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You ARE NOW PROPERLY PREPARED TO COMMENCE YOUR STUDY OF A.F., AaMmPLI=-
FY ING SYSTEMS AND A8 YOU PROGRESS THROUGH THIS BERIES OF LESBSONS, CONT )N
UALLY BEAR IN MIND THAT THIS INFORMATION WHICH IS NOW BEING GIVEN YOU NOT
ONLY APPLIEE TO PUBLIC ADDRESS SYSTEMS BUT IT APPLIES EQUALLY WELL TO THE
A.F. AMPLIFIGCR SYSTEMS AS USED JN CONJUNCTION WiTH TRANSMITTERS, TALKING
PICTURES, TELEV{SION, ETC.

IT 1S PERFECTLY LOGICAL THAT ONE MUST FIRST HAVE A 600D UNDERSTAND=
ING OF A.F. AMPLIFYING SYSTEMS
B8EFORE UNDERTAKING AN JINTENSIVE
STUDY OF PHONE=TRANSM|T TERS, BROAD
CASTING STATIONS,TALKING PICT=
URES OR TELEVISION BINCE THEAUD=-
$0 CHANNEL (N ANY ONE OF THESE
CASES MUST NOT ONLY BE PROPERLY
DESIGNED AND OPERATED IN 1TSELF
8UT MUST IN ADDITION BE PROPERLY
MATCHED UP WITH THE BALANCE OF
THE EQUIPMENT WITH WHICH IT 18
BEING USED.

By PRESENTING A.F. AmPLI=
F1ER SysTems To vou THE NATICHAL
WAY, vou wiLL FIND THAT UPON COM
PLETING THIS SPECIAL SERIES OF
LESSONS, YOU WILL NOT ONLY eE
CAPABLE OF CONSTRUCTING, INSTALL=
ING AND OPERATING PUBLIC ADDRESS
EQUIPMENT BUT YOU WILL IN ADDI-
TION BE IN A POSITION TO  APPLY
A.F. AMPLIFYING EQUIPMENT CORREGCT
LY TO EVERY POSB)BLE USE.
THE MICROPHONE F14.1

S INCE THE MICROPHONE 18 Microphone Arrangement for Voice Pick-up.
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AMPL, 8YSTEMS
THE FIRST UNIT WHICH HANDLES THE SOUND IN THE MAJORITY OF CASES WHERE
A.Fe AMPLIFIERS ARE USED, OUR FIRST STEP WILL BE TO CONSIDER THE CON=-

STRUCTION, OPERATION AND APPLICATION FOR THE DIFFERENT TYPES OF M| CRO=~
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PHONES NOW §N USE.

AS YOU WILL RECALL FROMYOUR
EARLIER STUDIES, THE PURPOSE OF THE
MICROPHONE IS TO CONVERT SOUNDWA=-
VES INTO CORRESPONDING ELECTRIC
CURRENT OR VOLTAGE VARIATJONS AND
THE FOLLOWING EXPLANATIONS ARE
GOING TO SHOW YOU DIFFERENT WAYS
IN WHICH TH18 CAN BE DONE.

THE SINGLE~BUTTON
CARBON M| CROPHONE

THE SINGLE=BUTTON CARBONM |-

CROPHONE 1S THE MOST EASILY UNDER
8TOOD MICROPHONE FROM THE STAND=-

Suspension

Rings PO INT OF CONSTRUCTION AND OPER-
ATION AND B0 WE SHALL CONSIDER
Fla.z THIS UNIT FIRST,

Single- Buttors Carbon Microphore
You ARE SHOWN A TYPICAL Mi-

CROPHONE OF THIS TYPE IN F1G.2,
WHEREAS FiG. 3 SHOWS YOU A DESK-STAND INTO WHJCH THIS SBAME MICROPHONE CAN
BE MOUNTED. THE MICROPHONE, YOU WiLL NOTICE, 18 HELD IN THE STAND (1%
MEANE OF SPECIAL SUSPENSION SPRINGS. THIS TYPE OF ISUSPENSION,AS SHOWN IN
F16.4,PROTECTS IT AGAINST MECHANICAL SHOCKS.

THE MICROPHONE UNIT ITSELF |S ENCLOSED IN A METALLJC HOUS INQ AND A
PERFORATED PLATE |3 FITTED OVER |TS FRONT SIDE 80 AS TO PROTECT THE DlA-
PHRAGM AND OTHER INTERNAL PART8,WH]LE AT THE SAME
TIME PERMITTING THE SOUND WAVES TO PASS THROUGH
IT WITHOUT UNDUE OBSTRUCTION 80 THAT THEY MAY
ACT UPON THE DjAPHRAGM,

THE BASIC CONSTRUCTIONAL FEATURES OF THE
S INGLE=~-BUTTON CARBON M|CROPHONE ARE I1LLUSTRATED
FOR YOou IN Fi1g, 5. NOTICE THAT THE TH IN DURA LUM | N
UM DIAPHRAGM IS S8TRETCHED ACROSS THE FRONT PORTJON
OF THE HOUSING BEHIND THE PERFORATED PLATE, AND
ITS RIM 1S IN DIRECT CONTACT WITH THE METAL HOUS-
ING, SO THAT THE DIAPHRAGM AND HOUSING IN TH|S CASE
S8ERVE TO COMPLETE PART OF THE ELECTRICAL CIRCUIT,

Suspension
Rings

A SMALL CHAMBER OR CUP CONTAINING CARBON GRAN
ULES 18 PLACED IN THE REAR PORTION OF THE HOUSING
AND A DISC WHICH IS CONNECTED TO THE CENTER OF
THE DIAPHRAGM PRESSBES AGAINST THE CARBON GRANULES,
THis CONSTITUTES WHAT 1S KNOWN AS A "suTTOoNn®.

Pase

FilGg.>
Desé 7ype
Microphone Stand.

IF A BATTERY I8 CONNECTED ACROSS THE TERMIN-
ALS OF THE MICROPHONE AS ILLUSTRATED IN Fig, 5,
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THEN BATTERY CURRENT WiLL FLOW THROUGH THE COMPRESSED CARBON GRANULES.
WHEN SOUND WAVES STRIKE AGAINST THE DIAPHRAGM, THE CORRESPONDING VAR A=
TIONS IN AJR PRESSURE CAUSE JT TO FLEX OR BEND IN ACCORDANCE WITH THE

PRESSURE VARJAT IONS AND THEREBY COMPRESS OR DECOMPRESS THE GRANULES.

IN OTHER WORDS, WHENEVER THE SOUND WAVE CAUSES THE AIR PRESSURE UPON
THE DJIAPHRAGM TO INCREASE, BENDING 1T INWARDS, THEN THIS MQ
TION OF THE DJAPHRAGM WiLL FORCE THE CARBON GRANULES CLOS-
ER TOGETHER AND THUS REDUCE THE ELECTRICAL RESISTANCE THRU
THE BUTTONe THE FLOW OF BATTERY CURRENT WILL THEREFORE BE
INCREASED,

ON THE OTHER HAND, WHENEVER THE SOUND WAVE CAUSES THE
AJR PRESSURE UPON THE DJAPHRAGM TO DECREASE SO THAT THE
DIAPHRAGM WILL BEND OUTWARDS, THEN THIS MOTION OF THE DIA-
PHRAGM WLL 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.

M|CROPHONE INPUT CIRCUIT

Fig. 4
THE COMPLETE INPUT CIRCUIT AS USBED WITH AS[INGLE=S8UTT=~ The Mounted
ON MICROPHONE 1S JLLUSTRATED IN F1G.6 AND THE S8YSTEM OPER~ A@krofhaﬂc,
ATES A3 FOLLOWS?

THE MICROPHONE 1S CONNECTED IN SERIES WITH A 14 vc 3 voLT BATTERY,
A SWITCH AND THE PRIMARY WINDING OF A SPECIAL MICROPHONE TRANSFORMER.
THIS MICROPHONE TRANSFORMER IN APPEARANCE AND CONSTRUCTION 1S THE  SAME
AS ANY CONVENT IONAL A, F.TRANSFORMER,ONLY THAT ITS WINDINGS ARE SUCH THAT
THE PRIMARY MATCHES THE RESISTANCE OF THE MICROPHONE AND THE SECONDARY 18
DESIGNED TO MATCH THE IMPEDANCE OF THE AMPLIFJIER CIRCUIT TO WHICH IT 1S
CONNECTED. TRANSFORMERS OF THIS TYPE ARE GENERALLY knNowN As MICROPHONE
COUPLING TRANSFORMERS, A POTENTIOMETER,WHICH 18 CONNECTED ACROSS THE SEG
ONDARY WINDING, SERVES AS THE VOLUME CONTROL.

WiTH THE SWITCH CLOSED,A  UNIFORM

,///Housing FLOW OF BATTERY CURRENT WILL PASS THROUGH
g THE MICROPHONE,AS WELL AS THROUGH THE
——[Diaphragm PRIMARY WINDING OF THE TRANSFORMERe THE
AMOUNT OF THIS NORMAL MICROPHONE CURRENT
Carbon granules WILL DEPEND UPOM THE RESISTANCE OF  THE
; Battery BUTTON WITH THE MICROPHONE DJAPHRAGM IN
h‘l | ITS NEUTRAL POSITION, TOGETHER WITH THE RE

L

SISTANCE OF THE TRANSFORMER'S PRIMARY
WIND ING=~AT THE SAME TIME BEING ODEPEND=-
ENT UPON THE BATTERY VOLTAGE BEING USED.
IT 18 COMMON FOR CARBON MICROPHONES  TO
Ul—w HAVE A RESISTANCE OF 20C OHMS,ALTHOUGH
OTHER RESISTANCE RATINGS ARE EMPLOYED.

(_Perforated Plate SYMBoL THE CURRENT FLOW AT THI3 TIME 1S
A DIRECT CURRENT OF UNJFORM OR UNVARYING
FIG. § INTENSITY AND CAN BE JLLUSTRATED BY THE
HORIZONTAL LINE IN F1Ge7 WHICH 18 DRAWN
SLIGHTLY ABOVE AND PARALLEL TO THE BASE=

x
}
1
|
)
l
l
l
)
)
"

The microphone circuit.
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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 INTHE

TRANSFORMER CORE,

AS SOUND WAVES ARE IMPRESSED UPON THE DIAPHRAGM OF THE M{J CROPHONE,

Volume
Control

Microphone

THE FLOW OF BATTERY CUR-
RENT THROUGH THE MJCRO~
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 T RE=
VERBE IT8 DIRECTION OF
FLow. PUTTING §IT ANOTHER
WAY, WE NOow HAVE APULSA-
TING DIRECT CURRENT, wHosE

fo
\ Iy - °
13 to 3 YJ ( Microphone
Batery Transformer
Fiag. e
Microphone Ilnput Cricuit.

WAVE FORM WOULD APPEAR
SOMEWHAT AS SHOWN N Fia,
7 AT THE REGION LABELED

"CURRENT VARIATIONS" AND WOULD BE AN ELECTRICAL REPRODUCTION OF THE OR|)G=—
INAL SOUND WAVES WHICH ACT UPON THE DJAPHRAGM OF THE MJ)CROPHONE.

THIS VARIATION IN CURRENT FLOW WILL CAUSE THE MAGNETIC FIELD OF THE
TRANSFORMER TO VARY TS INTENSITY ACCORDINGLY AND BY MUTUAL [NDUCTION [N~
DUCE VOLTAGE VARIATIONS OF CORRESPONDING FREQUENCY ACROSS THE ENDS oF
THE TRANSFORMER 'S SECONDARY WINDING, A8 WELL AS ACRO8S THE ENDS OF THEVOL
UME CONTROL POTENTIOMETER, THE POSITION OF THE POTENTIOMETER ARM DETERM=
INES WHAT PROPORTJON OF THE MAXIMUM SJGMAL VOLTAGE AVAILASLE ACROSS THE
ENDS OF THE SECONDARY WINDING ARE TO BE APPLIED TO THE INPUT OF THE AMP=

LIFIER AND IN THIS WAY CONTROL THE VOLUME.

THE 8INGLE-~BUTTON MJCROPHONE IS RATHER LIMITED A8 TO THE

FREQUENCY

RANGE OVER WHICH T WILL SATISFACTORILY RESPOND, GOOD MJCROPHONES OF THIS
TYPE SELDOM PROPERLY HANDLE A FREQUENCY RANGE EXCEEDING THAT FRom |00 To

3000 cYCLES AND FOR THIS REASON THEIR USE IS CONFINED CHIEFLY TO

S8PEECH

REPRODUCTION ONLY AND NOT FOR THE REPRODUCT)ION OF MUS{]C.

THE DOUBLE-BUTTON M|CROPHONE

THE DOUBLE=SUTTON CARBON MJCROPHONE
1S BETTER ADAPTED TOWARDS HANDLING A
GREATER FREQUENCY RANGE AND A PHOTOGRAPH
OF SUCH A UNIT APPEARS IN F1G.8:. THE [IN=
TERNAL CONSTRUCTION OF THE SAME TYPE OF
M{CROPHONE IS SHOWN YoU N F16.9. THEPART
1CULAR MJCROPHONE WHICH IS JLLUSTRATED IN
Fige 9 18 OF THE HIGH QUALITY TYPE AND
WAS DES)GNED FOR USE IN BROADCASTING STAT
IONS AND FOR OTHER APPLICATIONS WHERE GOOD
FREQUENCY CHARACTERISTICS ARE OF IMPOR=
TANCE, H1GH GRADE DOUBLE=~BUTTON CARBON
MICROPHONES ARE FREQUENTLY CAPABLE oF

Curt_fen_k
variations

Diaphragm
stationary.

.
: ‘
Pd i

=

FiGg. 7
Microphone current.
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SATISFACTORILY HANDLING A FREQUENCY RANGE OF 50 to 86,000 CYCLES OR MORE.

IN THIS MICROPHONE ALS80, THE
DIAPHRAGM 18 MADE OF A THIN, LIGHT
DISC OF DURALUMINUM AND WHICH iIs
STRETCHED UNTIL 1TS RESONANT FREQUEN
CY 1S APPROX IMATELY 5700 cvcLES.THE
REASON FOR STRETCHING THE DIAPHRAGM
IN THIS MANNER S 'TO 'CAUSE TS NAT=’
URAL VIBRATING PERJOD TO BE SUFF|C=
{ENTLY HIGH SO THAT IT 18 ABOVE THE

USUAL AUDIO RANGE ENCOUNTERED IN
NORMAL USE'AND WiLL THEREFORE PRE=
VENT ANY BLASTING WHICH WOULD BE

CAQSFD BY THE SOUNDING OF A MUS|CAL
NOTE’OF THE SAME FREQUENCY AS THE
RESONANT FREQUENCY OF THE DJAPHRAGM.

IT 18 ALSO IMPORTANT TO NOTE
THAT THE DIAPHRAGM (8 PLACED A 8HORT
DISTANCE FROM A FLAT METAL PLATE
WHICH 18 KNOWN As THE DAMPING PLATE
80 THAT AIR )8 TRAPPED BETWEEN THIS
PLATE AND THE DIAPHRAGMWITH  THISB
TYPE OF CONSTRUCT ION,A HIGH DAMP NG
EFFECT 18 OBTAINED DUE TO THE COMP-

SLJspcmsTon l’fng}

Bridge

-

*
Diaphragm___—

Filga. 8
Double - Button Microphorie-

RESSJON OF THE AIR BETWEEN THEM AS THE DIAPHRAGM IS ACTUATED. THIS ACTION
18 STILL FURTHER AIDED BY THE CUSHIONING EFFECT OF THE AIR IN THE DAMPING
PLATE GROOVE WHICH I8 ALSO POINTED OUT N FiGs 9. BOTH OF THESE FEATURES

TOGETHER HELP TO MAKE THE VARIATIONS

IN MJCROPHONE CURRENT TO CONFORM EX=

ACTLY TO THE VARJATIONS IN IMPRESSED SOUND WAVES THROUGHOUT THE ENTIREFRE

QUENCY RANGE OF THE INSTRUMENT.,

S0 MUCH FOR THE CONSTRUCTIONAL FEATURES OF THE DOUBLE=BUTTON MICRO=

PHONE., NOW LET US CONSIDER ITS8 OPERATION

METHODS OF USING [Te

GRANUL AH
CARBON

—a

l I~ompwuc.y.

DAMPING
PLATF GROOVE

( FinNal
STRETCHING
RING

T AL
STRE T gy
N

Fla. 9

of Double - Buttor
Microphane.

Comstruction

IN GREATER DETAlL AND THE PROPER

OPERATICN OF THE DOUBLE-
BUTTON M1CROPHONE

IN F1as 10 YOU ARE SHOWN A
SIMPLIFIED CIAGRAM OF THE DOUBLE=
BUTTON M| CROPHONE, TOGETHER  WITH
ITS ASSOCIATED CIRCUIT,;80 THAT YOU
CAN OBTAIN A CLEAR MENTAL PICTURE
OF 1TSS OPERAT|ON.

OsseRVE cLoseLy IN Fie.l0
THAT THE MICROPHONE COUPLING TRANS=
FORMER IN THIS CASE HAS A CENTER-
TAPPED PRIMARY WINDING AND  THAT
THE CENTER TAP |8 CONNECTED TO THE
DIAPHRAGM OF THE MJCROPHONE WI{TH
THE MICROPHONE BATTERY AND SWITCH
I{N SERIES. THE ENDS OF THE COUP=
LING TRANSFCRMER 'S PRIMARY WIND=
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ING ARE CONNECTED ACROSS THE TWO MJCROPHONE TERMINALS WHICH MAKE CONTACT
WITH THE CUP CONTAINING .THE CARBON GRANULES.,

THE BATTERY CURRENT THUS HAS TWO PATHS AVA(|LABLE,THAT 1S, T CAN
FLOW THROUGH THE LEFT BUTTON OF THE MiCROPHONE, A8 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, A8 THE AIR PRESSURE CHANGES CORRESPONDING TO THE B8OUND
WAVES ARE IMPRESSED UPON THE M]CROPHONE'S DIAPHRAGM SO A8 TO CAUSE IT TO
"sENO" IN ONE DIiRECTION, THEN THE CURRENT THROUGH ONE SIDE 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
Fice |0 THE DIAPHRAGM AT  ONE
PARTJCULAR INSTANT 1§ BENT TO=-

Diap”'\l’agm \'

M WARDS THE LEFT, THEN THE CURR-
)/ ENT THROUGH THE LEFT HALF OF
Opening THE CIRCUIT WILL INCREASE AND

Carbon THAT THROUGH THE RIGHT HALF
qranules WILL DECREASE; WHEREAS IF THE
‘/T""'“”"a' DIAPHRAGM HAPPENS TO BE  BENT

TOWARDS THE RIGHT,THE CURRENT

THROUGH THE RJGHT HALF OF THE
CIRCUIT WILL INCREASE AND THAT
THROUGH THE LEFT HALF WILL DE=-
CREASE CORRESPONDINGLY. THuS
WE HAVE A PUSH=PULL EFFECT AND

Rheostat, B"’Hf'/w THE CHARACTERISTIC OF WHICH I8
s TO ELIMINATE DISTORTION PRO=-
= DUCED BY EVEN HARMONICS IN THE

Wa"sﬁz 2 CURRENT OR VOLTAGE.

THE PURPOSE OF THE RHEOQe
8TAT "IN F16,10 18 TO OFFER A
MEANE OF CONTROLLING THE NOR-
. --=~ To Amplifier __.--a MAL VALUE OF M|CROPHONE CURR=
ENTe IN THE MICROPHONE OF F g,
9, FOR INSTANCE, THE NORMAL OP=

L Fia. 10 FRATING CURRENT 8 30 MILLIAM=
Principles of the Double - Buors PERES PER BUTTON AND QUITE OF=
M/'cro,ohone_ TEN, A MILLIAMMETER |8 PERMAN=

ENTLY INSTALLED IN THE MICRO=
PHONE CIRCUIT FOR CHECKING PURPOSES.

THE cHANGES IN CURRENT THROUGH THE TWO HALVES OF THE PRIMARY WIND-
ING OF THE COUPLING TRANSFORMER, AS BROUGHT ABOUT B8Y THE ACTION OF THE
D 1 APHRAGM, PRODUCE A CORRESPONDING RESULTANT CHANGE IN FLUX IN THE TRANS=-
FORMER CORE 80 AS TO [NDUCE CORRESPONDING VOLTAGE CHANGES §N THE SECOND=
ARY WIND ING 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 VOLTE §IN THE FORM OF DRY CELLS OR A STORAGE BATTERY, DE=
PENDING UPON THE REQUIREMENTS OF THE PART ICULAR TYPE OF MlCROPHONE AND
THE MANNER N WHICH |IT S8 BEING USED.

ONE OF THE CHIEF ADVANTAGES OF THE CARBON MICROPHONE S THAT ITs
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SENSITIVITY §8 COMPARATIVELY HIGH, IN THAT THE AMOUNT OF ELECTRICAL ENe=
ERGY WHICH (8 CONTROLLED BY THE PRESSURE OF THE SOUND WAVE ON THE DIA=
PHRAGM 1S CONSIDERABLY GREATER THAN THE ENERQY OF THE 80UND. IT 18 FOR
THIE REASON THAT IN THE MAJORITY OF CASES, THE CARBON MICROPHONE CAN 88U
PPLY THE S8I1GNAL 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 REGQULAR AMPLIFIER.

ONE OF THE MOST NOTICEABLE DISADVANTAGES OF CARBON MJCROPHONES 18
THE CONTINUOUS HISSING AND FRYING SOUND WHICH THEY EMIT ALTHOUGH THIE HAS
IN SOME CASES BEEN REDUCED TO A REMARKABLE DEGREE )N SOME OF THE LATER
DES IGNS e

CARBON MICROPHONES ARE AVAILABLE IN A WIDE VARJETY OF DESIGNS AND
EACH OF WHICH |8 ADAPTED BESY TO SOME PART |CULAR USE. SOME OF THESE HAVE
ALREADY BEEN SHOWN YOU IN PREVIOUS JLLUSTRATIONS IN THIS LESSON WHILEF1G.
I1 sHOW8 YOU FOUR POPULAR MODELS OF UNiversaL M)CROPHONES,

THE UNgveErsaL BULLET TYPE MICROPHONE IN Fi1g. |l, FOR INSTANCE, COMN=
51STS OF A TUBE WITH A CENTER PARTITION, PROVIDING SPACE FOR A  STANDARD
13 voLT No. 6 DRY CELL. THE MICROPHONE HEAD 18 FIXED, ASSURING A VERTICAL
POSITION AT ALL TIMES., FLEXIBLE WIRE CONNECTJONS, LONG ENOUGH TO  PERMIT

Bullek TLj pe

Handy - Mike

Fig. 11

Various Carbon Mrcrophone Desigrs.
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EASY REPLACEMENT ARE ALSO PROVIDED, RUBBER CUSBHIONS AND SPRING TENS JON
8IDES MAKE A VERY RUGGED ASSEMBLY THAT PERMITS A GREAT DEAL OF HANDL ING
AND TRANSPORTATION W]THOUT AFFECT ING PERFORMANCE.

Tue TCRPEDO mM1CROPHONE SHOWN AT THE UPPER RIGHT OF Fig. ] was De~
BIGNED WITH THE INTENTION OF HAVING A COMPACT UNIT AND WITH THE INTERNAL
PARTS OF THE MJ]CROPHONE FULLY PROTECTED AGA [NST MECHAN ICAL §NJURY,

Tue HANDI-MIKE AT THE LOWER RIGHT OF FiG. || 1S DESIGNED WHERE EASE
OF HANDLING 1S REQUIRED, AS IS ALSO THE CASE FOR PUBLIC ADDRESS WORK.THIS
MICROPHONE HAS A HANDLE BUJLT ON TO §T SO THAT §T CAN BE HELD WITH CONVEN=
IENCE IN THE PROPER POSITION FOR SPEAKING
PURPOSES. THE MICROPHONE SBWITCH §8 BUILT
DIRECTLY IN THE HANDLE SO THAT THE M ICRO-
PHONE CIRCUIT CAN BE COMPLETED OR INTERR-
UPTED WITH THE UTMOST OF EASEs A  THREE=
WIRE CABLE LEADS DIRECTLY FROM THE MICRO-
PHONE TO THE COUPLING TRANSFORMER AND 18
OF SUFFICIENT LENGTH THAT §T S MOSTPRACT
ICAL FOR HANDLING PURPOSES, THE EYE 18 PRQ
VIDED FOR SUSPENDING THE MICROPHONE WHEN
IT 1S EITHER IN OR OUT OF USE.

Now THAT YOU ARE FAMILAIR WITH THE
VARIOUS TYPES OF CARBON MJCROPHONES, LET
US NEXT TURN OUR ATTENTION To THE GONDEN-
SER MICROPHONE.

THE CONDENSER M|CROPHONE

In Fige |12 YOU ARE SHOWN A TYPICAL
CONDENSER M|CROPHONE, TOGETHER W TH 178
PRE~AMPLIFIER, THE MICROPHONE UNIT ITSELF,
YOU WILL OBSERVE, IS MOUNTED OVER ONE END
OF A CYLINDRICAL HOUSING IN WHICH THE PRE
: AMPLIFIER |8 CONTAINED, ONE LONG WIRECAB=

Ela. 12 LE 18 THEN USED TO CONNECT THE  COMPLETE
ASSEMBLY TO THE CONVENTIONAL AMPLIFIER IN
The Condenser TO WHICH IT 1S INTENDED TO OPERATE.
Microphore.

HaviNG FAMJLIAR]IZED YOURSELF WITH

THE GENERAL APPEARANCE OF THE ASSEMBLY, LET US NOW CONS{IDER ITS INTERNAL
CONSTRUCT ION N GREATER DETAILe ] HE CONSTRUCT 1ON OF THE CONDENSERMJ CROPHONE
ITSELF IS JLLUSTRATED FOR YOU INF 1G. |3 AND BY STUDYING TH1S DRAWING IN CON--
JUNCTION WITH THE FOLLOWING DEBCRIPT JON, YOU SHOULD ACQUIRE A GOOD MENTAL PIC~
TURE OF THIS UNIT,.

