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I 
~rodu~ion of ~ound. 
----------------------

The invention concerns a method for 

registering sound, for instance speech or music by 
Jot ~·Cauc.e 

photographic methodsf~ a strip of fi~n, and reproducing 
f 

it for instance by sendine light through the film and 

' using a photocell to convert the variations of light 

into sound. 

Figure 1 illustrates the principle of the 

invention. 5 is a film on wh-· ch speech or music is 

registered by a new method which will be described further 

below. This film moves slowly past the slit 4, and the 

light admitted to the photocell 6 has to pass not only 

slit 4 and that section~fc;p the film 5. i which is in 

front of slit 4, but also a quickly moving fi~n 31~ the 
..., 

sound generator, ·vhich is continuously revol.t ing in 
41vn4 

y itself(9assing in front of slit 4. An optical lense 2 

y 1nakes the light of the light source 1, parallel and 
I 

throws it across the sound generator film 3 the slit 

4 and the modulator film 5 on the photocell 6. ·'There as 

the sound generator film 3 is always the same for every 

piece of music or speech1 the modulator film 5 carries 

a record of the individual piece of speech or music which 

is to be reproduced. 
4~-1 

In figure 2 you see two pioeoo of the filmS 5~ 

.::tl":i:} 1 which move past each other . d:ravm below one another . 

The u nner film strip 5 is the modul ator film. The 

section A y which is in front of the slit 4 corresponds 

to a period of time of 1/10 to l~~th of a second, that 

is to say that in 1/10 to 1/~th of a second the 
40 
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section A y passes the slit 4, and after that time a ~ 

new secti';;n~ the modulator film will be in front of ' 

the slit 4. This :?e riod of time (which may be 1/lOth 

to l/40th of a second) will be called the time basis of 
. /r.ejoM?~. 
the £e .:.era . If one goes within the section 4 y from 

r. 
left to right across the film 5 one passes 11 sections A~ 

and the transparency of each s ec tion (the amount of light 

each section will allow to pass) determin.S the compo -
~,tk~ 3 

sition of the sound vhich is produced~he memeR~ ~ 

when the section ~ y is in front of the slit 4 . Ve have 

drawn 11 sections in order to simplify the drawing, but 

in reality the number of sect~ons will at least be 200 

or any nwnber beyond that. If the number of sections 4 x 

is very large one gets a continuous curve by plotting 

the transparency of the film 5 as a function of x for 

a definite section ~ y . Such a curve is shown in 

figure 3. It g i ves the frequency spectrum of the 
A~ 

sound at a defin;te moment( within ~ ~c neriod of t me~ 
1k !mu, ~ t>f th ~). 
~ need not be a direct measure of the frequency, but the 

frequency is a function of x ( Jl = / (J:) ) the form of which 

can be chosen to suit certain requirements . The film 3 

in figure 2 is also divided into 11 sections ~ x aAf 

.'J i thin each of these sections A x 

the transp arency varies along the film as a sinus 

function of y (transparency ., Atx)M# i ll)l/l)y.} A(Jj i4 a 

constant i.e . its value does not vary with y (but it 

varies from one section ..1 x to another 
1 

A beine; a 

function of x. Of cours e f' varies also from one 

section 6 x to anothcr
1
;U being a function of x . 

If the film 5 vrould. remain fixed1 ~-~tion !l y 
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lJ; 
being in fr ont of the slit 4 ; : ndfthe film 3 woulrl be 

moved past the slit 4 with a velocity v one would hear 

a sound composed of 11 frequencies i . e . the frequencies 

Z?(i,Je ach of them "Vi th an 
. 

intensity determined by the transparency of film 5 

at the corresponding sections J.,, ..t2 / · · ./H. ~'he 
. M Uiz<J,P th-t.Q£~ 

individual values of the transparency for thefaefiRi ~ 

sections A x can be seen from the curve in figure 3 . 

If f 1m 5 ~ .~ot move we would always hear one and 

the same sound composed of the said frequencies with 

cons t ant intensities . However the film 5 is moving 

slowly so that after 1/10 to 1/!JOt of a second ano t her 

section ~ y is in front Of the slit 4 and we shall 

therefore hear a varying s ound whi ch is composed of the 

frequencies which are generated by film 3, each frequency 

having an intensity whi ch is controlled by the trans -

parency of the different sections of film 5 . ~f we have 

a laree numborof frequencies (a large nmnber of sections 

A ) we can get a v ery good reproduction of speech or 

music . 

Figure 4 shows an example for recording 

intensities on the modulator film 5 . Each section Ax 

has a trans ~arent section surrounded by two non- transparent 

sections . The amount of light transmitted by secti on Ax 

is thus .proportionate to the width of the transparent 

section which varies along the film, the v1idth being a 

function of y . 

Figure 5 shows another example for recording 

intensities on a modulator film 5 . Here we hav e within 

each section x a "transparent" section between two 
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non-"transparent 11 sections. The breadth of the 

"transparent" section is constant along the film (it 

~does not vary withy ), but the "transparent" 

sect i on is not completely transparent, its -extinction 

varies along the f i~a (is a function of y) . 

Both vmys of recording used in figures 4 and 

5 can be combined, if necessary, leading to a .rrtransparent" 

section, the breadth and extinction of which v e.ries 

along the film . 

