMER IS USED TO MATCH THE TRANSMISSION LINE IN-
TO THE INPUT IMPEDANCE OF AMPLIFIER #2.

SO AS TO HAVE A SPECIFIC PROBLEM WITH WHICH TO WORK, LET US ASSUME
THAT THE SIGNAL VOLTAGE FURNISHED BY AMPLIFIER #1 AND AVAILABLE ACROSS
THE SECONDARY TERMINALS OF THE AMPLIFIER,TO LINE TRANSFORMER AMOUNTS TO



LESSON NOI0 PAGE 3

1.5 VOLTS R.M.S. WE SHALL FURTHER ASSUME THAT THE OPERATING CHARACTER-

ISTICS OF AMPLIFIER #2 ARE SUCH THAT IN ORDER NOT TO OVERLOAD ITS INPUT

CIRCUIT, A VOLTAGE OF ONLY 0.15 VOLTS R.M.S. IS PERMISSIBLE ACROSS THE

PRIMARY WINDING OF THE LINE TO AMPLIFIER TRANSFORMER. IN OTHER WORDS,THE

CONDITIONS IN THIS PARTICULAR CASE
ACROSS THE SECONDARY
TERMINALS OF THE AMP-
LIFIER TO LINE TRANS-
FORMER WHEREAS ONLY

0.15 VOLTS CAN BE

TOLERATED ACROSS THE

PRIMARY TERMINALS OF

THE LINE TO AMPLIFIER
TRANSFORMER AS POINTED
OUT TO YOU IN FIG.2.

OBVIOUSLY,INOR-
DER TO PRODUCE THE RL
QUIRED LOSS IN SIGNAL
VOLTAGE BETWEEN THE
SOURCE AND LOAD ENDS OF THE
SOME FORM OF RESISTANCE
TIME NOT INTRODUCING ANY IMPEDANCE MISMATCH BETWEEN THE SOURCE AND

LOAD.

AMOUNT OF ATTENUATION

ARE SUCH THAT 1.5 VOLTS IS AVAILABLE

F16. 3
The H- Pad.

TRANSMISSION LINE, IT IS NECESSARY TO INSTALL

NETWORK BETWEEN THESE TWO POIN7S BUT AT THE SAME
THE

THE FIRST STEP IN WORKING OUT THE DESIGN OF SUCH A RESISTANCE NET-

WORK IS TO DETERMINE To WHAT EXTENT THE SIGNAL VOLTAGE MUST BE REDUCED

SO AS TO PRODUCE THE REQUIRED ATTENUATION. FOR EXAMPLE, KNOWING THE VOL-

TAGES TO BE HANDLED AT BOTH ENDS OF THE LINE,THE CORRE3PONDING VOLTAGE

RATIO CAN BE CALCULATED IN THE FOLLOWING MANNER:

El = 10
E2. 0.15

IN OTHER WORDS, A VOLTAGE REDUCTION IN ACCORDANCE WITH A RATIO OF

10 TO I
IS REQUIRED BETWEEN THE INPUT AND OUTPUT

F I . 4
H- Pad 5a/ar7ced With ,Qespect

t -o Ground.

TERMINALS OF THE NET-
WORK WHICH IS TO BE

DESIGNED FOR THETRANS -
MISSION CIRCUIT IN FIG.

2.

THE NEXT PROBLEM
WHICH CONFRONTS US IS

TO CETERMINE WHAT TYPE
OF RESISTANCE NETWORK

IS MOST SUITABLE FOR
PRODUCING THIS LOSS IN
THE TRANSmISSIONSYSTEM
AND YET NOT INTRODUCE

ANY IMPEDANCE MISMATCH.
IN COMMUNICATION CIR-
CUITS,TWO TYPES OF RE-

0137ANCE NETWORKS ARE
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USED FOR THIS PURPOSE AND THEY ARE CLASSIFIED AS (I) "H" TYPE PADS AND
(2) "T" TYPE PADS.

THE H -PAD

THE "H -PAD" IS ILLUSTRATED FOR YOU IN FIG. 3 AND AS YOU WILL OB-
SERVE IT CONSISTS OF TWO SERIES CONNECTED RESISTORS Z1 BEING INSTALLED IN
EACH SIDE OF THE LINE AND ANOTHER RESISTOR Zz IS CONNECTED ACROSS THE
LINE BETWEEN THE POINTS AT WHICH THE SERIES RESISTORS ARE UNITED. THE n
SISTOR NETWORK THUS RESEMBLES THE LETTER H LAID ON ITS SIDE AND IS THERE
FORE LOGICALLY NAMED AN "H -PAD". IT 18 CUSTOMARY TO REFER TO THE VARIOUS
RESISTORS ZIAS THE SERIES RESISTORS OR SERIES ARMS AND TO THE RESISTOR
ZiAS THE SHUNT RESISTOR CR SHUNT ARM. IN SOME CASES, THE SHUNT ARM is pi
VIDEO INTO TWO EQUAL PARTS AND WITH THE MID -POINT GROUNDED AS ILLUSTRATED
IN FIG. 4. THIS LATTER CONNECTION ALSO BALANCES THE ENTIRE NETWORD WITH
RESPECT TO GROUND BUT IS NOT ALWAYS USED.