THIS MICROPHONE IS IN REALLITY A CONDENSER AS IT8 NAME |NDJCATES AND
IN WHICH ONE PLATE IS FIXED, WHILE THE OTHER 8 A DJAPHRAGM AGAINST WHICH
THE SOUND WAVES ACT,

THE DIAPHRAGM OF THIS MICROPHONE |S DURALUMINUM OF  APPROXIMATELY
0,001 1" THICKNESS AND STRETCHED UNTIL ITS RESONANT FREQUENCY 18 IN THE
ORDER OF 5000 cYCLES,

IN THE CONDENSER MJCROPHONE, ACOUSTIC DAMPING 18 ALSO MADE USE OF AND
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IT 18 PROVIDED BY THE AIR WHICH 18 TRAPPED BETWEEN THE OJAPHRAGM AND THE
BACK PLATE AND |8 CONTROLLED BY A SERJES OF GRCOVES WHICH BNTERSECT EACH=
OTHER AT RIGHT ANGLES, WITH HOLES DRILLED THROUGH THE BACK PLATE AT THE
INTERSECT §ONSe

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 PART|CULAR M]|CROPHONE HERE JLLUSTRATED,
THIS SPACING AMOUNTS To ONLy 0.001¥,

SINEE A RATHER H{GH POTENTIAL 8 TO BE APPLJED ACROSS THE TWOACTIVE
PLATES OF THIS CONDENSER AND THE SPACE BETWEEN THE PLATES BEING 80 SMALL,
GREAT CARE MUST BE EXERCISED SO THAT NO DUST WiLlL BECOME LODGED IN THIS
S8PACEs THIS 18 ACCOMPLISHED BY SEALING THE MICROPHONE FROM THE OUTSIDEAIR
AND FILLING IT WITH NITROGEN SO AS TO GUARD AGAINST CORROSION. A  COMPEN-
SAT“NG DIAPHRAGM MADE OF ORGANIC MATERJAL AND HAVING CONSIDERABLE FLEXIBIL
ITY 18 USED AS A PART OF THI8 SEAL S0 A8 TO EQUALIZE THE PRESS8URES,

COMPENSATEING

THE S8PACE BEHIND THE BACK PLATE b BiAPHRAGH Fgéo
$18 CONNECTED TO THE REMAINING AIR —— T
SPACES THROUGH AN ACOUSTIC VALVE AND
WHICH CONS)STS OF A DISK OF 81LK CLAM
PED BETWEEN TWO ALUMINUM RINGS. THIS
18 DONE SO AS TO AVOID RESONANCES (N
THE AIR SPACES OF THE MICROPHONE.

CONNECT ING THE CONDENSER
MICROPHONE TO THE CIRCUIT

ey bl s~b=y Ly Ly v m o]
DAMPING ACOUSTIC
PLATE GROOVE ~  VALVE

WHERE EXTREMELY FAITHFUL  RE=-

PRODUCTION 18 REQUIRED AND EXPENSE 18 Fla. 13
NO HANDICAP, THE CONDENSERMICROPHONE Conséruction of the Condenser
WiLL BE FOUND TO HAVE AN IMPROVED Microphone

RESPONSE=CHARACTERISTIC OVER THE CAR=
BON TYPE, HOWEVER, 1TS SENSITIVITY 18 MUCH LONER THAN THAT OF THE CARBON
M1 CROPHONE AND FOR THIS REASON A PRE=AMPLIFIER |8 NECESSARY. THISPRE=AMP=
LIFIER, AS HAS ALREADY BEEN MENTIONED, 18 GENERALLY MOUNTED A8 .A PART OF
THE MICROPHONE ASSEMBLY SO THAT )T WiILL BE AS CLOSE AS POSE|BLE TO THE M]
CROPHONE AND IN THIS WAY REDUCE THE LOSS IN ENERGY BETWEEN THE MJCROPHONE
AND THE PRE=AMPLIFIER TO A MINIMUM, SOMETIMES, THESE PRE-AMPLIFIERS ARE
cAaLLeED HEAD AMPLIFIERS.

IN Firae 14, YOU ARE SHOWN THE CIRCUIT DJIAGRAM OF THE INPUT CIRCUITOF
A TYPICAL PRE=AMPLIFJER AND THE MANNER OF CONNECTING THE MICROPHONE TO T,
By stuovinGg Fiag. 14, You wiLL OBSERVE THAT A SOURCE OF "B" VOLTAGE 18 APP
LIED ACROSS THE PLATES OF THE MICROPHONE THROUGH THE RESISTOR R; 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
LY, THE CAPACITY OF THE CONDENSER WILL BE CORRESPONDINGLY VARIEDs  SINCE
THE CAPACITY OF THE CONDENSER I8 CHANGED IN PROPORTION TO THE SDUND WAVES
ACTING UPON IT, THE CHARGING CURRENT WHICH MUST FLOW THRouaH R, In Fia. 14
WILL VARY ACCORDINGLY AND THE RESULTING VOLTAGE VARJIATIONS ACROSS Ry WiLL
THUS BE AN ELECTICAL REPRODUCT ION OF THE ORIGINAL SOUND WAVES. THESE VOL=-
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TAGE CHANGES ACROSS R, WILL THEN BE APPLIED THROUGH COUPLING CONDENSER
"CU AND ACROSS THE GRID CIRCUIT OF THE VACUUM TUBE. IN OTHER WORDS, THIS
1S JUST ANOTHER EXAMPLE OF RESISTANCE~CAPACITY COUPLING AND AFTER THE
SIGNAL VOLTAGE CHANGES ARE ONCE APPLIED TO THE GRID OF THE FIRST TUBE (N
THE PRE=AMPLIFJER, THEY ARE AMPLIFIED IN THE USUAL MANNER.

—
Condenser M;croPhone, IN Fige I5 YoUuARE

e SEHOWN A TWO=-STAGE, CON
—| DENSER MICROPHONE, PRE=
AMPLIFIER CIRCUIT,
§ WHICH IN ADDITION TO
R, R SHOWING YOU HOW THEM|=
CROPHONE IS CONNECTED
TO 1T, ALSO SHOWS HOW
‘THE OUTPUT OF THE PRE-
AMPLIFIER 18 TO 8E
B CONNECTED TO THE MAIN
—i |11 - \

||
Al

—y

AMPLIFIER THROUGH A
400 TO 600 OHM LINE,

FiGg. 14

CONS | DERABLE CARE
The Pre- Ampli Frer:

MUST BE EXERCISED IN
THE DESIGN OF THE PRE~
AMPLIFIZR AS USED WITH THE CONDENSER MICROPHONE., FOR EXAMPLE, THE CAPACITY
WHICH 1S SHUNTED ACROSS THE MICROPHONE BY THE LEADS AND AMPLIFIER TUBE
MUST BE SMALL IN COMPARISON TO THE CAPACITY OF THE M|CROPHONE AND THE
EQUIVALENT RESISTANCE WHICH IS FORMED BY Ry AND R, IN 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 THEMICROPHONE,
THE RESULTING POTENTIAL VARIATIONS ARE PROPORTIONAL TO THE CHANGE IN CA=-
PACITY DIVIDED BY THE TOTAL CAPACITY, PROVIDED THE RESISTANCE Ry aND R,

ARE LARGE ENOUGH TO PREVENT APPRECIABLE CHANGE N THE CHARGE ON THEM|CRO=
PHONE PLATES,

IF THESERESIS- .015 Méd acs ouTPUT
TANCES ARE HOT LARGE 3 T (veLLOW)
ENOUGH, THERE WiLL BE | o3
ENOUGH CHARGE FLOW— §§ - ;t_“n£w4
ING IN AND OUT OF =3 o] !

THE CONQENSER AT LOW
- | "1 B 4 OUTPUT
FREQUENCIES TO RE=- Ll O (GREEN)
S Y +A-6V.
DUCE THE POTENTIAL §§ £ ~0 (WHT)
VARIATIONS APPRECI- . J -2
asL ona. | [ ¢ -A -6V,
O Microphone 33 _r'o(SHIELD)(bLK)
2S5 ME :: P
THER | BBON M1 CROPHONE 4; 3d F
+200V.
O (RreD)’

UNLIKE THEcon FIG. 1SA
DENSER OR CARBON
TYPE M1 CROPHONES, Fla. 1B

WHICH ARE VALVES OR

A Two- Stage PFPre-Amplifier
MECHANICAL  GOVER=
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. NERS, THE R1BBON MICROPHONE OR "VELOCITY MICROPHONE", AS IT 1S SOMETIMES
CALLED, IS A GENERATOR OF ELECTRICAL IMPULSES SIMILAR TO APHCNOGRAPH PIGCK
UP., THE OUTPUT OBTAINED FROM THE RIBBON MICROPHONE IS ALSO OF A RATHERLOW
LEVEL AND FOR THIS8 REASON A PRE~AMPLIFIER MUST ALSO BE USED WITH [T, THE
S8AME AS IN THE CASE OF THE CONDENSER MICROPHONE. THE RIBBON M |CROPHONE,
HOWEVER, IS A LOW IMPEDANCE "Pick UP DEVICEM, WHEREAS THE CONDENSERM]CRO-
PHONE IS OF A HIGH IMPEDANCE ORDERe

INn F1a., 16 YoU ARE SHOWN A TYPTPCAL RIBBON MICROPHONE, TOGETHER WI|TH
ITS PRE=AMPLIFIER, THE MICROPHONE ITSELF CONSISTS ONLY OF THE SMALL BOX=
LIKE STRUCTURE AT THE LOWER END OF THE UNIT,WHILE THE UPPER PORTION 18 THE
PRE=AMPLIFIER OR "M|CROPHONE AMPLIFIER,AS IT 15 SOME —
Times cALLES. THE SAME UNIT AGAIN APPEARS IN Fia. Amplifier,
17 WHERE PORTIONS OF THE HOUSING HAVE BEEN REMOVED
60 THAT THE PARTS OF BOTH THE MICROPHONE AND  THE
PRE~AMPL IF|ER CAN BE CLEARLY SEEN.

IN THIS MICROPHONE, THE DIAFHRAGM IS REPLACED
WITH A LIGHT RIBBON MADE OF DURALUM |NUM, BEING
APPROXIMATELY 2 To 3" Lona, 3/18" wioe ano ONE=
HALF THOUSANDTH OF AN INCH THICKe |T 18 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 MJICROPHONE CAN NO DOUBT
BE DESCRIBED BEST WITH THE A1D OF F1G.18. HERE YOU
WiLL SEE THE HORSESHOE MAGNET WITH TS TWo POLE
PIECES AND INSTEAD OF BEING A PERMANENT MAGNET, IT
1S ENERGIZED BY A FIELD COIL ACROSS WHICH A 6 voLT
BATTERY 18 CONNECTED. BY USING AN ELECTROMAGNET AS
THI8, THE MAGNETIC FLUX CAN BE MADE MUCH GREATER
THAN WOULD BE POSSIBLE WITH A PERMANENT MAGNET OF
THE SAME S|ZEe

/

OPERAT ION OF THE RIBBON MICROPHONE Microphone
INn Fig. 18,YoU WILL ALSO OBSERVE HOW THE DUR= Fla. 1o
ALUMINUM RIBBON IS SUSPENDED BY TWO INSULATORS BE=- Ribbon Microphone
TWEEN THE POLE PIECES OF THE MAGNET BUT BEAR IN ity Bre -Amplifier
MIND THAT THE RIBBON 18 SUSPENDED LOOSELY anp NOT e-Aamplifrer.
UNDER TENSION. THE ENDS OF THE RIBBON ARE CONNECTED ACROSE THE PR IMARY

WINDING OF AN INPUT TRANSFORMER, THUS PLACING THE RI1380N IN A COMPLETECI|R-
CUIT.

WiTH THE ELECTROMAGNET ENERG| ZED, THE RESULT ING MAGNETIC LINES oF
FORCE WILL BE IN A TRANSVERSE POSITION WITH RESPECT TO THE R|IBBON, 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 R|BBON, THE RIB8BON WiLL BE FORCED
TO MOVE FORWARD AND BACKWARD UNDER THE INFLUENCE OF THE CHANGING AIR PRE=
SSURES, WHICH ARE CAUSED BY THE SOUND WAVE,

TH13 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 PR =

L
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Pre-

amplifier ™\

Fla 17

Construction of the
Ribborn Microphonre.

THE SOUND WAVES STRIKE EITHER OF ITS TWO FLAT S|DES. SHOULD THE

MARY WINDING OF THE INPUT TRANSFORMER,

THE RAPIDITY WITH WH|CH THE R |BBON
MOVES BACK AND FORTH 1S GOVERNED BY THE SPEED
AT WHICH THE AIR COMPRESSIONS AND RAREFAC—~
TIONS STRIKE |T AND THESE ARE IN TURNDEPEND=
ENT UPON THE FREQUENCY OF THE SOUND WHICH
CAUSES THE AIR DISTURBANCE. |T THUS FOLLOWS
THAT THE RIBBON'S MOVEMENT WILL HAVE A FRE=-
QUENCY EQUIVALENT TO THAT OF THE SOUND CAUS
ING ITS8 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 B8Y A LOUDER SOUND BECAUSE
THE AIR DISTURBANCE UNDER THESE CONDITIONS I8
MORE VIGOROUS, THIS WILL CAUSE A GREATERCUR=
RENT FLOW THROUGH THE RIBBON BECAUSE THE Rli=
BBON WILL NOW BE CUTTING MORE LINES OF FORCE.

THESE AUDIO FREQUENCY CURRENT  VAR}A=-
TIONS ARE TRANSFERRED FROM THER|BBON. CIRCUIT
TO THE MICROPHONE AMPLIFIER BY MEANS OF THE
INPUT TRANSFORMER OF F1Gs 18, THE AMPLIFIER
CONSISTS OF THREE STAGES,EMPLOYING TUBES OF
THE 864 TYPE, WHOSE FILAMENT VOLTAGE 1S SUPP=
LIED BY THE SAME 6 VOLT BATTERY, WHICH ENER=
G1ZES THE ELECTROMAGNET, THE OUTPUT OF  THE
MJ]CROPHONE AMPLIFIER CAN BE FED INTO THEMAIN
AMPLIFIER FOR FURTHER AMPLIFICATION. Now LET
US CONSIDER THE DIRECTIONAL QUALITIES OoF
THIS8 MICROPHONES,

Due TO THE FLAT AND THINLY CONSTRUCTED
RIBBON, IT I3 0BVIOUS THAT MAXIMUM RESPONSE
WiLL BE OBTAINED FROM THE MICROPHONE WHEN
SOUND

WAVES COME FROM SUCH A DIRECTION AS TO STRIKE EITHER OF THE R1BBON'S THIN

EDGES, THEN NO RESPONSEWI]LL
BE OBTAINED. SO IT CAN BE
SEEN THAT THIS MI]CROPHONE
DECREASES [N RESPONSE AS
THE ANGLE OF THE IMPINGING
SOUND WAVE |NCREASES TO
EITHER SIDE OF THE LINE OF
MAX|MUM RESPONSE,

THI3S BEING THE CASE,

IT IS LOGICAL THAT THIS
MICROPHONE CAN BE SO OR-
JENTED IN RESPECT TO EXe
TRANEOUS NOJSES 80 AS NOT

TO RESPOND TO THEM,YET RE=
SPONDING FA|THFULLY TO

THOSE SOUNDS WHICH ARE DE=

SIRED. THIS DIRECTIONAL FEAT

Field coil 6 Yolt
X Batery

i
)
0
o
d
)
£s
[

=" To Main
”Hm; Ampl,

Transformer

3
o
(W<}
3
©
,N
\. Y
L~ I

L
Maguluk
[ R

NS
T Mt

Ribbon —

Insulator

Fig. 18
Operating Principle of the
Ribborn 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 EXI1ST,

THE RIBBON MICROPHONE HAS8 A FREQUENCY RESPONSE COMPARABLE TO THAT
OF THE CONDENSER MJCROPHONE,

THE DYNAMIC M]CROPHONE

A CROSS=~SECTION OF THE DYNAMIC M]CRO-

PHONE 1S ILLUSTRATED FOR You IN F1a.19  Ano
AS YOU WJLL OBSERVE, IT IS ESSENTIALLY  COMs
POSED OF A DiAPHRAGM "D" sUPPORTING A VOICE
coiL "W.C", ‘WHICH IS MADE OF FINE  ALUMINUM
RIBBON WOUND EDGEWISE IN THE FIELD OF A PER~
MANENT MAGNET M. WHEN THE SOUND WAVES IMPINGE
ON THE DIAPHRAGM, THE COIL TO WHICH IT ISRIG=
1OLY ATTACHED VIBRATES WITH A PLUNGER- LIKE
MOTION CUTTING THE LINES OF FORCE AND THUS8 Fia. 19
GEMERAT ING ACROSS TWO TERMINALS A POTENTIAL Cross- Section of the
WHICH IS SUBSTANT IALLY CONSTANT FROM  ABOUT
35 1o 10,000 cycLESs,

Oynamiic Microphore .

THE DIAPHRAGM "O" 18 MADE OF DURALUMIN o001 I" THICK AND HAS A DOME-
SHAPED CENTER PORTION WHICH EXTENDS TO THE INNER EDGE OF THE MOVING COlL.
THIS TYPE OF CONSTRUCT{ON STIFFENS THE CENTER SO THAT THE DIAPHRAGM  HAS
A PLUNGER ACTION THROUGHOUT THE ENTIRE AUDIO-FREQUENCY RANGE.

THE moviING colL V.C. conNsISsTs OF ABOUT 65 TURNS OF ALUMINUM  RIBBON,
LO00!" THicK AND 008" WiDE, WOUND EDGEWISE; THE TURNS ARE [NSULATED WITH
PHENGL VARNISH WHICH SERVES ALSO AS A BINDER FOR HOLDING TOGETHER THE AD-
JACENT TURNS. THE IMPEDANCE RATING OF THE VOICE COIL 1S AEOUT 25 OHMS.

A PRE~AMPLIFIER 1S NOT ALWAYE NEEDED WITH THIS TYPE OF MICROPHONE,
BUT WHEN USED, REQUIRES AN IMPEDANCE MATCHING TRANSFORMER AS 1 LLUSTRATED
IN F1ge 20. IN EFFECT, YOU WILL NOTICE, THIS 1§ JUST LIKE A DYNAMIC SPEAK
ER BEING USED BACKWARDS.

A PERFORATED METAL GRID "G" AND WHICH 1S COVERED WITH S|LK,PROTECTS
THE DIAPHRAGM FROM INJURY. THE GRID AND METAL HOUSING FORM A SHIELD WHICH
MAY BE GROUNDED THROUGH ONE OF THE JACK CONTACTS PROVIDED ON THE REAR OF
THE HOUSING. THE REMAINING JACK TERMINALS ARE
voge-coi. (—===-=——=-==—-— | CONNECTIONS FOR THE EXTERNAL AMPLIF I ER,

! 1€ SIMPLE AND RUGGED IN DESIGNe

D

{‘q Ew% i PRE - AMPLIFIER |

; §J " ¢? T | SOME OF THE MORE IMPORTANT ADVANTAGES
S i I | cLaiMED FOR THE DYNAMIC MICROPHONE ARE:  ITS
: :;31: v ouT- HIGH SENSITIVITY,DOES NOT REQUIRE AN EXITER
; ~ Ve m s S BATTERY, GOOD FREQUENCY CHARACTERISTICS, AND
\

]

i

i

o ooes T THE CRYSTAL MICROPHONE
N L S A A BY

IN ONE OF YOUR EARLIER LESSONS, YOUWERE
gHOWN How THE "PjEZO ELecTRIZAL"Y  CHARACTER-
ISTI1C8 OF ROCHELLE=SALT CRYSTALS COULD BE
USED IN THE CONSTRUCT ION OF LOUDSPEAKERSe
THIS SAME PRINCIPLE 1S ALSO BEING APPLIED TO

FiGg. 20
Circuit of Oynamic
Microphone and Pre-
Amiplifier
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Tc THE CRYSTAL M|CROPHONE,

IN THE UPPER PORTION OF F1G. 2| 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 |S CEMENTED TO THE SHELL LEAVING THE  OTHER

END FREE TC VIBRATE. THE CRYSTAL IS WEDGE=SHAPED AND THE DRIVE ROD |SATT=
ACHED TO THE FREE END,

THE DIAPHRAGM 1S CONE=SHAPED AND ITS APEX IS RIGIDLY ATTACHED TO THE
ORIVE ROD. CONTRARY TO THE CONVENT IONAL DIAPHRAGMS USED IN  MICROPHONES,
THE TYPE MADE USE OF [N THIS CONSTRUCTION IS
OF IMPREGNATED, SOFT CARDBOARD. IN THIS maN
NER, 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,

GASKET
i

WHEN SOUND WAVES ARE IMPINGED UPON THE
DIAPHRAGM, THE RESULT ING MOVEMENT OF THE DJA=
PHRAGM WILL THROUGH THE DRIVE ROD CAUSE THE
CRYSTAL ASSEMBLY TO VIBRATE CORRESPOND INGLY
AND THEREBY GENERATE CORRESPONDING VOLTAGE
VARIATIONS ACROSS ITS TERMINALS,

THE ADVANTAGE OF THE UNIT I8 THE FACT
THAT ITS HIGH IMPEDANCE PERMITS T TO BE
CONNECTED DIRECTLY INTO THE GRID AND F|LA~
Fia. 21 MENT OF A TUBE WITHOUT USING A TRANSFORMER
AND THE VOLUME CONTROL FOR THE UNIT MAY BE
CONNECTED DIRECTLY ACROSS THE N.HCROPHONE
TeERMINALS, OF COURSE, IF THE LEADS FROM THE
MJCROPHONE TO THE AMPLIFIER ARE TO BE VERY LONG, A TRANSFORMER BETWEEN THE
MICROPHONE AND THE LINE 1S RECOMMENDED. THE FREQUENCY CHARACTERISTIC OF
THE CRYSTAL MICROPHONE 18 EXCELLENT.

TIO
JACK o s TTIP JACK

The Crystal Microphonre

M| SCELLANEOUS PRE-AMPLIF IERS

IN THE PRE=AMPLIFJER WHOSE CIRCUIT IS ILLUSTRATED IN Fig. I5, You
WiLL HAVE NOTICED THAT TyPt 864 TUBES ARE USED. THIS TUBE TYPE |8 ADAPTED
PARTICULARLY TC USE As AN A.F. AMPLIFIER AND ITS OPERAT INGCHARACTER(ISTICS
ARE AS FoLLOWS: FILAMENT voLTAGE=1.!; FILAMENT CURRENT =,25 amp.(D.C );
PLaTE voLTAGE =135 voLTS; GRID B1aS= =9 vOLTS; PLATE CURRENT =3.5 MA,;
AMPLIFICATION FACTOR=8,2,

IN F1ge 22 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A TWO-STAGE PRE-AMP
LIFIER IN WHICH TYPE =30 TUBES ARE USED. A CONDENSER MICROPHONE |8 CONNw
ECTED ACROSS THE INPUT OF THE AMPLIFIER AND [N SERIES WITH THE 4+ (80 voLT

B TERMINAL AND THE TWO SER|ES~CONNECTED RESISTORS OF «25 MEGOHM AND 3
MEGOHM VALUE.

THE PRE~AMPLIFIER IS RESISTANCE=CAPACITY COUPLED THROUGHOUT BUT A




LESSON NO, | PAGE |5

TRANSFORMER )8 FURNISHED AT THE OUTPUT, 80 THAT THE PRE=AMPLIFJER CAN BE
CONVENIENTLY COUPLED TO THE MAIN AMPLIFIER W]TH PROPER MATCHING OF IMPED-
ANCE,

As WAS STATED PREVIOUSLY IN THIS LESSON, IT 1S PREFERABLE THAT  THE
PRE=AMPLIF|ER BE LOCATED A8 CLOSE AS POSSIBLE TO THE MICROPHONE AND 1T
1S FOR THIE REASON THAT THE MICROPHONE AND PRE=AMPLIFIER ARE GENERALLY COYN
STRUCTED AB A SINGLE UNITe A TRANSMISSION LINE OF 200 oR 500 oHws 1S GEN=-
ERALLY EMPLOYED AS THE CONNECT ING LINK BETWEEN THE PRE~AMPLIFIER AND THE
MAIN AMPLIFIER AND UNDER THESE CONDITIONS, THE PRIMARY WINDING OF T IN
F1g. 22 gHOULD HAVE AN IMPEDANCE RATING OF SUCH A VALUE TO BE SUITABLE AS
THE PLATE CIRCUIT LOAD FOR THE 30 TUBE, WHEREAS 1TS SECONDARY WIND ING
SHOULD HAVE AN JMPEDANCE RATING EQUAL TO THAT OF THE TRANSMISSION LINE B

ING USED.
y
ouT-
PUT
k%:)

THE TRANSMISSION LINE IS CONMECTED TO
THE MAIN AMPLIFJER THROUGH ANOTHER  TRANS=-
FORMER, WHOSE PRIMARY W|NDING HAS AN |MPED-
ANCE RATING EQUAL TO THAT OF THE TRANS=
MIBSION 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 18 TO FEED. WE
SHALL CONS|DER IMPEDANCE MATCHING SYSTEMS IN FlG, 22
GREATER DETAIL LATER IN THE COURSE. Two Stage
Pre- Amplifrer

"B+ 180V ‘B-UA-T BV A+

THE FILAMENTS OF THE 30 Tuses IN FiG,
22, YOU WILL NOTICE, ARE CONNECTED IN SERIES AND ADEQUATE RESISTANCE 18
INCLUDED 80 THAT THE 6 voLT "A" gupPPLY WILL BE- REDUCED TO THE PROPER AMOUNT
FOR THE TUBES. THE B= TERMINAL OF THIS PRE=AMPLIFIER 1S TO BE GROUNDED
TO THE METAL HOUSING IN WHICH THE UNIT IS CONTAINED.

IN THE NEXT LESSON,YOU WILL BE SHOWN A NUMBER OF DIFFERENT A.F.amp-
LIFIER CIRCUITS, THE METHODS OF COUPLING MJCROPHONES TO THE AMPLIFIER AND
A DETAILED EXPLANAT|{ON OF HOW THE S|GNALS PASS THROUGH THE ENTIRE SYSTEM
FROM THE MICROPHONE TO SPEAKER.
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49 Examination Questions

LESSON NO. AS=-]

"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 wp
your sleeves and pitch into thebattle

MAKE A SIMPLE ORAWING OF A SINGLE=-BUTTON CARBON M|CRO=
PHONE, SHOWING HOW T 18 CONNECTED IN THE CIRCUIT AND
EXPLAIN HOW IT OPERATES.

How DOES THE DOUBLE=BUTTON CARBON MICROPHONE Dt FFER FROM
THE S INGLE~BUTTON CARBON M{CROPHONE AND WHAT ADVANTAGES
DOES IT OFFER OVER THE SINGLE=BUTTON M]CROPHONE?

DesCRIBE A CONDENSER M| CROPHONE.

WHY MUST A PRE=AMPLIFIER BE USED IN CONJUNCTION WITH A
CONDENSER M| CROPHONE?

|LLUSTRATE BY MEANS OF A DRAWING HOW A CONDENSER M]CRO=
PHONE MAY BE CONNECTED TO A PRE=AMPLIFIER AND EXPLAIN
HOW THE SYSTEM OPERATES.

DESCRIBE THE RIBBON MICROPHONE AND EXPLAIN HOW T OPER-
ATESe.