If the slit 4 has a width of 1/10 mm . and 

the basic period of time of the reproduction is 1/20 of 

a second the modulator film moves 2 mm per second i . e . 

for the reproduction of a piece of musi~the performance 

of which lasts one hour, one will ~~a film strip of 

the length of 7.2 metre s . The sa~e will hold if the 

slit 4 has a width of . 05 ram . and the basic period of 

reproduction is 1/40 of a second. It is not necess a~y 

to use a slit 4, the width of which is constant across 

the film . 

As shown in figure 6 the width of the slit 4 

may vary with x, the slit being narrow at the right end 

where the high frequenc;tes are controlled, and being wider 

at the left end where the lower frequencies are controlled . 

It has an advantage to use such a slit which makes the 

basic period of time smaller for the higher fr e quencies 

than for the lower frequencies . 

The sound generator film 3 will in most cases 

be made VJith varying extinction along the film and used 

in combina tion with a modulator film of the type sho\vn 

in figure 4. en-S, I t is, however, possible to reverse the 
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combination and use a modulat or film of the type shown 

in figure 5, and a sound generator film where the 

transparency of each sec tion A x is created by a 

transparent section within each sect _on A x; the v1idth 

of the said transparent section varying with y . 

Bf eo~ soUB.& generator f i lm of the first :r.1entioned 

ty:'e c an~ used also in combination with a modulator 

film of the ~sho·::n in-f~ -a.. 

It has been mentioned that the number of the 

sections 11 x will be large and can be anything above 200, 

for instance if the lowest frequency which we wish to 

include in the reproduction is 100, and the highest 

frequency is 5,000, and if ~e ~ish that the difference 
Ll_V 

between two adjacent frequenci es should. be about LIP= 1~0i·i &. 

1% !1 /....-tn_Sooo, JI ~ 1- 1. oof the frequency
1 

we shall have to use cbout t v · "f'oo f{,IJ'LC too 

f .)tl tJO . ' I /, / l , . 11. · I 0 1/n. t oo 14 .~ ..,,. Wv- If- I'Oo/ -'!f I () / ~. . / f/ - ~ • 

. 
Figure 7 s hows the usual arrangement of 

transform:r1g the variations in the intensity 
~ bu-lito 

of the 

light ( the photocell) into sound . 6 is a 

photocell, 71 its ca thode which is connected through a 

high resistance 72 to point 73 . Point 73 is connected 

thro~~h a c ondenser 74 to point 75 and point 75 is 

connected through a small resistance 76 to the anode 77 
I 

of the hotocell 6 . Point 75 is connected through a 

resistance 78 to the pos i tive pole 79 of a high voltage 

battery 80 . The negative pole 81 of this high voltage 

battery is connected through a small battery 82 to 

point 73 and to the g lowing filament 83 of a valve 85 . 

The grid 84 of this valve is c onnected to the cathode 71 

of the photocell 6 . The anode 86 of the valve 85 is 
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connected to one end of the primary 87 of a transformer 88 

the other end of the primary being connected to point 89 . 

Point 89 is connected through a resistance 90 to the 
79 

positive pole ~/of the hi h voltage battery 80 on the one 

hand and thrcugh a condenser 91 to the negative pole 81 

of the same high voltage battery on the other hand . 

The secondary 92 of the transformer 88 is connected 

to an amplifyer set 93 \-:hich feeds the loud speaker 94 . 

Figure 8 shows another arrangement which 

serves the same purpose as figure 1, namely the purpose 

of reproducing the sound recorded on film 5 . . 101 

is a light source 'placed in the focus of the optical 

lense 102 which throws parallel light across the slit 

104 and the sound generator 103. A second optical l anse 

107 projects the imaf e of the sound generating film 103 

on the modulator fiDn 105 and the light transmitted by 

105 falls on the photocell 106 . A transparent glass 

plate 108 diverts some light by reflection at its 81 . 
of the f i lm 103 (in front of 104) 

surface and throws a faint image/through the dark filter 
~ ~~e 

109 on the photocell 110 . Therr~· of the second 

photocell 110 is the following : 

If,for the recording of s ound on the modulator 

film 5, the method indicated in fj_gure 5 is used it is 

sometimes difficult to reach a very high extinction i . e . 

the transparency of the sections A x has, though a very 

small, yet ~j_ni te val_ue Rllim in the absence of the ~~ 
~.n.. "'?~ h frequenc:i.es .in t heYs ,;_1::. ch ~ . to b€ rec m•ded~ t;;-

,u_,F~d.. ' 
I f the s eccnd rhotocell we e not present weak light of all 

frequencies would reach photocell 106 in all circumstances , 

and would produce disturbing sounds . If one uses a 
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second pho t oce l l 110
1
wh ich gets light direct from the 

sound generator film
1
the filter 109 c an be so adapted 

that t he current generated by 110 should for every 

frequency compensate the current generated by 106 for the 

srune frequency in cas e t he transparency of the corresponding 

section~ x of t he sound modul a ting film 105 has its 

minimum value (whi ch signifies t he absence of t h e 
~u-e-~ Pn-- ~ ~ -tH- .~ u;c£ ~ ~~ /t?'sj 

corresnonding ~:"l und: the.t has to 'be ree or---edt . 
~l . 

Fi gure 9 s hows how the photocells 106 and 

110 are used . 115 is a high voltage battery, the 

positive pole 116 of wh ch is connected to t he anodex 

117 of t h e cell 110 and the anode 118 of the cell 106 . 

The cathodell9 of the cell 106 is c onnected to point 120 

and t h e cathode 121 of cell 110 is c onnected to ) Oint 122 . 