FIG. 5 SHOWS YOU HOW THE CONVtNTIONAL TYPE OF H --PAD IS CONNECTED

PIG. 5

//I 5 ia //a b -on of the H- Pad In Transmission Cir CLI/-e _

IN THE TRANSMISSION CIRCUIT, THE SECONDARY WINDING OF THE AMPLIFIER TO
LINE TRANSFORMER (T1) IS SPOKEN OF AS BEING THE SOURCE IMPEDANCE AND IS

DESIGNATED ON THE DIAGRAM AS Z5. THE PRIMARY WINDING OF THE LINE TO AMP""
LIFIER TRANSFORMER (Tz) IS SPOKEN OF AS BEING THE LOAD IMPEDANCE AND 18

DESIGNATED ON THE DIAGRAM AS.ZL. IT IS IMPORTANT THAT Z5AND ZLBE
AND THE TRANSMISSION LINE IMPEDANCES MOST FREQUENTLY USED ARE 200
500 OHMS AND 600 OHMS. THE 500 OHM LINES ARE USED MOST.

IF AN ATTENUATOR OR PAC) IS NOW INSERTED INTO THE TRANSMISSION
LINE, IT MUST BE 80 DESIGNED THAT ITS IMPEDANCE IN NO WAY UPSETS THE IM-
PEDANCE MATCH BETWEEN THE SOURCE AND LOAD AND WHICH HAS ALREADY BEEN ES-
TABLISHED. WE THEN FIND THAT WHEN THE PAD IS WORKING IN THETRANSMISSION
LINE, IF THE IMPEDANCE LOOKING INTO THE "SOURCE FROM THE LINE EXACTLY
EQUALS THE IMPEDANCE INTO THE "LOAD" FROM THE LINE THEN THE PAD 18 SAID
TO BE WORKING BETWEEN ITS "IMAGE.IMPEDANCES". THIS CAN BE MADE STILL
CLEARER BY AGAIN REFERRING TO FIG. 5. HERE, FOR INSTANCE ,WHEN LOOKING INTO
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THE 1 AND 2 TERMINALS, THE COMBINED OR RESULTANT IMPEDANCE OF THE PAO

AND THE LOAD MUST EXACTLY EQUAL THE SOURCE IMPEDANCE. SIMILARLY, WHEN

LOOKING INTO THE 3 AND 4 TERMINALS, THE COMBINED OR RESULTANT IMPEDANCE

OF THE PAD AND THE SOURCE MUST EXACTLY EQUAL THE LOAD IMPEDANCE.

THE FORMULA FOR FINDING THE CORRECT VALUE OF THE SERIES RESISTANCE
OR Z1 OF AN H-PAD FOLLOWS:

Z, = _ZAP0:1)
I 2 K+I

TIO -01.1- AND Ze= LOAD AND SOURCE IMPEDANCE.
IT

RETURNING TO OUR PROBLEM CF DESIGNING A PAD FOR THE SYSTEM ILLUS-

TRATED IN FIG. 2, WE HAVE ASCERTAINED THE VOLTAGE RAT IC OR K TO BE 10

AND THE IMPEDANCE OF THE TRANSMISSION LINE IS ALREADY KNOWN TO BE 500

OHMS. (THE LOAD AND SO'JRCE IMPEDANCE IN THIS CASE WOULC ALSO EACH BE 500
OHMS). THEREFORE, BY SUBSTITUTING THESE KNOWN VALUES IN THE FORMULA Z1=

Zo ( K-I ) WE HAVE:
2 K+ I

WHERE K = THE VOLTAGE RATIO OR THE CURRENT -

_1St

2 \I0+1-0

ZI= 250 (-9--)

Z, = 250 x 0.82

Z = 205 0 1-11418

TO FIND THE VALUE OF THE SHUNT ARM OR Z2_ OF THE PAD,WE USE THE

FORMULA Z2. = 2ZoK
K2-I

So BY SUBSTITUTING VALUES IN THIS FORMULA WE HAVE:

FIG. 6

The Complete - Pad as
/nsi-a/leci in the Line,
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z 2 X 500 x 10
10.1-1

zt = 10.000
100 -I

1%000

Z = 101 OHMS

THE PAD FOR THE SYSTEM OF FIG* 2 WILL NOW APPEAR AS SHOWN YOU IN
FIG. 6 AND WHERE ALL VALUES ARE SPECIFIED*

DESIGNING A PAD FOR A GIVEN DB.ATTENUATION

SOMETIMES, THE NATURE OF'THE PROBLEM IS SUCH THAT THE ATTENUATION
WHICH 18 TO BE OFFERED BY THE PAO 18 EXPRESSED IN DECIBELS. AN EXAMPLEOF
SUCH A PROBLEM FOLLOWS:

IT IS DESIRED TO DESIGN A 500 OHM TRANSMISSION LINE IN WHICH ISIP"

FIG. 7
The Pad Desigfr7 For- /0 Db, Aientaa-ei or

CLUDED AN/41-"PAD FURNISHINGAN ATTENUATIONOF 10 Os. IN SUCH A CASE,WE WOULD
USE AN AMPLIFIER TO LINE TRANSFORMER WHOSE SECONDARY IMPEDANCE IS RATED
AT 500 OHMS AND CONNECT IT BETWEEN THE FIRST AMPLIFIER AND THE LINE* AT
THE SAME TIME, WE WOULD USE A LINE TO AMPLIFIER TRANSFORMER WHOSE PRIMARY
IMPEDANCE IS RATED AT 500 OHMS AND CONNECT IT BETWEEN THE LINE AND THE
SECOND AMPLIFIER.