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

DESCRIBE THE DYNAMIC M{CROPHONE,
DESCRIBE THE CR¥STAL M]CROPHONE,

WHAT ARE SOME OF THE MOST DESIRABLE FEATURES OF CRYSTAL
micropPHONES?T '

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
EXAM INAT ION PAGE IN EACH OF THESE LESSONS. FOR EX=
AMPLE, THE NUMBER OF THIS LESSON 18 AS=l, THIs 18 1M
PORTANT,

Printed in U. 8, A.
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LESSON NO. 2

TYPICAL AUDIO AMPLIFIER.S

INSTEAD OF PLUNGING DIRECTLY INTO THE DESIGN WORK AND CALCULATIONS
INVOLVED IN A.F. AMPLIFIERS, YOU ARE FIRST GOING TO BE SHOWN IN THIS LES=
SON SOME SAMPLE AMPLIFIER SET=UPS, AND ALSC SOME POPULAR CIRCUITS AS USED

IN THESE SYSTEMS. IN THES WAY, YCU WILL HAVE A BETTER PRACTICAL UNDER=
ETAND ING OF THESE UNITS, AS WELL AS A CLEAR CONCEPT jON OF HOW THE MJCRO=

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

THEM,

NoT oMLY Wil YOU FIND INFORMATION OF THIS TYPEZ TO OFFER YOU VALU=
ABLE SUGGESTIONS, SO THAT YOU CAN BUILD AMPLIFIERS ACCORDING TO THE SPECe
IFICATIONS MEREIN GIVEN, BUT IT WiLL IN ADDITION GIVE YOU A BROADER VIS=-
JON OF THE SUBJECT 80 THAT THE DE=-
SIGN CALCULAT|ONG AS PRESENTED IN
LATER LESSONS WILL MEAN MORE TO YOU,.

Speakers:§;~————s\‘

You WiLL FIND THE UNITS AS DE=
SCRIBED N THI5 LESSON TO BE ESPEC-
JALLY S8U|ITABLE FOR PUBLIC ADDRESS
WORK, SO THAT YOU CAN IMMED | ATELY
PUT THI3S KNOWLEDGE TO WORK FOR YOU
I8 THIS PARTICULAR FIELD OF RaD10,

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 WCLASS A" amMpLIFIER (53 AN — $ T~
AMPLIFIER IN WHICH THME GRID B1asAND [Control Box} Microphone Cable
THE EXITING GRID VOLTAGE ARE  SUCH F16.1
THAT THE PLATE CURRENT THROUGH THE Units Comprising & P. A.
TUBE FLOWS AT ALL TIMES. THE IDEAL Amplifying Systerm,

Crass "A"™ AMPLIFIER 1S ONE IN WHCH
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THE ALTERNATING COMPONENT OF THE PLATE CURRENT I8 AN EXACT REPRODUCTIONOF
THE WAVE FORM OF THE ALTERNATING GRID VOLTAGE AND THE PLATE CURRENT FLOWS

DURING 380 ELECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A
CLASS A AMPLIFJER ARE LOW EFFICIENCY AND OUTPUT, TOGETHER WITH LOW DS~
TORTION. THIS TYPE 18 GENERALLY EMPLOYED WHERE FIDELITY OR QUALITY OoF

REPRODUCTION 1S MORE DESIRABLE THAN POWERe

A BCLASS B" AMPLIFIER 1S AN AMPLIFIER IN WHICH THE GRID BJAS Is
APPROX{MATELY EQUAL TO THE CUT=OFF VALUE S0 THAT THE PLATE CURRENT |8APPw=
ROX IMATELY ZERO WHEN NO EXITING GRID VOLTAGE 13 APPLJED AND 80 THAT  THE
PLATE CURRENT IN EACH TUBE FLOWS DURING APPROXIMATELY ONE=MHALF OF EACHCY=
CLE WHEN AN EXITING GRID VOLTAGE 15 PRESENT. THE 1DEAL CLass B AMPLIFIER
1S ONE §N WHICH THE ALTERNATING COMPONENT OF PLATE CURRENT 18 AN EXACT
REPLJCA OF THE ALTERNATING GRID VOLTAGE FOR THE HALF CYCLE WHEN THE GRID
1S POSITIVE WITH RESPECT TO THE BIAS VOLTAGE AND THE PLATE CURRENT FLOWS
DURING |80!§LECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A
CLasS 8 AMPLIFIER ARE MEDIUM EFFICIENCY AND OUTPUT BUT WITH SOMEWHAT MORE
DISTORTION THAN 15 OBTAINED WITH CLASS A aMPLIFIERS, CLass B AMPLIFIERS
ARE GENERALLY EMPLOYED WHEN HIGH
POWER OUYPUTS ARE DESIRED AND
WHEN SOME QUALITY OF REPRODUCT|ON
CAN BE SACRIF1CED.

Phenograph Microphone, Speaker ¢ Baffle
Turntable and Y

Amplifier.

MODIFICATIONS OF THESE TWwO
CLASSES ARE ALSO EMPLOYED AND
THESE W{LL BE BROUGHT TO YOUR‘ATI
ENTION IN LATER LESSONS WHERE WE
TREAT AMPLIFJERS MORE TECHNI|CALLY
THEN IN THE PRESENT LESSONe

Fig., 2

IN DESCRIBING THE VARJOUS
Portable Public Address Systesm.
2y (At A4 Js SAMPLE AMPLIFIERS, IT 18  LOGICAL

TO COMMENCE WITH THE SMALLER AMP=
LIFIERS OF RELAT|IVELY LOW POWER OUTPUT AND THEN GRADUALLY ADVANCE THROUGH
THE MORE ELABORATE DES)GNS OF HIGH OUTPUT POWER RATING. SMALL AMPLIFIERS
ARE GENERALLY ASSOCJATED WITH PORTABLE EQUIPMENT,80 LET US CONSIDER ONEOF
THESE UN[ITS FIRBT,.

A PORTABLE PUBLIC ADDRESS SYSTEM

IN F1Ge 2 YOU ARE SHOWN THE VARIOUS UNITS WHICH ARE USED  TOGETHER
TO FORM A TYPICAL PORTABLE PUBLIC ADDRESS SYSTEM WHICH I8 TO BE OPERATED
FroM A |10 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 TS BAFFLE, WHILE THE OTHER CONTAJNS8 THE PHONOGRAPH EQUIPMENT
AND THE AMPLIFIERe THE MICROPHONE 1S OF THE DOUBLE=SUTTON CARBON TYPE AND
MOUNTED IN A SUITABLE S8TAND. CABLES OF BUFFICIENT LENGTH ARE SUPPLIED 80
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 18 ILLUSTRATED IN Fig. 3.
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So MUCH FOR THE GENERAL DESCRIPTION OF A TYPICAL PORTABLE AMPL|FY=
ING SYSTEM AND NOW LET US LOOK AT THE CIRCUIT DIAGRAM OF BUCH A UNIT.

IN F1Ge 4 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A THREE-=TUBE AMPL[-
FIER WHICH IS SUITABLE FOR PORTABLE USE WHERE AN A.C. POWER BUPPLY 8 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 BOSER-
VE8 AS THE RECTIFIER IN THE POWER PACKe.

THE PARTICULAR CIRCUIT AS HERE ILLUSTRATED 18 DESIGNED TO HANDLETWO
DYNAM]C SPEAKERS, WHOSE FIELD COILS ARE ENERGIZED BY THE "B CURRENT WHiCH
IS S8UPPLIED, TO 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 onms. THE £5,000 oHM RESISTOR WHICH IS CONNECTED BETWEEN HIGH
B4 AND THE METAL CHABS IS OR B= SBERVES A8 A BLEEDER RESISTOR FOR THE 8YS-
TB‘.

UPON TURNING YOUR ATTENTION TO THE INPUT END OF THIS AMPLIFJER, YOU
WiLL SEE THAT A DOUBLE=BUTTON CARBON M]CROPHONE, ENERGIZED BY TWO S8ERIES
CONNECTED ‘6 DRY CELLS, 18 CONNECTED TO THE PRIMARY WINDING OF THE (INPUT

Speaker protective Curtain

Speakers & Baffle ~

Amplifier

Assembled for
Transportakion

croghone

Cable

Fla. 3 o
Portable P A, Systerm M//L% Tewo .SPeaéer‘S

OR M{CROPHONE TRANSFORMERe A SWITCH {N THE CENTER=LEG OF THE M CROPHONE
CIRCUIT OFFERS A MEANS WHEREBY THE MICROPHONE CIRCUIT CAN BE INTERRUPTED
WHEN NOT IN USE.

THE IMPEDANGE OF THE MICROPHONE TRANSFORMER'S PRIMARY WINDING IS MA=~
TCHED TO THE RESISTANCE RATING OF THE MICROPHONE, WHILE 1T8 SECONDARYWIND
ING IS MATCHED TO THE GRID CIRCUIT OF THE 57 TUBE INTO WHICH IT FEEDSe A
+5 MEGOHM POTENTIOMETER I8 CONNECTED ACROSS THE SECONDARY WINDING OF THIS
TRANSFORMER TO SERVE AS A VOLUME CONTROL AND 18 INTERCONMECTED WiTH  THE
MICROPHONE CIRCUIT SWITCH SO THAT THE MICROPHONE CIRCUIT WILL BE INTERR=
UPTED AUTOMATICALLY WHEN THE VOLUME CONTROL IS AT 1TS POSITION OF MINIMUM
VOLUME:. THE.5 MEGOHM FIXED RESISTOR WHICH I8 CONNECTED BETWEEN THE CON=
TROL GRID OF THE 57 TUBE AND QROUND SERVES A8 A FIXED LEAK FOR THE  QRID
OF THIS TUBE.

THE 57 TUBE 1S COUPLED TO THE 59 THROUGH RESISTANCE=CAPACITY COUP=
LING AND THE 10,000 OHM RESISTOR IN THE PLATE CIRCUIT OF THE 57 TUBE, TO=
GEHTER WITH THE o5 MFD., CONDENSER,18 USED AS A FILTER TO PREVENT MOTOR=
BOATING. THE 59 1S USED IN THE CONVENTJONAL PENTODE MANNER AND THE PRI=
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MARY WINDINGS OF THE TWO OUTPUT TR;NSF'ORMERS ARE CONNECTED IN PARALLEL IN
THE PLATE CIRCUIT OF THIS POWER TUBE. Now LET US FOLLOW THE SIGNALTHROUGH
FROM THE MICROPHONE TO THE SPEAKERS.

"A8 THE SOUND WAVES ACT UPON THE MICROPHONE, THE MICROPHONE CURRENT
wWiLL VARY ACCORD~

s INGLY AS YOU AL~
9 TQaNSE READY LEARNED IN
15 Ss— YOUR PREVOUS LEZ
SON AND VOLTAGE
CHANGES OF CORR-
ESPONDING  FRE= -
QUENCY WjLL THRU
INOUCTION APPEAR
ACROSS THESECOND
ARY WINDING OF
THE M| CROPHONE
TRANSFORMER, AS

{MIcROPHONE
TRANg

)

12500 g
, cot

o, [

|
r v,
F‘

L
—J-

/
*o AMe P00 26,000- 0 CHASSS Al

> WELL AS ACROSS

N Fila. 4 THE ENDS OF THE

Circuit Dragram of a Portable Amplifier VOLUME CONTROL PQ

‘ TENT|OMETER, THE

SETTING OF THE

POTENT JOMETER ARM DETERMINES WHAT PERCENTAGE OF THE AVAILABLE SIGNAL VOL=
TAGE §S TD BE APPLIED ACROSS THE CONTROL GRID CIRCUIT OF THE 57 TuBE.

THE 57 TusE OPERATES As aN A.F, AMPLIFIER, S0 THAT THE PLATE CURRENT
VARJIATIONS WiLL PRODUCE VOLTAGE CHANGES OF BIGNAL FREQUENCY ACROSS THE
LOAD RESISTOR AND WHICH ARE APPLIED TO THE GRID CIRCUIT OF THE 59 THROUGH
THE 402 MFD. 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 SAUME TUBE AND WHICH ARE ALSO OF THE SIGNAL FREQUENCY AND THUS
CORRESPOND ING VOLTAGE CHANGES ARE INDUCED INTO THE VOICE COIL CIRCUIT OF
B80TH SPEAKERS 80 THAT THE ORIGINAL SOUNDS WHICH ARE PRODUCED IN FRONT OF
THE MICROPHONE ARE FA1THFULLY REPRODUCED BY THE SPEAKERS.

THME AMPLIFIER, WHOSE CIRCUIT DjA= Filter

GRAM APPEARS IN F1G, 4, WILL DELIVER °°"“"""SZ\2A5 Rezellle st
A MAX)MUM POWER OUTPUT OF APPROXIMATELY /

3 To 33 WATTS. ALTHOUGH THE  PORTABLE
AMPLI FIER JUST DESCRIBED OFFERS ONLY A
RELATIVELY SMALL POWER OUTPUT, YET THERE
ARE PORTABLE AMPLIFIERS IN USE WHOSE
POWER OUTPUT 1S QUITE HIGH,

A 10 WATT AMPLIFIER

Ity FiGge 5 YOU ARE SHOWN THE CON-
STRUCTIONAL ARRANGEMENT FOR AN AMPL (=
FIER WHISH 18 RATED AT 6 WATTS BUT N
ACTUAL OPERATION WiLl. PROVIDE AN  UN- ;
DISTORTED POWER OUTPUT OF |0 WATTSWITY \Tone Control
ouT "FORCING" AND A MAXIMUM ORPEAK OUT
PUT OF ABouT |4 watTs. THe TusBes useD FlG. 5
ARE A 57 IN THE INPUT STAGE, A 56 IN A 10 Watt Amplifier:

Gain
Control
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THE INTERMEDIATE STAGE AND FOLLOWED BY A POWER STAGE EMPLOYING Two 2A5's
IN PUSH=PULL. AN 83 TUBE 1S USED AS THE RECTIFIER,.

THE CIRCUIT DIAGRAM OF THIS SAME AMPLIFIER APPEARS IN F1G.6 AND A8
YOU WILL OBSERVE, THE 57 TUBE I8 BEING USED AS A PENTODE AMPLIFIER SIMIL~
ARILY AS IN THE PORTABLE AMPLIFJER WHOSE CIRCUIT DIAGRAM APPEARS IN Fi1G.4
OF TH1S LESSON. A 5 MEGOHM POTENTIOMETER SERVES AS A GRID LEAK FOR  THE
57 TuBE, AS WELL AS ACTING AS THE VOLUME OR MGAIN CONTROL", AS IT 18 FRE=
QUENTLY CALLED. THE SECONDARY WINDING OF THE MJCROPHONE TRANSFORMER { NOT
SHOWN HERE) IS CONNECTED ACROSS THE INPUT TERMINALS.

THE 57 TUBE 15 RES|STANCE=CAPACITY COUPLED TO THE 56 AND THIS LATTER
TUBE 1S COUPLED TO THE POWER STAGE THROUGH AN INPUT PUSH=PULL TRANSFORMER.
TWO SECONDARY WINDINGS ARE PROVIDED ON THE OUTPUT TRANSFORMER OF THIS AMP
LIFIER == ONE OF THEM HAVING AN IMPEDANCE RATING OF |5 oHM8 FOR  SPEAKER
VO ICE COIL CONNECT {ONs THE
500 ¢HM SECONDARY WIND=
ING 1S PROVIDED WHEN 1T
IS DESIRED TO COUPLE THE
OUTPUT OF THE AMPLIFIERTO
A TRANSMISSION LINE AND
WHICH WJLL BE MORE FULLY
EXPLAINED IN LATER LESSONS,

YW

35v.

\. 2,000
OWMmS

THE TONE CONTROL CON
818Ts OF A 4004 MFD. CON-
DENSER IN SERIES WITH A
o5 MEQOHM POTENT IOMETER UG
ED AS A RHEOSTAT AND CONN=
ECTED ACROSS THE CONTROL
GRID CIRCUIT OF THE 2A5
TUBES.

Clv [-MF, - 400V
€2 1OMF . V.
€3: 2 MF. - 160V
C4: 2 MF - 400V
C8s 2 MF - 400V,

eafe oflead oo~ - J
o ‘,;‘, BROWN

Due To. THE HIGHGAIN

Fla. & OF THIS AMPLIFIER AND
Circuit Diagram of the SINCE A PHONOGRAPH 1']CK=
10 Walt Amplifier UP DELIVERS A GREATERS|G=

NAL VOLTAGE THEN OOES THE
AVERAGE M[CROPHONE, PROVIS|ONS ARE MADE FOR PLUGGING A PHONOGRAPH P JCK=-
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 RECORDINGSe THE VOLUME CONTROL FOR PHONOGRAPH REPRCDUCTION WILL 1IN
THJS CASE HAVE TO BE MOUNTED AS A UNIT ON THE PHONOGRAPH PICK=UP AND AN
IMPEDANCE MATCHING TRANSFORMER BEING PROVIDED WHOSE PRIMARY WINDING HASB
AN IMPEDANCE RATING EQUAL TO THAT OF THE PICK=UP AND ITS8 VOLUME CONTROL,
AND A SECONDARY WINDING WHOSE IMPEDANCE RATING MATCHES THE 5 MEGORM LEAK
RESISTOR OF THE 56 TUBE AND ACROSS WHICH IT IS TO BE CONNECTED.

A TYPE 83 TUBE 18 USED AS THE RECTIFIER IN THE POWER PACK AND INALL
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 HEMRY TYPE AND THE SPEAK=
ERS A8 USED WITH THIS AMPLIFIER MUST BE OF THE A.C. TYPE IN WHICH THE

FIELD8 ARE ENERGIZED BY AN ([INDIVIDUAL POWER SUPPLY AT THE SPEAKER.
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As_REGARDS THE POWER OUTPUT OF A,F, AMPLIFJERS, THE FACT SHOULD BE
CONSIDERED THAT THE POWER OUTPUT RATINGS FOR THE PARTICULAR.POWER  TUBES
B8EING USED ARE GENERALLY QUITE CONSERVATIVE AND THAT IT |S GENERALLYPOSSe
IBLE BY JNCREASING THE PLATE VOLTAGE SLIGHTLY TO OBTAIN AN UND I STORT ED POW
ER OUTPUT OF APPROXIMATELY 20% GREATER THAN THAT FOR WHICH THE POWER TUBE
IN QUESTION I8 RATED BY THE TUBE MANUFACTURER.

A CLASS "AM.|5 WATT AMPLIFIER

IN Fice 7 vou ARE sHOWN THE cirCUT DIAGRAM OF A ctass "A¥ ampLIF(ER,
WHOSE OUTPUT POWER 1S RATED AT |5 WATTS. THIS CIRCUIT CONSISTE OF THREE
'PUBH=PULL STAGES AND WHICH RESULTS IN A UNIT OF EXCELLENT TONE QUALITY, IN
THAT THE PUSH=PULL ARRANGEMENT BALANCES OUT ALL EVEN HARMONJC D ISTORTION
IN THE OUTPUT OF EACH STAGE.

Noylce HOW TWO 57's, OPERATING AS A PUSH=PULL 8TAQE, ARE  PROVIDED

AT THE INPUT,.

56 a3 A PusH=PULL
TYPE wA.F,
CHOKE 18 (N-

-
2 CLUDED IN THE
5'
o]

n

L3

INPUT
5

PLATE CIRCUIT

OF THIS STAGE
! AND THE 881G~

F .

w»

-

5 e

AT
WA
=

57 B 56 '
Ll -L—{ < e NAL VOLTAGES
$ :E:E:L J:?E L Eilker A8  PRODUCED
< < < <
"a.F‘-F“‘n."a.-l.c‘ o T 3w , o """“? ACROSE  ITS
. ) OH

EXTREMET JES

ARE  APPLIED
TO THE GRJDS
OF THE Two 56
TUBES THROUGH
THE COUPLING
CONDENSERS C.
THE TWO RES 8=
TORs Rg ACT AS

F 8

“—
—u—!z

L HOV-ACE GRJD LEAKS FOR

_ THe 56 TUBES,

_ Fr1a. 7 AND WHAT WE
A Class A" — 15 Watt Amplifier; REALLY HAVE

HERE 15 IMPED-
ANCE COUPLING ABOUT WMICH YOU ALREADY STUDIED IN ONE OF YOUR FIRST LESSONS
TREATING WITH AUDIO FREQUENCY AMPLICATION, ONLY THAT IN ADDITION, THE PUSH
=PULL PRINCIPLE IS EMPLOYED.,

THE PUSH=PULL STAGE WITH THE 56 TUBES 18 COUPLED TO THE PUSH=PULL POY
ER BTAGE EMPLOYING THE TYPE 2A3 TUBES. THE COUPLING TRANSFORMER USED IN
THIS CASE I8 SPECIALLY DESIGNED FOR THYg PURPOSE, BOTH OF (TS W INDINGS
OFFERING A PUSH=PULL CIRCUIT, '

Two SECONDARY WINDINGS ARE FURN |SHED ON THE OUTPUT TRANSFORMER AND
EACH OF THEBE I8 TAPPED 80 THAT A LARGE VARIETY OF OUTPUT [MPEDANCES ARE
AVAILABLE IN ORDER TO PERMIT PRACT)CALLY EVERY TYFE OF LOAD TO BE MATCHED.
THie PERMITS GROUPING OF MULTIPLE SPEAKERS IN ALL TYPES OF ARRANGEMENTS,
A8 WELL A8 PROVIDING FASCILITIES FOR CONNECT ING THE AMPLIFIER TO TRANG=
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 80 THAT ANY TYPE OF MICROPHONE CIRCUIT, PRE=AMPLIFIER,RADIO
TUNER W{TH DETECTOR, OR PHONOGRAPH P |CK=UP CAN BE PROPERLY MATCHED TO THE
AMPLIFIER.

THE POWER PACK OF THIS AMPLIFLER. I8 UNIQUE N DESIGN AND THEREFORE
WARRANTS A MORE DETAILED EXPLANATION. THE B5Z3, FOR INSTANCE, SBERVES AS
THE RECTIFIER FOR THE ENTIRE AMPLIFIER,WHEREAS THE BOLE PURPOSE OF THE 82
TUBE 18 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 T8
FILAMENT WINDING
18 CONNECTED TO
ONE OF THEPLATES
of THE 5Z3. THE
TWO PLATES OF THE
82 TUBE ARE TO=
GETHER CONNECTED
M A S TO GROUND OR B-

4000 A THROUGH A RES |8~
v § g TANGE NETWORK AND

[

AAAAAAARAA

-

T

-]
I (.4
o

-]

-]
3
>
3
3
>
3
>
>
>
3

P SPECIAL FILTER
CIRCUIT. THe
CENTER TAP OF THE
| 5Z23's HIGH VOL=
- S ¢ (3 TAGE WINDING 18

m ALSO CONNECTED TO
= ) GROUND. :
| ' @:‘.{‘::m ) Now THen,
B

. WHENEVER THE LEFT
END OF THE POWER
Fida. 8 TRANSFORMER'S
. - - ’ HIGH VOLTAGEWIN
Cireuit Diagram of the 25 Watt U IND

ING 18 POSITIVE,
A POSITIVE POT=-
ENTIAL WILL ALSO
BE APPLIED TO THE FILAMENT OF THE 82. SINCE AT THIS SAME INSTANT THE
PLATES OF THE 82 ARE NEGATIVE W|TH RESPECT TO THE FILAMENT DUE TO  THEIR
COMMON CONNECTION TO GROUND, NO CURRENT WiLL FLOW THROUGH THE 82 TuBE.How
EVER, WHENEVER THE LEFT END OF THE 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 7O THE PLATES OF THE
82 TUBE,OR TO PUT IT ANOTHER WAY, THE PLATES OF THE 82 wiLL NOwW BE POS|-
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 REEISTOR R~ ONLY FROM THE LEFT
TOWARDS THE RIGHTs, THE GRID RETURN CIRCUIT OF THE POWER STAGE BEING CONN-
ECTED TO THE NEGATIVE END OF Ry WHILE THE CENTEROF THE FILAMENT  WIMDING
FOR THESE SAME TUBES 1S GROUNDED, THE RESULTING VOLT DROP ACROSS R7 WiLL BE

Class "B Amplifier.
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APPLIED AS A BIAS VOLTAGE TO THE POWER STAGE,

THE CHOKE AND CONDENSERS C4 SERVE A6 A FILTER FOR THE CURRENT REC=
TIFIED BY THE 82 TUBE 80 THAT THE BIAS VOLTAGE WILL BE FREE FROM RIPPLE.
THE RES}ETOR Re ACTS8 AS A CURRENT LIMITING RESISTOR FOR THIS CIRCUIT,.

THE VALUES FOR THE DIFFERENT PARTS AS USED IN THE CIRCUIT OF Filae 7
ARE AS FOLLOWS?

Ry = 15000~ | WaTT ResisToOR

R, = 250,000~ | WATT rEsisTOR

Ry = 20,0001 = 2 WATT RESISTOR

Ry = 1,300 = | WATT RESISTOR

Ry = 5,000 & = 2 WATT RESISTOR

Ry = 100,0000.« | WATT REsISTOR

Ry = 15,000 L = 2 WATT RESISTOR

Rg = 70,000 2 « 2 WaTT RESISTOR

C, = ol MFO. 400 VOLT PAPER CONDENSER.

C; = | MFD. 1000 VOLT ELECTROLYTIC CONDENSER
(2-2wrp. ELECTROLYTICS OF 500 VoLTS IN SERIES).

Cy = 2 mFD. 50 VOLT ELECTROLYTIC CONDENSER

C4 = 10 mFp. 200 VOLT ELECTROLYTIC CONDENSER

A 25-WATT CLASS "B® AMPLIFIER

A CIRCUIT DIAGRAM OF AN AMPLIFIER, WHICH I8 CAPABLE OF FURNIJISHING
25 WATTS OF AUDIO POWER, 18 ILLUSTRATED FOR YoU IN Fig. 8. THis CIRCUIT
18 OF THE ctass "BY Tvpe AND EMPLOYS A TYPE 57 TUBE AS A PENTODE IN  THE
INPUT S8TAQE, THE 57 18 RESISTANCE=CAPACITY COUPLED TO A 59 TUBE WHICH 18
USED A8 A DRIVER WORKING. INTO A PAIR OF 59'S OPERATING AS A CLASS "B powe
ER STAGE. AN 83 |8 USED AS THE RECTIFIER IN THE POWER PACK.

TWo SETS OF PRIMARY WINDINGS ARE SUPPLY ON THE JNPUT TRANSFORMER 80
THAT ANY TYPE OF MICROPHONE, RADIO TUNER, OR PHONOGRAPH PJCK=UP CAN BEPRQ
PERLY MATCHED TO THE INPUT CIRCUIT, THE OUTPUT TRANSFORMER I8 ALSO PROV|D=
ED WITH A LARGE ASSORTMENT OF SECONDARY [NPEDANCES 80 A8 TO ACCOMMOOATE
A LARGE VARJETY OF SPEAKER VOICE COIL CONNECTIONS, A8 WELL AS ATRANSM|88=
ION LINE,

RACK AND PANEL AMPLIF|ER CONSTRUCT ION

ALTHOUGH THERE 1S NO FIXED RULE REGARDING THE GENERAL FORM OR SHAPE
INTO WHICH AMPLIFIERS ARE BUILT, YET YOU WilLL COMMONLY FIND IT TO BE THE
CASE THAT AMPLIFJERS HAVING A POWER OUTPUT RATING OF 20 WATTS OR LESS ARE
USUALLY BUILT ON A METAL CHASS|S BASE AS SHOWN IN Fia. 5, 80 THAT THEUNIT
RESEMBLES A CONVENTJONAL RADIO RECE|VER,

AMPLIFIERS OF OUTPUT RATINGS GREATER THAN 20 WATTS, FREQUENTLY THOUGH
BY NO MEANS ALWAYB, ARE BUILT N THE RACK AND PANEL FORM BUCH AS 1 LLUS=
- TRATED N Fia. 9.