The negative pole 123 of the high vol tag e b at tery is 

connected to point 124 which i s connected to t h e positive 
132 

pole 125 of a small bat t er t he negative pole 126 of 
...1 

which is connected t o point 127. Point 127 is connected 

through a high res i stance 128 to point 120 (whi ch is 

connected t o the cat:'1ode 119 of the cell 106), and 

point 127 is also connected through another high resistance 

129 to point 122 (which i s conne cted to t h e c a t node 121 

of t he cell 110) . Point 127 is conne cted t hrough t he 

condens or 130 to point 131 to which t h e posi tive pole 125 

of the small b attery 132 is also connected (through point 

124 ). Poi nt 130 is connected to t he 'l.zbtm cathodes 

133 of t he val ve 134 and 135 of t he v alve 136 . Th e grid 

137 of t h e va lve 134 i s conne cted to po i n t 120 and the 

grid 138 of the v alve 136 i s conne cted t o po int 122 . 

The anode 139 of t he v alve 134 is c onnected t o t he end 140 
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of the primary coil 141 of t he t r ansformer 142. The 

anode 143 of t he valve 136 is connected to t he other end 

144 of the primary coil 141. The middle 145 of the 

primary coil 144 i s connected to t he positive 'Jole 116 

of t h e h i gh voltage batcery 115. The secondary 1 46 can 

be connected t o an &~plifyer set and a loud s peaker 

as described previous ly in figure 7. 

If the recording of the sound on the modulator 

film 5 i s perfo r rned in a manner indicated in figure 5 . 

one need not have a limited number of sections ~ x 

w:dch are is ol a t ed from each oth er by blackened strips 

51, 52, 53 •••• Vith in each s ect -ion .4 y t h e 

transpar ency of the f i lm can be a perfectly continuous 

funct i on of x. It ha s advantas es ·to u s e such a 

"smooth" modulator film in comb inat ion wi t h a"smo otH'sound 

generator f ilm . We can get "smooth" sound generator 

films i n diff erent ways: 

Figure 10. giv es an indicat i on of a 11 smoo -~.h 11 

s ound _: enera t or f i lm. A sinu s funct i on of a certain 

wave leng th is photo raphed on sect i on i 1 of t he film 

( i. e . t h e transparency V 'r i es withy al ong s ection i 1 

according to AN.~~ff~Jy ) ; anoth e r sinu s function of a 
fj.u{.r,_) l t 

sl ightly dif ferent wave length is photographed on s ection ~. 
~ x~ 

Section ~, and section ¢ are over-lapping as indicated in 

figure 10 . In the same ':my a 
t 

photographed on sect ion ~ ' t he 

t hird sinus function is 
lju !31 

wave length being again 

shifted a lit tle ag a ins t t he wave length 
.(2-

of section 2-• 
.(3 I 

Sect ion $ is over-lapp i ng sections ~ and ~ in t h e manner 

i ndicat ed i n figure 10. I f light is admitted by the 

modul a tor film at a definite very nar row sect ion cl.x at a 
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definite s oot x of the sound generator film/ a sound 

will be produced which 'Hi ll contain a narrow band of 

frequencies, the centre of gravity of vrhich will b e 

deter~nined by x . The breadth of t h e 'band ·depends 
D 

on the breadth/of the sections 1, 2, 3 ••• • , on the 

s~ ift these sectlons with res nect to each other, 

~ and on the shift of fre quency d ~E from XR one section 
~~ 

to another . The breadth of the band ;>roduced by light 

transmitted a t a definite spot x will approximately be 

-
...., J' -U!.. '" . ~- -or v. 'f- k. I d..t ~ :: .::{. <f -

If we rdsh to reproduce music it is important 

that the mean frequency J1 generated by light trans'n.it-: ~ d 

.X a t a def:n ite spot X s hould be proportional to e f 

) . -If t his cond_:_ tion is fulfilled ( }t = C 4 
0(.( 

~ a small shift of the modulator film with 

I'es oect to the sound generator film in t he direction ~ 

of the x axis will not distort the music but only change 

the key; for instance a fairly large s h ift vvould lead 

J 

to the s ame music being played_ half a tone higher or lower . 

(It may be stated that our s ystem of sound re 1)roducing 

makes it possible to vary the tempi
1 

by varying the s peed 

of the modulator film without chang ing 'the s peed of the 

sound genera tor film) . 

Figure 11 ~ indica tes a s pecial type 

of a ''smooth11 sound generator f i. lm . The two lines 151 

and 152 nhich are drawn rarallel to the x a±is across the 

f i lm define a sect i on Y7 _7 of t he film wh · ch corres ponds 

to a certai n length of time say 1/10 to l/40th of a second 

7i vl: ich we will call the basic length of time Yor the 

sound generator film of this type . ~) he line 153 

) If 1Y t4 l4 ~' ~ wid, de-~ ~&IW-U:i ~ w ~· 11-' 

~ zf;lj == 'l 
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The indicates the middle of the sect i on }j- :r . 

transparency of the fi lm in t.,_,e section X1 i s g iven by 
~~the y co-ordinat e of -~ 

a funct ·_onAcx~ <Afl,)/(x •) ' J - ,-0)/ be i ng/the middle of section "j./ L/- . 
· 'fc ~ 

This function is shovm in figure lla. 

The t ransparency of the film i n the s ection X (v1hich is ,_ 

shifted in respect of section l 1by t and is over lapping 

section X.J is given by a function ft(i._)L<n/"c-t a.. )t;, - y t> ) 

,U( .. t ) being xkiftRtit slight ly different froli~ 'Jt~}. This 

function , is s hovm in figure llb. The same applies to 

sect i.on x~ and so on . 