TO DESIGN THE PAD FOR THIS SAME TRANSMISSION CIRCUIT WE MUST FIRST
DETERMINE THE VOLTAGE RATIO WHICH CORRESPONDS TO THE GIVEN ATTENUATION
OF 10 013* AND WE DO THIS BY USING THE FORMULA: DB = 20 LOG Et AND

to
E t

TRANSPOSING IT 80 AS TO SOLVE FOR Ai. IN THE FOLLOWING MANNER:

DIVIDING BY 20

De = 20 LOG -El
lo

20 LoGi LI= De
E2,

LOG = p_t_
Et 20
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E/ = ANTILOG
El 20

SINCE DB = 10 IN THIS
E

PROBLEM
z 20

= ANTILOG -12

Es
= ANTILOG 0.5

Es = 3.16

Es =
Ei

AND THIS RATIO, YOU WILL RECALL, IS EQUAL TO K IN THE PAD FORMULAS. To

FIND THE VALUE OF THE SERIES RESISTORS OR Z1 OF THIS PAD WE AGAIN USE THE

FORMULA:

OWS:

THIS CALCULATION SHOWS US THAT THE VOLTAGE RATIO OR 3.16

FIG. fii
The T- Pa d.

z =
2 K+1

Z .4 (3.16-1\
2 3.16+1)

Z = 250 (2.16)
4.16

Zi = 250 x 0.5

Z1 = 125 omms.

TO FIND THE VALUE OF THE SHUNT RESISTOR OR Zz WE PROCEED AS FOLL-'

ZZ =

Z2.=

2 x 500 x 3.16
3.162- I

3160
9

351 OHMS.
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THE H --PAD TO SUPPLY A 10 DB ATTENUATION IN THE 500 OHMTRANSMISSION
LINE WOULD HAVE THE SPECIFICATIONS NOTED IN FIG, 7.

THE T-PAD

THE T-PAD IS ILLUSTRATED FOR YOU IN FIG84 IN THIS TYPE OF PAD THE
TWO SERIES RESISTORS Z1 ARE PLACED IN ONE SIDE OF THE LINE ONLY AND THE
SHUNT RESISTOR Zz IS CONNECTED ACROSS THE LINE. THIS ARRANGEMENT OF RE`'

CISTORS THUS RESEMBLES THE LETTER "T" FROM WHICH IT DERIVES ITS NAME.

ALTHOUGH THE T-PAD WILL FURNISH THE REQUIRED ATTENUATION,YET WITH
RESPECT TO THE H-PAD IT IS AN UNBALANCED NETWORK. ITS ONLY ADVANTAGE LIES
IN THE SAVING IN COST OF TWO EXTRA RESISTORS AND THE 4."PAD IS REALLY PRI
FERABLE.

THE DESIGN OF THE T-PAD MUST ALSO BE SUCH THAT IT DOES NOT UPSET

FI Ca, 9
Complei-e Design for thcz T - Pacl.

THE IMPEDANCE MATCH OF THE TRANSMISSION CIRCUIT IN WHICH IT IS BEING USED
AND SINCE TWO OF THE SERIES- RESISTORS ARE ELIMINATED FROM THIS NETWORK AS
COMPARED TO THE H-PAD, IT STANDS TO REASON THAT THE VALUES FOR Z1 OF THE
.1...PAD MUST BE JUST TWICE AS GREAT AS FOR AN H-PAD CAPABLE OF SUPPLYING
THE SAME ATTENUATION. THE VALUE FOR Zz OF A T-PAD WOULD BE THE SAME AS
FOR THIS SAME RESISTOR IN AN /4PAD OF EQUAL ATTENUATION.

THESE CONDITIONS BEING TRUE1WE FIND THAT THE FORMULAS FORCALCULAT
INC THE VALUES OF Z1 AND ZL OF A T-PAD ARE AS FOLLOWS:

Z1 -ZoCi<i'41)

AND Z =
K.1

2;215.

IN BOTH THESE FORMULAS Zo= LOAD AND SOURCE IMPEDANCE AND K = THE
VALTAGE OR CURRENT RATIO OF ATTENUATION THE SAME AS ALREADY PRESCRIBED FOR
OUR H"PAD DESIGN FORMULAS.

To ILLUSTRATE THE APPLICATION OF THESE TPAD DESIGN FORMULAS, LETUS
WORK OUT THE VALUES FOR A PAD OP THIS TYPE TO SATISFY A GIVEN TRANSMISS-
ION CIRCUIT.
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A T-PAD DESIGN PROBLEM

PROBLEM: IT IS DESIRED TO INSTALL A T-PAD IN A 200 OHM TRANSMISSION LINE
SO AS TO OBTAIN AN ATTENUATION OF 20 DB.

SOLUTION: THE FIRST STEP IS TO SELECT SUITABLE TRANSFORMERS FOR BOTH ENDS
OF THE LINE SO THAT THE SOURCE IMPEDANCE AND LOAD IMPEDANCE WILL BOTH BE
EQUAL TO 200 OHMS.

