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SOUND PICTURES

LESSON NO, SP .2
SOUND RECORDING ON FILM

IN THIS LESSON WE ARE GOING TO DISCUSS A TYPE OF SOUND RECORD ING,
WHICH IS ENTIRELY DIFFERENT FROM THE D{ISC METHOD ABOUT WHICH YOU LEARNED
IN THE PRECEDING LESSON. NOH, WE ARE GOING TO DISCUSS SYSTEMS IN WHICH
THE SOUND EFFECTS ARE RECORDED ON A STRIP OF PHOTOGRAPHIC FILM, THE SAME
AS THE PICTURE ITSELF, SO THAT NO DISC RECORD IS REQUIRED.

WE GENERALLY REFER TO THIS METHOD
OF SOUND RECORDING AS "SouNp-ON-FiLM"
OR SIMPLY "FILM RECORDING". TWO POPULAR
SYSTEMS EMPLOYING THIS METHOD ARE THE
WESTERN ELECTRIC ("MOVIETONE™) AND THE
R.C.A. ("PHOTOPHONE "). ALTHOUGHBOTH
OF THESE SYSTEMS RECORD THE SOUND ON
FILM, YET THE PROCESSES INVOLVED BY
EACH ARE DIFFERENT. THEREFORE, THESE
TWO SYSTEMS WiLL BE DESCRIBED SEPARATELY
IN THIS LESSON.

HOWEVER, BEFORE GOING INTO THE
DETAILED DISCUSSION OF EITHER OF THESE
SYSTEMS, IT 1S ADVISABLE THAT YOU FIRST
BECOME FAMILIAR WITH A UNIT, WITHOUT
WHICH NEITHER - SOUND=ON=FILM  NOR TELE= .
VISION WOULD BE POSSIBLE. THE UNIT IN
QUESTION Is THE PHOTO-ELECTRIC CELL. = 2
BY STUDYING ITS 'CONSTRUCTION AND OPER-- M
ATION AT THE BEGINNING OF THIS LESSON,
YOU WILL READILY UNDERSTAND ITS APPLI=
CATION TO SOUND PICTURES AS WE PROGRESS L »
WITH THE INSTRUCTION. STUDENTS WORK|NG ON PROJECTOR
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* PHOTO-ELECTRIC CELLS

Two DlFFERENT TYPES. OF PHOTO ELECTRIC CELLS ARE. SHOWN--IN F1G.2: AND

THE SYMBOL FOR THE" PHOTO-CELL,_AS IT I'S FREQUENTLY CALLED, IS SHOWN ~ 'IN
THE LOWER' PORTION OF Fig.2. THE CELL AT THE LEFT ‘1S KNOWN AS THE "V1§1-
TRON" PHOTO-ELECTRIC CELL AND IN

cathode Cathode THIS CASE, THE CATHODE CONSISTS OF

A CONCAVE METAL SURFACE UPON WHICH

7 ™~ A LIGHT-SENSITIVE MATERIAL 1S DE-

N\

/ POSITED AND THE ANODE IS IN THE
FORM OF A CENTRALLY LOCATED WIRE.
BOTH OF THESE ELEMENTS ARE SEALED
WITHIN A GLASS BULB,WHICH IN SOME
CASES iIS-EVACUATED WHILE IN OTHER
CASES BEING FILLED WITH SOME INERT
GAS, SUCH AS HELIUM, ARGON,OR NEON
AT LOW PRESSURE. CELLS OF THE LATT
ER TYPE ARE GENERALLY REFERRED TO
AS BEING OF THE GAS-FILLED TYPE.
FrROM 1Ts ouTEeR APPEARANCE,THIS PHO
TO-CELL SOMEWHAT RESEMBLES A RADIO

TUBE.
Cathode
Anode
THE PHOTO-CELL AT THE RIGHT
.« SYMBOL oF F16.2 1s A "RAYTHEON" AND IN
I THIS CASE,THE SHAPE OF THE  GLASS
: BULB IS DIFFERENT AND THE ANODE

Photo Electric Cells, TAKES THE FORM OF A METALLIC RING.

THE ACTIVE OR LIGHT=SENSITIVE MATERIAL IN THIS RAYTHEON PHOTO-CELL 1S AP
PLIED TO A METALLIC COATING ON THE INNER SURFACE OF THE GLASS BULB, THUS
FORMING THE CATHODE.

A CIRCULAR PORTION OF THE GLASS, HOWEVER, IS LEFT CLEAR AND THIS
IS KNOWN AS THE "WINDOW" AND THROUGH THIS TRANSPARENT -PORTION, WE = PASS
A BEAM OF LIGHT FROM THE OUTSIDE SOURCE. SO MUCH FOR THE  CONSTRUCT!ON
OF PHOTO-CELLS -- NOW LET US CONTINUE WITH THE DISCUSSION CONCERNING
THEIR OPERATION.

OPERATION OF THE PHOTO-ELECTRIC CELL

IN F16.3 WE HAVE A FUNDAMENTAL
PHOTO-ELECTRIC CELL CIRCUIT AND  AS
YOU WILL NOTE, THE POSITIVE END  OF
A BATTERY IS CONNECTED TO THE ANODE
OF THE PHOTO-CELL THROUGH A MICROAMM
ETER AND RESISTOR WHILE THE NEGATIVE
END OF THE BATTERY IS CONNECTED TO
THE CATHODE SURFACE OF THE CELL. THE J ~—|l|“l'llll +
ANODE OF THE CELL NOW CORRESPONDS TO
THE PLATE OF AN ORDINARY RADIO TUBE
AND THE CATHODE TAKES THE PLACE  OF
THE FILAMENT OR CATHODE OF A RADIO

TUBE.

Photo-cell

Current flow
[

i o
Microammeter 7

FI1G. D
A Circuit far‘ the Photo- cel/.
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IN ALL TYPES.OF RADIO TUBES, WE DREPEND UPON HEAT, IN ORDER To o0pg-
TAIN AN ELCECTRON EMISSION AND THE HEAT 1S FURNISHED BY A FILAMENT CURR-
ENT. IN THE CASE OF THE PHOTO-CELL, WE HAVE NO HEATING ELEMENT BU1 IN
PLACE OF THIS,ELECTRONS ARE EMITTED FROM THE CATHODE DUE To THE EFFECTS
ofF LIGHT RAYS sTRIKING THE LIGHT=SENSITIVE SURFACE OF THE CATHODE.

Many SUBSTANCES WILL EMIT ELECTRONS WHEN PLACED UNDER THE INFLU-
ENCE OF LIGHT BUT CERTAIN SUBSTANCES WILL EMIT MANY MORE ELECTRONS UN-
DER THESE CONDITIONS THAN OTHERS. ALKAL| METALS OR ALKAL1-METAL HYDRI|~-
DES ARE QUITE SENSITIVE TO LIGHT RAYS AND AMONG THE MOST COMMONLY USED
ALKAL I -METAL HYDRIDES FOR PHOTO-CELL PURPOSES ARE SODIUM HYDRIDE,POTASS-
IUM HYDRIDE AND CAESIUM HYDRIDE. THERE ARE STILL OTHER SUBSTANCES, WHICH
EXHIBIT PRONOUNCED EFFECTS WHEN SUBJECTED TO LIGHT RAYS BUT THOSE - MEN-
TIONED ARE THE MOST EFFECTIVE MATERIALS, WHICH HAVE BEEN FOUND UP TO THE
PRESENT TIME. WE SPEAK oF THESE SUBSTANCES AS BEING "LIGHT SENSITIVE",

SHOULD THE PHOTO-CELL oF Fia.3 Be pLA-
CED IN TOTAL DARKNESS,THEN THE  M|CROAMMETER
WOULD INDICATE NO CURRENT FLOW BECAUSE NO EL-

Sound Track

ECTRONS ARE BEING EMITTED FROM THE CATHODE
SURFACE. Now I1F A BEAM OF LIGHT WERE ToO BE
DIRECTED TO THE LIGHT=SENSITIVE SURFACE -OF

THE CATHODE, A STREAM OF ELECTRONS WILL BE E-+ |
MITTED FROM THIS SURFACE AND SINCE THE ANODE
IS AT A POSITIVE POTENTIAL, DUE TO THE BATT-
ERY CONNECTION, IT WILL ATTRACT THE . EM|TTED
ELECTRONS. THE RESULT 1S THAT WE HAVE A STREAM
OF ELECTRONS AT THIS TIME FLOWING FROM THE
CATHODE OVER TO THE ANODE AND THEREFORE CURR-
ENT WILL FLOW THROUGH THE SYSTEM AS INDICATED, |
THE SAME AS PLATE CURRENT FLOWS THROUGH - THE
CONVENTIONAL RADIO TUBE. .