The next section Y:-- between 152 and 154 

is made exactly alike the section~tween 151 and 152; 

again all the functions copied within this s ection J~ 
155" 

have their maxima in the middle /of the section~ 

The same ho l ds for xrur every f olloning section _jf:_ 
The boundaries of the s ect ons J!~ need not 

be p arallel to the x axis, but c~~ have a slight slope 

as indicated in fieure 12. 

One can also have a basic length of time 

of t h e sound generator film which is a function of x 

the time being l arger for the lower tones than for the 

higher ones. This is indicated in figure 13 . 

Figure 14 shows another method of registering 

sound on the modula tor film 5. The transparency of the 

film v aries continuously (as a continuous function of x) 

across the film. This is brought about by having non-

t -;:- ansparent and transparent lines rmming at 45° to the 

x ~"'{is across t he film, the breadth of the transparent 

lines being a funct : on of x. 

Methods will be described w::lch make it 
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possible to manuf~cture one of the above mentioned types 

of sound records on the modulator film. We · shall 

assume that v1e h ave an ordinary record of a piece of 

music or of speech on an ordinary film, the _ sound being 

registered in one of the two usual types of registering · 

We shall describe methods for 

transcribing t J:}is usual type of record into a sound 

record on the modulator film of one of the types mentioned 

above . 

In f i gure 15a 160 is a {i.lm similar to the 

sound generator films as described above. 161 is the 
a piece of music or speech 

film on which/~ ~j is recorded in one of the two 
n 

usual ways. e light emerbing from the light source 

162 placed in the focus of the optical lense 163/ is made 

p~rallel by the l ense and thrown through a section Y~ 

of t h e sound generator film 160 and of the film 161. 

The length YR corre sponds on the record 161 to a certain 
· ~ length of ~ 

length of time\"; the. basic/time of the operation of tra-fte:... (1 ' 

epi otie tt. 1'lhile a certains ec t.=.. on of the 

record 161 is in front of the window 164, the film 

record 161 being at rest, the film 160 which wil l be 

~alled thettanalyser 11 is kept moving . The light 

transmitted by the s ect i on YR of both films is collected 

by the lense 165 and thrmm on the ohotocell 166.~ 

As shown in figure 15b the window 164 admits only light 

across a small section dx. of the analyser. By shifting 

the .analyser in the direction of the x axis diff erent 

se_ct i ons x can be brought in front of the window 164. 
dx. 

For a given section/of t he analyser (renresenting a g iven 
)ilK) '16 ~ 'd11~' 

mean frequeney ~ in front of the window,. and ~ w.±:i&. - -

kept moving in the direction of the y 

axis 1while the film record 161 is at rest 1the li r-ht 
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transmitted by the two films will have a varying inten-

sity. The amplitude of the variation will be determined 

by the intensity of the oscillation having_ the frequency 

}1(1} on the film record 1 61. Therefore the amplitude 

of the alternating current generated by the photocell 

166 will be determined by the intensity of the oscillation 
alternating 

Jl(t) on the film record 161. If tge/current generated 
\:jJ • . 

by the photocell 166 is amplified and used to control 

t he intensity of a light source 1 67, the light of v1hich 

is t hrown through a slit 168 on a section dx of the 

film 169 the transparency of the sect ion dx will be 

determined by the intensity of the oscillation ji,(x) on the 

film record 161. By shifting the film 1 6 9 together · 

with the analyser 160 paral l el to the x axis,di fferent 

spots x of t he analyser are brought in front of the slit 
and at the same time 

164 ~~ · ~/different s pots x of the fil·n 169 are 

brought in front of t he slit 168. At each s ect i on dx 

at the spot x of the film 169 1 the intensity of · the 

corresponding oscillation U«pn the film record 161 ±x 
I 

xsgxxtRxKN gets thus registered. 169 or negatives of 

it can be used as modulator film for our met~od of sound 

rep ['Oduc tion. The operation of t ranscription consists 

of the repet i tion of two alternative operations: the 

analyser 160 and the record 169 are together shifted 

forwards and backwards along the x axis whi le t he analyser 

ls revolving fast and the film record l ol is at a stand r 

still as well as t he record 169. 

During thi s motion the film 161 is exposed to t he light 

of the light source 167. The motion being completed / 

t he film record 1 61 and the film 169 are moved along 

the y axis by a length corres oonding to a fract i on for 
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~ 
instance 1/10 of the basic length of the 

transcription operat·on (for instance 161 is ~ 

moved along by 1/10 of~- Then 161 and 169 are again 

shifted f or wards and backewards parallel to the x axis 

while the light source 167 acts on the film 169 and so 

on. 

The current generated by the uhotocell 166 

is runplified in t he same manner as shown in figure 7, 

the only difference being that the loud speaker in 

fi 3ure 7 is replaced by a suitable light source for 

instance a cathode tube with luminescent screen. In 

Figure 16.175 is a Brown tube. The electrons emitted 

by the filament 176 Hre controlled by the cylinder 177 
;t:;,-

which is connected thryugh the n.egative pole 178 of a 

small battery 179, the positive pole 180 of vl~ ich is 

connected to the secondary 181 of a transformer 182. 