INn THIS CASE, THE FRAME WORK |8 MADE OF ANGLE JRON. THE DI FFERENT
SECTIONS SUCH AS THE POWER PACK, AMPLIFJER, TUNER, ETC. ARE THEN MOUNTED
ON SHELVES A8 INDIVIDUAL UNITS, ONE ABOVE THE OTHER A8 SHOWN |N Fice 9.
THE ARRANGEMENT IS GENERALLY SUCH THAT ANY ONE OF THE UNITS CAN BE REMOVED
INDEPENOENTLY WiTHOUT DISTURBING THE OTHERS WHENEVER REPAIRS ARE NECESS-
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ARYa
AN AMPLIFIER FOR D.C. POWER SUPPLY

S0 FAR, ALL OF THE AMPLIFIERS WHICH
WERE DESCRIBED TO YOU [N THIS LESSON ARE DE
SIGNED TO BE OPERATED FRom A |10 voLT A.C.
POWER sUPPLY. IN FiG. |0, HOWEVER,YOU ARE
SHOWN THE CIRCUIT DIAGRAM OF A 6 WATT CLASS
"AR AMPLIFIER WHICH IS TO BE OPERATED FROM
A 110 voLT D.C. LiINE.

IN THIS CIRCUIT, A TYPE T7 TuBE I8
USED IN THE INPUT CIRCUIT AND IT WORKS INTO
THE BECOND STAGE THROUGH RES|STANCE=CAPACITY
COUPLING AND THIS IS FOLLOWED 8Y A POWER
STAGE CONTAINING TWO TYPE 48 TUBES CONNECTED
IN PUSH=PULL. BY USING A 225 VOLT  BATTERY
TO FURNISH THE BIAS VOLTAGE FOR THE  POWER
TUBES, THE POWER WH|CH WOULD ORDINARILY BE
EXPENDED TO PRODUCE A BIAS VOLTAGE BY FLOW=
ING THROUGH A BJAS RESISTOR CAN BE USED TO

Fig. 9
Rack and Panel Amplifier.

BETTER ADVANTAGE BY MAKING A HIGH PLATE VOLTAGE POSSIELE AND WHICH IN TURN

WiLL BRING ABOUT A GREATER POWER OUTPUT,

THE INPUT TRANSFORMER FOR THIS AMPLIFIER IS SUPPLIED WITH PRIMARY
WINDINGS OF THE PROPER DESIGN TO ACCOMMODATE A PHONOGRAPH PlCK=UP CONNEC=

TION, AS WELL AS FOR A DOUBLE=BUTTON CARBON M]CROPHONE,.

PROVISIONS ARE ALSO MADE SO THAT THE MICROPHOMNE CURRENY CAN BE 0B~
TAINED DIRECTLY FROM THE AMPLIFIER'S CIRCUITS, BEING CONTROLLED BY THE

SETTING OF THE JOO0O OHM POTENTIOMETER.

17 .o'i KA
!I
Po_.:: 4 Y
>
2 =z Qg
P O = <
8 3
so | at ] ::
o I wed, 25M | Imeq
MO~ # - VWA-AAAWA
1600 A
Go- A/
5500
ote. b.
— | o
1o D.C #,,W p

HEATER CIRCUIT

Fla, IO

Circuit Diagrarm of the //0 Veolt

O.C. Amplifier.

AN A. Cu-DQ c.
AMPLIF |ER

QuiTE
OFTEN, APUBLIC
ADDRESS AMP=
LIFIER 1§ RE=-
QUIRED WHICH
IS CAPABLE OF
OPERATINGEITH
ER FROM AN
A.C. or a D.C.
POWER SUPPLYe.
THE ONE WHOSE
CIRCUIT DlA~
GRAM 18 ILL=
USTRATED IN

Fiee |1 wiLL
MEET THESE DE
MANDS o THE

TUBES USED ARE
TyPE 37's 1IN
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THE FIRST TWO STAGES AND A PAIR OF 43!8 N THE PUSH=PULL POWER STAGE. TWO
257 5'8 ARE CONNECTED IN PARALLEL IN THE POWER CIRCUIT., FROM WHAT YOUHAVE
ALREADY LEARNED ABOUT AMPLIFIER CIRCUITS, A8 WELL AS THE APPLICATION OF
THE 25Z5 Tusk IN A.Ce=D.C. RECEIVER CIRCUITS, THERE WILL BE NO NEED TODI§

CUBS THIS CIR-

2 0RY coy 37 4 CUIT ANY FUR=
AR ' THER. IT I8

§ A 0@ WELL TOMENT JON,

. g HOWEVER, THAT

§ : “THE OUTPUT

RO-CURRENT e @ POWER OF THE

AMPLIFIER AS I4

| - i‘:‘:"‘* T LUSTRATED  IN

NIV 28z - :r-u's' Ficell  wourLp

MOTvouTS m;ﬁ:ﬁs:c .‘xzkfo BE ONLY ABOUT

QUTPUT. PLUY 3 WATTS, BUT BY

I e e CONNECTING A

FIL, CIRCUT ARRANGEMENT 45 voLTt ngn

Ol satTeERY IN THE

3w POSITIVE LEGOF

e v o THE FILTERCIR=

CUIT AT THE

Fla. il POINT  MARKED

: WiTH an X~ AND

Diagram of the A.c.-D.C. Amplifier: CONNECT ING ITS

POSITIVE OR

PLUS TERMINAL

TO THE CHOKE, THE "B" VOLTAGE FOR THE CIRCUIT WILL BE INCREASED ANDTHERE=
RY MAKE AN OUTPUT POWER OF ABOUT 5§ WATTS POSS}BLE.

A MOBILE SOUND SYSTEM

ANOTHER POPULAR FORM OF AMPLIFYING EQUIPMENT IS THAT DESIGNED  FOR
USE 0/l SOUND TRUCKS AND OTHER AUTOMOTIVE VEHICLES. AMPLIFIERS OF THISTYPE
ARE GENERALLY DESIGNED 80 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
OYNAMOTORS ARE 81iMILAR TO THOSE WHICH WERE ALREADY DESCRIBED TO YOU IN

YOUR LESSONS TREATING WITH AUTOMOélLE RECEIVERS,
TH
;H

A F.amp=

LIFYING EQUIP- | |
MENT,WHICH I8 CEI
INTZNDED TO BE | ™ :

’F
USED O uT } 5 - ! :
N AUTO- ' >
. | 3 1B + by -y
MOTIVE VEHICL= | Po—3 =R P8 & | 2B,
€8, ARE GEN= b g ] I -
P o— = | o
ERALLY REFERRED : ™
70 A8 MOBILE | qo—
SOUND SYSTEMS. v DYNAMGTOR
Smidlm | cwutoc §§ ev.0c
In Fia. I B
12 vou ARE -

SHOWN A CilR=

FlG, IZ
(V1) 3 . . . . s
g’,.‘ 'O:;::s:; Cireurt Oragram of the Mobile Amplifier
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AMPLIFIERWHICH 18 DESIGNED FORMOBILE USE AND THE TUBES USED ARE A 77 INTHE
INPUT STAGE, FOLLOWED BY AN 83 AND A PAIR OF 79's IN THE PUSH-PUSH POWER
BTAGE, PROVISIONS ARE MADE FOR A DOUBLE=BUTTON CARBON M|CROPHONE INPUT
AND ALSO FOR A PHONOGRAPH PICK=UP INPUT. THE SECONDARIES QF THE oUTPUT
TRANSFORMER OFFER IMPEDANCE MATOHING FASCILITIES FOR A LARQE VARIETY OF
LOADS. A POWER OUTPUT OF APPROXIMATELY (2 WATTS 1S AVAILABLE FROM THIS
AMPLIFIER.

Fige 13 wiLL QIVE YOQU
SOME SUGGESTIONS AS TO HOW THE
DIFFERENT UNITS OF THIS AMP=
LIFYING «8YSTEM MAY BE MOUNTED
ON A SEDAN.

HAVING COMPLETED THIS
LESSON, YOU ARE NOW  FAMILJAR
WITH THE GENERAL CONSTRUCTION
AND CIRCUIT FEATURES OF COMM=
ONLY Usep 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 STANDPO INT THAN Fla. 13

HERETOFORE, Mounting Mobile Eguipment.

>
SPEAKER ARRANGEMENT ON ROOF OF CAR
WHERS HORNS ARE TO BE USED INSTEAD OF BAFFLES

IT 1S WELL TO MENTION AT

THIS TIME THAT THE SAME PLAN OF INBTRUCTION IS FOLLOWED THROUGHOUT YOUR
ADVANCED SPECIALIZATION SUBJECTS. AS IN YOUR FOUNDATIONAL TRAINING. THAT
18, YOU ARE FIRS8T 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
ANALYS IS OF THE ENGINEERING PROBLEMS WHICH ARE ASSOCIATED WITH THE 8YS8-
TeEM. SUCH A WELL ORDERED PLAN, YOU NO DOUBT ALREADY REALIZE 8Y 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 T:]
UNDERSTANDABLE AND EASY TO MASTER, WHILE AT THE S8AME TIME MAKING THE IN=
STRUCTION SUFFICIENTLY TECHNICAL IN NATURE 80 THAT OUR GRADUATES ARE
QUALIFIED TO AVAIL THEMSELVES OF THE BETTER POSITIONS WHICH THE Rapto
INDUSTRY HAS TO OFFER.
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30-
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The man who fails to pay the price
of success will succeed in paying the
penalty of failure., The man who does

net learn cannot earn,

NHAT 13 THE ESSENTIAL DIFFERENCE BETWEEN A CLass A anD
A Ciass B ampLiFiER?

WHAT 18 MEANT BY A "RACK AND PANEL" DESIGN AS APPLIED
TO AN’ AMPLIFIER?

|LLUSTRATE 8Y MEANS OF A DIAGRAM AND EXPLAIN HOW THE
B1AS VOLTAGE IS PRODUCED FOR THE POWER STAGE IN THE AMP

LIFIZR CIRCUIT SHOWN IN F1G., 7 OF THIS LESSON.

FOR WHAT REASON ARE AMPLIFJER INPUT TRANSFORMERS FRE=-
QUENTLY SUPPLIED WITH SEVERAL PRIMARY WINDINGS,0R ELSE
WITH ONE PRIMARY WINDING HAVING A NUMBER OF TAPs?

WHY ARE SEVERAL SECONDARY WINOINGS,OR ELSE A SECONDARY
WITH A NUMBER OF TAPS, FREQUENTLY SUPPLIED ON THE OUT=
PUT TRANSFORMER OF AN AMPLIFIER?

Be= DrRAW A CIRCUIT DI1aGRAM OF AN A.C, oPErRATED Crasgs MAF
AMPLIFIER,

7.-

80-

9--

|00-

DrAW A CIRCUIT DIAGRAM OF AN A,C. oPERAaTED CLags "BY
AMPLIF|ER,

EXPLAIN IN DETAIL HOW THE SIGNAL 13 PASSED THROUGH THE
AAPLIFIZR FROM THE MICROPHONE TO ONE SPEAKER (N THE CIR
CUIT WHICH YOU HAVE ORAWN [N ANSWER TO QUESTION #6 OoF
THIS EXAMINAT ION.

Draw A CIRCUIT DIAGRAM OF AN A,C. OPERATED PORTABLE AMP=
LIFIER HAVING A DOUBLE=SUTTON CARBON M{]CROPHONE [NPUT ON
LYe

DRAW A CIRCUIT DIAGRAM OF AN AMPLIFIER SU}TABLE FOR JNS-
TALLATION ON A SOQUND TRUCK OR CARe
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LESSON N2 3

SPEAKERS FOR SOUND SYSTEMS
HAVING CONS IDERED MiCROPHONES AND AMPLIFIER CIRCUITS IN THE TWO
PRECEDING LESSONS, THE NEXT LOGICAL UNIT OF THE SOUND SYSTEM TO BE BROUGHT
TO YOUR ATTENT{ON witt Be THE LOUD SPEAKER,
|N GENERAL PRINCIPLES, THE SPEAKERS AS USED FOR PUBLIC ADDRES8S WORK

AND OTHER SOUND SYSTEMS ARE
\
" A‘f Speakers

PRACT ICALLY THE SAME AS THOSE
ﬂ‘

USED FOR RADIO RECEIVERS AND
ABOUT WHICH YOU ALREADOY LEAR
NED IN THE EARLIER LESSONSOF
THIS COURSE. THERE ARE, HOWw-
EVER,MANY SPECIAL FEATURESTO
BE FOUND ON PUBL|C ADDRESS
SPEAKERS AND ABOUT WHICH YOU
MUST KNOW BEFORE GOING  ANY
FARTHER IN THIS WORK.,

SPEAKERS, AS USED WITH
PusLic Aooress (P.A.)sysTeus,
CAN BE CLASSIFIED ASMAGNET=
1C, ELECTRODYNAMI}C, CONE, HORN
TYPE ETC.AND ALL OF THESEWILL
BE DESCRIBED TO YOU IN THIS
LESSON,

MAGNET IC SPEAKER WITH
TRUMPET-TYPE HORN

FiIRST,LET US LOOK AT
F1c.2. HERE YOU ARE SHOWN A
MAGNETIC SPEAKER UNIT TOGETH=
ER WITH A TRUMPET=TYPE HORNe
SINCE A MAGNETIC SPEAKERUNIT Fla.l
IS BEING USED IN THIS  INS- A Typical Speaker Installation.
TANCE,NO F|ELD EXITING CURR=
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‘ ENT WILL BE NEEDED AS 18 THE CASE W|TH THE ELECTRODYNAM|C SPEAKER UNIT
AND BECAUSE OF THIS,THE MAGNETIC TYPE SPEAKER ACAPTS |ITSELF WELL FOR
QUICK INSTALLATIONS.

FURTHERMORE,THIS TYPE OF SPEAKER 18 LIGHT |IN WE{GHT,EASILY CARRIED
AND [NSTALLED AND 18 THEREFORE ADAPTABLE TO AtL KINDS OFTEMPORARY SOUND
INSTALLATIONS. THIS SPEAKER HAS GOOD SOUND PROJECTING QUALITIES FOR OUT=
DOOR PURPOSES AND BY USING A SUFF|CIENT NUMBER OF THEM,A CONS |DERABLE AR-
EA CAN BE ADEQUATELY COVERED BY THE INSTALLATION.

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

Suspens\'on Rings

) ™

( Efectro magnztfc
Unit

FlG, 2
Trumpet Type Hormn For Public Address Systems.

SHOWN YOU LATER BUT THEN FOR GENERAL ANNOUNCING PURPOSES ETC., TONE QUAL~=
ITY 1S NOT AS ESSENTIAL AS WHEN REPRODUCING MUSICe.

THE HORN ILLUSTRATED IN F1G.2 18 MANUFACTURED BY WRIaHT=DE CosTER
INnCe IT 18 FINISHED IN BLACK WEATHER=
PROOF Duco AND WiLL STAND ANY K INDOF
WEATHER. |TS TOTAL LENGTH IS 3 FT.S%;
INCHES; IT HAS AN OPENING OF 20 IN.

Diaphragm
) Magne ks

AT ITS BELL OR MOUTH AND WEIGHS 15
LBS,

THE MAGNETIC SPEAKER UNIT I8
sHOWN IN F1G.3,WHERE YOU WILL OBTAIN
BOTH A FRONT AND INTERIOR VIEW, A

DOUBLE MAGNET I8 USED IN THIS CASE,
80 AS TO ALLOW THE UNIT TO HANDLE A
GREAT DEAL OF POWER W|THOUT REDUCING
ITS EFFICIENCY. A POWER INPUT OF I3

REAR

WATTS IS RECOMMENDED FOR THIS  UNIT FRONT
AND THI3 SMALL WATTAGE MAKES IT POSe Fla.3
SIBLE TO COVER A GREAT AREA,BY  THE Magreti'c Speaker Unit

USE OF A NUMBER OF HORNS,W|THOUT THE /t‘o,- Trumpet Type Horr.
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NECESSITY OF A VERY LARGE POWERFUL AMPLIFIER.

TRUMPET DYNAMIC UNITS

NOT ALL TRUMPET TYPE HORNS ARE F|TTED WITH A MAGNETIC SPEAKER UNIT.
In Fia, 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 HORNSe

ALTHOUGH THIS DYNAMIC UNIT .OPERATES UNDER THE SAME FUNDAMENTAL PRIN
CIPLES AS EXPLAINED TO YOU RELATIVE TO CONE-~TYPE DYNAMIC SPEAKERS IN AN
EARLIER LESSON, YET THE UNIT FOR THE HORN TYPE SPEAKER 18 SOMEWHAT DIFF=
ERENT IN CONSTRUCTION.

To BEGIN WITH, THE HORN TYPE DYNAMIC UNIT uses A SMALL orapHRAGM.
THIS DIAPHRAM S MADE OF SOME LIGHT METAL,8UCH AS DURALUMINUM, HAVING A
DIAMETER OF FROM FOUR TO SIX INCHESe. THE DIAPHRAGM [S USUALLY SUSPENDED
BY A CLOTH SUSPENS|ON,FASTENED AT SEVERAL POINTS AND QUITE OFTEN, A DOME=

Voice Coil Hormn bto be
< Terms. //’ mounkted Her:}

Fla. 4
Three Sizes of Trumpet Dynamic Units,

SHAPED OIAPHRAGM 1S USED.

THE VOICE COIL IS WOUND W|TH FINE COPPER OR ALUMINUM WIRE AND IT
IS FASTENED TO THE DIAPHRAGMe THE DIAPHRAGM |8 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 POBTS,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 FIELD,AND THE FJIELD WINDINGS ARE HOUSED WITHIN
THE CASEe.

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, Ir
CANNOT, HOWEVER, BE USED SUCCESSFULLY WITH A PLAIN BAFFLE BOARD.DUE TO
THE MANNER N WHICH IT MUST BE Usep WITH A HORN, 1T caAN 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.

ALL OF THE DYNAMIC SPEAKER UNITS

' SHOWN YOU IN F1Ge4 ARE RATED AT A PEAK
LOAD CAPACITY OF 50 WATTS BUT THE RECOMM-
ENDED CAPACITY FOR CONTINUOUS OPERATION I8
FROM 20 TO 25 WATTS. IN ALL THREE OF THE
MODELS HERE |LLUSTRATED,THE VOICE COIL HAS

AN [MPEDANCE RATING OF |5 OHMS AT 1000
CYCLES PER SECOND AND THE FIELD COIL Is
DESIGNED TO BE EXITED BY A 6 To 8 VOLT sup
PLYe

As HAS ALREADY BEEN MENT |ONED INTHIS
LESSON, THE TRUMPET HAS HIGHLY DIRECT|ONAL
CHARACTERISTICS. THAT 1S,IT WILL PROJECT
THE SOUND OVER A CONS|DERABLE D|STANCE IN
WHATEVER DIRECTION IT IS8 POINTED BUT IT
WILL NOT DISTR|IBUTE THE SOUND OVER ANY A=
PPRECIABLE AREA TOWARDS EITHER SIDE OF ITS
OPENING. FOR THIS LATTER REASON, IT I8 THE

Dynamic

UnH:sT.
\

COMMON PRACTICE WHEN USING THIS TYPE OF

HORN AND WHERE THE AREA TO BE COVERED Is

F\G. 5 RATHER LARGE,TO ARRANGE SEVERAL OF  THESE

The Radial Horr, SPEAKERS AROUND A COMMON CENTER AND RAD|A-
TING OUTWARD IN ALL DIRECTIONS AS ILLus~

TRATED IN Fi1Ge! OF THIS LESSON.
SPECIAL TRUMPET DESIGNS

IN ORDER TO OVERCOME THE SHORT=COMING OF THE ORD|NARY TRUMPET HORN
AS REGARDS PROPER SOUND COVERAGE OVER AN APPRECIABLE AREA,SEVERAL MOD|=
FICATIONS OF THIS TYPE OF SPEAKER WERE DEVISED. IN Fi1e.5,FOR INSTANCE, YOU
ARE sHOWN THE RADIAL HORN, THis UNIT IS DESIGNED IN SUCH A MANNER THAT IT
WILL PROJECT SOUND OVER 350°0R FROM A COMMON POINT EQUALLY IN ALL HOR|=
ZONTAL DIRECTIONS,.

THis HORN, IS THEREFORE PARTICULARLY' ADAPTED FOR SOUND TRUCK USE,
TOWER, AMUSEMENT PARK,OR WHERE COMPLETE CJRCUMFERENTJAL COVERAGE I8 DE=
SIRED.

\

THE CONSTRUCTION OF THE HORN |S 8UCH
THAT FOUR DYNAMIC UN|ITS 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 TH|S HORN 80 AS.-TO RADIATE THE
SOUND OUTWARD IN ALL DIRECTIONS. THis HORN,
OF COURSE, IS INTENDED FOR MOUNTING IN A

VERTICAL POSITION THE SAME AS HERE | LLUSTRA=
TEDe

ElG. 6

W
THE TRUMPET HORN WHICH IS SHOWN YOU N 7‘/’2 F/ared Trumpef:
Fi1ce 6 HAS |TS BELL FLARED SO THAT THE SOUND
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WAVES AS THEY ARE EMITTED FROM T ARE SPREADOVER
A LARGER AREA, THE COMPARATIVELY FLAT TOP AND
BOTTOM SICES OF THIS HORN AlD CONS IDERABLY IN
PREVENT ING THE SOUND WAVES FROM BEING PROJECTED
EJTHER UPWARDS OR DOWNWARDS. THIS TVYPE OF TRUMPET
IS DESIGNED TO MEET SPECIAL CONDITIONS WHERE
SPACE I8 LIMITED AND IS EXCELLENT FORSOUND=TRUCK
USE,WHERE HEIGHT LIMITATIONS ARE IMPOSED.

IN F1Ge 7 YOU ARE SHOWN WHAT 1S KNOWN AS A
FOUR=UN|T AIRPLANE HORN. THIS IS ALSO A SPECIAL
TRUMPET TYPE DESIGN AND IS INTENDED FOR LONG=
RANGE PROJECTICN., PROVISIONS ARE MADE FOR CONNECT
ING FOUR DYNAMIC UNITS TO 1T,SO THAT WHEN  USED
TOGETHER WITH AN AMPLIFIER OF HIGH AUDIO  PCWER
OUTPUT, THE SOUND CAN BE SATISFACTORILY PROJECTED
OVER A GREAT DISTANCE.

THE EXPONENT tAL HORN

A DIFFERENT TYPE OF HORN IS SHOWN IN F1G.8
THis 15 kNOwN As aN EXPONENTIAL HORN anp  sOME-
TIMES THIS ENTIRE SPEAKER ASSEMBLY |S  REFERRED
T0 As AN "ajR=coLUMN sPEAKER™, THIS LATER  NAME
WAS ORIGINATED FROM THE FACT THAT THIS HORN FOS=
EESSES A LONG AIR COLUMN (DISTANCE FROM SPEAKER
UNIT TO BELL CR MOUTH) AND THIS AIDS MATERIALLY
IN BRINGING ABOUT A MORE FA|THFUL REPRODUCTIGN OF
THE LOWER AUDIC FREQUENCIES.

Fila, 7
Fowr Un/tE

Airplane Horn.

AS AN EXAMPLE,YOU WILL FIND HORNS OF THIS TYPE HAVING AN AIRCOLUMN
APPROX IMATELY JO FEET LONG AND WITH A BELL CPENING 30 x 40 INCHES IN

ALLY DECREASES 1IN

FRABLY IN TALKING

F'a. 3

CROSS—-SECTICNe THIS OPENING THEN GRADU=-

SIZE TOWARD THE INPULT

ENC OF THE HORN AT THE POINT WHERE THE
SPEAKER UNIT 1S ATTACHED.

THE sAME DYNAMIC SPEAKER UNITS WHICH
APPEAR IN F1Gs4 OF THIS LESSON ARE  USED
WITH THE EXPONENTIAL TYPE HORNe

THE EXPONENTIAL HORN 1S USED CONS )D=

PICTURE JNSTALLAT|ONS

AND WHEN USED WITH THE DYNAMIC SPEAKER
UNIT AS ALREADY STATED, THE ASSEMBLY WILL
FURNISH GOOD REPRODUCTION OF BOTH VOICE
AND MUSIC BUT IT 1S MORE EFFECTIVE IN THE
REPRODUCTION OF THE LOWER FREQUENCIES THEN
OF THE HIGHER FREQUENCIES.

H|3H~-FREQUENCY REPRODUCERS

AVERAGE SPEAKERS DROP SHARPLY [N RE
SPONSE AT FREQUENCIES AsoveE 3000 cycLEs

The Exponantial HMHorrr PER SECOND, WHEREAS HIGH FIDELITY  AMPLI-
FIERS MAY SATISFACTORILY HANDLE FREQUEN=
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clEs UP To AROUND |7,000 cvcLEs PER SECOND. HOWEVER,8Y usiNg A HIGH-FRE
QUENCY SPEAKER |N ADDITION TO THE REGULAR SPEAKER,THIS DIFFICULTY CAN BE
OVERCOME,

WHENEVER A HIGH FREQUENCY REPRODUCER
IS USED WITH A REGULAR SPEAKER,A SPECIAL
FILTER SYSTEM IS ALSO EMPLOYED WHEREBYONLY
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
PO INT WHERE THE REGULAR SPEAKER LEAVES OFF
AND THE TWO BLEND TOGETHER SO AS TO COVER
A LARGE FREQUENCY RANGE AND THEREBY PROV |DE
HIGH FIDELITY PERFORMANCE,

F1G. 9

A High Frequency Speaker. THE NUMBER OF H|GH=FREQUENCY REPROD-
UCERS TO USE IN 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 TONEe.

IN F13.8 YOU ARE SHOWN ONE OF THE NEW H]GH-FREQUENCY SPEAKERSe. THE
SPEAKER UNIT ITSELF IS OF THE DYNAMIC TYPE AND IT 1S FITTED WITH A SMALL
TRUMPET HORN. |T REQUIRES NO BAFFLE AND THE POWER INPUT TO THIS UNIT I8
LIMITED TO FIVE WATTS.