IF THE LIGHT BEAM 15 INTENSIFIED, THEN
THERE WILL BE AN iNCREASED ELECTRON EMISS]oON
FROM THE CATHODE, ACCOMPANIED WITH A CORRES~
PONDING INCREASE IN THE S0 CALLED "PLATE ‘CURR
ENT" OR PHOTO-CELL CURRENT. THUS IT |s SEEN oFia. a4
THAT THE CURRENT FLOW WILL VARY AS THE INTEN- SchfbnAq{a‘F7bn‘as Used
SITY OF LIGHT, WHICH IS FOCUSED UPON THE PHO- in the Movietone System,
TO-CELL VARIES. : : T S :

Sk -Drive Track

THE PHOTO-CELL CAN BE COMPARED VERY. NICELY. TO A MICROPHONE, FORTHE
MICROPHONE CHANGES A|R PRESSURE VAR!AT!ONSnyTo ELECTRICAL CURRENT: VAR-
|ATIONS 'OF CORRESPONDING FREQUENCY, WHEREAS THE PHOTO-CELL CHANGES LIGHT

VARIATIONS INTO ELECTRICAL CURRENT VAR!ATIONS OF CORRESPONDING FREQUENCY.

THE CURRENT THROUGH THE PHOTO-CELL 1S SO SMALL IHATT{IfTS:MEAsuReb,JN;Ml~
CROAMPERES (MILLIONTHS OF AN aMPERE). .. oML
»f:vGAS:FlLLéD:PHUTOfCELLS~ARE-MORE‘SENSITIVEQTHANKTHEQVACUUM;TYEE,THE
REASON FOR;THIS_+SWTHAIﬁTHE‘PHOTO‘ELECTRONSfibNJZE,THiL:,[NEBIQEGAS'~.JN
THEIR PASSAGE FROM THE CATHODE SURFACE OVER;T%O‘THE\ANbQEiZTﬁAIiis;'~THE,
PHOTOELECTRONS FLOW. FROM THE.CATHoDEZOVER,IHE;AnooemArgsucn;Awraemenoousf
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vé-oEifY- THAT WHEN-THEY COLLICE WITH MOLECULES OF THE INERT GAS COTEEY
BREAK THESE MOLECULES UP .INTO THE ELECTRONS 'AND PROTONS OF WHICH THEY

ARE COMPOSED. WE CALL- THIS ACTION; "IONIZATION BY. COLL:1StON"

THESE EXTRA

ELECTRONS ARE THEN ALSO" ATIRACTED TO THE POSITHVELY"™ CHARGED PLATE IN.

ADDlTION RE THOSE LIBERATED . BY THE-CATHODE .AND "THE

RESULT I's THAT “THE

PHOTO-ELECTRIC CURRENT IS . INCREASED OVER WHAT I T-WOULD BE WITH THE FLOW
OF PHOTO-ELECTRONS ALONE.: (PHOTOELECTRONS ARE THE ELECTRONS WHICH ARE E
MITTED FROM THE CATHODE OF THE PHOTO-CELL AND THE PHOTO-ELECTRIC CURRENT
CORRESPONDS TO THE PLATE. CURRENT OF .AN' ORDINARY RADIO TUBE.)

NOT ONLY 1S THE PHOTO-ELECTRIC CURRENT AFFECTED BY THE

INTENSITY

OF THE LIGHT DIRECTED UPON TS .CATHODE SURFACE BUT A CHANGE IN THE PO-
TENTIAL APPLIED TO THE ANODE WILL ALSO PRODUCE A FRONOUNCED EFFECT UPON

THIS CURRENT-

THE WESTERN ELECTRIC SYSTEM

Now LET US TURN OUR ATTENTION .TO THE WESTERN - ELECTRIC SYSTEM OF

PRODUC.iING SOUND PICTURES.

Pl’ncer‘s

Armagme\\

Duralumin tape

AN

lnsulatmq
brldges

Fla.s

The Light Valve for Movietone Recording.

CIN Fra.b, vou ARE SHOWN A PIECE OF FiLM AS US

ED IN THIS SYSTEM ANC

‘IN GENERAL APPEARANCE,

THIS FILM IS SIMILAR
TO ALL TYPES OF MOVING

PICTURE FILM. THAT 15,

THE FILM CONSISTS OF A

LONG RIBBON,RESEMBL ING
THIN CELLULOID AND [T

IS WOUND UP IN A ROLL.

By HOLDING A SECTION

OF IT AGAINST A LIGHT,

YOU CAN DISTINGUISH

CHARACTERS, SCENERY,ETC.
DUE TO THE DARK AND

LIGHT SHADING, SIMILAR

TO THAT WHEN YOU HOLD

A NEGATIVE CAMERA FILM
AGAINST A LIGHT.

A CONTINUOUS ROW

OF EQUALLY SPACED NOTCHES ARE LOCATED ALONG EACH EDGE OF THE FILM AS

SHOWN IN Fig.4.

WE HAVE LABELED THIS AS THE DRIVE TRACK BECAUSE SPROCK~

ET COGS MESH WITH THESE HOLES, SO AS TO PULL THE FILM THROUGH THE PROJEC

TOR.

ANOTHER NARROW STRIP IS. INCLUDED BETWEEN THE PICTURE STRIP AND THE

LEFT DRIVE TRACK AND THIS 1s THE SOUND TRACK.
OF A LADDER-LIKE BAND OF SMALL LINES AND THIS

AS YOU WILL NOTE, THESE TINY LINES IN THE SOUND TRACK ARE OF
WIDTH BuT THE DENSITY VARIES ., THAT IS, SOME PORTIONS

OTHERS.

THE SOUND TRACK CONSISTS
IS THE FILM SOUND RECORD.

CONSTANT
ARE DARKER THAN

THE PITCH OF THESE FILM RECORDED SOUNDS IS REPRESENTED BY THE NUM-

BER OF CHANGES FROM DARK TO L!IGHT AND BACK AGAIN

IN A GIVEN LENGTH OFTHE
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SOUND TRACK, WHILE THE DIFFERENCES IN THE INTENSITY OF SOUND ARE REPRE-
SENTED BY THE DIFFERENCES IN THE DENSITY OF LIGHT AND SHADE ALONG THE
SOUND TRACK. SINCE THE SOUND RECORD IN THIS CASE IS AN ACTUAL PART OF
THE FILMySYNCHRONIZATION BETWEEN SOUND AND SCENE PRESENTS NO PROBLEM N
THIS SYSTEM, BECAUSE THE RELATION BETWEEN THE SOUND TRACK AND THE FILM
1S PERMANENTLY FIXED.

THE SECTION OF FILM IN Flu. 4 REPRESENTS A FINISHED FiLM, READY TO
BE RUN THROUGH A PROJECTOR BUT BEFORE WE CONSIDER THIS PART OF THE SUB-
JECT,” YOU' WILL OF COURSE F.IRST WANT TO KNOW HOW THE SOUND ON FILM IS OR-
1IGINALLY RECORDED. :

THE MICROPHONE PICKUP, MONITORING,AND AMPLIFICATION OF THE AUDIO
FREQUENCIES IS TAKEN CARE OF IN THE WESTERN ELECTRIC SYSTEM IN THE SAME
WAY AS DESCRIBED RELATIVE

To THE VITAPHONE OR Disc Re | Windlasses Bridges
CORDING SYSTEM OF THE PRE- \<:
VIOUS LESSON. THE MAJOR DI~

FFERENCE BETWEEN THESE TwoO
SOUND RECORDING SYSTEMS s
FOUND AT THE RECORDING UNIT R
ITSELF. : = )

, 1 hITape.; /, Pullc*

Normal SCParatx on =
THE LIGHT VALVE ’ »002
4
IN PLACE OF THE cuUTT- : i
' 7 L M h
ING DEVICE OF THE VITAPHONE Recordin ,/ - icrophene

sYSTEM, A LIGHT VALVE s us- Amplifief

ED FOR THE SOUND RECORDING

BY THE WESTERN ELECTRIC PRO = ~6
U U la

ff::'r CA:\:Eless:gw: 'C: F|: Connection Between Light Valve and Ampl.