The other pole of the secondary 181 is connected to the 
183 

cathode 176, the primary/of the transformer being 

connected to the runplifyer ', shown in figure 7. The two 

ends of the filament 176 are connected to the poles 

184 and 185 of the heating battery 186, and the pole 

185 is connected to the pole 187 of the high voltage 

battery 188. The positive pole 189 of the said high 

voltage battery is connected to the anode 190 of the 

tube 175. 191 is a luminescent screen emitting light 

under the influence of the cathode rays, the intensity 

of the light being controlled by the amplitude of the 

alternating current generated by the photocell . The 

tube 175 acts as rectifyer in the same way as an audion . 
The battery 179 is maintaining ~mx such a voltage 

(·. 

at the "grid11 177 that one half cycle should get surpressed. 

In the following another method of transcription 
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will be described v/'·1 ~ ch only makes use of photographic 
~ 

methods. In figure 17. 200 is a light source placed 

in the focus of a lens1 201 project i ng parallel li6ht 

on the analyser 202 and on the section Y~of the film 

203 on which the p iece of music or s peec recorded in 

one of the two usual ways of recording . A cylindrical 

l ense 204 concentrates the light transmitted by 202 

and 203 on a small section dy of a film 205 1which will 

be called the first intermediary film. The light of 

each section dx of the film 203 will be concentrated on 

the correspondi ng section dx of the first intermediary 

film. The films 203 and 205 are simultaneously moved 

through t he apparatus , both films moving for instance 

A given section dx of the film 

being developed an extinction 

as indica ted in figure 18 . The period of oscillat i on 

shown in figure 18 corresponds to the p eriod of the 

analyser in the corres~onding section dx~ and the 

amplitude of t he oscillat i on s hown in the extinction 

curve is determined by the amplitude of the oscillation 

of the corresponding frequency i n the ~ record 

~ tkx xs=t±GK t of speech or music on film 203. 
_g10 

By making a negative,..1uhich will be called t he second 

intermediaby film) from the film 205 we obtain an 

extinction curve for .~ given sect i on dx of the negative 

which is s hown in figure 19. Figure 19 . corresponds 

to the extinction curve of the film 205 shown in figure 

18. In making t h e negative the two films 210 and 205 
are held apart at a certain distance and the light used 

f or the copyi ng is not strictly parallel, but diverges 

within a plane wh ich is perpendicular to the film and 
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parallel to the y axis. The divergency should be 

greater for sections d.x which correspond to lower tones. 
If one copies in this wa~ the negative 210 will not show 
the oscillations of figure 18 but only the mean values 
of the extinction. This is indicated in figure 19. 

If film 205 and its "blurred" negative 
~ 210 are placee one on top of the other and copied on a 

third film 211 (which will be called the third inter-
mediary film one can ge·t, by using a developer containing ~~ 
potassium »~ae, or other suitable processes for 

developing, a hard copy. Figure 20 shows such a copy 
which corresponds to the extinction curves shown in 
figures l8 and 19. 

Figure 21 shown how to transcribe the 
intermediary film 211 into the modulator film 

which we need for our system of reproduction. 
~~ ,~ is a light source placed in the focus of a lense 221 
which makes its light parallel and throws it across 
the slit 222 and the third intermediary film 211J(a~xtts-3: 
x ~.:bdWmu:x~n~n~da 
~ .tmt tiD 2llx# x qi::txrtxnd nrum 2~ 
~XBx XM tigkX llm X smrli: rli..t ~-:i~ d 

21tR light. o.it .«JlU 

xruhrn~~~ruvdn~~~ 

on the film J( vVhile the film 211 is moving quickly }' /.2-
the film ~mo¥es slowly and on a single section dy 

1£ 
of the film ~in front of the slit 222 a large number 

1)_0 X of individual hump's (shown in figure _l9.) of the film 211 
will be impressed. 

Instead of using a sound generator film as 
hitherto described one can also use a sound generator disc 
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as shown in figure 22 . 

In figure 22.230 is the sound generator 

disc (a glas's disc on which the oscillations are 

photographed) . 231 is a slit the vddth of which 

can be varied (and thereby the basic time of reproduction) • 

It is practical to use a smaller basic time for a qui ck 

tempi for instance allegro and a larger basic time for 

andante. 232 is the modulator fjlm . 

In reproducing sound by the arrangement 

shown in figure 1 one must take care that the width Ll y 

of the slit 4 should be small enough in relation to 

the smallest wave length 1/j- photographed on the sound 

generator film 3 . If one wishes to use a wider slit 4 y 

one could increase 1/~ but this is not very convenient 
/ ///A 

for the following reason: if we increase/we have 

to increase · the velocity v at which we move the sound 
• 

generator film in order to generate sound of the same 
}"" 

frequency/as before ( r == v-/ ) • It is therefore 

better to use an arrangement shown in figure 23 which 

enables us to use a larger b. y for the same sound generator 

film . In figure 23 we have a light source 240, the 

light of which is made parallel by the lense 241 and 

thrown on the slit 243, the width dy of wh~ch may be 

larger than the smallest wave length 1/ on the sound 

generator film if we use the arrangement as described 

in the following: in front of the slit is moving the 

sound generator film 242 as described in figure 1, but 

there is ano ther strip of film 244 fixed in front of the 

slit which is exactly alike the sound generator film 242 

only at rest in front of t he window. (Each individual 

section.() x ha he .same on bo t h films 242 and 244 . ) 
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The light transmitted by the slit 243 traverses the 

modulator film 245 and enters the photocell 246 . The 

current gener Pted by the photocell c ontrols the loud 

speru{er as described in figure 7. 