WE COMMENCE WORKING OUT THE DESIGN FOR THE PAD BY DETERMINING THE
VOLTAGE RATIO REQUIRED AT THE ENDS OF THE LINE IN THE FCLLOWING MANNER:

Ds = 2D LOG -El
to E

LOG 11-=Et 20

L. = ANTILOG
ET 20

= ANTILOG
Et 20

= ANTI LOG I

E= 10 = K OF THE PAD FORMULA

TO DETERMINE THE VALUE FOR Z1 OF THE PAD PROCEED AS FOLLOWS:

Z1 = Zo (1:111

ZI = 200(1-1)
10+1J

Z,= 200(7-)
11

Z1 = 200 x .82

Z1 = 164 OHMS.

WE ARE NOW READY TO DETERMINE THE VALUE FOR Zi.OF THE PAD AND THIS
IS DONE IN THE FOLLOWING MANNER:

2IL
Z

E

z2. 2 x 200 x 10
10t - I

Z, = AD 99O-
-

Z.2.= 40.4 OHMS.

HAVING OBTAINED THE NECESSARY VALUES,WE CAN NOW DRAW THE DIAGRAM
FOR THIS TRANSMISSION CIRCUIT AS SHOWN IN FIG. 9 AND WHERE ALL VALUES ARE
SPECIFIED.
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SELECTION OF RESISTORS

NOT ONLY IS IT IMPORTANT THAT RESISTORS OF CORRECT VALUE BE USED IN
AN ATTENUATION NETWORK BUT IT 18 EQUALLY IMPORTANT THAT ONLY RESISTORS OF
THE HIGHEST QUALITY BE SELECTED FOR THIS PURPOSE. FURTHERMORE, SO THAT
THE IMPEDANCE OF THE PAD MAY BE UNIFORM THROUGHOUT THE ENTIRE BAND OFFRL
QUENCIES BEING HANDLED, IT IS NECESSARY THAT THE RESISTORS USED THEREIN BE
OF THE NON"INDUCTIVE TYPE AND AT THE SAME TIME INTRODUCE A MINIMUM OFCA-
PACITY INTO THE CIRCUIT.

FIG, 10

A Typical Mixer,

MENT KNOWN AS A
You ARE SHOWN A

M I XER

MIXERS

IN PREVIOUS LESSONS, YOU HAVE ALREADY BEEN
SHOWN HOW A SINGLE MICROPHONE OR PHONOGRAPH
PICK-UP MAY BE CONNECTED TO THE INPUT OF AN

AMPLIFIER. HOWEVER, FOR A GREAT MANY PURPOSES
FOR WHICH A.F. AMPLIFIERS ARE USED IT ISNECESS"
ARY TO FEED THE ENERGY FROM SEVERAL MICROPHONES,
FROM SEVERAL PHONOGRAPH PICK-UPS, FROM A RADIO
RECEIVER, OR A COMBINATION OF ANY OF THESEUNITS
INTO THE INPUT OF A SINGLE AMPLIFIER. TOACCOMP-
LISH THIS, WE EMPLOY A SPECIAL CIRCUIT ARRANGE"

BETWEEN THE VARIOUS PICK-UP UNITS AND THE AMPLIFIER.
TYPICAL MIXER IN FIG,10 AND AS YOU WILL OBSERVE,IT COW.

SISTS ESSENTIALLY OF A CONTROL PANEL ON WHICH ARE MOUNTED A SERIES OFCQU
TROL KNOBS WHEREBY THE SIGNAL ENERGY FROM THE INDIVIDUAL PICK-UP UNITS
CAN BE SET AT A DEFINITE LEVEL BEFORE BEING DELIVERED TO THE AMPLIFIER.
QUITE OFTEN, A MILLIAMMETER IS ALSO FURNISHED FOR MEASURING THE MICRO
PHONE CURRENT.

IN CONSIDERING THE VARIOUS MIXER CIRCUITS WHICH ARE COMMONLY USED,
WE SHALL START WITH THE MORE SIMPLE ARRANGEMENTS AND THEN GRADUALLY AD-
VANCE THROUGH THE MORE COMPLEX ARRANGEMENTS.

IN FIG. II YOU ARE SHOWN ONE METHOD WHEREBY THREE MICROPHONES MAY
BE CONNECTED TO THE INPUT OF AN AMPLIFIER THROUGH A MIXING CIRCUIT. THE
THREE MICROPHONES,FOR EXAMPLE,MAY BE LOCATED IN DIFFERENT SECTIONS OF A

STUDIO PICKING UP THE PROGRAM. BY MEANS OF THE MIXING CIRCUIT AN OPERATOR
BY LISTENING TO A MONITORSPEAK
ER CAN ADJUST THE THREE POTENT-
IOMETERS SO THAT THE SIGNAL EN-
ERGY FROM EACH MICROPHONE CAN BE
REGULATED SO AS TO BLEND WITH
THE SIGNAL PICK-UP OF THEOTHERS
AND THEREBY FURNISH A WELL BAIr".
ANCED SOURCE OF ENERGY TO THE
AMPLIFIER. IN THIS WAY,WE CAN
PREVENT THE SOUNDS AT ONE PART
OF THE STUDIO FROM BEING LOST,.

SO TO SPEAK,AND AT THE SAMETIME
PREVENT THE SOUNDS FROM THE
OTHER PORTION OF THE STUDIO FROM
BECOMING SO LOUD AS TO BEBLAST-
ING IN EFFECT.