D. THIS DEVICE CONSISTS OF DURALUMIN TAPE 0.006" wiDE AND 0.003" THick,

WHICH IS SHAPED INTO AN OBLONG LOOP AND SUSPENDED IN A PLANE AT RIGHT AN

GLES 'TO A° MAGNETIC FIELD. ‘

THE ENDS OF THE TAPE ARE SECURED AT THE WINDLASSES AS  SHOWN N
F16.5 AND IT IS STRETCHED TIGHT BY A SPRING-HELD PULLEY OVER WHICH THE
LOOP 1S PASSED. A PAIR OF INSULATED PINCERS CONFINE THE CENTRAL PORTIONS
OF THE TAPE BETWEEN THE WINDLASSES AND PULLEY SO AS TO FORM A- SLIT OR
SPACE OF 0.002" BETWEEN THE TWO SIDES OF THE LOOP AT THIS POINT.SUPPORT-
ING THIS LOOP AND THE ADJUSTING DEVICES IS A METAL SLAB WITH A CENTRAL
ELEVATION, WHICH CONSTITUTES THE ARMATURE OF AN ELECTROMAGNET, THE CEN-
TRAL PORTIONS OF THE DURALUMIN LOOP ARE SUPPORTED ON INSULATING BRIDGES
JUST ABOVE THE FACE OF THE ARMATURE AND HERE THE SIDES OF THE LOOP ARE
CENTERED OVER A TAPERED SLOT. '

THE TWO SIDES AT THE CENTRAL PORTION OF THE.LOOP CONSTITUTE A SLIT
0.002". WipE BY 0. 256" LONG, WITH ITS SIDES LYING-IN A PLANE AT RIGHT AN-
GLES TO THE LINES OF FORCE AND APPROXIMATELY CENTERED IN THE AIR GAP.THE
ENDS OF THE LOOP ARE CONNECTED TO -THE OUTPUT TERMINALS OF THE RECORDING
AMPLIFIER AS SHOWN IN Fla. 6,WHERE THE LIGHT VALVE IS ILLUSTRATED TO EX-~
- AGGERATED PROPORTIONS FOR THE SAKE OF CLEARANCE. |F THE MAGNET IS ENER
GIZED AND THE AMPLIFIER PASSES AN AUDIO FREQUENCY CURRENT THROUGH THE
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LOOP, THEN THE -LOOP WILL OPEN-OR" SPREAD APART AND AGAIN CLOSE IN ACCOR-
DANCE WITH THE CURRENT VARIATION-THROUGH IT. NOTICE IN-FiG.6 THAT WE HAVE
NOT INCLUDED;THErMONlTORrOR OTHER 'ACCESSORIES AND’JUST'THE“BACKQBONEWfOF
THE 'SYSTEM 1S- SHOWN.FOR -THE SAKE. OF SIMPLICITY.|F A BEAM OF LIGHT ‘1S DI~
' RECTED AT.THE CENTRAL PORTION OF THE LOOP,WHERE 'WE HAVE THE NORMAL SEPAR
ATION OF .002",1T 15 0BVIOUS THAT THE LIGHT BEAM PASSING "THROUGH TH1S RE
"STRICTION WILL BE MADE WIDER AND NARROWER ACCORDING TO THE OPENING = AND
CLOSING OF THE LOOP. FOR THIS REASON,IT IS CLEAR WHY THIS DEVICE IS CALL
ED A "LIGHT VALVE". ' o L ;

WHEN ONE SIDE OF THE AUDIO WAVE OPENS THE VALVE To O.004" anD THE
OTHER SIDE CLOSES IT COMPLETELY, THEN FULL MODULATION OF THE APERTURE
OR OPENING IS ACCOMPLISHED. THE NATURAL FREQUENCY OF THE VALVE 1S SET BY
ADJUSTING THE TENSION OF THE TAPE 'AND EXPERIENCE HAS SHOWN THAT BEST RE~
SULTS ARE OBTAINED BY TUNING THI!S LIGHT VALVE TO A FREQUENCY OF 7000 cv-
CLES PER SECOND. UNDER THESE CONDITIONS, ABOUT 10 MILLIWATTS OF .POWER
ARE REQUIRED FOR FULL MODULATION AT FREQUENCIES FAR AWAY FROM RESONANCE
BUT ONLY ABOUT 1/100 oF THIs POWER - 1S REQUIRED AT THE RESONANT FREQUENCY.

. SOUND RECORDING WITH THE WESTERN ELECTRIC SYSTEM

_THE NEXT STEP IS TO SEE HOW THIS LIGHT VALVE 1S USED IN THE RECORD
S P o ING OF SOUND FiILM. A
ource o m . SIMPLIF1ED DIAGRAM OF

light Light beam Light valve A:?"f':;; THE WESTERN  ELECTRIC
! SOUND RECORDING  PRO-
i CESS IS SHOWN IN Fig.
Image T AND FOR THE PRESENT,
St | we sWaLL DEAL  ONLY
dperture | wiTH THOSE ESSENTIAL

PARTS HERE ILLUSTRATED.

Condensing lens.

Objective lens

AT THE LEFT OF

= ppenr Fia.7, wWE HAVE OUR
Microphone mplifier SOURCE OF LIGHT IN THE
Fta.7 FORM OF A RIBBON-FILA-

Y N
Movietona Process of Sound fecerdi;. MENT TYPE  PROJECTION
LAMP AND THIS IS FOCUSED UPON THE VARIABLE SLIT OF THE LIGHT VALVE BY

MEANS OF A CONDENSING LENS SYSTEM.

. ASSUMING FOR THE PRESENT THAT THE RECORDING AMPLIFIER |S NOT YET
IN OPERATION, THE SLIT OF THE LIGHT VALVE WILL PASS A BEAM OF LIGHT,
WHICH 1S 0.002" WiDE AND 0.256" LONG AND THIS IS DIRECTED UPON AN OBUEC-
TIVE LENS , WHICH IN TURN FOCUSES THIS BEAM WITH A TWO-TO—ONE REDUCTION
UPON THE PHOTOGRAPHIC FILM AT .THE FAR RIGHT. THE OPENING OF THE L IGHT
VALVE NOW APPEARS ON THE FILM HALF-SI1ZE OR AS A LINE 0.001" wipE AND
0.128" LONG, WITH ITS LENGTH BEING AT RIGHT ANGLES TO THE DIRECT!ON OF
FILM TRAVEL.

Now IF THE MICROPHONE CURRENTS ARE AMPLIFIED AND PERMITTED TO ACT~-
UATE THE LOOP IN THE LIGHT VALVE, THE WIDTH OF THE LIGHT VALVE OPENING
WiLL VARY AT AUDIO FREQUENCIES AND THE SYSTEM IS THUS BEING MODULATED.
THE LIGHT VALVE IS NOW OPERATING AS A CAMERA SHUTTER AND THE WIDTH OF
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THE LIGHT LINE UPON THE FILM WILL VARY WITH THE SOUND CURRENTS, WHICH ARE
SUPPLIED TO THE VALVE. IN THIS WAY, THE FILM RECEIVES EXPOSURE TO LIGHT
orF FIXED INTENSITY BUT DURING THE VARYING TIME REQUIRED FOR A GIVEN
POINT ON THE FILM TO PASS THE VARYING OPENING OF THE LIGHT VALVE SLIT.

THIS BEING THE CASE, WE FIND THAT AS THE FiLM MOVES PAST THE FOCUS
ING POINT OF THE OBJECTIVE LENS, THE CONDENSATIONS AND RAREFACTIONS OF
THE ORIGINAL SOUND WAVES WILL BE RECORDED AS LIGHT AND DARK VARIATIONS,
DUE TO THE CORRESPONDING VARIATION IN EXPOSURE OF THE FILM TO LIGHT  AS
CAUSED BY THE VALVE. ’

DURING THE FILMING OF A PICTURE, THE SOUND 1S RECORDED ON A FILM
SEPARATE FROM THAT WHICH RECEIVES THE PICTURE. THIS PERMITS THE USE oF
TWO MACHINES, SO THAT DUPLICATE SOUND RECORDS CAN BE MADE AND CONSEQUEN-
TLY, IF ONE SHOULD BE DEFECTIVE FOR SOME REASON OR OTHER, THE SECOND
WILL COME IN MIGHTY HANDY. ANOTHER IMPORTANT REASON FOR HAVING SEPARATE
NEGATIVES FOR SOUND AND PICTURE 1S
THAT TH!S PRA?TICE PERMITS A SEPAR- Roll of {Hn1,//
ATE AND SPECIAL DEVELOPING PROCEDURE :
FOR EACH. THIS 1S ESPECIALLY DESIR- Lampkwusz
ABLE WITH RESPECT TO THE SOUND FILM Gears.
BECAUSE 1T 1S NECESSARY THAT THI!S mecdi
FILM BE DEVELOPED TO UNIFORM INTEN-
SITY THROUGHOUT ITS ENTIRE LENGTH,
IN ORDER TO PROVIDE PROPER SOUND PRO-
JECTION.