The methodl for man1..~acturing the modulator 

film which has been described in figure 15a and 15b 

malce it necessary to have first an ordinary sound r ecord 

on a film and to transcribe it afterwards into a record 

(the modulator film) as required by our system of sound 

reproduction. We shall describe in the following 

a direct way of arriving at our modulator film which has 

the great advantage t hat we save the ordinary sound film 

(which is very long as compared t o the modula t or film) . 

In figure 24 250 is a cathode tube, the 

intensity of the cathode rays emerg ing out of the window 

251 of t he cathode tube being controlled by means of the 

grid 252 by a microphone (the s ·,Jeech or music acting 
253 

directly on the microphonel. The cathode rays,~he intensity 

of which is fol l owing the oscillations of the sound, 

s t;rike a rotating disc 254 at its cylindrical circumferance 

255 which is coated by a luminescent phosphon This 

phosphor is so chosen as to have a sufficiently low 

extinction coefficient; if the velocity of the periphery 

of the disc is of the order of 1 metre per second the 

light emitted by the phosphor in front of the lens 256 

should still be strong enough to permit yhotographic 

recording in the process described b e low. The lens 256 

projects the imr.ge of the section 257 of the periphery 
2 S f 

of t he disc 254 on the slit 258 . An analyse:r11Duilt in the 

s rune way as so1..md generator films are built
1
is kep t rapidly 
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moving in front of slit 258 in such a vmy tha t many 

waves~~ ~R~ ~~~~' recorded on the 

analyser 259 enter U ,e slit 258 while the disc 245 moves 

only by a fraction of' the corres y· onding wave . (the 

velocity of 259 is large as compared to the velocity 

of 255). On the surface 255 the luminosity is 

constant as a function of the x coordinate and a function 

of the y coordinat e which t~t shows the oscillations 

of t he s ound. The section 257 takes in every respect 

the roll of the film 161 in figure 15 . A mirror 260 

in front of the slit 258 projects the image of the slit 

on a photocell 261. The mirror is quickly oscillating 

round the axis 262 projectinc thereby SRK one sect i on dx 

after another on the photocell 261. The oscillations of 

the mirror 260 are slow in comparison with the oscillations 

of light generated by the motion of the analyser, but 

the oscillations of the mirror 260 ai"e quick in comparis on 

to the motion of the disc 254 . The photocell 261 

controls a cathode tube 263 in the same way as described 

in figure 15 . The lruninous spot of t he cathode tube 

263 is projected by the mirror 264 on the film 265 . 

The mirror 264 is oscillating round the axis 266 synchronism 
with 
.:tm/mirror 260 so tha t when mi r' ror 260 is projecting 

the image of a def inite fxxit iNR section x on photocell 
the image of 

261, mirror 264 should project/the luminous spot of 

tube 263 on the corresponding section x of film 265 . 
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e ond pho ocell 110 ~ lc.h sets l1cht dir&ct t Ot!l be 

~c0und generator .t' l lm th.¢ f' lter 100 c ~ n be so d pted 

tb · .. t the c · rx-.e.:flt ge::nuro.ted by ll.O sho d for ov 1!'"3 

frequ ner c pe 

a · .e frequen-cy n caso the tr-an o.roncy f tu . e rr po 1ng 

s-ection x of the sound o 1 lat. ng f . 105 s 1t 

m:~nimuln valu ( j'l-i oh gnif1eD t .e nbs nee of t: e 

th t ~ s to recor d). 

:f i , e 9 how h0 the hotocell l hd 

110 are uaot"~ .- 115 1 a high v ltn;e u ttory, t 

no tt1ve ~olo 110 oi' vrL· ell 1 c nnacted to th-e nno 3:& 

11? of t.~c cell 110 ond the node llS of the coll 1 ·• 

~1he eathodell9 ot t e c eJ.l l06 1s connactoo to 1nt 120 

nnd t o oathod 121 of cell 110 1a c nnected to oint 122. 

'. & negatiVe lOla 12'5 Of 
?. 

e b t , ry 1e 

eo octed to I oint 124 w·1ioh ie co eted to tho oe tiv 
132 

polo 1~35 ot' small ba ., .ery ,/the nee ti vo pole 12 ot 

h .... ch 1a connectod to point 127. Point 127 is con oted 

throuc;h a h gh. l'$S 'ste.nce l2B to >Oint 1~30 ( 1c 1 ie 

eo cted to tho o t ho o 119 of t · co·ll 106) , f 

point 12'7 1s L o connected uhrough othor h ch re ·1st nee 

l29 to point 122 ( 1 1ch 1 co cto to 0 c t l 121 

of tho o ll llO}. Point 127 is connoct t 0 • 
cond m:.or 150 t-o point 1~1 to · 1ch h.e po • t1ve ole lei 

. of the $1 11 battery 132 is leo e onnected ( thro point 

124) . "o nt 1 30 1 connect d to tho c thildee 

133 of t.1e valve 134 .~. 135 of th valve 130 • T.o gr d 

13'7 of th v 1ve 134 is connected to oint 120 the 

v d 139 of t v lvo 13G eonnoote to po.nt 122. 

· 10 mod 139 of tll· v nl vo 13 _ connect d to the e l 0 
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possible to mtinu.fnoture one o the ova mentioned types 

of sound records on tho modulator ~1l.m. We shall 

assume thf1t v1e .nave an 01 .. dina.PY record of a pieco of 

muaia or 01'· .~poech on an ordinary film, the sound being 

registered in one of' th two usual types of registering 

1. e . We shall describe mothod for 

tr· scribing th1s unl t~pe of record into a sound 

reeoro on tho modulator film or one of' th.e types ment1.oned 

above . 