H1GH 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 DYNAMI|C SPEAKER. THE MOVEMENT OF THIS SPEAKER CONSISTS OF  FOUR
SPECIALLY MATCHED P|EZO=ELECTRIC CRYSTALS
THAT WILL ONLY RESPOND TO FREQUENCIES OVER
1600 cYcLES PER SECOND, THEREBY MAK ING 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 S1ZE SO AS
TO BE CAPABLE OF HANDLING GREATER AUDIO POW
ER W|THOUT RATTLING]THEY ARE USUALLY OF THE
A,C. TYPE,HAVING THEIR INCIVICUAL F[ELD EN=
ERGIZING SUPPLY AND THE WATTAGE FURN ISHED
THE FIELD COIL IS GENERALLY GREATER THAN
THAT USED FOR RECEJIVER TYPE  CONE=DYNAMIC
SPEAKERS, Ft1a. 10

Cone Dynamic Speaker

IN F16.10 YOU ARE SHOWN A TYP|CAL EXAMPLE OF A CONE=DYNAM|C SPEAKER
AS USED FOR PUBLIC ADDRESS WORK. FREQUENTLY,SPEAKERS OF THIS TYPE ARE RE
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 D o L°%L{;¢4”e“°9 High
FREQUENTLY ARISES Yynam SRS Frequency

Cone

AS REGARDS THE Speaker
CHOICE BETWEEN A P L//

Waves

TRUMPET TYPE SPEAK=
ER OR A CONE=DYNA-
MIC PLACED EITHER
WITHIN A HORN OR
BEH IND A(BAFFLE, N—
THERE 18 NO QUES~
TION BUT THAT FOR
PROJECTING  SOUND Intermediate
OVER A LONG Di18= Frgquem-_.d Wave
TANCE, THE TRUMPET
18 BEST,BUT WHERE FlG. 1l
GOOD REPRODUCTION

18 DES IRED, THE CONE Sound Emanations From Corne Dynamnic Speaker

DYNAM|C UNIT 18PRE

FERABLE.HOWEVER, FOR BEST FREQUENCY RESPONSE, THE DYNAMIC CONE SHOULD  BE
USED ONLY WITH STRAIGHT BAFFLES OR W|DE=FLARE HORNS. THE REASON FOR THIS
1s ILLUSTRATED IN Fig.lls

By sTuoving FiG. |l YOU WiLL DBSERVE THE LOCATION AND SHAPE OF THE
LOW=FREQUENCY SOUND WAVES AS THEY EMANATE FROM THE CONE.THE H1GH-FREQUEN
CY WAVES, YOU W|LL NOTICE,ARE PROJECTED PRACTICALLY STRAIGHT AHEAD 80 THAT
THEY WILL REACH OUT OVER CONS |CERABLE DISTANCE. THE LOW=FREQUENCY WAVES,
ON THE OTHER MAND, 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.

Frame Opening CONDITIONS BEING SUCH, IT 1§ CLEAR

7 for Speaker THAT IF TH18 SPEAKER UNIT WERE  MOUNTED

| 7o A womw OF TRUMPET DESIGN WHERE THE

PROJEGTION OF SOUND 18 THE CHIEFCHARACT=

/1 ERISTIC, THE LOW=FREQUENCY WAVES WILL BE

/ | sqQuAsSHED AND THEREBY DISTORTED BY THE

RESTRICTION OFFERED 8Y THE SMALL END OF
THE HORN. |N FACT,THESE LOW=FREQUENCY

WAVES WOULD ACTUALLY BE LOST IN A  HORN

DES1GNED FOR THE PROJECTION OF SOUND UN=

LESS THE FLARE OR ANGLE OF THE HORN IS

80 GREAT THAT (T IS USELES8 AS A  SOUND

PROJECTING AND DIRECTING DEVICE.

_/) THE HORNS AS USED WITH CONE= DYNA-
Baffle Board MIC SBPEAKER UNITS ARE A COMPROMISE  IN
THAT THEY ARE FLARED CONSIDERABLY S0 AS
NOT TO RESTRICT THE LOW=FREQUENCY WAVES

Fta.12-
MATERIALLY AND YET AT THE SAME TIME ARE
55f77‘ f;r C:mveADgna— CONSTRUCTED TO PROVIDE REASONABLY QOOD
e J%beaéer, SOUND PROJECT ING QUALITIES. THESEVARIOUS

HORN DESIGNS WILL BE DESCRI3ED TO YOU IN
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THE FOLLOWING PARAGRAPHS,
BAFFLES FOR CONE SPEAKERS

fiN SOUND INSTALLATIONS WHERE 1T I3 NOT NECESSARY THAT THE SOUND
WAVES BE OIRECTED PART|CULARLY

WELL IN ANY GIVEN DIRECTION AND
WHERE QUALITY OF REPRODUCTION I8
MOST DESIRABLE, THEN A STRA | GHT
BAFFLE CAN BE EMPLOYED IN CONe=
JUNCTION WiTH THE CONE=DYNAM]C
SPEAKER UNIT.

A TYPICAL BAFFLE FOR THIS
PURPOSE IS SHOWN You IN Fia. 2.
THE ONE HERE ILLUSTRATED IS ES=
PECJIALLY SUITABLE FOR A SPEAKER
INSTALLATION IN DANCE HALLS,SKAT
ING RINKS AND IN SOME  THEATERS

Speakzr

(1N ALL INSTANCES DEPENDING UPON

Fila. 13 THE ACOUSTIC PROPERTIES OF  THE
Cone S/beake:r Meounted to Horr. ROOM) «

THE BAFFLE INF1Ge |2 1S MADE OF SOME SUCH NON~RESONANT MATERIAL 4s CEL
oTEX OR FIRTEX WHICH 1S I" THICK AND ABOUT 4 FT. SQUARE., THIS MATERIAL
IS MOUNTED IN A WOOOEN FRAME AND A SHELF 18 PROVIDED ON THE REAR SI1DE
OF THE BAFFLE TO SUPPORT THE SPEAKER UNITe

THE USE OF HORNS WITH CONE SPEAKERS

IN CASES WHERE IT IS DESIRED THAT THE CONE SPEAKER PROJECT 178
SOUNDS IN A DEFINITE DIRECTION, THEN THE SPEAKER UNIT CAN BE MOUNTED TO A
SPECIALLY DESIGNED HORN,SUCH AS PICTURED 1N Fia. 13,

THE HORN SHOWN IN Fi1G. |3 HAS AN OVERALL OUTS|IDE LENGTH OF 48"
AND A BELL OPENING OF 30 x 213 INCHES.

A FRONT VIEW OF THIS SAME HORN 1S SHOWN IN F1@.14 ANO HERE THE
BAFFLE OPEMING FOR THE SPEAKER CONE CAN BE SEEN AT THE INNER END. INTHIS
CASE, THE BAFFLE IS ONLY SLIGHTLY LARG=
ER THAN ITS HOLE,WHICH ACCOMMODATES
THE SPEAKER'S MOUTH. A3 YOU WILL NOTE
IN THIS ILLUSTRATION,BOTH SIDES  OF
THIS HORN ARE FLARED,WH]CH ENABLES IT
TO COVER A LARGE AREA.THE TOP OF THE
HORN, ON THE OTHER HAND, IS PRACT ICALLY
FLAT,WHICH ADDS TO THE ADVANTAGE OF
KEEP ING THE SOUND OFF THE CEILING.

THIS TYPE HORN PROVIDES GOODRE=

SULTS IN THEATERS AND OTHER §NDOOR 1IN

STALLAT IONS, WHERE THE SOUND IS TO BE

DIRECTED TOWARD THE AUDIENCE AND KEPT

AWAY FROM THE WALLS AND CEILING AS v
ew .

MUCH AS POSSIBLE. |T 1S ALSO SUITABLE Front ew of Horn.

Fla. 14
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FOR OUTDOOR INSTALLATIONS,PROVIDED THAT THE DISTANCE 15 ae coverep isNoT
TOO GREAT. THAT 18, THIS HORN SPREADS THE SOUND OUT over A WIDE AREA pur

IS LIMITED AS TO THE DISTANCE COVERED,

In Fige 15 AN INTERESTING HORN
DESIGN IS SHOWN, WHOSE CHIEF FEATURE IS
TO PROJECT THE SOUNDS OVER A CONS |DER=
ABLE DISTANCE. |T WILL NOT,HOWEVER, CO
VER AS BROAD AN 'AREA AS THE HORN WITH
THE FLARED SIDES,WHICH IS SHOWN IN
Frg. 14, 'BecAuse oF THIS, IT WILL BE
NECESSARY TO USE A GREATER NUMBER OF
THE HORNS OF THE TYPE ILLUSTRATED IN
Fi1a. 15; IN ORDER TO COVER THE SAME
AREA AS IS POSSIBLE WITH THE HORN OF
Fiz. 14 sut THe DISTANCE coverep wiLL
BE GREATER.

THE HORN OF Fia. |5 caN BE useD
TO ADVANTAGE IN SOUND -INSTALLAT |ONS
MADE AT AIRPORTS, STADIUMS ETC. WHERE
THE DISTANCE To BE COVERED IS A VITAL
FACTORe FURTHERMORE, AN INSTALLATION IN

IS e £ M
_—‘ﬂ‘—‘*‘»‘

FIG. 15
Horn Design to Froject
Sowund to Greater Distance.

LOCATIONS AS THIS OFFER THEREQUIR=

ED SPACE,S0 THAT SEVERAL OF SUCH SPEAKERS CAN BE CONVEN|IENTLY MOUNTED IN

ORDER TO TAKE CARE OF A LARGE AREA.

_ NoT ONLY ARE THE HORN DES|GNS OF Fic. |4 anD |5 GoOD REPRODUCERS OF
VO ICE BUT OF MUSIC AS WELL. THE HORN OF FiG. |5 HAS AN OVERALL LENGTH OF

48 INCHES AND A BELL OPENING OF 23 x 22

Fi1Gg. )6
Grgantic Speaker for
Outdoor Use.

INCHES.

STILL ANOTHER TYPE OFHORN
1S sSHOWN IN F1G. 18 AND IT Is
ESPECJALLY DESIGNED AND BUILT
FOR OUTSIDE USE. THE HORN Is
MADE OF THICK, STRONG, NON=RESON=
ANT MATERIAL, RE{NFORCED WITH
METAL. IT IS DOPED WITH A SPEC=-
JAL WATER=-PROOFING MATERIAL
WHICH WILL WITHSTAND THE SEVER=
EST KIND OF WEATHER AND ABUSE.

THE CONE TYPE ELECTRODY=
NAM]C SPEAKER UNIT, IS CONTAINED
WITHIN A METAL WATSER=PROOF COM=—
PARTMENT AT THE SMALL END OF THE
HORN. THE SPEAKER IN THIS CASE
USES A WEATHER=PROOF CONE,WH|CH
IS PROTECTED BY A COPPER SCREEN,
IT 1S CLAIMED THAT THIS SPEAK=-
ER UNIT AND HORN COMB INAT{]ON CAN
8E HEARD WITH EASE FOR A DjS=-
TANCE OF TWO OR THREE MILES,
WHEN THE SPEAKER UNIT §S PROV JD=
ED WITH AN OPERATING POWER OF
I5 1o 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 DESBIRED 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 18 6 FT, THE WIODTH OF THE MOUTH 1S 4 FT. | INCH AND THE
WIDTH OF THE BACK Is I8 INcHES. THIS GIGANTIC SPEAKER WEIGHS ABoUT 480
LBS,

SPEAKER CONNECT IONS

FOR SOUND INSTALLAT|ONS,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 IMPEOD=
ANCE SHOULD BE MATCHED TO THE IMPEDANCE OF THE AMPLIFIER'S OUTPUT TRANS-
FORMER SECONDARY WINDING. THAT 1S TO SAY, IF THE VOICE COIL OF THE SPEAK=-
ER BEING USED HAS AN IMPEDANCE RATING OF O OHMS, THEN THE SECONDARY WIND—
ING OF THE OUTPUT TRANSFORMER, ACROSS WHOSE TERMINALS THE VOICE COIL I8
TO BE CONNECTED, MUST
ALSO HAVE AN [MPEDANCE
RATING OF 9 onms, THIs
Puwer Stage ,/’SP¢ak¢rS“’) YOU HAVE ALREADY LEARN~
ED IN YOUR LESSONSPER~
TAINING TO RECEIVERS.

IN PUBLIC ADDRESS

INSTALLATJONS, IT s
THE COMMON PRACTICE TO

USE MORE THAN ONESPEAK
ER AND A VARIETY oF
OIFFERENT SPEAKER CONN=
~ Output Trans]—ormer ECTIONS ARE BE|ING USED
IN SUCH CASES TO BRING
ABOUT THE DESIRED RE=-
suLTs., FiIRsT,LET us
CONSIDER A PARALLEL
CONNECT | ON»

FiGg. 17
Paralle! - Connected S/oeakers.

PARALLEL SPEAKER CONNECTION

INn Fig. 17 vou 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 COfL WHOSE IMPEDANCE RATING 1S 9 OHMS, THEN THE
TOTAL EFFECTIVE IMPEDANCE OF THE THREE TOGETHER WILL BE EQUAL To I/3 oF
S OR ONLY 3 oHus, IN OTHER WORDS, THE TOTAL IMPEDANCE OF A PARALLEL COM=
BINATION WILL IN THIS [NSTANCE BE DETERMINED IN THE SAME MANNER A8  THE
TOTAL RESISTANCE OF A PARALLEL RESISTANCE COMBINATION == NAMELY,

J_J__LJ_ETC.,OR_L_I__I._I. ETC.
R R R R 4 Z Z Z

SINCE IN THE CcIRcuIT OF Fla. 17, THE TOTAL  IMPEDANCE OF THE BPEAK=
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 CONNECT ION

Fia. 18 sHOWS YOU HOW THE SAME THREE SPEAKERS CAN BE CONNECTED N
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SERIES. HOWEVER, WITH THE SERIES CONNECTION,THE TOTAL IMPEDANCE OF  THE
SPEAKER VOJCE COILS BECOMES EQUAL TO THE SUM OF THEIR INDIVIDUAL IMPED=
ANCES. IN OTHER WORDS, IF THE°VOICE COIL §MPEDANCE OF EACH OF THESPEAKERS
IN F1c.!8 18 9 oMMs, THEN THE THREE TOGETHER WILL OFFER AN [MPEDANCE OF
94+9+9=27 omus. (IN A seriEs connecTioN R=R+R+R 3ETCe OR Z= Z+Z+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 BERIES
SPEAKER ARRANGEMENT WiLL BE THE SAME BUT IN ACTUAL PRACTICE, IT WiLL BE
MORE EVEN IN THE SERJES ARRANGEMENT, IN THAT THE CURRENT FLOW THROUGH EACH
SPEAKER WILL [N TH]S CASE BE THE SAME REGARDLESS OF THE LENGTHS OF CONN~
ECTING WIRE USED BETWEEN THEM ETCe. |N THE PARALLEL ARRANGEMENT, ASLIGHT=-
LYHIGHER RESISTANCE IN
ONE BRANCH WiLL DEPRIVE

THIS BRANCH OF THE PRQ Power Stage
PER PROPORT |ON OF POW= _ Output
ER AND AT THE SAMET IME 1?ansF

CAUSBE AN EXCESS OF POWe=
ER TO BE IMPRESSED UPON

THE OTHER SPEAKERS.
S
IF A HIGH IMPED- F‘Bker 2
ANCE LOAD 13 USED,SUCH

AS A NUMBER OF MAGNET=
1C SPEAKERS AND HEAD=
PHONES, THEN .1F TOO MANY
OF THESE ARE CONNECTED

IN SERJES, THE TOTAL jve B+;
PEDANCE WiLL BECOME 80O
HIGH AS TO BE |MPRACT= Flag. 18 :

ICAL, HENCE A PARALLEL Series- Conmnected: Speakers.
ARRANGEMENT WOULD HERE

BE RESORTED TO. THEN

ON THE OTHER HAND, IF LOW JMPEDANCE REPRODUCERS, SUCH AS DYNAMIC SPEAKERS
ARE USED,WE FIND THAT IF TOO MANY OF THESE UNITS ARE CONNECTED IN PARA=
LLEL, THE TOTAL IMPEDANCE W|LL 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 1S USUALLY EMPLOYED.

SER |ES-PARALLEL SPEAKER CONNECTION

A SER|IES~PARALLEL CONNECT ION OF SPEAKERS 1S SHOWN You IN Fia. 19,
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 COIJL IMPEDANCE oF
9 OHM8, THEN THE TOTAL IMPEDANCE OF EACH SERIES GROUP WiLL BE 3 x 9 orR 27
oHMS. THEN SINCE THREE SUCH GROUPS OF 27 OHMS EACH ARE CONNECTED IN PARA

LLEL, THE TOTAL IMPEDANCE OF THE ENTIRE COMBINATION WiILL BE 27-%3 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 OUTPUT TRANS=
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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 [N 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 153 THUS OF A LOW=JIMPEDANCE ORDER, |F THE NATURE OF THE INSTALLA=
TION 15 SUCH THAT THE SPEAKERS ARE LOCATED AT A CONSIDERABLE DISTANCE
FROM THE AMPLIFIER AND THEREBY REQUIRING WIRES OF CONS|DERABLE LENGTH
BETWEEN THESE TWO POINTS,THEN WE RUN INTO DIFFICULTIES, WHEN USING SPEAK=
ER CIRCUITS AS SO FAR [LLUSTRATED.,

THE RUN OF WIRES BETWEEN THE OUTPUT OF THE AMPLIFIER AND THESPEAK=
TRS 1S KNOWM AS THE TRANSMISSION LINE. IF THE TRANSMIZSION LINE I8 oF
THE LOW=|VPEDANCE TYPE,AS WILL BE THE CASE IN THE CIRCUITS SO FAR |LLUS-
TRATED,WE HAVE THE FOLLOWING CONDITIONS TO CONTEND WITH?

THE CHAR=
ACTERISTICS OF A
LOW= IMPEDANCE TRA
N\ NSMISSION LINE

(arounp 8 TO 16
OHMS) ARE AS
FOLLOWS:

Power gkaqz L\Speakcrs\

4

/

(1) Lowvoy
TAGE AND HIGH CUR
RENT.

(2) Strona
\\ ELECTROMAGNETIC
FIELDS AROUND THE
——
1“ Out put Transf. WIRES WHICH MAY
CAUSE FEED=BACK
OR CROSS=TAlK,

Flg. 19
Series- Paralle! Connection of S}beaéer‘s

(3) 0.C.RE

SISTANCE OF LINES
(DUE TO LENGTH) IS APPRECJIABLE AND RESULTS N A LOSS OF POWER,.

To OVERCOME THESE UNDES|RABLE CONDITIONS, IT 18 THE COMMON PRACTICE
TO USE TRANSMISSION LINES OF HIGHER |MPEDANCE FOR INSTALLATIONS OF THE
TYPE NOW BEING CONSIDERED AND S0 THAT THE (MPEOANCES WlLL THEREBY NOT BE
M{S=MATZHED BETWEEN THE AMPLIFIER AND THE SPEAKERS, TWO SPECIAL IMPEDANCE=
MATCH ING TRANSFORMERS ARE USED IN THE MANNER ILLUSTRATED 1IN Fic. 20.

TRANSMISSION LINES OF HIGH= IMPEDANCE VALUES SUcCH As 5000 oHms OR
H13HER HAVE THE FOLLOWING CHARACTERISTICSS~

(1) HigH VOLTAGE AND LOW CURRENT,
(2) Weak ELECTROMAGNET FIELDS.

(3) Power LOST DUE TO CURRENT BEING 0PPOSED BY D,C. RESISTANCE ofF
TRANSMISSION LINE NEGLIGIBLE.
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(4) CAPACITIVE EFFECT BETWEEN THE TWO LINES APPRECIABLE.

THE FIRST THREE CHMARACTERISTICS OF THE H{GH IMPEDANCE TRANSMISSION
LINE ARE DES|IRABLE,WHEREAS THE LAST MENTIONED CHARACTERISTIC I8 HIGHLY

UNDES IRABLE DUE TO THE BY=PASSING EFFECT OF THE HIGHER FREQUENCIES BE=
TWEEN THE LINES.

IN ACTUAL INSTALLATION PRACTICE,A COMPROMISE I8 THEREFORE MADE BE-
TWEEN A LOW AND H|GH |MPEDANCE TRANSMISSION LINE AND RATINGS OF 200 ToO
600 OHMS HAVE BEEN FOUND TO BE 1DEAL. TRANSMISSION LINES OF 500 OHvs ARE
MOST COMMONLY USED FOR PUBLIC ADDRESS WORK.

WiTH THIS INFOR-
MATION IN MIND,LET US Transmission
RETURN TO F16.20. Here ine
WE FIND THAT IF A 500 A
OHM TRANSMISSION LINE i’ ]
IS BEING USED, THEN THE - t
OUTPUT TRANSFORMER OF H ‘

|
|

_ArnpUﬁér

THE AMPLIFIER,OR  THE
TUBE TO LINE TRANS=-
FORMER" IN THIS CASE,
WOULD HAVE A  PRIMARY
WINDING WHOSE IMPEDANCE
IS MATCHED TO THE PLATE Tube to ransf
CIRCUIT OF THE POWER 1

TUBES,WHEREAS IT8 SEC=- B+
ONDARY WINDING  WOULD
BE RATED AT 500 OHMS, ' FIG. 20

THe "LINE TO SPEAKER 4,010//'63['/'0/1 of Transmission Lire.
TRANSFORMER", ON THE

OTHER HAND,WILL INTHIS

CASE MAVE A PRIMARY WIND ING WHOSE {MPEDANCE RATING IS 500 oHMs TO MATCH
THE SECONDARY OF THE PRECEDING TRANSFORMER AND THE SECONDARY WINDINGWILL
HAVE AN [IMPEDANCE RATING TO CONFORM WITH THE TOTAL VOICE COIL IMPEDANCE
CALLED FOR BY THE PARTICULAR SPEAKER COMBINATION.

MULT IPLE SPEAKER TRANSFORMERS

IN Fige 2! YOU ARE SHOWN & GOOD METHOO OF CONNECTING A GROUP oF
SPEAKERS TO A TRANSMISSION SYSTEMe [N THIS EXAMPLE,EACH SPEAKER HAS TS
INDIV IDUAL INPUT TRANSFORMER MOUNTED DIRECTLY AT THE SPEAKER AND THE PR]
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 |/5 oF 2500 oHus orR 500 omws. THIS COMBINEDOR
EFFECTIVE LOAD IMPEDANCE OF 500 OHMS WiLL THEREFORE MATCH THE 500 OHM
IMPEDANCE RATING OF THE AMPLIFIER TO LINE TRANSFORMER'S SECONDARY WIND=
INGe THE SECONDARY WINDING OF EACH OF THE SPEAKER INPUT TRANSFORMERSWILL
OF COURSE HAVE ITS IMPEDANCE MATCHED TO THAT OF THE VOICE COIL TO WHICH
IT 18 CONNECTED.

ANOTHER METHOD OF COUPLING A GROUP OF SPEAKERS HAV{ING INDIVIDUAL
SPEAKER |NPUT TRANSFORMERS TO THE TRANSMISSION LINE 1S JILLUSTRATED FOR
vou IN Fic. 22, HERE THE PRIMARY WINDINGS OF THE SPEAKER INPUT TRANSFORM=
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ERS ARE CONNECTED IN A SERIES=PARALLEL ARRANGEMENT. |F EACH OF THESE PR|=
MARY WINDINGS HAVE AN IMPEDANCE RATING OF 500 OHMS, THE TOTAL | MP EDANCE
OF EACH SERIES GROUP WJLL BE EQuUaL T0 500500 or 1000 oHms BuT SINCE
TWO OF THESE SERIES GROUPS ARE CONNECTED IN PARALLEL,THEIR COMBINED EFF=-
ECTIVE IMPEDANCE wiLL BE |000+2 orR 500 OHMS,WHICH 1S THE SAME AS  THAT
OF ANY ONE OF THESE WINDINGS ALONE, THEREFORE, {N 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.
Amplifu'er Ampl fo
—l Line Transf, SPea\ter SP““Q" #4
/ -
4« d d d ' d
°
o 0o ve o éc s Vi€ o gic 3 v.C
o 0 © n w | w
= o o o o I o
redbedi ]
‘gPeakzr SPeaker ) SPcaker
#3
V.C. = Voice Coil

Fla. Z)
A Five-Spesker Syster.

HAVING COMPLETED THIS LESSON, YOU SHOULD NOW HAVE A GQOOD UNDERSTAND=
ING OF THE DIFFERENT TYPES OF SPEAKERS AND HORNS, AS WELL AS THE VAR|OUS
METHODS OF CONNECTING MULT IPLE SPEAKERS TO THEAMPLIF|ER OF A PUBLIC ADD=
RESS INSTALLAT ION.

IN THE FOLLOWING LESSON,YOU ARE GOING TO ENGAGE IN THE STUDY OF A
MOST INTERESTING SUBJECT==NameLy ACOUSTICS, HErRe You wiLL LEARN HOW SOUND
AMPLIFYING EQUIP=
MENT CAN BE  USED

TO THE BESTADVANT= Amplifrer S{aakcr Sreaker
AGE IN THE MORE T Transmission ) #35
DIFFICULT INSTALL~ L'"e

ATIONS BY REDUCING
ECHOES, REVERBERA=
TION AND DEADSPOTS
TOo A miNIMum, NoT
ONLY WILL YOU FIND i
THIS NEXT LESSON

OF SPECIAL INTEREST ‘
BUT IT Is ALSO

EXCEEDINGLY JMPOR-
TANT N THAT 1T
DEALS WITH A SUB-

3l i
nf@

R
E

5000

S’aez ker

JECT WHICH I13LITT=
LE UNDERSTOOD =3 4
THE AVERAGE TECH=
NICIAN,

Fla. 27

Serres- Farallel .5}0::&00- Connectrons.,




Examination Questions
i

+

~ \/ﬂ/' 6 [)/}w
/UVV} LESSON NO. AS-3

e = FOR WHAT TYPE OF SOUND SYSTEM INSTALLATION ARE THUMPET
TYPE MAGNETIC SPEAKERS BEST suiTeD?

2. = DESCRIBE A DYNAMIC SPEAKER UNIT OF THE TYPE SUITABLEFOR
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 iNsTancCES?

5. = |LLUSTRATE BY MEANS OF A DIAGRAM HOW A GROUP OF THREE
DYNAM{IC SPEAKERS MAY HAVE THEIR VOICE COlLS CONNECTEDTO
THE SECONDARY WINDING OF A SINGLE OUTPUT TRANSFORMER.
(lNDICATE IMPEDANCE VALUES ON YOUR DlAGRAMO)

B, = WHAT ARE THE CHIEF ADVANTAGES OF USING A 500 OHM TRANS=
MISSION LINE BETWEEN THE OUTPUT OF THE AMPLIFIER AND THE
SPEAKERS OF A PUBLIC ADDRESS sYsTem?