THE SOUND RECORDING MACHINE IS
DRIVEN IN PERFECT  SYNCHRONISM WITH
THE CAMERA AND TO INSURE AGAINST ANY
VARIATION IN THE VELOCITY OF THE
SOUND FILM PAST THE LINE OF LIGHT EX-
POSURE, THE SPROCKET WHICH CARRIES
THE FILM AT THAT POINT 1S DRIVEN THRU
A MECHANICAL FILTER, WHICH HOLDS THE
INSTANTANEOUS VELOCITY CONSTANT TO N < 5 S
ONE PART IN ONE THOUSAND. Mowefone, Sauna’ ,Qecora/er-

IN Fig. 8, YOU WILL SEE SUCH A RECORDING MACHINE, WITH THE DOOR OF
THE EXPOSURE CHAMBER OPENED SO THAT THE INNER. CONSTRUCTION CAN BE OBSER-
VED. IN ORDER THAT THE OPERATORS OF THE RECORDING EQUIPMENT MAY KNOW THE
QUALITY OF THE RECORDING DURING THE TIME IT IS BEING MADE, A SOUND PICK~
UP DEVICE 1S INCORPORATED WITHIN THE RECORDING MACHINE. AN THIS WAY, THE
SOUNDS CAN BE REPRODUCED DIRECTLY AS THEY ARE BEING RECORDED. :

THE PICK-UP DEVICE FOR SOUND REPRODUCTVION

THIS PICK up: DEVICE CONSISTS OF A PHOTO CELL, WHICH 1S MOUNfED
WITHIN- THE EXPOSURE CHAMBER OF THE RECORDING. MACHINE BEHIND THE - - ‘LEFT
HAND SPROCKET AS VIEWED IN F16.8.. FRESH:FILM TRANSMITS ABOUT h% OF THE
L1GHT WHICH STRIKES IT AND SO THE BEAM OF L IGHT PENETRATES: THE-FILM . AS
SHOWN IN F1G6.9 AND ENTERS THE WINDOW OF THIS PHOTO-CELL-

THE AMOUNT oOF LIGHT, WHICH ACTS UPON THE LIGHT=SENSITIVE MATERI]AL
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OF THE PHOTO CELL WILL BE DETERMINED BY THE DENSITY OF THE PORTION :DDE
THE SOUND TRACK WHICH HAPPENS TO OBSTRUCT THE PATH OF THIS LIGHT BEAM ATV
’ L THE
\ A C _PROPORTION TO THE LIGHT AND I DARK PD
TIONS ON THE FILM‘SOUND TRACK AND SINCE THESE ARE DISTRIBUTED 'ACCORDINGi

TO. AUDIO FREQUENCIES, THE LIGHT BEAM ACTING UPON THE PHOTO-CELL WILL,
. — VARY AT A~ 'CORRESPONDING
MéhbﬁVﬁ' CZondenscr 7| Frequency. '

of fijm oo "; . Jube o )

- - THE ELECTRON EMIS=
SION FROM THE PHOTO-CELL'S

- CATHODE WILL INCREASE AND

Light K DECREASE IN PROPORTION TO

beam™ N THESE VARIATIONS IN LIGHT

B INTENSITY,WITH THE 'RESULT

= THAT THE PHOTO-CELL CURR-

e ENT DOES LIKEWISE.  THUS
T BY HAVING A VARIATION - ~OF

PHOTO-CELL CURRENT FLOWING

- ElG.9 ' R THROUGH THE 2 MEGHOM RESIS

Moméor/ng P/za/-o c:e// Prek - up. TOR OF F1G6.9,SIGNAL VOLTA-

GES ‘OF CORRESPONDING FRE-
QUENCY ARE DEVELOPED ACROSS THIS RESISTOR AND THESE SIGNAL POTENTIALS
ACT THROUGH THE . FIXED CONDENSER. AND IMPRESS THEMSELVES ACROSS THE GRID
CIRCUIT OF THE AMPLIFYING TUBE. ’ : .

- THESE AUDIO SIGNALS, WHEN APPLIED TO THE GRID CIRCUIT OF THE AMPL]
FYTNG TUBE, UNDERGO CONVENTI1ONAL A.F. AMPLIFICATION AND BY ADDING ADDI-
TIONAL ‘AMPLIFYING -STAGES, ‘THE SIGNAL ENERGY CAN BE RAISED TO A SUFFICIEN
T.Y HIGH LEVEL SO AS TO OPERATE A SPEAKER IN THE CONVENTIONAL MANNER.

THE SPEAKER IN THIS CASE IS IN THE MONITORING ROOM,THE PRELIMINARY
AMPLIFIER OF F16.9 1S LOCATED BELOW  THE

EXPOSURE CHAMBER OF THE RECORDING MACHINE, iézﬁi_//”? Dicture frames
rac )

AND THE ADDITIONAL AMPLIFIER 1S ONE SEPAR-
ATE FROM THAT DOING THE REGULAR RECORDING
AMPLIFICATION. —T-
RECORDING PRACTICE %\ 5
IN STUDIO PRODUCTION,THE MIXER OPER~ 3=I9 -~ w
ATOR 1S STATIONED IN THE MONITORING ROOM %: 5
AND HE VIEWS THE "SET" (STAGE SET-UP) THRU 2y 2
A DOUBLE WINDOW IN THE sfuo;o WALL AND IN EJ )= : ol |9
ADDITION TO OPERATING THE MIXER PANEL FOR = gga o |x
COMBINING THE CONTRIBUTIONS OF SEVERAL Mi- __'_ o g >3
CROPHONES, HE ALSO CONTROLS THE GAIN OFTHE O o
AMPLIFIERS FOR THE RECORDING MACHINES. (A‘) g al -
of 3 Y
BY MEANS OF RELAY SWITCHES,THE MIXER gl =

OPERATOR CAN CONNECT THE MONITORING HORN
CIRCUIT EITHER DIRECTLY TO THE  RECORDING Fila.lo
AMPLIFIER, AS WAS SHOWN YOU RELATIVE To Vi  Picture—Sound Track kelation .
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TAPHONE OR DISC RECORDING IN THE PREVIOUS LESSON, OR ELSE HE CAN CONNECT
THE HORN CIRCUIT TO ONE OR THE OTHER OF THE PHOTO-CELL PICK UP CIRCUITS,
WHICH WAS DESCRIBED A FEW MOMENTS AGO.

DURING THE TIME THAT PRELIMINARY TESTS ARE BEING CARRIED OUT SO AS
TO DETERMINE THE BEST MIGROPHONE POSITION ON THE SET ETC., THE MONITOR~
ING HORN CIRCUIT IS CONNECTED DIRECTLY TO THE OUTPUT END OF THE RECORD-
ING AMPLIFiER. THE PROGRAM IS THEN REHEARSED ON THE SET UNTIL A SATISFAC
TORY ARRANGEMENT OF THE MICROPHONES AND OF AMPLIFIER GAIN IS DETERMINED.