In · ioure 15a 160 ia n film similt-u- to tho 

sound generator films as desovibed bovo, lGl 1s tho 
n piece of music oi.\ apeecll 

f 11m on which/ · ~ 1 recorded in one of tho t\vo 

uaua.1 ways . The light mer>ing from tl1e lin-ht sou.roe 

162 plnoed in the f oc-u& 01 the opt1oal lense 1 3 is m de 

parallel by tho l ense 011d thrown through a section Y 

of tho s:hQJ:'ld generator film 160 nnd of tt.e film 161. 

The length Y corresponds on tho record 161 to 11. certain 
length of 

length of t · :ie the bns1o/time of the operation of tr ns-

crip tio11 { ) . ·niila a certain fl ec t.' on of' the 

record 161 is in front of the window 164, the film 

record 161 be"ng t rest, tho film l"O which w11. be 

ealle tho "analyaer0 is kept moving. The light 

transml tteo by t..lle s eetion Y of both films is collected 

b:r the lenae 165 and thrown on t.he ,hotooell l.GG . na 

As shown in f'1gure l5b the window 1 4 admits only light 

ncroaa a s1uall $OOt1on dx of tho analyaor. By shift1n~ 

tho a l ser in tho d1rect:ton or the x axia d f erent 

eeoti ons x can be brought 11 f:ttont o,f the window lC4 . 
~ 

For a given .:.tOOt1on/of th a.n lysor re9reae11tiri...g n g von 

mean f requenoy in front of the 7indo and ~ x:ttn. 

.:tkll xetnt~:xa kopt moving 111 tho dit-ection of' the y 

axis hile the film record lGl is at rest tho 11,ht 



""!nt 

o d~to rt:tno 

tb ouc 11 tion 

on tl .1"1 r 1 ... l t 

t r. 

160: ·ill bo d n by th 

.cord l\l .. 11' 

- sl t lv 1 O" 

b t a 

scill t1on 

11 ~ t r -1 o.h 

f'1 ·. 109 t:·_o tt• n&p£.1'" l1CJ ol' th.o o · cttc~n t:.X 11 

d -tel'r.linod b the 1ntons1t;,v o" th· Oc.a;.c11 t i on o tllo 

in;) tl10 fil l · to~e or 

tvttll tl mmi..ys 1., l.oO nnr l l ol' to the x .ll!.1 • d ~.rro nt 

slit 

tho fil,. 16 rc 

the £ . L'll l 9 tho i n 111a1 ty o.r l a 
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inatnnco l/10 of tle b ic lenstb o~ t of th 

tr scr1 t1on opor t on (for 1nstanco 1 1 is 

vod alo by 1/10 of~). Thou lol n lG9 !l...l' e.1n 

hlfto f r n backo a.rde n.ll 1 to t x axis 

· ~1 lo t h 1 ':;>ht s ourco 1.6'7 acts on the f lm 169 nnt s o 

on. 

Tho c'll.I'rant go r tod y t .. hotoooll lvG 

1 lif 0 n : e s s 10m in fi 

tho only dii'foren o b 1Ilg th t · ~ oud speaker · n 

fi :ure 7 . s re )1• cod by a s ti tablo 1 ,. t source £or 

1nst co a eat. ode tube 1 th 1 n&soont creen. In 
~. 

igure 10 175 a a Bro m • e. .'he elect. na a ttcd 

by tho t11 nt 176 re controll d by the cylinder 177 

v. eh is .:xmnected throueh tb n s t ve ~ ole 1?8 o£ 

s 11 b t t er 1?9, the oslt1vo olo 1~0 or $1.eh s 

connected o th soco o.PY 181 of' e. tr fo r 102. 
'l'ho otruu• >;Ol of tl o nocond 

183 
cnt ode l7G, thE) prili cy/ of t 

l cted 

or bo 

c nn ctod to tho w pl yor sho m n f gurc 7 . l: 

ends f tl e r 11 . ount l? connoc tod to t c loa 
184 d 1 5 of U o heat ng b ttor-~ lBO , r.c th pol 

1H5 s conn etc to pole 187 o£ tl1D hi volt 

b tter l · • posit ve polo 189 of the s 

volt bat ary .s e 1nnoctod to I. a node 190 of tlle 

t ub 1 ,·s. l • 1s a. lt 1noscent cr()en e t._ light 
under tho ·m·l· cc o:r tho c t l od ~~ay3 . t 0 intonsity 
of t 1 t b cont oll by tho pl~tudo of the 

alte ... 'Il.nti e I'Ont~ . cner to by tb 1otoce 1. The 

tube 175 cts s r ct1£yer n •,he s way a an ud1o • 

Tho tt.ory 1?9 s maint ning sue volt f'!"e -
t the u g id" 1 '7 '"1 t t one half' c cl.e sho d get surpress • 

n fol obhor at od o! transcription 
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parallel to tho y a :"1s . ~he divergency should be 
greater for secti ons dX wh ich correspond to lowev tones . 
I.t' ono oopiea in this way, t h e negative 210 will not sh ow 
the osoille.tiona of figure l8 but only the mean values 
Gf the extinction. This is i ndicated in figure 19. 