BY STUDYING FIGoll MORE

FIG. 11

ixer Circuit For Three
MiCrophone5
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CLOSELY YOU WILL NOTICE THAT AN IMPEDANCE MATCHING TRANSFORMER IS SUPP-
LIED FOR EACH MICROPHONE AND THAT A POTENTIOMETER IS CONNECTED ACROSS THE
SECONDARY TERMINALS OF EACH OF THESE TRANSFORMERS. THE ENTIRE COMBINATION
OF POTENTIOMETERS ARE CONNECTED IN A
NECTED ACROSS THE PRIMARY WINDING OF
THE SIGNAL ENERGY TO THE INPUT
CIRCUIT OF THE AMPLIFIER.

A PICK-UP FADER CIRCUIT

FIG. 12 SHOWS YOU A "FADER
CIRCUIT. TO BE USED IN CONJUNC-
TION WITH TWO PHONOGRAPH PICK-UP
UNITS OPERATING ON INDIVIDUAL
TURN-TABLES. THE FADER IS ASPEC-
IAL FORM OF pOTENTIOMETER,HAVING
A CONNECTION AT THE CENTER OF ITS
RESISTANCE ELEMENT AS WELL AS AT
BOTH ENDS AND THE ARM CONNECTION.
ONE END OF EACH PICK-Up WINDING
IS CONNECTED TO THE CENTER TAP
TERMINAL OF THE FADERIS RESISTANCE ELEMENT
PICK-UP WINDINGS ARE CONNECTED TO OPPOSITE
RESISTANCE ELEMENT.

SERIES ARRANGEMENT AND TOGETHER 00a
ANOTHER TRANSFORMER WHICH TRANSFERS

Pick -up
G. 17_

fader Circuit.
AND THE OTHER ENDS OF THE
END TERMINALS OF THE FADER1S

THE ARM OF THE FADER IS CONNECTED TO ONE SIDE OF THE AMPLIFIERISIN
PUT CIRCUIT,WHILE THE CENTER TAP OF THE RESISTANCE ELEMENT IS CONNECTED
TO THE OTHER SIDE OF THE AMPLIFIER CIRCUIT. THE ACTUAL APPEARANCE OF
THIS FADER IS SHOWN YOU IN FIG. 13.

THE RESISTANCE ELEMENT OF THIS FADER HAS A TAPERED CHARACTERISTIC
80 THAT A GRADUAL AND SMOOTH DECREASE OR INCREASE IN VOLUME CAN BE OB-
TAINED AS THE CONTROL ARM IS ROTATED. BY CAREFULLY INSPECTING THE CIR-
CUIT DIAGRAM IN FIG. 12, IT CAN BE SEEN THAT BY ROTATING THE FADER ARM
FROM
FROM

End
-terminal

ONE HALF OF THE RESISTOR TO THE OTHER HALF,THE OPERATOR CAN SWITCH
ONE PICK-UP UNIT TO THE OTHER AND THUS CHANGE PROGRAM RECORDS WITH

A NFADING-AWAY CHARACTERISTIC BETWEEN CHANGES
Center

"g- Top

knob

Ertd
Terminal

LArrnTermincil

1=I .13

The racier_

80 THAT NO ABRUPT DIFFERENCE. IN RECORDING IS

PERCEPTIBLE TO THE LISTENER.

CONSTANT IMPEDANCE VOLUME CONTROLS

ONE OF THE DISADVANTAGES OFFERED BY THE
SIMPLE TYPES OF VOLUME CONTROLS AND MIXER CIR-
CUITS IS THAT THE IMPEDANCE OF THE CIRCUITDOE8
NOT REMAIN CONSTANT FOR DIFFERENT SETTINGS OF
THE VARIOUS POTENTIOMETERS AND AS A RESULT THE
QUALITY WILL SUFFER TO A CERTAIN EXTENT.IT IS

FOR THIS REASON THAT SPECIAL. T-PAD VOLUME CON-
TROLS ARE NOW BEING EXTENSIVELY USED IN PLACE
OF ORDINARY POTENTIOMETERS IN SOUND SYSTEMS
WHERE THE BEST QUALITY OF REPRODUCTION IS RE-
QUIRED.

AN EXAMPLE OF USING A T-PAD VOLUME CON-
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TROL IS SHOWN YOU IN FIG.I4 AND THE UNIT ITSELF APPEARS IN F1G.15.
UME
MENTS WITH

4pplica6ion of q

VOL-
CONTROLS OF THIS TYPE CONSIST OF THREE INDIVIDUAL RESISTANCE ELE-

SLIDING CONTACTS OPERATING SIMULTANEOUSLY ACROSS ALL OF THEM
AND IT IS CUSTOMARY TO
DRAW THEM IN SYMBOL FORM
AS DONE IN FIG. 14.

THE EQUIVALENT CIR-
CUIT OF THE T -PAD VOLUME
CONTROL IS THE SAME AS
THAT OF A T-TyPEATTENUA-
TOR OR T -PAD ABOUT WHICH

YOU STUDIED EARLIER IN

THIS LESSON. IN SUCH A

VOLUME CONTROL IT ISPOS-
SIBLE TO SO PROPORTION
THE RESISTANCES IN LEGS
I AND 3 OF FIG.I4 80 AS
TO HAVE A PROPER IMPED-
ANCE MATCH FOR THE LOAD

ACROSS BOTH THE SOURCE AND LOAD Re -

FIG. 14
T -Pad Vo/upne

END OF THE CIRCUIT. THE RESISTANCES

C0/11-01.