) THE ELECTRICAL CHARACTERISTIC OF THIS MONITORING CIRCUIT IS SO DE-
SIGNED THAT THE SOUND QUALITY HEARD IN THE MONITORING HORNS SHALL BE THE

SAME AS THE QUALITY TO BE EXPECTED { ‘ —

UPPER MAGAZINE

IN THE REPRODUCTION OF THE  POSI- > 4
TIVE PRINT IN THE THEATER. THE ‘
WALLS OF THE MONITORING ROOM ARE A
COUSTICALLY TREATED IN SUCH A WAY
THAT ITS REVERBERATION CHARACTER-
ISTICS WILL BE THE SAME AS THAT IN
THE THEATER AND THE MONITORING LEV g
EL 15°SO ADJUSTED THAT THE MiXER e joy - ED P
OPERATOR HEARS THE SAME = LOUDNESS a S Al
THAT HE WOULD WISH TO HEAR FROM :
THE THEATER HORNS. IT IS VERY IM- . T
PORTANT THAT THE OPERATOR JUDGE E P "~ SounD
HIS PICK-UP ON THE BASIS OF SOUND 1 r
CLOSELY IDENTICAL IN LOUDNESS AND
QUALITY WITH THAT TO BE HEARD LAT-
ER IN THEATER REPRODUCTION.

PRoOJECTOR BOX

WiTH EVERYTHING ADJUSTED TO .
THE POINT DESIRED, THE OUTPUT oF '
THE RECORDING AMPLIFIER IS5 DISCON=-
NECTED FROM THE MONITORING . HORNS
AND 1S Now CONNECTED TO. .THE LIGHT
VALVES OF THE RECORDING MACHINES
AND THE MONlTORlNG HORNS ARE CONN-: -
ECTED TO THE PHOTO-CELL AMPLIF|ERS.

LoweR
MAGAZLINE

TR
A Mof:an Picture Pro_/ecfor' For

OF THE RECORDING MACHINES. WiTH
NO FILM IN THE MACKINE AND AT. A Disc and Film Recording.
CONVENIENT LAMP CURRENT, A COMPLETE REHEARSAL 1S MADE SO AS TO VERIFY

THE OPERATION OF THE LIGHT VALVES AT THE PROPER LEVEL. FILM IS THEN LOAD
ED, THE CAMERAS AND SOUND RECORDERS ARE INTERLOCKED AND STARTING  MARKS
ARE MADE ON ALL FILMS EITHER BY MEANS OF PUNCHES OR ELSE WITH FLASHES OF
LIGHT UPON THE STARTING POINT OF THE FILM. ' '

; THE STUDIO AND RECORDING ROOM SIGNAL -TO.. EACHOTHER va NEANS _OF
C|GHTS /AND SOWHEN THE RECORDING EQUIPMENT. . IS READY.. FQR ACTION THE: RECORD
ING . ROOM WARNS. THE STUDI!O BY MEANS -OF A LIGHT -SIGNAL. ;- .THE LIGHTING. EFF-

-

ECTS ON THE STAGE ARE THEN PUT INTO. OPERAT!ON AND THE STUO]O THEN c7 281G

NALS BACK ITS READINESS TO START. ) L

THE MACHINE OPERATORS STARTvTHE CAMERAS AND SOUND RECORDERS,BRING-
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ING UP *THE LAMP CURRENT TO THE PROPER VALUE 'AND WHEN THE MACHINES ARE upP

T0 SPEED ‘A" S1GNAL 1S GHVEN "THE STUDIO, NOTIFYING THEM TO START. DURING-
THE RECORDING PROCESS, THE MIXER OPERATOR MON I'TORS " THE RECORDING THROUGH:'
THE LIGHT VALVES THUS ASSUR!NG HIMSELF THAT NONE OF THE RECORDING 1S BE~

ING LOST.

COMBINING THE SOUND AND PICTURE FILM

WE WILL NOW HAVE THE PICTURES ON A FILM SEPARATE FROM  THAT ON
WHICH THE SOUNDS ARE RECORDED AND SO THE NEXT STEP IS TO COMBINE THESE
TWO INTO A SINGLE FILM,WITH THE
SOUND TRACK RUNNING ALONG. THE
EDGE OF THE PICTURE PORTION OF
THE FILM AS SHOWN IN Fiac.k. |IN
PRINTING THE SOUND NEGATIVES IN

AW UPPER. MAGAZLINE

UPPER SPROCKET %

o )
FILM ROLLER N[ " j?:ﬁ&?? COMBINATION WITH PICTURES FOR
' b - PROJECTION IN THE THEATER,IT IS
-— PILOT LAMP . .

poor swited | CUSTOMARY TO FIRST PRINT . THE
L PICTURE NEGATIVE,MASKING (COVER-
, ING) THE SPACE NEEDED FOR  THE
1 Pieot Lame SOUND TRACK AND»TO RUN THE RE-

L LENS HoLDER. SULTING PICTURE POSITIVE .THRU
THE PRINTER AGAIN,TOGETHER WITH
tewsion mone] THE SOUND NEGATIVE,THIS TIME
MASKING THE SPACE ALREADY PRIN-
TED. |IN PRINTING THE SOUND NEG
P.E.PAD ATIVE,THE LIGHT IS REGULATED TO
proto-tecrud RESULT IN 35% TRANSMISSION oF

INTERMITTENT
SPRocKET\ﬁ

LOWER SPROCKET

FiLM Rou.en_

- GUIDE ROLLER
HOLD BACK SPRQCI’.ET.....

SOUND FILM °
LENS UMIT

exciveR >/ CELL THE UNMODULATED TRACK AFTER POS
FILM LIGUT ITIVE DEVELOPMENT.
"/ GATE
FEED SPROCKET UPON COMBINING THE SOUND
- RE, SocKET TRACK WITH PICTURES UPON A

P.E. HoLDER SINGLE FILM, THE SOUND RECORDING
‘SPRACKET AT THE SIDE OF ANY ONE PARTICU-
FiLMm ROLLER

LAR PICTURE FRAME DOES NOT CORR

ESPOND TO THE ACCOMPANYING PlC-

TURE. TO ILLUSTRATE THIS, STUDY

Fie.10 CAREFULLY AND YOU  WiLL

Ficyz ) NOTE THAT WE HAVE .LABELED  ONE

Ihner Constructiom of the Projectfor: OF THE PICTURE FRAMEs (A). THE

SOUND RECORDING TO CORRESPOND

WITH FRAME (A) 1S AT THE POINT WHICH Is LaBeLeD (A). BETWEEN THEM THERE
IS A SEPARATION OF 19 PICTURE FRAMES OR 1l. 5".

, SLIDE SHAFT
HOLD BACK $

o LOWER MAGALINE

THE REASON FOR USING SUCH AN ARRANGEMENT 1S THAT IN THE THEATER
PROJECTOR, THE SOUND GATE 1S LOCATED 14.5" BELOW THE PICTURE GATE,IN OR-
DER TO PROJECT THE SOUND RECORDING AT A POINT WHERE THE FILM IS IN CON-
TINUOUS MOTION. THIS WILL BE SHOWN MORE CLEARLY DURING OUR DISCUSSION OF
PROJECTION WITH THE MOVIETONE SYSTEM.

THE MOTION PICTURE PROJECTOR FOR SOUND ON FILM

IN F1e.11, YOU WILL SEE A MOTION PICTURE PROJECTOR,WHICH :IS EQUIP-~
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'PED FOR BOTH SOUND ON DI1SC REPRODUCTION, AS WELL AS FOR THE REPRODUCT]ON
OF SOUND ON FILM. THE INNER CONSTRUCTION OF THIS SAME PROJECTOR IS SHOWN
IN Fig.12.

By REFERRING TO F16.12, YOU WILL SEE THAT THE FILM IS THREADED
FROM THE UPPER MAGAZINE PAST THE PICTURE PROJECTOR LENS AND THENCE PAST
THE SOUND FILM LENS UNIT AND INTO THE LOWER MAGAZINE. VARIOUS SPROCKETS
AND ROLLERS ARE USED IN SUCH AN ARRANGEMENT SO THAT THE FILM 1S FED THRU
THE MACHINE AT A UNIFORM RATE AND UNDER PROPER TENS!ON.