7. = DRAW A CIRCUIT DJIAGRAM, SHOWING HOW FOUR SPEAKERS,HAVING

INDIVIDUAL INPUT TRANSFORMERS,MAY BE CONNECTED TO A
COMMON TRANSMISSION LINE AND SHOW HOW THE JMPEDANCES ARE
MATCHED,

8., =« WHAT TYPE OF SPEAKER INSTALLAT)ON WOULD YOU PREFER TO USE
IF FAITHFULNESS OF REPRODUCTION IS THE MOST IMPORTANT CHAR
ACTERIST LG, DESIRED?

9, = How DO THE CONE DYNAMIC SPEAKERS,AS USED FOR PUBLIC ADD-
RESS WORK,DIFFER FROM TH|S 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 HORNT
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Amplifuing Dystems
LESSON NO. 4
- ACOUSTICS -

ALTHOUGH AN EXCELLENT SOUND AMPLIFYING SYSTEM MAY BE DES IGNED 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 1S IMPERATIVE THAT THE EN=-
GINEER IN CHARGE OF THE INSTALLATION WORK HAVE A GOOD UNDERSTAND ING 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 THIS POS-
S1EeLE, THE SPEAKER MUST BE

INSTALLED AT THE MOST
ADVANTAGEOUS POSITJONS 80
AS TO DISTRIBUTE THE

SOUND OVER THE DESIRED
AREA UNIFORMLY AND IF THE
SYSTEM BE (INSTALLED IN
AN AUD|ITORIUM, HALL ORANY
OTHER SPACI0US ENCLOSURE
OR EVEN IN THE OPEN AIR
FOR THAT MATTER, PROPER

STEPS MUST BE TAKEN =1e]
AS TO REDUCE ECHOES, REV=-
ERBERATION, DEAD SPOTS ETC

FRANKLY, THE TASK OF
CREATING THE PROPER A=~
COUST|C CONDITIONS IS
FREQUENTLY THE MOST DIFE
JCULT PROBLEM OF THE EN=

TIRE INSTALLATION AND

ALTHOUGH THE RULES  AND

FORMULAS AS PRESENTED TO FlG. 1

YOU IN THIS LESSON WiLL An Auditorium Eguipped Wrth
BE OF GREAT HELP IN THE Arn  Amplifiying Systemn.

ACOUSTIC TREATMENT OF
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MALLS, AUDITOR|UMS,
EXPERIMENT MUST ALSO FREQUENTLY BE RE
INSTALLATION WORK, IN ORDER TO BRING

ETC.y YET YOU SHOULD BEAR IN MIND THAT

CONS | DERABLE

SORTED TO DURING THE PROGRESS OF THE
ABOUT THE DESIRED RESULTS,

REVERBERAT | ON

No oouer,
IN SOUNDS WHEN HEARD IN AN EMPTY ROOM
NATURE OF SOUNDS WHEN PRODUCED IN TME
HAS BEEN FULLY FURNISHED OR WHEN

Souno, vou wyLL RECALL,
WE GENERALLY CALL THEM,
STRIKE BARE WALLS OR MAR

CONSI38TS8

D SURFACES,

A CROWD OF PEOPLE
OF THE ACOUST|CAL CONDITIONS WITH WHICH THE SOUND E

YOU HAVE ALREADY EXPER|ENCED THE DIFFERENCE WHICH EX|STS

OR AUDITOR|IUM AS COMPARED TO
SAME ROOM OR AUD|TOR|UM AFTER

THE
IT
IS PRESENT. THIS 18 ONE

NGINEER MUST DEAL,

OF VISRATIONS OF AIR OR "waves",ag

AND THEY ARE REFLECTED READILY WHENEVER THEY
IN Fig,.
PLE DIAGRAM WHICH ILLUSTRATES THE DIFFERENT

2y, FOR INSTANCE,WE HAVE A sSIM
PATH8 WHICH SOUND WAVES MAY

FOLLOW FROM THE TIME THEY LEAVE THEIR SOURCE UNTIL THEY REACH THE EARS OF
THE LISTENERS,

Side Wall #1 Consioer Fia,

e o~ 1 2 AS REPRESENTING A

coN \io«. HALL, SUCH ASA DANCE

‘_6}/ X\ . HALL OR  GYMNAS IUM

= . J N s Jl= [ AND WHERE TWE waLLs,
S | Listener p ~ \ +9Q N FLOOR, AND CE|LINGARE
3 g “A" ﬂgw 3 ALL BARE AND MADEOF *
- hl:-’— S -~ ‘9‘ ~ ™ 5 | RetaTiveLy naroFine

T TR TN e m -~ — ~ i mn A

) w E v ISHED MATERIAL.ALBO
i A\ K o VISUALIZE THIS HALL
C2 /0 AS BEING BMPTY OF

N y 4 ALL FURNISHINGS AND

L—— DA THAT THE SOURCE OF
Side Wall %2 SOUND AND ONE L|ST=

ENER OR OBSERVER
Flag., 2 ARE THE ONLYOBJECTS
Typical Paths Which Sowrnd Waves PRESENT,

May Travel

"A" N Fige 2, wHicH REPRESENTS THE MO
MAY TRAVEL FROM THE SOURCE TO THE LjsT
- SOUND PATH WHICH WE CAN HAVE AND Wi LL

THE SOUND AT THE EARS OF THE LISTENER,

n a Poorrr,

FIRsT LET wus

CONSIDER THE PATH
ST DIRECT ROUTE BY WH|CH SOUNDWAVES
ENERs THIS Ig THE MOST DESIRABLE

RESULT [N A FA1THFUL REPRODUGTIONOF
HOWEVER, WHEN THE LISTENER 1§ LOCA=

TED AT AN APPRECIABLE DJ)STANCE FROM THE
OF SOUND ENERGQY WILL REACH HIM BY WAY OF

SOURCE OF THE SOUND,LARGE AMOUNTS
THE REFLECTED PATHS. ONE OF THESE

PATHS, FOR EXAMPLE, |S MARKED ag "B"
TRAVELS TOWARDS s10E WALL #| AND FRoOM
LISTENER, WE HAVE A sIMLAR CONDITJON
ROUTE "C®, STRIKE sipE waLL #2 AND ARE

ANOTHER POSS §BLE PATH
18 STARTED TOWARDS THE REAR
REFLECTED TOWARDS THE OBSERV

IS OFFERED
OF THE sou
ER, WHILE

IN F13. 2 AND IN THIS CASE THE SOUND
WHICH IT IS REFLECTED TOWARDS THE
WHERE THE SOUND WAVES TRAVEL THE
THEN REFLECTED TOWARDS THE L |STENER,

By ROUTE "E", wHERE A sounD  wave
RCE, STRIKES THE REAR WALL, AND |8
SOME OF IT EVEN PASSES THE LISTENER,

8TRIKES THE FRONT WALL aND
ACTUALLY HEARS THE SOUND Co
PATHS WHICH THE SOUND WAVES

MING FROM BEMIND. THESE ARE JUST SOME OF

1§ AGAIN REFLECTED TOWARDS HIM SO THAT

MAY TRAVEL N A ROCM OF THE TYPE DESCRIBED,

HE

THE
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YET AGTUALLY ANY NUMBER OF ADDITIONAL PATHS MAY ALSO BE OFFERED SUCH AS
FLOOR REFLECT!IONS, CEiLING REFLECTIONS AND VARIED REFLECTIONS FROM ALL
POSS IBLE ANGLES.

As YOU WiLL NO DOUBT NOW AGREE, A COMPLEX CONDITION EXISTS AND THE
LISTENER IS LITERALLY "SWARMED' WITH A MULTJTUDE OF SOUNC WAVES STRIKING
H1S EARS FROM ALL DIRECTIONS. SINCE SOUND WAVES TRAVEL THROUGH AJR AT A
DEFINITE sPeep (aPPROXIMATELY |100 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 LISTENERe THIS RESULTS IN A CONDITION WHERE THE
sounDp PERSISTS FOR SOME TIME AFTER IT HAS BEEN PRODUCED RATHER THAN TODIE
DOWN OR DISAPPEAR IMMEDIATELY AFTER THE SOUND 18 STOPPED AT THE SOURCE.
TH1S TENDENCY FOR THE SOUND TO PERSIST OVER A DEFINITE PERIOD OF TIME AF=-

TER IT HAS SBEEN PRODUCED ORIGINALLY AND STOPPED AT THE SOURCE S KNOWN AS
REVERBERATICN,

VARIOUS EFFECTS OF REFLECT IONS UPON OBSERVED SOUND

NOT ONLY WiLL THE REFLECTION OF SOUND WAVES PRODUCE REVERBERAT JON
BUT IN ADDITION, SEVERAL OTHER PRINCIPAL EFFECTS WILL RESULT FROM THIS CON
DITION. FOR EXAMPLE, THE AVERAGE INTENSITY OF THE SOUND A8 HEARD BY THE
LISTENER WILL BE INCREASED BINCE THE SOUND ORIGINALLY RADIATED IN OTHER
DIRECTIONS 1S REFLECTED BACK TO THE LISTENER. ANOTHER INTERESTING FACT I8
THAT SELECTIVE ABSORPTION OF CERTAIN REFLECTING SURFACES TEND TO REFLECT
LOW FREQUENCIES 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 RELATIVEAMP
LITUDE OF THE DIFFERENT FREQUENCY COMPONENTS OF THE'SOUND DUE TO THE IN=
TERFERENCE EFFECTS WHJCH RESULT FROM THE FACT THAT THE PHABE 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 1S REQUIREDFOR
THE SOUND TO DIE OUT AFTER THE SOURCE OF SOUND CEASES 18 KNOWN AS THE RE=
VERBERATION TIME AND 1S MEASURED IN SECONDSe THE FORMULA FOR CALCULATING
THE REVERBERAT JON TIME 18 T= 405V § WHERE T—=THE REVERBERATION TIME IN
A
SECONDS; V= THE VOLUME OF THE ROOM OR AUDITORIUM; A =THE TOTAL UNITS OF
ABSORPTION IN THE ROOM OR AUDITORIUM AND THE VALUE .05 18 A CONSTANT,

THE VALUE V TO USE FOR ANY GIVEN PROBLEM IS DETERMINED BY MULTIPLY=
ING TOGETHER THE LENGTH OF THE ROOM OR HALL 8Y ITS WIDTH AND_THEN MULT =
PLYING THIS VALVUE BY T8 HEIGHT,, IF A BALCONY I8 EMPLOYED IN THE ROOM IN
QUESTION, THEN THE AVERAGé HEJGHT I8 USED, DEDUCTIONS BEING MADE FOR THE
FLOOR SPACE EXISTING BETWEEN ORCHESTRA AND BALCONY AND EBETWEEN BALTONIES.

THE TOTAL UNITS OF ABSORPTION OR "A" OF THE FORMULA 1S 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 TOGETHERe THIS THEN,
witL BE THE ACTUAL ABSORPTION OF THE ENTIRE ROOM AND 1S TO BE USED FOR
THE vaLUE "A" |N OUR FORMULA FOR CALCULATING THE REVERBERATION TIME,

THE COEFF-
1CIENTS OF BOUND
ABSORPTION HAVE
BEEN DETERMINED
FOR PRACTICALLY
ALL MATERIALS AND
YOU ARE GIVEN A
LIST OF THEM IN
TABLE I, IN THIS
TABLE EACHSQUARE
FOOT OF THE MaA=
TERIAL DES | GNATED
‘1S RATED BY COM~
PAR[ISON WITH ONE
SQUARE FOOT  OF
OPEN WINDOW SPACE,
WHICH IS ACCEPTED
As 100% ABsORP=
TIVE AND THERE=-
FORE HAS A  CO=
EFFICIENT OF UN=
1TYe

CALCULAT IONS

To 1LLUS=

TRATE THE ACTUAL
APPLICATION OF

THE REVERBERAT ION
TIME FORMULA,

LET US WORK OUT

A SPECIFIC PROB=

LEM,o

In F1. 4
WE HAVE A ToP
AND SIDE VIEW OF
: AN AUDITORIUM
=N G'.3 ‘WHOSE ACOUSTIC
CONDITIONS ARETO

A Dining Roorm With Sound Installation— e anaLizep. THe

Loud Speakers are Corncealed LENGTH OF  THIS
Behind Grill in Ceiling. AUDITORIUM I8 T5
FEET AND 178

WIDTH I8 55 FEET. THE AVERAGE HEIGHT 1S 30 FTe THE TOTAL VOLUME OF THIS
AUDITORIUM WILL THEN BE EQUAL TO 75 x 55 x 30 =123,750 cusiCc FEET,

THE FLOOR SPACE WILL BE EQUAL TO APPROXIMATELY 75' x 55'e=4125 sq.
FEET, OF THIS TOTAL FLOOR SPACE,LET Us 8UPPOSE THAT 1000 SQUARE FEET
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18 UTILIZED FOR AJSLES WHJCH LEAV= TABLE 1

E8, 4125 minus 1000 or aBour 3125

S8QUARE FZET OF ACTUAL FLOOR SPACE COEFFICIENTS OF ABSORPTION

TO ACCOMMODATE SEATS. UniTts PeER
MATERJAL

8quare Foor

THE FLOOR SPACE FOR SEATE IN I 0o winoow PP B,
THIS PARTICULAR AUDITORIUM IS MADE | B\ agrER vuverninennnne. 4025 TO O34
OF UNFINISHED WOOD WHICH ACCORD= L BONGRETE ouvvvevevenss. 2015
ING To TABLE | HAB A COEFFICIENT | Boick seT 1N PORTLAND
OF ABSORPTION OF 0.061.THEREFORE, CEMENT eivcenecenees 4025
U= VERSS CCERRAIET GOl THIS I MARBLE cevvvvvinnacnses 40l
FLOOR SPACE I8 EQUAL To 0.061 x GLASS, 8INGLE THICKNESS 027
3125 =190.6 uNITS OF ABSORPTIONe { W00 SHEATHING evsven.. O8I
HOWEVER, S8INCE SEATS ARE MOUNTED W00D, VARNISHED +veseees ¢03
ABOVE THIS FLOOR SPACE, THEY WILL | CoRu TILE veveeennnoens 403
BE ABOUT 75% EFFECTIVE INCANCELL= LINOLEUM svevccenvessee o03
ING OUT FLOOR ABSORPTION BECAUSE | CARPETS oyievevesveesese o165 TO 029
THEY COVER THE GREATER PORTION OF | Corronune CLOTH veeveees oI5

THE FLOOR. THEREFORE, THE  TOTAL | CyaTains IN HEAVY FOLOS .50 To 1.00
FLOOR ABSORPTION WILL AMOUNT  TO || Hu RFELT 1% (Jowuns-

oNLY ABOUT 254 oF 190.6 ORAPPROX= MANV ILLE) oeevovccees o3l
IMATELY 48 UNITS. HairFeey 1" (JoHng=
MANVILLE) esiiasessess B9
A TOTAL OF 425 SEATS AREPRQ | FLAXLINUM 3% vvieesnnee o34
VIDED IN THIS AUDITORIUM AND THEY | SaginjTE ACOUST(CAL
ARE OF THE PARTLY UPHOLSTERED TYPE PLASTER ecevesscacese o2!
AND AccoRroiNG To TABLE |,seaTs oF | Acousti-CeLoTex, Tyer
TH1S8 TYPE EACH HAVE A COEFFICIENT BB, PAINTED OR UN=
OF ABSORPTION OF |.6. THEREFORE, PAINTED cevovsnseeose 270

THE TOTAL ABSORPTION OF THE S8EATS | AcoysT)~CELOTEX, TYPE
WiLL AMOUNT To 425 x |.62680uNITs. B, PAINTED OR UN~

PAINTED sesesecscecee o47
THE TOTAL AREA OF THE CEIL- | gunacousTic TiLe |

ING AND WALLS FOR THISAUDITOR|UM, ROCK WOOL FILLER eves oT4
WE SHALL ASSUME HAS THROUGH ACT- | NaguxoTe, TYPE A,
VAL MEASUREMENT AND CALCULATION 3/4% THIOK seveseeses o27
BEEN FOUND TO BE EQUAL To 10,000
S8QUARE FEET AND WH{CH IN THEQREATI IND IV IDUAL OBJECTS
ER PARTS CONSISTS OF A PLASTERAND
@LASS SURFACE. From TABLE | WE | AUDIENCE,PER PERSON ... 4.7
SHALL CHOOSE A COEFFICIENT OF AB= | p . n Cu;ch PEWS
S8ORPTION 9F .03 FOR THIS8 SURFACE. LINEAR FTe ccccccvsse ol8
THUS THE TOTAL ABSORPTION FORTHE | U0l oTeRED CHURCH PEWS
WALLS AND CEILING BECOMES +03 x PER LINEAR FTe oo UP TO 1.6
10,000=300 un1Ts. Prain PLywooo auciTorium
1 CHAIRB'EACH esescsscss 024

THE 8TAGE FLOOR MEASURES35' | pony upnoLsTERED cHAIRS 1.6
X 20" AND 80 TS TOTAL AREA  BE= | CoumpLETELY UPHOLSTERED
comes 35°x 20'=700 SQUARE FEET. - CHAIRS seocvocscsccscsss 300

THIS FLOOR 18 MADE OF VARNISHED
WOOD WHICH ACCORDING TO TABLE | HAS A COEFFICIENT OF ABSORPTION OF .03
AND SO THE TOTAL ABSORPTION OF THE FLOOR I8 700 X .03=2| uUNITS.

As You wiLL ReCALL, |000 SQUARE FEET OF THIS AUDITORIUM'S TOTAL
FLQOR SPACE 18 ALLOTED TO AISLES AND WHICH ARE COVERED WiTH CARPET  AND
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WHICH HAS A COEFFICIENT OF ABSORPTION OF (25, THE TOTAL ABSORPTION OF THE
CARPET=COVERED AREA THUS AMOUNTS TOo 1000 X .25 =250 unITS,

WE HAVE NOW ACCOUNTED FOR THE ABSORPTION OF EACH TYPE OF EFFECTIVE
SURFACE EMPLOYED IN THIS AUDITORIUMs OUR NEXT STEP THEN, 18 TO ADD TO=
GETHER ALL OF THESE VARICUS UNITS, THUS WE HAVE!

Wooo FLOOR —~= 48 UNITS
SEATS -— 680 uNITS
CEILING AND WALLS -=r 300 uNITS
STAGE FLOOR 21 uNniITSs
CARPET FLOOR === 250 unNiTs

TOTAL ~mew—cwcca— 1299 unITS

OUR TOTAL UNITS
I.,___L_.__ I5 ¥ OF ABSORPTION OR "AN
! THUs BecoMEs |299uNITS,

| —_—— -
—/, SUBSTITUTING THE

VALUES NOW AVA |LABLE IN
OUR FORMULA T_ ,05V,we
A

MAvE To 405 x 123,750
1299

€187.8 - 4,76 seconps.
1299

\ THis BRINGS us

Stage

- - UP TO THE POINT WHERE
WE MUST TAKE INTO ACO=~
OUNT THE OPT IMUM REVER=
BERATION TIME FOR -ANY

TYPE OF INSTALLATION,
IN OTHER WORDS,WE MUST

o Side View HAVE S8OME SYSTEMWHERE=
Y | 30’ Average BY WE CAN ASCERTAIN
,S Height WHAT ‘l\’HE REVERBERAT ION
v I SHOULD BE FOR ANY IN=

STALLATION 80 THAT THE

] ' ACOUSTIC CONDITIONS
' WiLL BE BATISFACTORY
FROM THIS S8TANDPOINT.
In TABLE |1 vou ARE
GIVEN A LIST WHICHSPEC
IFIES THE OPT IMUM PER=
1008 OF REVERBERAT)ION

FOR ENCLOSURES OF VAR=

. Fla. 4
Working Plan of Auditorium,

10U8 VOLUMES,

By RefFerrING TO TaBLE || AND COMPARING THE REVERBERATION TIME OF
4,76 SECONDS WHICH WE HAVE CALCULATED FOR OUR SAMPLE PROBLEM WITH THEVAL
UES GIVEN IN TAaBLE |1, WE FIND THAT THE OPTIMUM PERIOD OF REVERBERAT ION
FOR OUR AUDITORjuMm OF [23,750 cuBiC FEET VOLUME SHOULD BE APPROX IMATELY
le4 seEcoNDs, WE THUS NOTE THAT OUR CALCULATED VALUE OF 4,76 seEconDs 18
RATHER HIGH FOR OPTIMUM CONDIT|ONS BUT WE MUST BEAR IN MIND THAT OURCAL=
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CULAT JONS WERE BASED ON THE FACT THAT NO AUDIENCE IS PRESENT AND WHICh
OF COURSE 1S NOT A NORMAL CONDITION WHEN THE AUDITORIUM 18 (N USE,

SINCE THE S8EATING CAPACITY OF THE AUDITORIUM BEING CONSIDERED I8
425 PERSONS AND THE COEFFICIENT OF ABSORPTION PER PERBON IS 4.7 ACCORDING
To TABLE |, THEN THE TOTAL ABSORPT|ON AS OFFERED BY THE AUDIENCE AMOUNTS
T0 425 x 4,7=1998 UNITS APPROXIMATELY, HOWEVER, THIS WiLL SERVE TG 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 WJTH A FULL AUDIENCE IN THE FOLLOWING MANNER! T— .05 x 23,750
1299 +( 1998-680)
6187,5  -6187,5

= 2,4
l299-+l3!8 2617 2.4 secoNDS. NOTICE THAT WITH A FULL AUDIENCE, THE

REVERBERAT ION TIME APPROACHES THE
OPTIMUM VALUE MUCH MORE CLOSELY TABLE 11
THAN WHEN NO AUDIENCE I8 PRESENT, | OPTIMUM PERIODS OF REVERBERATION
Seconos
IN PRACTICE, IT 18 NOT AD~ |IBeiow 7,000 cusic FEET 1.0
VISABLE TO ASSUME THE  AUDIENCE 7,000 ToO 20, 000 1ol
A8 FILLING THE AUDITORIUM TO IT8 20,000 To 45,000 1.2
FULLEST CAPACITY. IT 18 A BETTER 45,000 To 85, 00C 1.3
POLICY TO CONBIDER THEATTENDANCE 85,000 To 145,000 1.4
AS BEING AN "AVERAGE vALUE", OR 145.000 To 295000 1.5
APPROXIMATELY 2/3 ofF THE AUDIT= |oo5'000 1o 330000 1.6
ORIUM'S SEATING CAPACITYs THEN 330:000 10 465:000 1.7
IF THE ACOUSTIC CONDITIONS oF 630,000 To 835, 000 1.9
THE AUDITORIUM ARE ARRANGED 7O | gag 000 1o |, 100,000 2.0
BE SATISBFACTORY FOR THIS ATTEND=

ANCE, THEY WILL ALSO BE CORRECT FOR FULL ATTENDANCE.

FOR INSTANCE, WITH 2/3 ATTENDANCE, THE TOTAL PERSONS [N THE AUDI|IT=
ORIUM WiLL BE 2/3 OF 425 OR APPROXIMATELY 283 PERSONS. THIS AMOUNT oF
PERSONS WILL ACCOUNT FOR AN ABSORPTION OF 283 x 4.7 =1330 uNiTS AND
SINCE |42 SEATS ARE EMPTY, THEY WILL STILL HAVE THEIR ABSORPTION EFFECT.
THEREFORE, THE EMPTY BEATS WILL PROVIDE AN ABSORPT|ON OF 142 x |.6=x227
UN{ITSe

THE TOTAL ABSORPTION OF THE AUDITORIUM WHEN 2/3 OF THE CAPACITYAUR
1ENCE 12 PRESENT,THEN BECOMES!?

Wooo FLOOR ——— 48 uNITS
SeaTs - ——— 227 UNITS
CeiLing anp WaLLs - 300 uN1Ts
STAGE FLOOR ——————— ammmemee 2| UNITS
CarPET 25C UNITS
PERSONS w=——ccececaa—— e - 133C UN|TS

TOTAL =—=——-c=we 2|TE UNITS

SuBSTITUTING TH|S VALUE IN OUR REVERBERATION TIME FORMULA,WE HAVE?

T-205 x 123,750 . 8187,5 —2.8 seconDs
2176 2176

Now THEN, UPON COMPARING OUR FINAL CALCULATED REVERBERATION TIME
VALUE OF 2.8 SECONDS WITH THE OPTIMUM VALUE OF |.4 SECONDS ALLOWABLE FOR
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THE INSTALLATION,WE NOTE THAT OUR CALCULATED VALUE IS 2.8 MiNUS .4 OR
1.4 SECONDS TOO HIGH.

By THUS KNOWING THAT OUR REVERBERATION TIME FOR THE AUDITORIUM I8
le4 SECONDS IN EXCES8S TO WHAT |T SHOULD BE, WE CAN FIND TNE ADDITIONAL
UNITS OF ABSORPTION NECESSARY TO CORRECT THE CONDITION BY APPLYING THE
FORMULA T_ ,00V  IN THE TRANSPOSED FORM A_,08V anD THus "T" N THIS

T
INSTANCE BECOMES |.4 seconos anD "V" remaIns as 123,750 cusic FEET.

SuBSTITUTING THESE VALUES IN THE FORMULA A ,05! s WE HAVE

=05 x 123,750 515_‘5 4419 uNniITS (APPROXIMATELY) IN OTHER  WORDS,
lo4 l.4

4419 ADDITIONAL UNITS OF ABSORPTJON ARE NECESSARY {N ORDER TO REDUCE THE
REVERBERAT fON
TIME OF THE AUD=-
§ TORIUM FROM |TS
PRESENT VALUE OF
2.8 SECONDS TO
THE OPTIMUM VAL~
UE OF |.48ECONDS,

Our  NEXT
STEP 18 TOSELECT
SOME STANDARD
MATERJALSUJTABLE
FOR ACOUST ICTREA
TMENT AND WHOSE
COEFFICIENT OF

ABSORPT | ON 1s
- KNOWN,
Fla.§5
An Installation of Speakers to Pro- For  THiS
vide FPrograrms orn the Beach. PART{CULAR AUD-

1 TORIUM, HEAVY CUR
TAINS ARRANGED [N FOLDS WOULD SUPPLY THE DESIRED ABSORPT {ON EFFECT WH|LE
AT THE SAME TIME SERVING AS AN ATTRACTIVE INTERIOR DECORATION FOR THE
ROOM. By REFERRING To TABLE |, WE NOTE THAT CURTAINS ARRANGED IN  HEAVY
FOLDS HAVE A COEFF|CIENT OF ABSORPTION ANYWHERE FROM ABOUT .50 To 1,00,
LET Us ABSUME THAT WE CHOSE A TYPE OF CURTAIN WHOSE COEFFICIENT OF ABSORP
Tion 18 0.75. Using THIS MATERIAL,WE WOULD NEED 4419 -5~ .75 = 5892 sQuARE
FEET OF IT IN ORDER TO SUPPLY THE NECESSARY ADDITIONAL 4419 UNIT8 OF AB=
SORPTION,

THIS MATER{AL SHOULD BE PLACED ON THE S8]DE AND REAR WALLS PART{C~
ULARLY AND AT THE FRONT OF THE CEILINGes THE STAGE WALLS SHOULD ALSO BE
DRAPED TO ELIMINATE THE REVERBERAT |ON AT THOSE POINTS WH[ICH WOULDREFLECT
BACK TO THE MICROPHONE AND CREATE EFFECTS OF BOOMINESS,

A QUICK CHECK OF REVERBERATION TIME

A QUICKER METHOD OF CHECKING THE REVERBERATION T{IME THAN THE PRO=-
CEDURE JUST OUTLINED IS TO STATION ONESELF AT S8OME POINT IN THE  AUDIT=
ORIUM BLOWING A WHISTLE HAVING A 512 CYCLE NOTE. THIS WHISTLE S8HOULD BE
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BLOWN AT AVERAGE INTENSITY FOR A PERIOD ABOUT AS LONG AS REQUIRED TOFILL

THE AUDITORIUM WITH SOUND. As SOON AS THE AUDITORIUM IS FILLED WITH
SOUND, STOP BLOWING THE WH|STLE AND WITH A STOP. WATCH MEASURE THE TIME
ELAPSED FROM THE INSTANT YOU STOP BLOWING THE WH)STLE UNTIL THE SOUND

DIES OUT COMPLETELY.