MAIN CONSTANT WITH CHANGES IN POSITION OF THE SLIDERS.

MOVING THE ARM UPWARD ON THE RESISTANCES IN FIG. 14 REDUCES THE
AMOUNT OF RESISTANCE IN LEGS I AND 2 WHILE INCREASING THE RESISTANCE IN

LEG 3. THIS PERMITS GREATER ENERGY TRANSFER,LESS ATTENUATION AND GREATER
VOLUME. MOVING THE ARM DOWNWARD REVERSES THESE CHANGES IN RESI3TANCE,DE-
CREASING THE ENERGY TRANSFER AND VOLUME UNTIL A POINT OF ZERO ENERGyTRAu
SEER IS FINALLY REACHED.

CONSTANT IMPEDANCE MIXERS

IN FIG.16 YOU ARE SHOWN A MIXER CIRCUIT EMPLOYING FOUR T-PADVOLUME
CONTROLS IN ORDER TO CONTROL THE ENERGY SUPPLIED BY FOUR MICROPHONES.
THESE FOUR VOLUME CONTROLS A -B -C AND D ARE RATED AT 50 OHMS EACH
NECTED ACROSS SOURCE IMPEDANCES OF EQUAL
CONTROLS ARE EFFECTIVELY CONNECTED INSEE
IES AND TOGETHER CONNECTED ACROSS A LOAD
IMPEDANCE OF 4 TIMES 50 OR 200 OHMS AND
WHICH TRANSFERS THE SIGNAL ENERGY TO THE
AMPLIFIER BY TRANSFORMER ACTION.

ALTHOUGH CARBON MICROPHONES ARE
HERE ILLUSTRATED,THE SAME SYSTEM WOULD BE
EMPLOYED WITH A CONDENSER OR RIBBON MIC-
ROPHONE ONLY THAT THE OUT -PUT OF THEIR
RESPECTIVE PRE -AMPLIFIERS WOULD BE CONN-
ECTED TO THE VOLUME CONTROLS THROUGH A

LINE EQUIPPED WITH PROPER IMPEDANCE MATCli
ING TRANSFORMERS AT BOTH ENDS.

IN FIG.I7 YOU ARE SHOWN A CON-
STANT IMPEDANCE MIXER CIRCUIT EMPLOYING
T -PAD VOLUME CONTROLS AND WHICH TAKES
CARE OF FEEDING THE ENERGY FROM A RADIO
TUNER AND DETECTOR,A MICROPHONE AND A

VALUE.THESE SAME FOUR
AND CON
VOLUME

The T- Pad
Volume CoriZro/
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PHONOGRAPH
CASE, EACH

PICK-UP INTO THE INPUT OF THE AMPLIFIER. IN THIS PARTICULAR
OF THE VOLUME CONTROLS IS RATED AT 200 OHMS TO MATCH CORRES-

PONDING SOURCE IMPEDANCES AND SINCE THE
ArnpI

SIG,16
APPIrcaLiorl of Corts4ant

Impedance Mixer.

THREE VOLUME CONTROLS ARE CONNECTED IN
SERIES,THE LOAD IMPEDANCE ACROSS WHICH
THEY ARE TOGETHER CONNECTED IS RATED AT

3 TIMES 200 OR 600 OHMS.

MODIFIED CONSTANT IMPEDANCE MIXER

DUE TO THE HIGH COST OF T-PADVOLUME
CONTROLS AND IF THE NATURE OF THEINSTALL-
AT ION IS SUCA AT AN ABSOLUTELY CONSTANT
IMPEDANCE VOLUME CONTROL IS NOT ESSENTIAL,
THEN A MODIFIED CONSTANT IMPEDANCE MIXER
CIRCUIT CAN BE ARRANGED AS ILLUSTRATED IN
FIG. 18 WHERE FOUR L-PAD VOLUME CONTROLS
ARE BEING USED. THESE VOLUME CONTROLS HAVE
ONLY TWO RESISTANCE ELEMENTS ACROSS WHICH
SLIDERS MOVE SIMULTANEOUSLY AND THEY MAU
TAIN A FAIRLY CONSTANT IMPEDANCE ALTHOUGH
NOT AS PERFECT AS THE T-PAD CONTROL. HOW-
EVER, SINCE THEY ARE NOT 80 EXPENSIVE AS

THE T-PAO CONTROL THEY ARE USED CONSIDER-
ABLY.

EACH THE L-PAD VOLUME CONTROLS IN FIG. 18 ARE RATED AT 50 OHMS
AND SINCE THEY ARE CONNECTED IN SERIES,THE LOAD IMPEDANCE CHOSEN IS 200
OHMS. THE GENERAL OUTER APPEARANCE OF THE L-PAD VOLUME CONTROL IS MUCH
THE SAME AS THE T-PAD VOLUME CONTROL SHOWN IN FIG. 15.