NOTICE THAT THE PICTURE LENS 1S ABOVE THE SOUND FilLM LENS,SO THAT
ANY POINT OF THE FILM MUST PASS THE PICTURE PROJECTING LENS BEFORE ARR-
IVING AT THE SOUND FILM LENS UNIT. OBVIOUSLY, THE SOUND RECORDING MUST
BE ADVANCED AHEAD OF THE CORRESPONDING PICTURE FRAMES,AS ALREADY DESCRIB
ED, SO THAT SOUND REPRODUCT.ION WILL OCCUR SYNCHRONOUSLY WITH THE CORRES-
PONDING PICTURE.
Film A

/Apzrkum plate

Photo-cell

A POWERFUL LIGHT AND LENS SYSTEM PRO-
JECTS THE PICTURE UPON THE SCREEN OF THE

Lam
THEATER,AS THE SOUND EQUIPMENT REPRODUCES F>
THE SOUNDS IN SPEAKERS LOCATED BEHIND THE
SCREEN.
. Lens
: Aperture
SOUND REPRODUCTION Windouw pertu

CONSIDERING THE SOUND PICK-UP DEVICE Lam
oF F16.12 IN GREATER DETAIL,WE SEE FIRST THE < F“m~\ Lens ﬁ
"EXCITER LAMP".THIS IS A SMALL INCANDESCENT * ‘
LAMP, WHICH HAS A RELATIVELY HIGH CURRENT ] o

AND LOW VOLTAGE CAPACITY,CONSUMING BETWEEN32
AND 75 WATTS. THE CURRENT FOR LIGHTING THIS
FILAMENT MUST BE A PURE DIRECT CURRENT  BE-

Wide aperture

|

CAUSE ANY VARIATION IN THE CURRENT wiLtl | Window Lens
CAUSE A CORRESPONDING CHANGE IN THE PHOTO-EL L.
ECTRIC CELL CURRENT. THAT 1Is, IF A 60 cvcLe FlG.13

A.C. SUPPLY WERE USED FOR THIS LAMP,ITs FiL- L€7s Systems Used /n
AMENT WOULD COOL AND HEAT UP ALTERNATELY AT Merietorne Producers.
THE RATE OF 120 TIMES PER SECOND AND ALTHOUGH THESE CORRESPONDING VARIA-
TIONS IN LIGHT INTENSITY WILL BE UNOTICEABLE TO THE HUMAN EYE, YET THEY
ARE READILY DETECTED BY THE PHOTO-CELL, WITH THE RESULT THAT A 120 cycLe
ROAR WOULD BE EMITTED BY THE SPEAKERS. |IN FACT, EVEN THE ARMATURE RIPP-
LES OF A D.C. GENERATOR ARE REPRODUCED BY THE. PHOTO-CELL, IF USED AS THE
FILAMENT SUPPLY FOR THE EXCITER LAMP. BATTERIES ARE THE SOLUTION TO THIS
PROBLEM. :

THE NEXT THING IS TO FOCUS THIS LIGHT OF THE EXCITER LAMP UPON THE
SOUND TRACK- OF THE FILM AND THIS 1S ACCOMPLISHED BY THE SOUND FILM LENS
UNIT of Fie.12. L :

THE DETAILS OF SUCH A LIGHT FOCUSING ARRANGEMENT -ARE :SHOWN: IN-Fi1G.
13. OUR OBJECT NOW IS TO IMPRESS A SMALL SHARP RECTANGULAR SHAPED -BEAM
OF LIGHT UPON THE SOUND TRACK OF THE FILM. THE EASIEST WAY TO DO THIS IS
ILLUSTRATED AT "A" OF F16.13, WHERE WE HAVE AN "APERTURE PLATE" PLACED
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CLOSE UP. AGAINST THE FILM AND A SLIT 0.001" IN.' WIDTH-- 1S CUT IN THIS
‘PLATE, AND THUS FORMS THE "APERTURE". , . o -

N BY MEANS OF A
Exeiter 13PP  photo-cell - : ker voice | SUITABLE Lens,.  THE
L ey ST SPcaker—_vatce B BRadstnl i 4

CTICAL BECAUSE A SLIT

P b el tcoll line . | L!GHT FROM THE EXCITER

epppeppsd ‘l HinE o .LAMP CAN BE FOCUSED U=

' 0 I PON THIS SLIT AND THUS

'} oi Powsr. . e | PENETRATE THE . . - FiLM
PoweR . - SuppLy - - = - : A

vl — pon 1 iFaver (3 H SOUND TRACK. IN THE

i H Z

il B Cvron) , . SHAPE OF A SMALL NARR-

——' B . OW RECTANGLE.THIS METH

P 0D,HOWEVER, 1S NOT PRA

\ . ;. H \ , 1 AS THIS,WITH AN .~ AREA
‘Phoko-ce” : N " NScreen | OF ONLY ABOuT  0.0001

1 - ST - Moniter SQ. IN.,CANNOT BE KEPT
Exciter lamp ‘JE - Spcakﬂr‘ Speaker field | FREE FROM FOREIGN MATT
e : 7 coil line . | ER.FOR.ANY LENGTH oOF

TIME WHEN PLACED CLOSE
: AGAINST A RAPIDLY MOV~
Fla. 14 ING FILM.

Sound Eeﬁréduc}'ng Syster for' Film Recording

For THE REASON
MENTIONED, THE SYSTEM WAS IMPROVED TO THAT SHOWN AT "B" of Fig.13. IN
THIS CASE, THE APERTURE SLIT 1S MOVED AWAY FROM ITS EXPOSED POSITION
NEAR THE FILM, IT IS SEALED WITHIN A LENS SYSTEM, MADE CONSIDERABLY wID
ER AND LONGER AND THEN OPTICALLY REDUCED TO A LIGHT RECTANGLE ofF 0.001"X
0.1" ON THE FILM BY MEANS OF THE SYSTEM OF LENSES. THUS THE RESULT is
THE SAME AS OBTAINED AS WITH THE CLOSE-UP SLITSYSTEM BUT WITHOUT ITS DIS

ADVANTAGES .

THIS NARROW BAND OF LIGHT, WHICH IS THUS FOCUSED UPON THE FILM
SOUND TRACK, WILL PENETRATE THE FILM AND THEN BE DIRECTED AGAINST THE
LIGHT-SENSITIVE ELEMENT OF A PHOTO-ELECTRIC CELL ‘

AND THE INTENSITY OF THIS LIGHT,WHICH IS PASSED |Sond brack Picture

BY THE FILM WILL OF COURSE BE GOVERNED BY THE DEN , '7 fi"‘""

SITY OF THE SOUND TRACK,WHICH IS EXPOSED TO  THE r_

LIGHT. _E
| . ho O |5

THIS PHOTO-CELL IS COUPLED TO A PICK-UP AM- \ o
PLIFIER,AS ALREADY SHOWN You IN Fi6.9 oF THIS ﬁ’@ o
LESSON, AND THUS THE PHOTO-CELL CURRENT WiLL VARY 7 g
ACCORDING TO THE LIGHT AND DARK PORTIONS ON  THE 8 Wiy o [ o
FILM SOUND TRACK. IN THIS WAY, LIGHT VARIATIONS h o
OF AUDIO FREQUENCY ARE CHANGED INTO ELECTRICAL - g
CURRENT VARIATIONS. OF CORRESPONDING FREQUENCY. i 0O lo

=1 |o

THE PHOTO-CELL PICK-UP AMPLIFIER IS GENER- 0
ALLY REFERRED TO AS A "Peck AMPLIFIER". THIS AMP- -

LIFIER USUALLY CONSISTS OF TWO OR THREE STAGES OF
CASCADE AMPLIFICATION,USING VARIOUS TYPES OF COUP The P/yofaphone Fim.
LING, BUT RESISTANCE-CAPACITY COUPLING  PRODUCES :
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THE BEST RESULTS. THE CURRENT USED FOR OPERATING THE PeECcK AMFPLIFIER MusT
Be PURE D.C , SUPPLIED EITHER BY STORAGE BATTERIES OR DRY CELLS. DUE To
THE FEEBLE CURRENT FROM THE PHOTO-CELL, THE PECK AMPLIFIER HAS TO MAGNI-
FY 1T FROM ABOUT 100 10 20C TIMES AND THEREFORE ANY VARIATION IN THE FOW
ER SUPPLY FOR THIS AMPLIFIER, NO MATTER HOW LITTLE, WILL BE REPRODUCED
AT GREAT VOLUME BY THE SPEAKERS.