TH)IS TEST SHOULD BE REPEATED AT LEAST THREE TIMES AT ANY ONE LOCA-
TION AND THE SAME PROCEDURE SHOULD B& CARRIED OUT AT VARIDUS DIFFERENT
PLACES IN THE AUDITORIUM, ESPECIALLY UNDERNEATH BALCONIES,ON THE B8TAGE,
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 MAVERAGE TIME PERIOD OF REVERBERATION"I3
OBTAINED,

THis vALUE
CAN THEN BE SUB=
TRACTED FROM THE
OPT IMUM REVERBER~
ATION PERIOD AS
SPECIFIED IN
TABLE || anOTHIS
REMA INDERSUBST |=
TUTED FOR THE
VALUE "T¥ N THE
FORMULA A — 205V

T

IN ORDER TO DE=
TERMINE THE NUM=
BER OF ABSORPT |ON
UN1TS NEEDED,

THEDES IRED . FlGa. o .
MATERIAL CANTHEN Conducting Test During a
BE SELECTED WITH Sound /nsta//al‘ion.,

WHICH TO "treaT"

THE WALLS ETC.AND BY DIVIDING THE TOTAL NUMBER OF ABSORPTION UNITSNEEDED
BY THE COEFFICIENT OF ABSORPT)ON OF THE MATERI|IAL TO BE USED,THE TOTAL A=
MOUNT OF TH)S MATERIJIAL REQUIRED CAN BE ASCERTAINED.

TH1S MATERJIAL CAN THEN BE DISTRIBUTED THROUGHOUT THE AVAILABLE SUR
FACES OF THE AUDITOR|UM., THE REAR WALLS SHOULD BE TREATED IN PREFERENCE
TO ALL OTHERS, AND THEN IN ORDER, BALCONY LEDGES, THE FRONT AND CENTERSEG
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
WH{CH TEND TO REFLECT THEM RATHER READILY AND IN THIS MARNNER REDUCE REV=
ERBERAT 10N,

MATERIALS FOR ACOUSTIC TREATMENT

THE ACOUSTIC PROPERTIES OF BUILDINGS BEING CONSTRUCTED ARE MOST
SATISFACTORILY CONTROLLED B8Y THE USE OF POROUS TILES AND PLASTERS, WHILE
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DRAPES, RUGS, AND FELT ARE USED PRIMARILY FOR CORRECTIVE PURPOSES INSTRUC=
TURES ALREADY BUJLT AND WHERE ACOUSTIC CORRECTIONS ARE TO BE MADE,ORWHERE
1T 1S 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 IS5 ALSO IMPORTANT THAT THE PLACEMENT OF THE SPEAKERS
8E CORRECT. FOR INSTANCE, WHERE HORN TYPE SPEAKERS ARE USED, THEJIRLOCATJON
AND ANGLES MUST BE SUCH THAT MAXIMUM DISTRIBUTION OF THE SOUND WILL 8E 08
TAINED,

To Amplifier

2, IN Fi1G6.7,
FOR EXAMPLE, YOU
WILL SEE HOW
TWO SPEAKERS
FLJOOD THE AUD=-
_1TORIUM OF A
THEATER WITH
SOUND.NOTICE IN
THIS ILLUSTRA=
TION THAT IF
sPEAKER "AM" were
usep ALONE, THEN
THE PEOPLE OCC=
UPY ING THOSE
SEATS  BETWEEN
ZLEs THE STAGE  AND

The Effect of Proper Speaker Locations POINT "C" wouLd

In a TheateroaAud/torium. NOT BE  SERVED

PROPERLY BY HORN

"A", FURTHERMORE, THIS SAME MORN WOULD NOT DELJVER SUFFICIENT SDUNDTO THOSE

PERSONS SEATED ON THE MAIN FLOOR BELOW THE BALCONY. SO YOU SEE,THIS SPEAK=
ER IN JITSELF DOES NOT TAKE 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 BALCONY,AS WELL AS TO THOSE SEATS BETWEEN POINT "C"AND THESTAGE.
THE TWO SPEAKERS TOGETHER THEN, ARE ABLE TO FLOOD THE AUDITORIUMWITH SOUND,
AS FAR AS HEIGHT AND THE D{STANCE TOWARD THE REAR OF THE AUDITORIUM  ARE
CONCERNED,

IN THE PREVIOUS LESSON ON SOUND AMPLIFIERS,y YOU LEARNED THAT SOME
S8PEAKER 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 éPREAD THE SOUND WAVES OUT TOWARD THE S~
DES AND TO KEEP THEM AWAY FROM THE CEILINGe. EACH OF THESE HAVE THEIR [N~
OIVIDUAL ADVANTAGES, DEPENDING UPON THE ACOUSTIC PROPERTIES OF THE ROOM (N
WHICH THEY ARE INSTALLED.

ALWAYS BEAR IN MIND THAT WHEN HORN SPEAKERS ARE USED, THEY MUST BE
CHOSEN W{TH THE PROPER FLARE FOR INDOOR WORK AND SO DIRECTED THAT THE MIN
1MUM 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 |8 GENERALLY ODE=
TERMINED FROM THE RESULTS OF A SERJES OF SYSTEMATIC TESTS, IN WHICH THE
SPEAKERS HAVE BEEN TEMPORARILY SET UP AT THE MOST ADVANTAGEOUS POINTS UY
TIL THE BEST POSITION S FOUND.

T 18N'T ADVISABLE TO USE A GREATER NUMBER OF SPEAKERS THAN ABSOL~
UTELY NECESSARY IN ORDER TO PROVIDE SOUND DISTRIBUTION SINCE THE GREATER
THE NUMBER OF SPEAKERS USED, THE MORE COMPLEX WILL BE THE SYSTEM NOT ONe=
LY FROM THE STANDPOINT OF WIRING BUT ALSO FROM THE STANDPOINT OF PREVENT
ING THE SOUND WAVES FROM THE DIFFERENT UNITS CONFLICTING WITH EACHOTHER.
OVER=DISTRIBUTION WILL ALSO OVER=EMPHAS | ZE ANY POOR ACOUSTICS, Too FEW
SPEAKERS, ON THE OTHER HAND, WILL RESULT IN INSUFFICIENT DISTRIEUT JON OF
THE SOUND SO THAT THE VOLUME THROUGHOUT THE AUDITORJUM 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 1S, 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 INSTANTe
SHOULD THE POLARITY OF ONE UNIT BE REVERSED SO THAT THE DIAPHRAGM OF ONE
GPEAKER 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 18 RAREFIED AND THIS WOULD RESULT IN A GOOD DEAL OF THE §OUND
BEING BALANCED OUT BEFORE IT 1S PROJECTED VERY FAR. IN ADDITION,SUCH A
CONDITION WjLL BRING ABOUT THE LOSS OF SOME FREQUENCIES AND THIS WILLPRO
DUCE DIS8TORTIONe

SOME CONE UN|TS HAVE THE VOICE COIL POLARITIES MARKED, THE POSITIVE
S1DE BEING PAINTED RED AND THE NEGATIVE SIDE BLACK. THEREFORE WHEN CONN=
ECTING ALL THE VOICE COILS IN PARALLEL, ALL OF THE RED TERMINALS ARE CONN=
ECTED TOGETHER AND ALL OF THE BLACK TERMINALS ARE CONNECTED TOQETHER.
SHOULD A SERJES CONNECT|ON BE USED, THEN CONNECT RED TO BLACK ETCe THE
FIELO TERMINALS ARE ALSO MARKED PLUS AND MINUS AND 80 THE PLUS TERMINALS
OF ALL THE FlELD COILS
SHOULC BE CONNECTED TO
THE PLUS SIDE OF THE
FIELD SUPPLY AND ALL OF
THE NEGATIVE FlELD COIL
TERMINALS TO THE NEGA=
TIVE SIDE OF THE FIELD
SUPPLYe REVERSINGEITHER
THE FRELD COIL OR VOICE
COIL CONNECTIONS OF ONE
OF THE SPEAKERS WILL

Power Strage

[

|
1
Qoo L

b3
:b
Q Make & Break Conneckion THROW THAT UNIT OUT OF
. Here PHASE WITH THE OTHERS.
Output ko Line
B8+ Transf _
WHEN WORK ING WITH
F1a. & A SPEAKER CIRCUIT OFTHE
F
A -5;bea.éer Phase Test TYPE JLLUSTRATED IN FlG.

8, A QUICK METHOD oF
CHECK ING THE PHAS|NG OF THE SPEAKERS 1S TO TURN ON THE FIELD SUPPLY FOR
ALL THE SPEAKERS AND THEN MOMENTARILLY CONNECT A 4% vort "C" BATTERY A-
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CROSS THE SECONDARY TERMINALS OF THE OUTPUT TO LINE TRANSFORMER,

As THis "C" BATTERY CONNECTION 1S MADE BY ONE PERSON, ANOTHER SHOULD
FEEL THE DIAPHRAGM OF EACH SPEAKER IN TURN AND NOTE IN WHICH D|RECTION THE
DIAPHRAGM MOVES AS THE "C"™ BATTERY CONNECTION 1S COMPLETED. THE D | APHRAGMS
OF ALL THE SPEAKERS SHOULD MOVE IN THE SAME DJRECTION AS THIS TEST I8
MADE AND WHENEVER ONE OF THEM MOVES IN A REVERSE DIRECTION TO THAT OF THE
OTHERS, EITHER ITS VOICE COIL CONNECTIONS OR FIELD COlL CONNECTIONS S8HOULD
BE REVERSED, WHICHEVER |S MOST CONVENIENT, IT S IMPORTANT THAT THE "C"
BATTERY CONNECTION BE COMPLETED FOR ONLY AN INSTANT AS EACH SPEAKER  |S
TESTED AND THE BATTERY CONNECTIONS SHOULD AT NO TIME BE REVERSED AS THE
TEST 1S IN PROGRESS,

IT 1s ALSO OF uTMmOST 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 M|CROPHONE, SHOULD THIS OCCUR, THEN WE HAVE A COND|=
TION KNOWN AS "FEED—BACK" AND IT WILL CAUSE AN ANNOYING HOWLING SOUND TC
BE EMITTED BY THE SPEAKER

,

M W anminaiion Questions
LESSON. NO. A.S.4

= WHAT DO YOU UNDERSTAND TO BE THE MEANING oF ACOUST |CS?

2. = WHAT 1s REVERBERAT |ON?
3e = WHAT 15 MEANT By REVERBERATI|ON TIME?

4, = ExpLaIN IN DETAIL HOW THE REVERBERATJON TIME OF AN AUD=w
ITORJUM MAY BE DETERMINED BY CALCULATION,

5. « WHAT 00 WE MEAN BY THE COEFFICIENT OF ABSORPTION OF A
MATERIALT

B¢ = |F THE REVERBERATION TIME FOR A HALL OR AUDITORIUM HAS
BEEN DETERMINED, HOW CAN YOU TELL TO WHAT EXTENT ACOUSTIC
TREATMENT OR CORRECTION IS REQUIRED?

Te = WHEN CALCULATING THE REVERBERATION TIME OF AN AUD I TOR UM
ETC. ,WOULD YOU CONSIDER THE ROOM TO BE FILLED T9 CAPACITY
BY PERSONS? STATE THE REASON FOR YOUR ANSWER,

8. = DeEScRrRIBE a QUICK METHOD FOR DETERMING THE REVERBERAT |ON
TIME OF A LARGE ROOM OR HALL,

9 = WHAT MAJOR CONDITIONS SHOULD BE CONS |DERED WITH RESPEGCT
TO THE PLACEMENT OF SPEAKERS AND THE TYPE OF SPEAKER
UNIT AND HORN TO USET?

10e= WHY 18 THE PROPER PHASING OF SPEAKERS |MPORTANT WHEN A
NUMBER OF SPEAKERS ARE USED? EXPLAIN HOW THIS WORK I8
DONE.
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LESSON NO., b
DIRECT - COUPLED AMPLIFIERS

IN ALL OF THE AUDIO AMPLIFER CIRCUITS WHICH YOU HAVE DEALT WITH 80
FAR IN YOUR S8TUDIES THE VARIOUS STAGES WERE COUPLED TOGETHER EITHER THRU
TRANSFORMERS, BY RESISTANCE CAPACITY COUPLING OR THROUGH SOME FORM OF M=
PEDANCE COUPLINGs AT ANY RATE, THERE WAS NO DJRECT CONNECT JON BETWEENTHE
PLATE OF ONE TUBE AND THE CONTROL GRID OF THE FOLLOWING TUBE. THE  ONLY
CONNECTION WHICH THESE TWO ELEMENTS MAD BETWEEN EACHGTHER WAS EJTHERTHRU
MUTUAL INOUCTANCE OR THROUGH THE CAPACITY OFFERED BY A COUPLING CONOEN-
8ERe

IN THiIS LESSON, HOWEVER, YOU ARE GO ING TO BE SHOGWN HOW THE VAR|OUS
STAGES OF AN AF,AMPLIFIER CAN BE CONNECTED TOGETHER WITHOUT EMPLOYING
EITHER OF THESE AND INSTEAD, TO USE A DIRECT CONNECT I1ONsAMPLIFIERS WHICH
EMPLOY THIS LATTER METHOD OF
INTERCONNECT ING'OR COUPLING
THE DIFFERENT STAGES ARE KNOWN
as DIRECT COUPLED: AMPLIF|ERS
AND SOMET IMES THE NAME LOF T [N=
WHITE 18 ABSOCIATED WITH THEM.

CIRCUIT ARRANGEMENT

IN F1Ge2 YOU ARE SHOWN
THE FUNDAMENTAL CIRCUIT DIA—
GRAM OF A TYP|CAL OIRECT COUP—
LED AMPLIFIER IN WHICH A TYPE
=24 TUBE 1S WORKING INTO A
TYPE =45 TUuBE. BY sTUDYING
THIS DJAGRAM CLOSELY, YOU WILL
NOTICE THAT A GROUP OF SERIES
RESISTORES CONS|ISTING OF Rz,
B,, R4s Rg, Rgy AND Rq ARE Fla. 1
CONNECTED IN THE FORM OF A : ,
VOLTAGE DIVIDER ACROSS  THE An Amplifier Employing
"8" supPLY. FOR THE PRESENT,WE Direct- Cau,a//'ng.
SHALL NOT CONSIDER THE VALUES

]
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OF THIS RESISTOR NETWORK AND SIMPLY ASSUME THAT THE VOLTAGES AVA{ILABLEAT
THE OIFFERENT 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 |MPRESSED ACROSS THE ENTIRE B+ ano B= circuIT 18 445
VOLTS AND THE PLATE OF THE POWER TUBE (€ CONNECTED THROUGH ITS OUTPUT
TRANSFORMER TO THE 4445 VOLT TERMINAL.

THE ACTUAL PLATE VOLTAGE OF THIS TUBE,HOWEVER, 18 NOT 445 voLTs BE
CAUSE THE CENTER TAP OF |TS FILAMENT SHUNTING RESISTOR IS CONNECTED ToO
THE VOLTAGE DIVIDER AT A POINT CORRESPOND ING TO A POTENTIAL OF +|85vc . Ts,
THe EFFECTIVE PLATE VOLTAGE AT ANY FILAMENT TYPE TUBE, YOU WILL RECALL,
IS EQUAL TC THE DIFFERENCE IN VOLTAGE BETWEEN THE POTENTIALS APPLIED TO
THE PLATE AND TO THE FILAMENT. THEREFORE, THE EFFECTIVE PLATE VOLTAGE AT
THE POWER TUBE SOCKET IN THIS CASE A CTUALLY AMOUNTS TO ONLY 445 VOLTS
MiINUs 185 voLTs orR 250 voLTS.

lnput
(;& 1445;_45 +250V. 5
::§§N m .
Q \
ol w
. du
>
g
Ou+pu{
R4 Ry
- + = + 445 V.
13y, 25v. bov. tasy.  245v,
=g 445V, o
B Supply
Fla. Z
A Typical Direct-Coupled Amplifier.
THE RESISTOR Rg SERVES A DOUBLE PURPOSE. FOR EXAMPLE,FIRST 1T

WiLL BE SEEN THAT THE PLATE CIRCUIT OF THE =24 AMPLIFIER TUBE |8 CONNECT—
ED TO THE +245 VOLT TAP THROUGH THE RESISTOR Rg. THE RESISTANCE VALUE OF

Rg 1s sucH THAT A DrRoP OF |00 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 IMPRESS8ED UPON THE PLATE OF  THIS
TUBE. - : « ~

Tuis vaLuE oF 145 voLTs, HOWEVER, I8 NOT THE EFFECTIVE PLATE VOL~™
TAGE OF THIS TUBE BECAUSE THIS TUBE'S PLATE CURRENT ALSO FLOWS THROUGH
RESISTOR R| WHICH I8 CONNECTED BETWEEN THIS Tuse's CATHODE AND THE NEQA—
Tive "BY" LiNE. THE VALUE OF THIS RESISTOR AND THE PLATE CURRENT FLOWING
THROUGH IT ARE SUCH THAT A VOLTAGE OF |5 vOLTs IS DEVELOPED ACROSS iITs
ENDS == }TS UPPER END BEING POSITIVE WITH RESPECT TO ITS LOWER END  AND
AND FOR THIS REASON THE CATHODE OF THE =24 Tuse §g |5 vOoLTS POSITIVEWITH
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RELATION TO B=, THEREFORE,THE EFFECTIVE PLATE VOLTAGE UPON THE =24 TUuBE
18 EQUAL TO |45 voLTs miInus |15 voLTs or 130 voLTs,.

THE CONTROL GRID OF THE =24 TUBE 18 CONNECTED TO THE +|3VOLT POINT
OF THE VOLTAGE DIVIDER THROUGH THE SECONDARY WINDING@ OF THE TRANSFORMER,
THE EFFECTIVE GRID BIAS VOLTAGE UPON TH|S SCREEN~GRID TUBE, HOWEVER, 1]
NOT +|3 VOLTE BECAUSE THE TUBE'S CATHODE |8 AT A POTENTIAL OF +|5 voLTS
A8 WAS ALREADY SBTATED. IN OTHER WORDS, THE CATHODE POTENT|AL 18 2 VOLTS
GREATER THAN THAT OF THE CONTROL GRID AND WHICH MEANS THAT THE CONTROL
GRID 18 ACTUALLY AT 2 VOLTS NEGATIVE POTENTIAL WITH RESPECT TO THE CATH=
ODE OF THE SAME TUBE. SINCE 1T 18 AlLwaygs THE DIFFERENCE (N POTENTIAL BE~
TWEEN THE CONTROL GRID AND THE CATHODE WHICH DETERMINES THE EFFECTIVE
GRID BIAS VOLTAQE, THE =24 TUBE IN THE CIRCUIT OF Fjas 2 18 IN REALITY
BEING OPERATED W|TH A BJAS8 OF =2 VOLTS,.

THE SCREEN GRID OF THE =24 TUBE IS CONNECTED TO THE +80 VOLT TAP OF
THE VOLTAGE DIVIDER BUT SINCE THE CATHODE POTENTIAL 18 +Ib voLTS, THE
EFFECT IVE SCREEN GRID VOLTAGE FOR THE =24 TUBE WiLL BE ONLY B0 miNus 5
oR 45 voLrts,

No DOUBT YOU HAVE BEEN WONDERING ABOUT THE VOLTAGE A8 APPLIED TO
THE GRID OF THE POWER TUBE. SINCE THE GRID OF THI8 TUBE I8 CONNECTED D{—
RECTLY TO THE PLATE OF THE PRECEDING TWUBE, IT AT FIRST GLANCE APPEARS AS
IF THE POWER TUBE'S8 GRID I8 ALSBO GOING TO HAVE A POTENTIAL OF +145 voLTs
IMPRESSED UPON |T AND SUCH A CONDITION WOULD BE ENTIRELY CONTRADICTORY TO
ALL PRINCIPLES WHICH YOU HAVE 80 FAR LEARNED,

THE TRUTH OF THE MATTER 18, HOWEVER, THAT TH|S8 POWER TUBE I8 ACT—
UALLY OPERATING AT A NEGATIVE GRID BIA8 VOLTAGE OF 50 voLTs. THE REASON
FOR THIS (8 THAT THE CENTER OF THE POWER TUBE'S FILAMENT |8 SUBJECTED TO
A "B" voLTaae OF +!95 VOLTS SINCE THE CENTER TAP OF IT8 FILAMENT S8HUNT ING
RESIBTOR |§ CONNECTED TO A POINT OF THIS POTENTIAL, THEREFORE, EVEN
THOUGH+145 VOLTS BE IMPRESSED UPON THIS TUBE'S GRID, THE EFFECTIVE VOLTAQGE AS
IMPREBSED ACROSS THE GRID AND FiLAMENT OF THE POWER TUBE WILL BE |95 minus - |45
OR50 vOLT8. FURTHERMORE, 8 INCETHE FILAMENT OF THIS TUBE 18 AT A POTENTIAL 50
VOLTS HIGHER THAN 1 T8 GRID, THEGR(ID 18 IN REALITY 50 vOLTS NEGATIVEWITH  RE-
SPECT TO IT8 FiLAMENT AND THUS A B0 VOLT NEGAT IVE BIAS I8 ACTUALLYAPPLIED TO
THE GRID CIRCUIT OF THIS TUBE. '

8INCE RESISTOR Rg 18 INSTALLED IN THE PLATE CIRCUIT OF THE —24TuBk,
AS WELL AS IN THE GRID CIRCUIT OF THE POWER TUBE, ALL VOLTAGE CHANGES
APPEARING ACROSS 1T8 EXTREMETIES DUE TO THE PLATE CURRENT VARIATIONS AT
SIGNAL FREQUENCY PASSING THROUGH 1T, THESE SAME S8IGNAL VOLTAGES WiLL BE
APPLIED ACROSS THE GRID AND FILAMENT OF THE POWER TUBE AND THEREBY PERMIT
TH18 TUBE TO FUNCTION IN THE CONVENTIONAL MANNER.

DIRECT COUPLED AMPLIFIERS ARE RECOGN|ZED FOR THEIR UN|FORMRESPONSE
THROUGHOUT THE ENTIRE AUDIO FREQUENCY RANGE AND THIS I8 DUE TO THE FACT
THAT THE COUPLING BETWEEN STAGES DOES NOT DEPEND UPON THE SIGNAL VOLTAGE
sEING "PASSED-ON" THROUGH THE PROPERTIES OF EITHER INDUCTANCE OR CAPA™
CITY AND BOTH OF WHICH FAVOR CERTAIN FREQUENCY RANGES MORE OR LESS.

OME OF THE DISADVANTAGES OF THIS TYPE OF CIRCUIT LIES IN THE FACT
THAT A BOURCE OF RATHER HiaM "B" vOLTAGE 18 REQU IRED IN ORDER THAT THE
PROPER VOLTAGE DISTRIBUT)ON CAN BE OBTAINED THROUGHOUT THE CIRCUIT. THI8
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HIGH "B" vOLTAGE REQUIREMENT CALLS FOR A MORE EXPENSIVE POWER TRANSFORM-~
ER ANO FILTER CHOKES, AS WELL AS FILTER AND BYPASS CONDENSERS WHICH ARE
CAPABLE OF WITHSTANDING THE HIGH VOLTAGES TO BE HANOLED.

CIRCUIT ARRANGEMENTS

VARIOUS ARRANGEMENTS ARE EMPLOYED IN PRACTICE IN ORDER TO  OBTAIN
DIRECT COUPLING AND NOW THAT YOU ARE FAMILJAR WITH THE BABIC PRINCIPLES
GOVERN ING THE CIRCUITS AND OPERATION OF TH1S TYPE OF AMPLIFIER, WE SHALL
PROCEED WITH A MORE DETA|LED STUDY OF THE VARIOUS CIRCUIT DES{GNS EMPLOY=
ED IN AMPLIFIERS OF THIS TYPE, -

DIRECT COUPLED AMPLIFIER WiTH COMMON CHOKE

IN F1ge 3 YOU ARE SHOWN THE OIAGRAM OF AN [NTERESTING DIRECT COUP=
LED AMPLIFIER CIRCUIT |N WHICH AN A,F, CHOKE 18 USED AS THE LOAD IN THE

PLATE CIRCUIT OF THE FIRST TUBE RATHER THAN A RESISTANCE., ONE OF THE
ADVANTAGES OF USING A CHOKE FOR THIS PURPOSE I8 THAT THE D, C. RES 18—
TANCE OF A GOOD
2 180, ooy g e lamucH Loss

Ip= 5 MA I1p = 3L MA, coin. CHOKE,
z: 18041351 193.8V. &7 250+ 210:460V. ’{ THAN THAT OF A

RES ISTANCE EQU | V=
ALENT TO THESAME
LOADING EFFECT,
CONSEQUENTLY THE
VOLTAGE DROP A=—
CROSS TH1S8 CHOKE
DUE TO THE FLOW
OF PLATE CURRENT
WILL BE MUCH LESS
THAN THAT ACROSS

| A PLATE LOAD RE-

FlG. 3 SISTOR A8 WOULD
Crreurt of the Am,o/fﬁ'er. ORDINARILY 8E

USED FOR THiIS PUR

POSE.,

ALTHOUGH THE A.F, CHOKE SHOULD BE OF THE BEST QUALITY,YET WHENUSED
IN A CIRCUIT OF THIS TYPE, THE FREQUENCY CHARACTER(IST IC OF THE CHOKE WiLL BE
IMPROVED OVER TO WHAT T WOULD BE §F THE SAME UNIT WERE TO BE EMPLOYED IN
A CONVENTIONAL CIRCUIT,.