DB. VOLUME CONTROLS

IN SOME A.F. AMPLIFYING EQUIPMENT YOU WILL FIND THE VOLUME CONTROL
ARRANGED SOMEWHAT AS ILLUSTRATED IN FIG. 19. HERE THE CONTROL UNIT IS

PROVIDED WITH TWELVE SWITCH POSITIONS INCLUDING AN OFFot AND A "FULL-ONn
POSITION. IN THE PARTICULAR ILLUSTRATION HERE SHOWN EACH OF THESE SWITCH
POSITIONS REPRESENTS A LOSS OR ATTENUATION
OF 2 DB. IN OTHER WORDS,WHEN IN THE POSI-
TION FOR MINIMUM VOLUME,THIS VOLUME CONTROL

0

WILL INTRODUCE AN ATTENUATION OF 20 DB. IN

THE AMPLIFIER CIRCUIT. THE VOLUME CAN BE
INCREASED OR REDUCED IN TEN STEPS,2 DB. AT
A TIME.

VOLUME CONTROLS OF THIS TYPE ARE ALSO
KNOWN AS DECADE VOLUME CONTROLS AND IN SOME
CASES YOU WILL FIND THE VOLUME CHANGES TO
OCCUR IN I DB.STEPS,SOMETIMES IN 3 DB.STEPS
ETC., DEPENDING UPON THE PARTICULAR REQUIRE
MENTS OF THE EQUIPMENT. THE MAXIMUMATTENUA-
TION MPLOYED ALSO VARIES WITH DIFFERENT u
QUIREAENTS.

A COMMON METHOD OF USING SUCH A DB.V06

Ampl.

FIG. 17
Anoi-her Constan
Inipeorince Mixer.
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UME CONTROL IN AN AMPLIFIER CIRCUIT IS ILLUSTRATED FOR YOU IN FIG.20.
HERE YOU WILL NOTE THAT THE GRID LEAK RESISTOR OF THE SECOND A.F. TUBE
IS TAPPED AT INTERVALS SO THAT AS THE CONTROL ARM 16 OPERATED THEEFFECT

IVE GRID LEAK RESISTANCE FOR THE SECOND
TUBE IS ALTERED.

Application of L - Pao'
Volume Control.

SO AS TO HAVE THE VOLUME CHANGES
OCCUR IN DEFINITE DB.STEPS,IT IS OF
COURSE NECESSARY THAT THE INDIVIDUALRE-
SISTOR SECTIONS OF THIS CONTROL HAVE
THE PROPER VALUE. TO ILLUSTRATE HOW
THESE VALUES ARE OBTAINED,LET USCONSID
ER A SPECIFIC PROBLEM. HERE IT IS:

IT 16 DESIRED TO CONSTRUCT A DE-
CADE VOLUME CONTROL WHICH WILL FURNISH
A MAXIMUM ATTENUATION OF 20 DB,AND TO
HAVE THIS ATTENUATION OCCUR IN 10 STEPS
OF 2 DB. CHANGE EACH. IN ADDITION, A

POSITION OF MAXIMUM VOLUME (THE 0 POSI-
TION)AND AN OF.. n POSITION ARE ALSO DE'-'
SIRED.

THIS ARRANGEMENT WOULD APPEAR AS
ILLUSTRATED IN FIG. 20 AND WE SHALL ASSUME THAT THE TOTAL GRID LEAK RE-

SISTANCE FOR THIS PARTICULAR CIRCUIT IS TO BE 250,000 OHMS. THE SIGNAL
VOLTAGE WHICH IS APPLIED TO THE GRID OF THE SECOND A.F. TUBE IN FIG. 20
WILL BE THAT VOLTAGE WHICH IS PRODUCED ACROSS THAT AMOUNT OF RESISTANCE
USED IN ITS GRID LEAK CIRCUIT AND SINCE NO GRID CJRRENT FLOWS IN A CIR-
CUIT SUCH AS THIS, THE SIGNAL VOLTAGE APPEARING ACROSS THE GRID CIRCUIT
WILL BE PROPORTIONAL TO THE RESISTANCE INCLUDED IN THIS CIRCUIT.

YOU ARE ALREADY FAMILIAR WITH THE FORMULA DB = 20 LOG EI WHERE
EL

E1- THE LARGER VOLTAGE AND E = THE SMALLER VOLTAGE. THEN SINCE IN THIS
-

PROBLEM THE VOLTAGE IS PROPORTIONAL TO THE RESISTANCE, IT IS ALSO TRUE
THAT DB = 20 LOG -RI WHERE R1= THE LARGEST RESISTANCE VALUE OR THE

R2

TOTAL GRID LEAK RESISTANCE AND
CIRCUIT RESISTANCE REQUIRED TO
FIRST STEP OF ATTENUATION.

R1= THE GRID
PRODUCE THE

SINCE WE DESIRE TO SOLVE FOR Rz,WECAN
REARRANGE THE FORMULA DB = 20 LOG -21. AND

APPLY IT IN THE FOLLOWING MANNER:

De = 20 Loa -al
R z

I

20 LOG
R

= De.
R2

DIVIDING BY 20 - LOG -al.
Rz

RI = ANTILOGRi 20

=
20

G. I9

the Decade
klume Control.
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SINCE DB = 2

THEN SINCE R1
250,000 OHM R2=250,000

1.259

198,570 OHMS. THIS

MEANS THAT THE GRID

CIRCUIT RESISTANCE IS
TO BE REDUCED FROM

250,000 OHMS TO 198,

570 OHMS IN ORDER TO

PROVIDE THE ATTENUA-
TION OF 2 DB.THEREFORE
SECTION "A"OF THE VOL-
UME CONTROL WILL RE-
QUIRE A VALUE OF 250,

000 MINUS 198,570 OR

51,430 OHMS.