IN Fre. 14, YOU WiLL SEE THE LAYOUT FOR THE REPRODUCTION OF SOUND
FROM FILM. Two PROJECTORS ARE REQUIRED IN THE PROJECTION BOOTH,THE SAME
AS FOR DISC RECORDINGS OR EVEN FOR SILENT PICTURES FOR THAT MATTER. No-
TICE HOW THE EXCITER LAMPFOR EACH PROJECTOR IS SUPPLIED WITH BATTERY FIL
AMENT CURRENT AND HOW EACH OF THE PHOTO-CELLS FEEDS INTO A PECK  AMPL |-
FIER. BOTH OF THESE PICK-UP AMPLIFIERS FEED INTO A FADER, THROUGH WHICH
THEIR ENERGY PASSES INTO THE MAIN AMPLIFIER. THE MAIN AMPLIFIER THEN PAS
SES THE AMPLIFIED AUDIO CURRENTS THROUGH THE HUGE SPEAKERS,WHICH ARE LO-
CATED BEHIND THE SCREEN UPON WHICH THE PICTURE IS BEING PROJECTED.  THE
SOUND THUS APPEARS TO THE AUDIENCE AS COMING FROM THE REPRODUCTIONS  ON
THE SCREEN. A MONITOR HORN 1S LOCATED IN THE BOOTH FOR THE OPERATOR'S
USE.

To Ampl.

THE FILM 1S RUN THROUGH THE
PROJECTION MACHINE AT THE RATE OF
90 FT. PER MINUTE AND IT IS ESSEN-
TIAL THAT THIS SPEED BE KEPT CON-
STANT,AS OTHERWISE THE PITCH OF
THE SOUND WiILL CHANGE IN THE SAME
MANNER AS WHEN THE SPEED OF A PHON
OGRAPH TURNTABLE VARIES. AS A RULE, Scale %‘
A LARGE FLYWHEEL 1S DIRECTLY COUP- .

LED TO THE FILM FEED SPROCKET FOR ‘(Z'o": Aperture plate —

THE PURPOSE OF INSURING A  STEADY Ohﬂc“”“eﬂs
ROTATION OF THIS SPROCKET,SO THAT ElG. 18

THE FILM WiLL BE CARRIED PAST THE
BEAM OF LIGHT .FROM -THE EXCITER LAMP
AT A CONSTANT SPEED.

Photophone  Recording Device.

-THE PHOTOPHONE SYSTEM

Now LET US TURN OUR ATTENTION TO THE PHOTOPHONE SYSTEM or' SOUND
RECORDING ON FILM. A SECTION OF FILM, AS USED BY THIS SYSTEM,. 1S SHOWN
IN F16.15 AND AS A WHOLE, IT IS QUITE SIMILAR TO THE MoVIETONE FILM IN
THAT IT HAS A SOUND TRACK IN CONJUNCTION WITH THE PICTURE STRIP.THE PHOT
OPHONE SOUND TRACK, HOWEVER, 1S OF THE CONSTANT DENSITY,VARIABLE - WIDTH

TYPE AND THE DEGREE OF SHADING IS THE SAME BUT A VARIABLE PORTION ofF THE
SOUND TRACK IS DARKENED.

IN PRODUC!NG A PICTURE WITH THE Pnoropuonz SYSTEM, THE _MICROPHONE
PICK-UP, MONITORING, AMPLIFYING ETC. IS ALL ‘CARRIED OUT IN THE SAME. MANN
ER AS WITH EITHER DiSC- RECORDING -OR: MOVIETONE RECORDING+ ‘ALL OF THESE:SY
STEMS DIFFER FROM_EACHOTHER MAINLY ‘AT THE RECORDING 'DEVICE. ITSELF . -AND
THE RECORD!NG UNIT, AS:USED-WITH : PHOTOPHONE, 18 D!FFERENTFROM ANY SO.FAR.
SHOWN YOU. THE PHOTOPHONE RECORDER 1S CLASSIFIED AS A VARIABLE AREA RE-
CORDER AND IT 1S DIAGRAMATICALLY 'LLUSTRATED IN Fic. 16.
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* THE RECORDING UNIT FOR THE PHOTOPHONE SYSTEM

WE COMMENCE IN Fig.16 WITH OUR. SOURCE OF “LIGHT,WHICH IN THIS CASE
IS A LAMP OPERATED AT HIGH BRILLIANCY FROM A 6 T0 8 voLT sTorAGE BATT-
ERY. A SPHERICAL LENS "A" FOCUSES THIS BEAM OF LIGHT THROUGH A HOLE "IN
THE "L1GHT=STOP" WHICH SERVES AS A FRAMING DEVICE. THE BEAM oOF L 1GHT,
WHICH PASSES THROUGH THE OPENING OF THE LIGHT-STOP 1S DIRECTED TOWARDS
ANOTHER SPHERICAL LENS "B" AND THIS LENS IN TURN FOCUSES IT UPON A
SMALL MIRROR, WHOSE DIMENSIONS ARE ABOUT /20 ofF AN INCH ON A SIDE.

THIS MIRROR REFLECTS THE LIGHT BACK THROUGH LENS "B" AT AN ANGLE,
AS SHOWN BY THE ARROWS, AND THE BEAM IS THEN DIRECTED THROUGH THE GRO-
OVE OF A SCALE UPON WHICH THE AMPLITUDE OF RECORDING CAN LATER BE MEAS-
URED. THE LIGHT BEAM CONTINUES THROUGH A CYL INDRICAL LENS "C",A SPHER
ICAL LENS "D", AND THENCE THROUGH A NARROW SLOT IN THE APERTURE PLATE.

THE OBJECTIVE LENS GENERALLY HAS A REDUCTION RATIO oF U TO 1, so
S ——— : THAT IF THE SLIT IN THE APER~
TURE PLATE 1S 0.320" sy 0.004",
THE IMAGE PRODUCED ON THE  FILM
witL se 0.080" sy 0.001".THat 1s,
THIS SMALL RECTANGLE OF L|GHT U-
PON THE FILM wiLL BE 0.080" Long
(HOR1ZONTALLY WITH RESPECT TO THE
FILM) AND 0.001" wipe, AND THIS
WILL PRODUCE A SOUND TRACK 0.080"
WIDE, WHICH IS CLOSE TO THE STAN
DARD WIDTH USED IN PRACTICE.

Vibrater adjuﬂr’nent N

ye
Scale of o
T [ ¥ g
vibrator ks

Mirrcer
adjustment

AUDIO MODULATION WITH LIGHT

Sound film
adjustment

: THE TINY MIRROR IS CEMEN-
Fig 17 ~ TED TO TWO SIDES OF A W|RE LOOP
Housing and Ad/bsémenésq(#ze KZcorder: AND THIS WIRE LOOP IS STRETCHED
TAUT AT RIGHT ANGLES TO A MAG-
NETIC FIELD. THE ENDS OF THIS LOOP ARE CONNECTED TO THE OUTFUT TERMIN-
ALS OF THE RECORDING AMPLIFIER AND THEREFORE WHEN THE AUD]oO FREQUENCY
CURRENTS FLOW THROUGH THE LOOP, THE RESULTING VARIATIONS IN ITS MAGNET-
IC FIELD WILL REACT WITH THE PERMANENT MAGNETIC FIELD SO AS TO PRODUCE
MOTI1ON. THE MOVING PART IN THIS CASE IS THE WIRE LOOP WITH ITS ATTACHED
MIRROR AND WITH THE LOOP TURNING BACK AND FORTH OR VIBRATING ABOUT A
VERTICAL AX1S IN DIRECT STEP WITH THE AUDIO FREQUENCY CURRENT VARI A=
TIONS THROUGH IT.

THE WIRE LOOP IS STRETCHED TO THE POINT WHERE THE RESONANT VIBRA-
TING FREQUENCY 1S ABOUT TOOO cycLES. THIS ENTIRE VIBRATING SYSTEM, CON-
SISTING OF THE LOOP WITH ITS MIRROR, IS MOUNTED IN A CASE CONTAINING A
DAMPING FLUID, WHICH IS GENERALLY A MIXTURE OF GASTOR O|L AND  TURPEN=~
TINE. THE LENS "B" SERVES AS THE WINDOW OF THE FLUID-FILLED CELL IN
WHICH THE MIRROR 1S MOUNTED AND THE FLUID IS CHANGED EVERY FEW MONTHS,
SO THAT IT IS ALWAYS TRANSPARENT TO THE LIGHT IN THE THIN LAYER |INTER-
POSED BETWEEN THE MIRROR AND LENS "B", IN REALLITY,THIS DEVICE 1S NO-
THING MORE THAN AN OSCILLOGRAPH, WHICH IS A LABORATORY INSTRUMENT USED
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FOR THE RECORDING OF ALTERNATING CURRENTS.