THE DESIGN PROCEDURE FOR AN AMPLIFJER OF THiS8 TYPE WOULD BECARRIED
OUT IN THE FOLLOWING MANNERS

FIRST, WE MAKE NOTE OF THE OPERATING CHARACTERISTICS8 UNDER WH | CH
THE TUBES OF THE CIRCUIT ARE TO FUNCTION; THAT |8 THE PLATE VOLTAGE, BAS
VOLTAGE,PLATE CURRENT ETC, WHICH ARE ALL OBTAINED BY REFERENCE FROM TUBE
DATA WHERE THE NECESSARY SPECIFICATIONS ARE GIVEN FOR OPERATING THETUBES
TO BE USED A8 AMPLIFIERS,.

FOR THE S8AKE OF A SPECIFIC EXAMPLE, LET US ASSUME THAT THE TYPE =27
INPUT TUBE 18 TO BE OPERATED WjTH A PLATE VOLTAGE OF |80 VOLTS AND ABIA8
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oF =|3.5 VOLT8 AND THAT UNDER THESE CONDITIONS THE TUBE WiLL DRAW 5 MA,
OF PLATE OURRENT. THE TYPE 47 POWER TUBE WE SHALL ASSBUME §8 TO BE OPERA~
TED WITH A PLATE AND SCREEN VOLTAGE OF 260 voLTS, A GRID BiA8 OF —|6.5

VOLT8 AND THAT THE PLATE CURRENT AMOUNTS TO 3| MA, AND THE SCREEN CURRENT

T0 6 MaA, CkD

Now THEN, S8INCE THE PLATE VOLTAGE FOR THE 27 TUBE s TO BE |80
VOLTS AND THE B1A8 —=}3,5 VOLTS8, THE ACTUAL VOLTAGE WM |CH MUST BE DELIV=
ERED TO THE PLATE OF TH(IS TUBE S8HOULD BE EQUAL TO [80+13.5 = 193,65 voLTs,.
THEN 1F THE D,C, RESISTANCE OF THE PLATE CIRCUIT CHOKE 18 300 OHM8  AND
THE PLATE CURRENT OF THE 27 TUSE 18 § MA,, THE VOLTAGE DROP ACROSS THIS
CHOKE wWiLL BE EQUAL TO 300 X 005 = |.5 YOLTS AND CONSEQUENTLY THE VOL~
TAGE AT THE INPUT END OF THi18 CHOKE WiLL BE 193.5 + 1.5 = 195 voLTs.

SINCE THE BIAS VOLTAGE FOR THE 47 TUSE 18 TO BE —[6.,5 voLTs anD |6
VOLTS OF THIS AMOUNT I8 ALREADY DEVELOPED ACROSS THE ENDS8 OF THE A.F,
CHOKE, ONLY 16,5 MINUS 1,5 OR |B VOLTS WILL MAVE TO BE FURNISHED BY THE
VOLTAGE DROP ACROSS THE BIAS RESISTOR OR Ry o THE FILAMENT OF THE 47
TUBE MUBT THEN BE AT A POSITIVE POTENTIAL AMOUNT ING TO 195 pLus 15 or210
voLTS. THEN S8INCE THE PLATE VOLTAGE OF THE 47 Tust I8 TO BE 250 vOLTS AND
1TS FILAMENT (8 QOING TO BE MAINTAINED AT A POTENTIAL oF 210 voLTs, THEN
THE VOLTAQE WHICH MUST BE AVAILABLE AT THE PLATE OF THE 47 TUSE WiLL BE
250 + 210 = 460 voLTs. THIS MEANS THAT A VOLTAGE OF 460 voLTs mMUST  8E
BUPPLIED AT THE OUTPUT OF THE POWER PACK'S FILTER S8YSTEM. ALLOWING FOR
THE REQUIRED VOLTAGE DROP ACROSE THE SPEAKER FIEL COJL WHICH I8 BEINQUS=
ED AS A SECOND FILTER CHOKE IN THIS CIRCUIT AND ALS8O FOR THE VOLTAGEDROP
ACROSS THE FIRST FILTER CHOKE, WE CAN ESTIMATE OUR REQUIRED "B" voLTAGE
ACROSS THE INPUT OF THE FILTER TO BE APPROXIMATELY 560 voLTS. THEREFOREA
TYPE =81 TUBE WITH ABOUT 650 To 700 VOLTS APPLIED TO 1T8 PLATE WiLL O&-
LIVER THE NECESSARY "B® VOLTAGE AND CURRENT.

HAVING DETERMINED THESE VOLTAGE VALUES OF THE CIRCUIT,O0UR NEXT-J0B
18 TO WORK OUT THE DEBIGN FOR THE RESISTANCE NETWORK OR VOLTAQE DIVIDER
8YSTEM, TO BEQIN WITH, THE BIAS8 VOLTAGE FOR THE 47 TUBE 18 TO BE =[6.5
VOLTS AND OF THIS AMOUNT [5 VOLTS IS TO BE FURNISHED BY THE VOLTAGE DROP
ACROS8 R) FOR REASONS ALREADY STATED. THE PLATE, AS WELL A8 THE  BCREEN
CURRENT OF THE 47 TUBE MUST ALL FLOW THROUGH Ry AND THEREFORE THE TOTAL
CURRENT PASSING THROUGH THIS RESISTOR WILL AMOUNT To 3| FlLug 6 OR 37 ma.
THEN 1F THE VOLTAGE DROP ACROSS R, 18 To BE |5 VOLTS FOR BIASING PURPOSES,
ITS RESISTANCE VALUE ACCORDING TO Ovub Law wiLL Be R=E = ]§ = 405
OHMS o I 037

THE PLATE CIRCUIT OF THE =27 TUBE 1S CONNECTED TO THE NEQAT |VE END
oF R' 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 Ry o THEN sINCE
THE NEGATIVE END OF R| 18 AT A POTENTIAL OF |95 vOoLTS AND THE CATHODE OF
TME 27 TUBE 18 TO BE MAINTAINED AT A POTENTIAL OF +13.5 FOR BIASING PUR~

POSES, THE VOLTAGE DROP REQUIRED ACROSS Rg wiLL 8E 186 minug 13,5 OR
181.5 voLTS. THEREFORE, THE RESIBTANCE VALUE FOR R, wiLL Be R = E =181,
= 5672 omms. I 032

FINALLY, S8INCE THE CATHODE OF THE 27 TUBE 18 To BE |3.5 voLTS HiGH
ER THAN THE GROUND POTENT AL FOR BIASING PURPOBES, THE VOLTAGE DROP A=
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cross Rz musT BE 3.5 voLTS. ALSO NOTICE THAT THE CIRCUIT ARRANGEMENT I8
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 R, 16 THUS FOUND
as FoLLows: o _E _ 135 _ 355 oms.

I T .037
BEAR IN MIND THAT IN OUR PRESENT DISCUSS |ION WE ARE ONLY CONS IDERING
THE DESIGN PROCEDURE WH|CH MAKES DIRECT COUPLING POSSIBLE. IN THE AC~

TUAL AMPLIFIER |T WOULDN'T BE ADVISABLE TO OPERATE THE UNIT W{THOUT ANY
BLEEDER CIRCUIT FOR THE POWER PACK AND WHICH WOULD REALLY BE THE CASE IN
THE CIRCUIT OF F1Gg. 3« THIS CONDITION COULD BE OVERCOME IN Flas 3, How-
EVER, SIMPLY BY CONNECTING A SUITABLE RESISTOR ACROSS THE POSITIVE  <ND
NEGATIVE TERMINALS AT THE OUTPUT OF THE FILTER, CHOOSING ITS VALUE 80
THAT THE BLEEDER CURRENT WiLL BE NORMAL WHILE AT THE SAME TIME, THEPOTEN-
TIAL DIFFERENCE ACROSS ITS EXTREMETIES \WLL BE OF THE PROPER MAX |MUM VALUE
REQUIRED BY THE AMPLIFIER CIRCUIT IN QUESTION.

THREE D|RECT-

COUPLET STAGES
20
q- -
Ip = SMA. In Fre.4vou
27 1004109.54209.8V. ARE SHOWN HOW
300, THREE STAGEB MAY
%4355 § ma. BE CONNECTED TO—
y (A ey GETHER BY DIRECT
’ COUPLING AND HOW
Y v R, YHE VOLUME MAY BE
D CONTROLLED INSUCH
1815V A SYSTEM.
P . 6259
8MF,  OWMS
THE SAME
ALL VOLTAGES MEASURED TO % i

18 APPLIED TO LAY

FIG. 4 ING OUT THE DE=

OR A R~

Three Direct- COUP/ea' 5*4935' 2::?: ;FTHIS :w'fpe
AS HAS ALREADY

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

WE HAVE A SIMJLAR RESISTANCE NETWORK FOR DISTRIBUTING THE VOLTAGE AND

CURRENT {N 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 DJRECTLY ABOVE THE CORRES™

PONDING TUBE, THE INPUT 27 TUBZ, FOR INSTANCE, 1S GOING TO EMPLOY A

PLATE VOLTAGE OF 90 VOLTS AND A BlAS OF B VOLTS AND S0 THE VOLTAGEAVA|lL=

ABLE AT §1TS 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, cHokeE oF - 300
OHMS RESISTANCE, THE VOLTAGE DROP ACRO8S THIS CHOKE wiLL 8E 300 Times

00027 = 008 VOLT,.

THE SseconD 27 TUBE IS GOING TO REQUIRE A BI1AS OF —={3.5 AND  SINCE
THIS GRID IS AT A POSITIVE POTENTIAL OF 96 VOLTS THE SAME AS THE  PLATE
OF THE PRECEDING TUBE4ITS CATHODE POTENTIAL MUST BE 96 + 13.5 = 109.5
VOLTS. THE PLATE VOLTAGE FOR THIS SECOND 27 Tuse I1s To BE [BO voLTs AND
SO THE VOLTAGE AVAILABLE AT ITS PLATE MusT 8€ 180 + 109.5 = 2839.5 voLTs.

THE TYPE 45 TUBE IS TO BE OPERATED WITH A PLATEVOLTAGE OF 250 voLTs
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AND A BIA8 OF B0 VOLTS,CONSEQUENTLY IT8 FILAMENT POTENTIAL SHOULD BE
288,5 PLUS 50 = 339.,5 VOLTS AND THE VOLTAGE AVA|LABLE AT |T8 PLATE MUST
ee 339.5 prLus 250 or 589,5 voLTs.

As TO THE REBISTANCE NETWORK,NOTE THAT 34 MA., FLOW THROUGH R,. OF
THIB AMOUNT 5 MA., PASS THROUGH THE SECOND 27 TUBE 80 THAT ONLY 34 miNUS
5 OrR 29 MA. FLOW THROUGH R,s THIS SAME 29 MA. CONT INUES FLOWING THROUGH
Rz BUT IN ADDITION THE PLATE CURRENT OF THE S8ECOND 27 TUBE I8 RETURNED BY
THE CATHODE SO THAT ACTUALLY 29 PLUS 5 OR 34 Ma, FLOW THROUGH Rye OF THIS
AMOUNT 2,7 MA, 18 USED BY THE INPUT 27 TUBE LEAVING ONLY 34 MINUS 2.7 OR
3l 3 MA. FOR Rge THIS 2,7 MA. WILL TOGETHER WITH THE 3143 MA. FLOW THRU

5 ANDO THEREFORE 3l¢3 PLUS 2.7 OR 34 MA, PASS THROUGH R;.

SINCE A vOLT DROP OF |,5 VOLTS 1S PRODUCED ACROSS THE A.F,  GHOKE
IN THE PLATE CIRCUIT OF THE SECOND 27 Tusg, ONLY 50 minus 1.5 OrR 48,5
VOLTS WILL HAVE TO BE PRODUCED ACROSS R, AND THEREFORE THE VALUE OF R,
secomes R= Efl = :

a5 1427 oums,

oo oggme B o
. . ‘RA .

(NoT1CE THAT WiTH ) 4:, 31 MA /;

RESPECT TO THE } T 2504196814465

GRID CIRCUIT OF
THE =4bTuBE, THE
|1e5 VOLT DROP A=
CROS8 THE 2NDAGF.
CHOKE AND THE48.,5
VOLT DROP ACROSS
R' ARE EFFECTIVELY
IN BERI1ES, THE GRJD
~PLATE END OF THE
seconD A.F. cHOkE
BEING AT A POTEN- Fla. 5
TIAL OF 48,5 pPLUB c g Vol -
1.5 or.50  voLTs Application of the -55 Tube .
LES8 THAN THE Fij :
AMENT POTENTIAL OF THE =45 TUuBE., HENCE. THE GRID OF THE 45 TUSE 18 50
VOLTS NEGATIVE WITH RESPECT TO IT8 FILAMENT, THE VOLTAGE DROP ACROSS R,
18 To B 29| voLTs miNus 109.5 voLTs OR [IB1.5 vOLT8.THIE MEANS THAT THIS
THIS RESISTOR MUST HAVE A VALUE ofF 6259 omms (R = E = ]B1,5 = 6259 oHus).
| 029

THE vOLTAGE DROP ACROSS R4 MusT 8E 109.5 MINUS 96.8 OR 12.7 vOLT8 AND 80
ITS RESISTANCE VALUE wiLL Be R = E = |2,7 = 373 oums,

| .034

THE VOLTAGE DROP ACROSS R4 WiLL 8E 96.8 MINUS 6 OR 90.8 VOLTS AND
ITS RESISTANCE VALUE WiLL THEN BE 2901 omms (R =5=335 ='2901 owms).
THE voLT DROP ACROSS R WiLL BE EQUAL TO THE BIAS VOLTAGE WHICH IS TO BE
APPLIED TO THE GRID or THE INPUT 27 TUBE OR 6 VOLTE AND SINCE 34 MA. oF

CURRENT PASSES THROUGH IT,THE RESISTANCE VALUE OF Re musT BE R=E = 6

I 180+ 16.5+ ¥,
196.5V

7™M
t /3%y ouus} R1

e S—
=
-
<
Al
Ll

‘B4

L :tilacs } 82
R i
<

NOTICE PARTICULARLY THE VOLUME CONTROL WHICH IS USED IN THIS CIR=
CUITs THE POTENTIOMETER WHICH BERVES AS THE VOLUME CONTROL HAS ONE OF ITS
ENOS CONNECTED TO THE PLATE END OF THE S8ECOND A,F, CHOKE WHILE'IT8 OTHER
END 1S CONNECTED TO GROUND THROUGH A 2 MFD. CONDENSER AND THE ARM OFTH|S
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POTENT IOMETER IS CONNECTED TO THE GRID OF THE 45 TuBE. IN THIS WwAY, THE
BIAS VOLTAGE FOR THE 45 TUBE WiLL NOT BE ALTERED AS THE POSITION OF THE
VOLUME CONTROL IS CHANGED. THE AUDJO FREQUENCY CURRENTS, HOWEVER,WiLL REACYT
THROUGH TH(|S VOLUME CONTROL CONDENSER AND THE POSITION OF THE POTENT(O~
METER ARM WiLL GOVERN THE PERCENTAGE OF ACTUAL SIGNAL VOLTAGE WHICH I8
APPLIED TO THE GRIO OF THE TUBE. \
\

ALSO TAKE NOTE OF THE FACT THAT IN THE CIRCUIT OF F1G.5, ASERPARATE
FILAMENT WINDING I8 USED FOR EACH STAGE S0 AS TO AVOID HIGH POTENT|ALS
BETWEEN THE ELEMENTS OF THE TUBES.

A-55 TUBE DIRECT=COUPLED TO A POWER BTAGE

IN Fige B YOU ARE SHOWN HOW A TYPE 55 TUBE 1S CONNECTED INTO A POW=

EpsIS V.
190 3.7M4.

0.5-

Ep = LBOYV.
« 13.5V.
Ipe BMA,

ER OUTPUT
STAGE BYMEANS

OF D |RECT COUP
LINGe SiINcE
THE AMPLIFY=
ING HALF  OF
vs THE 55 TuBE IS
v. DIODE BIASED,
THERE (8 NO
NEED FOR AN
AUDIO BY—=PASS
CONDENSER AND
THIS MAKES (T
POSSIBLE TO
REAL 1ZE A
BETTER TONE
QUALITY.

4

55 135V,
4

(27 1804 Mes3sy.

g 2
h e s atre gy | -

@
-3

B

R |

OF DOTTED LINE 18
A SEPARATE UNIT

é

IT sHALL
BE NOTED HERE,
HOWEVER, THAT
IN MANY CASES
TME VOLTAGE DROP ACROSS R4 ,DUETO THE RECTIFIED SIGNAL,MAY BE INSUFF|—
CIENT TO PROPERLY BIAS THE TRIODE HALF OF THE 55 EXCEPT ON STRONG LOCAL
STATIONS, FOR THI8 REASON, THE PLATE VOLTAGE ON THE 55 TUBE S8HOULD BE AS
LOW AS POSSIBLE WITHOUT TOO MUCH SACRIFICEs

FlG. &
Direct-Coupled Amplifier With Dual Power Packs.

THE SAME PROCEDURE 18 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 REGAROING THIS MATTER.
ALL NECESSARY VALUES ARE NOTED ON THIS DIAGRAM 80 THAT YOU 8HOULD

HAVE NO DIFFICULTY N 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 ORDINARJLY
OFFER A DISADVANTAGE FROM THE STANDPOINT THAT THE MAXIMUm ¥B® voLTagEMUST
BE ABNORMALLY HIGH AND THEREBY NECESSITATES THE UBE OF EXPENSIVE COMPO—
NENTS IN THE POWER SUPPLY SYSTEM. IN Fia. 6, HOWEVER, YOU ARE SHOWN AN
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INTERESTING THREE—~STAGE DIRECT COUPLED AMPLIFIER CIRCUIT IN WHICH Two
POWER SUPPLIES CONB{ISTING OF STANDARD COMPONENTS ARE EMPLOYED.

HERE THE FIRST POWER UNIT 18 EMPLOYED TO FURN{SH 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 18 THEREFORE ONLY CALLEO.
UPON TO SUPPLY A "B" voLTAGE OF 250 VOLTS AND THE FILAMENT VOLTAQE FOR
1TSS 80 RECTIFIER TUBE AND THE TYPE 45 POWER TUBE.

EVEN THOUGH A BLEEDER CURRENT FLOWS THROUGH THE SERIES OF ' RES|S-
TANCES IN THE CIRCUIT OF FiGe 6 YET THIS DOES NOT COMPLICATE THE CALCUL—
ATIONS TO ANY APPRECIABLE EXTENT, [THI8 SIMPLY MEANS THAT THE DRAINEDBLE-
EDER CURRENT MUST BE ADDED TO THE NORMAL TWBE CURRENT (N EAC”IOABEo

IN THE circUIT OF Fa.6B
FOR INSTANCE, A BLEEDER CURR-
ENT oF 10 mAa. I8 BEING EM—
PLOYED AND THEREFORE THE 5 MA.
PLATE CURRENT OF V9 AND THE
10 MA. OF BLEEDER CURRENT FLOW
THROUGH R; WHILE onLY 10 wma,
PASSES THROUGH R, « A cLOSE
8TUDY OF F1Ge6 WILL MAKE THIS
DISTRIBUTION OF CURRENT PER~
FECTLY CLEAR IN THAT ALL VAL-
UES ARE PLAINLY NOTED THEREON.
THE REST OF THE VOLTAGE Dils~
TRIBUTJON CALCULATIONS FOLLOW

'y

83
‘ 3' Ve L

THE S8AME PROCEDURE AS ALREADY Fila.7
WERE 80 FULLY EXPLAINED IN A Four-Tube Direct- Coupled
CONJUNCT ION WITH THE PRECED= Amplifier.

ING EXAMPLES.

THE VOLUME CONTROL FOR THIS CIRCUIT, YOU WiLL NOTICE,CONSISTS OF
A b MEGOHM POTENTIOMETER WHOSE EXTREMETIES ARE CONNECTED IN A MODIFIED
PARALLEL ARRANGEMENT AROUND A.F, cHoxeE "CK=|" g0 THAT IT ALSO ACTS A8
PART OF THE PLATE CIRCUIT LOAD FOR V{ A8 WELL AS PART OF THE GRID CIR=
CUIT OF Vg AND FOR THIS REASON SIGNAL VOLTAGE VARIATIONS WiLL APPEAR A=
CROS8S BOTH THE CMOKE AND VOLUME CONTROL. THE SETTING OF THE POTENTIOMET=
ER ARM THEREFORE DETERMINES WHAT PERCENTAGE OF THE AVAILABLE 8§GNAL VOL~
TAGE VALUE 18 APPLIED TO THE GRID OF V2 AND IN THIS WAY THE VOLUME 18 CON
TROLLED,

WITH THE INFORMATION SO FAR GIVEN YOU, YOU SHOULD EXPERIIENCE NO
DIFFJCULTY N CALCULATING THE VOLTAGE AND CURRENT DISTRIBUTION IN AUDIO
AMPLIFIERS OF THE DJRECT — COUPLED TYPE, REGARDLESS OF ANY MINOR (0] - od

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 RESISTORS8, THE PROCEDURE FOR }HE CALCULAT ONS WOULD S8TILL
BE THE SAME AS 80 FAR DESCRIBED,

A FOUR-TUBE DIRECT-COUPLED AMPLIF IER

IN F1G8e7 YOU ARE 8HOWN TNE 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 SBPECIAL D|RECT=COUPLED PUSH=PULL ARRANGEMENT EM—
PLOYED A PAIR OF PA3's, AN 83 18 USED IN THE POWER PACK. THIS AMPLIFIER
HAS AN OUTPUT RATING OF |0 waTTs,

NOTICE THAT IN THIS AMPLIFIER ALSO, A SEPARATE FILAMENT WINDING 18
PROV IDED FOR EACH TUBE FOR THE SAME REASON AS ALREADY MENTIONED IN CON=
JUNCTION WITH THE CIRCUIT APPEARING IN F1G., 6 OF THIS LESSON. THE VOLUME
CONTROL 18 NOT {NSTALLED IN THE AMPLIFIER ITS8ELF BUT 18 INCLUDED IN A
BEPARATE M{XER-CONTROL UNIT WHICH 1S HOUSED [N A SEPARATE ENCLOSURE NOT
SHOWN HEREe THE OUTPUT TERMINALS OF THIS CONTROL UNIT ARE TO BECONNECTED
ACROSS THE INPUT TERMINALS OF THE AMPLIFJER,

THE POWER STAGE 18 RATHER UNUSUAL IN DESIGNs, HERE THE PLATE RES(IS~
_TANCE OF Vg 18 CONNECTED IN PARALLELWITH THEPLATE-GRID regisToRs(THE .35
MEG. AND o |5 MEG. RESISTORS) AND BOTH OF WHICH TOGETHER ARE CONNECTED A=
CROSS B+ AND B~ 80 THAT THE "B" CURRENT WILL DiVIDE BETWEEN THESE TWO
PATHS PROPORT JONATELY TO THEIR RESISTANCES. |F THE GRID OF V2 18 DRIVEN
POSITIVE BY A SIGNAL VOLTAGE, THEN THIS WILL DECREASE THE RESISTANCE THRU
Va SO THAT THE PLATE CURRENT FLOW THROUGH |T INCREASESWITH RESPECTTO IT8
NORMAL VALUE AND IN THIS WAY REDUCE THE VOLTAGE DROP ACROSS TME PLATE-
GRID RESISTORS. THE REVERSE {S TRUE WHEN THE GRID OF V72 18 DRIVEN NEGA=
TIVE BY A SIGNAL AND THEREFORE WHENEVER THE GRID OF V, 18 POSITIVE, THE
GRID OF V3 18 PROPORTIONAfELY‘NEGATIVE AND VICE VERSA SO THAT PUSH-PULL
OPERATION 18 REALJZED,

RES|ISTANCE - COUPLED PUSH-PULL AMPLIFIER

IN F1@g. 8 YOU ARE S8HOWN THE CIRCUIT DIAGRAM OF AN AMPLIFIER WHICH
IS DIFFERENT IN DESIGN FROM ANY OF THE OTHERS8 WHICH WERE SO FAR SHOWN YOU.
HERE YOU WwWiLL OBSERVE, THAT PUSH-PULL PERFORMANCE I8 OBTAINED IN TWOSBTA—
GES WITHOUT THE USE OF [NTERSTAGE COUPLING TRANSFORMERS.

A TYPE 53 TUBE 1S EMPLOYED AT THE INPUT OF THIS AMPLIFIER AND A8
YOU WILL NOTICE FROM THE 8YMBOL OF THIS TUBE, 1T REALLY CONSISTS OF TWO
HEATER TYPE TRIODES ENCLOSED IN A SINGLE GLASS BULB, FOR THE SAKE OF EX-—
PLANAT)ON, WE SHALL CALL THE LEFT HALF OF THIS8 TUBE THE "FIRST SECTION"
AND THE RIGHT HALF THE "sEcoND SECTION". THIS TUBE 1S EMPLOYED IN A PHASE

INVERSION CIRCUIT AND THIS SYSTEM OPERATES ON THE PRINCIPLES AS WILL NOW
BE EXPLA(INED.

IT 18 A WELL KNOWN FACT THAT THE OUTPUT SIGNAL IN THE PLATECIRCUIT
OF A TUSE 18 180° OUT OF PHASE WITH THE INPUT SIGNAL] IN OTHER WORDS,
THE AMPLIFYING TUBE REVERSES THE PHASE OF THE SI1GNAL. Now THEN REFERRING
TO THE CIRCUIT OF Fiae. 8, THE SIGNAL IS ARPPLIED TO THE GRID OF THE FIRST
BECTION OF THE 53 = THE OUTPUT VOLTAGE APPEARING ACROSS THE PLATE CIR~
CUIT LOAD OF THIS FIRST TUBE SECTION AND IS TRANSFERRED THROUGH COUPLINQ
CONDENSER C3 THEREBY APPEARING ACROSS RESISTORS Rg AND Ry IN SERIES, AT
THE SAME TIME ACTING UPON THE GRID OF THE UPPER 56 TUuBE,

THAT PORTION OF THE SIGNAL VOLTAGE WHICH APPEARS ACROSS R7 18 NOw
TRANSFERRED TO THE GRID OF THE SECOND SECTION OF THE B3 AND 18 INVERTED
AND AMPLIFIED 80 THAT THE SIGNAL VOLTAGE IN ITS PLATE CIRCUIT IS  EQUAL
AND OPPOSITE TO THAT across Rg anp Rq .
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THE VALUES OF R¢ AND R HAVE BEEN 80 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 Tuse By way OF CONDENSER Cg. THUs THE 53 1s 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 DISCRIMINAT|ON.

TH1S SAME FUNCTION AS PERFORMED BY THE 53 TUBE COULD BE PERFORMED
8Y TWO ORDINARY TUBES BUT THE 53 HAS THE ADVANTAGE OF SAVING SPACE  AND
PARTS,

THE INTER=
MEDIATE STAGEEM
PLOYING THE TWO
58 TuBES FEEDS
INTO THE THIRD
STAGE OF THE AMP
LIFIER WHERE THE
Two 286  TUBES
ARE USED. THESE

4 i 2B6 TuBES ARE