THE VALUES FOR

THE REMAINING SECTIONS
OF THE VOLUME CONTROL
ARE DETERMINED IN THE FOLLOWING MANNER:

SECTION B = 198,570 MINUS
40,850 OHMS.

SECTION C = 157,720 MINUS
32,446 OHMS.

SECTION D = 125,274 MINUS
25,417 OHMS.

SECTION E = 99,857 MINUS

20,273 OHMS.

SECTION F = 79,314 MINUS
16,317 OHMS

SECTION G = 62,997 MINUS
12,960 OHMS.

SECTION H = 50,037 MINUS
10,294 OHMS.

SECTION 1 = 39,743 MINUS
8,176 OHMS.

SECTION J = 31,567 MINUS

6,494 OHMS.

198,570

1,259

157,720
1.259

125,720
1.259

99,857
1.259

79,314
1.259

62,997
1.259
50,037
1.259

39,743
1.259
3j,567
1.259

R,

R1

R,

R,

RI

R1

ANTILOG 2
---
20

ANTILOG 0.1

1.259

FIG. 20

Circuit Application or Db. Volurna Control.

= 198,570 MINUS 157,720 =

157,720 MINUS 125,274

= 125,274 MINUS 99,857

- 99,587 MINUS 79,314

= 79,314 MINUS 62,997

= 62,997 MINUS 50,037 =

= 50,037 MINUS 39,743 =

= 39,743 MINUS 31,567 =

= 31,567 MINUS 25,073 =

THIS LEAVES 250,000 MINUS 224,657 OR 25,34 OHMS FOR THAT PORTION

OF THE RESISTANCE BETWEEN THE 20 DB. AND THE OFF" POSITION,AND WHICH

WOULD PRODUCE A RATHER NOTICEABLE THUDDING SOUND WHEN THE CONTROL PAS-

SES THROUGH THIS POSITION. IN SUCH A CASE, YOU CAN E THER ADD SOME MORE

2 DB. STEPS OF ATTENUATION OR ELSE REDUCE THIS LAST RESISTANCE SECTION
TO 3,000 OR 5,000 OHMS AND WHICH WILL NOT MATERIALLY AFFECT THE PER-
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FORMANCE OF THE SYSTEM.

THE RESISTORS USED FOR THIS PURPOSE SHOULD BE OF THE NON -INDUCTIVE
TYPE AND INTRODUCE A MINIMUM OF CAPACITY IN THE CIRCUIT.

EXAMINATION QUESTIONS

LESSON NO. A. S. -10

I. - DRAW A DIAGRAM OF AN A.F. TRANSMISSION LINE CONNECTING TWO AMPLI-
FIERS TOGETHER AND SHOW HOW A T -PAD WOULD BE INCLUDED IN THIS LINE.

2. DRAW A DIAGRAM OF AN A.F. TRANSMISSION LINE CONNECTING TWO AMPLI-
FIERS TOGETHER AND SHOW HOW AN H -PAD WOU-D BE INCLUDED IN THIS
LINE.

3. - IN A CERTAIN AMPLIFYING SYSTEM A SIGNAL VOLTAGE OF 2 VOLTS R.M.S.is
FURNISHED TO THE SOURCE END OF THE TRANSMISSION LINE. CONDITIONS
ARE SUCH THAT ONLY I VOLT R.M.S. CAN BE TOLERATED AT THE LOAD END
OF THE TRANSMISSION LINE. WORK OUT THE DESIGN FOR AN H -PAD WHICH
WILL SUPPLY THE NECESSARY ATTENUATION IN THIS LINE AND DRAW A CIR-
CUIT DIAGRAM OF THE SYSTEM, INDICATING THE ELECTRICAL VALUES OF ALL
PARTS USED.

4. - IT IS DESIRED TO DESIGN A 200 OHM TRANSMISSION LINE IN WHICH IS IN-
CLUDED A T -PAD WHICH WILL FURNISH AN ATTENUATION OF 6 DB. WORK OUT
THE DESIGN FOR THIS TRANSMISSION LINE AND INDICATE ALL ELECTRICAL
VALUES OF THE PARTS USED ON A DIAGRAM.

5. - WHAT IS A "MIXER"?

6. - DRAW A DIAGRAM OF A MIXER CIRCUIT SHOWING HOW THREE MICROPHONES CAN
BE WORKED INTO THE INPUT OF A SINGLE AMPLIFIER. CONVENTIONAL POTEN-
TIOMETERS ARE TO BE USED.

7. - WHAT IS THE CHIEF ADVANTAGE WHICH IS OFFERED BY CONSTANT IMPEDANCE
VOLUME CONTROLS?

8. - DRAW A DIAGRAM SHOWING HOW THREE T -PAD VOLUME CONTROLS MAY BE USED
TO CONTROL THE VOLUME OF A RADIO TUNER AND DETECTOR,MICROPHONE, AND
PHONOGRAPH PICK-UP, WHICH ARE ALL BEING WORKED INTO A SINGLE AMPLI-
FIER.

). - DESCRIBE A "DECADE" OR "DB. VOLUME CONTROL".

10.- How WOULD YOU PROCEED TO DESIGN A DB. VOLUME CONTROL?