THE ARRANGEMENT IS SLIGHTLY TILTED IN PRACTICE, SO THAT THE L |GHT
REFLECTED BY THE MIRROR WILL CONTINUE ALONG THE AXIS TOWARD THE FILM AS
SHOWN IN F1a.16.

RECORDING WITH PHOTOPHONE SYSTEM

THE WHOLE SYSTEM 1S LINED UP, SO THAT ONE EDGE OF THE HOLE IN THE
LIGHT STOP IS IMAGED IN THE MIDDLE OF THE SOUND TRACK ON THE FILM WHEN
THERE 1S NO INPUT TO THE MICROPHONES AND WHEN THE MIRROR IS IN ITS NEU-
TRAL POSITION. |F THE FILM IS MOVED PAST THIS RECTANGULAR BEAM OF LIGHT

AT A CONSTANT SPEED OF 90 FT. PER MINUTE WITH NO SOUND IMPINGED UPON
THE RECORDING MICROPHONE, THEN THE RESULTING RECORD AFTER DEVELOPEMENT
WOULD APPEAR AS A DARK BAND ON THE SOUND NEGATIVE, COVERING HALF THE

WIDTH OF THE SOUND TRACK.

Now WHEN THE MICROPHONE, AM=-
PLIFIER ETC. ARE IN OPERATION,THE
AUDIO FREQUENCY CURRENTS WILLFLOW
THROUGH THE WIRE LOOP, THEREBY
CAUSING THE LOOP AND ITS ATTACHED
MIRROR TO OSCILLATE ON ITS PIVOT.
THIS MOVEMENT OF THE MIRROR IS [N
DIRECT STEP WITH THE AUDIO FRE-
QUENCY CURRENTS FLOWING THRU THE
LOOP AND THE MIRROR WILL DEFLECT
THE BEAM RAPIDLY TO ONE SIDE AND
THE OTHER,THUS CAUSING THE L IGHT
IMAGE ON THE FILM TO VARY IN
WIDTH ACCORDING TO THE AUDIO FRE~-
QUENCIES WHICH ARE BEING RECORDED.

THAT IS, THE SOUND TRACK WILL BE ' Fla.1e
OF VARIABLE WIDTH AS ILLUSTRATED The C’om,o/e/é Assembled Recorder,
iN Fre.15. o

THE HOUSING AND ADJUSTMENT DETAILS FOR THE MOVEMENT WHICH REC-
ORDS THE LIGHT VARIATIONS ON THE FILM, ARE SHOWN IN Fig. 17,WHEREAS THE

MOVEMENT AND ITS ASSOCIATED APPARATUS IN THE COMPLETELY ASSEMBLED RECOR
DER 1S SHOWN IN F1g.18.

IT REQUIRES SKILL To ADJUST THE VARIABLE AREA TYPE OF RECORDER AS
JUST DESCRIBED. THE WHOLE SYSTEM MUST BE LINED UP AND FOCUSED ACCUR~-
ATELY, SO THAT THE BEAM oOF LIGHT WILL FOLLOW THE PATHS INDICATED IN Fig.
16. THIS IS ACCOMPL ISHED THROUGH THE USE OF A SERIES OF ADJUSTING
SCREWS.

THE WIRE LOOP IS ROTATED BY ONE OF THESE ADJUSTMENTS AND IT IS
SET, SO THAT THE LIGHT REFLECTED BY THE MIRROR covsas JusT ons ~HALF OF
THE SOUND TRACK. THE EDGE OF THIS LIGHT BEAM WILL THEN COlNCIDE WITH AN
INNER VERTICAL LINE ON THE " SCALE, WHOSE POSITION IS SHOWN IN  Fie. 16.
WITH THE SYSTEM BEING MODULATED, THE AMPLIFIER GAIN MUST BE SO ADJUSTED
THAT WITH THE MIRROR OSCILLATING,THE SPOT OF LIGHT SHOULD NOT EXTEND BE
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YOND THE SCALE DURING THE LOUDEST PORTION OF THE RECORDING. IF IT DOES,
THEN THE SYSTEM IS BEING "OVER- MODULATED"y WHICH CONDITION WIiLL SPOIL THE
TONE QUALITY.,

IN RECORDING)THE PHOTOPHONE SYSTEM USES ONE MACHINE FOR PHOTOGRAPHY
AND A SEPARATE MACHINE FOR SOUND RECORDING, EACH HAVING ITS OWN FILM BUT
BE ING SYNCHRONOUSLY DRIVEN. THE STARTING POINT OF EACH FILM IS MARKED
AND THEY ARE THEN COMBINED INTO ONE DURING THE DEVELOPING PROCESS) IN THE
SAME MANNER AS DESCRIBED RELATIVE TO THE MOVIETONE SYSTEM. HERE 4 TO0, THE
SOUND PRECEDES THE PICTURE BY ABOUT |} «D INCHES, SO THAT THE TWO WILL BE
REPRODUCED SIMULTANEOUSLY DURING PROJECTION OF THE FILM IN A THEATER.

IN THE PROJECTION OF SOUND AND SCENE WITH THE PHOTOPHONE SYSTEM) THE
SAME PROCESSES ARE INVOLVED AS DESCRIBED RELATIVE TO THE MOVIETONE SYSTEM.
THAT 1S, THE SAME PROJECTOR CAN BE USED FOR E{THER SYSTEM, BUT THE LIGHT
ENERGY STRIKING THE PHOTO-CELL THROUGH THE PHOTOPHONE SOUND TRACK, WItLL
VARY IN PROPORTION TO THE WIDTH OF THE SOUND TRACK AT ANY GIVEN POINT.
THEN, SINCE THE WIDTH OF THE SOUND TRACK. VARIES ACCORDING TO THE RECORDED
AUDIO FREQUENCIES, THE LIGHT VARIATIONS PASSED BY IT WILL VARY AT COR-
RESPONDING FREQUENCIES; AND THE SAME 1S TRUE WITH RESPECT TO THE PHOTO-
CELL CURRENT. THEREFORE, BY MEANS OF THE SAME SOUND AMPLIFYING  AND
SPEAKER SYSTEM AS USED WITH MOVIETONE, WE CAN ALSO REPRODUCE THE SOUND
RECORDING FROM PHOTOPHONE F LM,

EXAMINATION QUESTIONS

LESSON NO. SP-2

l. - IF A BATTERY AND A SERIES RESISTOR ARE CONNECTED ACROSS
THE TERMINALS OF A PHOTO-ELECTRIC CELL SO THAT A POSITIVE
POTENTIAL IS IMPRESSED UPON THE ANODE OF THIS PHOTO ELEC-
TRIC CELL, THEN-WHAT OCCURS IF A LIGHT OF INCREASING
INTENSITY IS DIRECTED UPON THE CATHODE OF THE CELL?

2. -~ WHICH IS MORE SENSITIVE, A VACUUM TYPE PHOTO-ELECTRIC CELL
OR A GAS=-FILLED PHOTO-ELECTRIC CELL?

35« = |s THE SOUND TRACK ON THE MOVIETONE FILM OF THE CONSTANT
DENSITY AND VARIABLE WIDTH TYPE?

4. - WHAT 1S THE PURPOSE OF THE LIGHT VALVE IN THE MOVIETONE
RECORDING SYSTEM? -

De = WHAT 1S THE EXCITER LAMP OF A "SOUND-ON-FILM" PROJECTOR
USED FOR?

6. - WHEN MAKING THE SOUND=ON=F |LM RECORDING,; IS THE SOUND RE=-
coaoeo DIRECTLY UPON THE SAME FILM WHICH IS RECEIVING THE

"PICTURE"?

T+ = WHAT TYPE OF SOUND TRACK IS USED ON THE PHOTOPHONE TYPE
FILM? v ,

8. - EXPLAIN HOW THE SOUND CAN BE REPRODUCED DIRECTLY FROM THE
SOUND. FILM OF THE MOVlETONE SYSTEM AS RECORD ING PROGRESSES?.

9. - How ARE THE SOUND MODULATIONS RECORDED .ON THE FILM OF THE

" PHOTOPHONE SYSTEM2 . -,

10. = CAN THE SAME MOTION PICTURE PROJECTOR BE useo FOR THE RE-

'PRODUCTION OF SOUND AND SCENE FROM EITHER A MOVIETONE OR

PHOTOPHONE FILM? EXPLAIN.
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