If film 2-05 and 1 t s "blurredt' n-ve 
210 are placel one on top of t he other and copied on a 
t h1ed film 211 (which will be called the thir d. intezt.-
medis.ry .f i lm) on.eoan get, by using a developer con.te.1n1ng 
potass ium bromide or other nuitable proces ses f or 
developing., a hard copy . _ Figure eo s hows suoh a, copy 
wh ich corresponds tot he o.xtinot:t.on curves shmm in 
figures J.S and 19. 

Figure 21 s hown how to transcribe the 
third intermediar~y f ilm 211 into t he t"'..Odulat or film 
205 \~ich we need fur our system of reproduction. 
220 is a l ight source placed in the f ocus of a lanse 221 
vhioh makes its light parallel and throws 1t across 
the slit 222 and the third intermediary film !11/••~za 

j-4~ 

a amdti'b :i ~ .ouat ~ tA lii:t. .U ~ d a 

on the f 11m 205 . While the film 211 :ta moving q uickly 
t he film 205 moves slowly and on a single sect · on cJf 

~ of the film 205 in front of t he slit 222 a large number 
of individual humps (shown in figure 19) of the f1.1m 211 
vtiJ.l be impr essed. 

Instead of using a sound generator Cilm as 
~JI 

h~therto deocribod one can also uoe a sound generator disc 
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•urthor ftC00l': in[~ tQ tho -nro ~fmt in J ·t 0 th r 1 

pro vic .. f.l CU! .. 10!' ro 1 1 ;;J\l '11 
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or 

t' oro. 

'h 11J b 11 b ' ·-y Ol lo 
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. it • 1• and l ill .u r c .le of th 
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hich 1 in front of' ··L t 4, b 1t 1 o oui okly oovi 

o l e... . :t 1 1 ~ ,, c .111 1m c ll ,[, otm ~cnorator . 

An o 1t;io 1 lo 2 r .n (J .. !3 the of t .. o 11, t .. ouro 1 

d t ma. ; mor tor fi 

:' th • ~ .. t; lu 5 01 t 10 nhotoc l 

tl til ~') 1 'f"YC the 

f'or very . C'Oh. th .o ul to 

fi ,. aarri, d 1 .. jd 1 0( of' 

n ecc ,r u•·j u i to b<, ro rouuc ,d . 

1 . 2a i t;rip o th. la r. A • 

s;c·1on ~ y :l' ich 1 rent o " H~ ,,lit 4 at ltl.Y 

in~ t~mt nn in . "~1o ot t hioh .may 

b 1/lOth to 1/4. tl of e. acond, no. lie. ill bo l lod 

tJe 1m b i of r.Jro u tion . o .n 11 i . 2 , 

t . ection A i B o up o 11 o 

1 .rot th · 11m ~ x. · ran5puron of ach octio 

{i. e . tho mount of li l t .ach uaction ill ·.llo to 

p s ) d t :1·. tno· ·110 o po it ion of tho o;.~O d '• ·hioh 1o 

produc d b~ tl fiL~ 3 t ti~o '.hJn t o ... oction ~ y 

i in front or. tl 1 t Cnly 11 "'oct on av boon 

o . in o:r ..... t ~imnl · 1· t b n practioo 

tL nUI:'ll) r f .ot on 1 b st t.:;O • If the 

v ry 1 _ e, t cont1nuou ourv 

• .1 b by plott.ln t e ·..;r n I> rency or the film 

u 1'un tim o ~ for 'in ite ;;oction A Y• (In 

thi d . c r lptlon y:_ r f ~r .. to di to.nco lont.,itud1nal o 

t c i' ilm an r fora to di·t tr v r o o the 

1 . ) buo o. curv i o n in F1 • 3 . It vo 
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Ol lt tho tr n p x noy 

OJ. i'il tl or ·u or,din · [ 

of tl' 

1 A Y c :1 1 o n f o t.1 curvo in 

· o tld 1 my hoar 

Ol e . tl ·1 racuo io 

. it., c o.mver, t J fi .OV G 

.o a:. t.,.r 1/1 J t I i;J 0 u noth r 

f.C't:.~.on y ro - 0 tlL llit '- l 11 

t r Ol h ur vury:i.n oun hi J 1 co 0 0 t 
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seoo1d ·he odul tor ·1m ove 2 rnm. por cond, 1 • • 

f'or tll r .p· o ucti of u 1 <.H) of , tb nerfo 

o icL 1 t one our, o o .ill qu1re a filL t 1 or 

th 1 n ·tl: of 'l · 2 t ~ . • r J 

,J.i t 4 h a tl of • 0 mn. an 

111 old 1J tho 

tho b~.ic p rio of 

r oduct1on 1. 1/ 0 of s .con • Tho · i tll o the 11t 

n .,d not b on tan <- o:r-o .. th 1 1. 

n ' tTO 6 tJ10 .idt 

slit b i n• ri'O 

o t1 . ~~11 t 4 m 

'V'Hry 

" re tho 

ui er at h 1 t h 

r • controll d. . 

t t o rig t 

ro o troll d, 3nd boi 

l ere lw lowo 

io dv ant'· g 0' s to l. r• ch 

nd en 

oie 

lit 

.. 1ich mlk the b sic poriod o t. 'i i.'llc fo1· the 

hi or fr ur l-1 or tho lo' ' f're uon 1 o • 

~~h · ound g n rutoi· 1'i 3 ' _ll in 

d .11 .... 14 vuryi " do ·1 ty long tho fi 

st ca oa 

d in 

oombin tion ith A mo ul tor i'il o ·tho typo hO'n 1n 

Fi • or 5. ~t is, horovor, poa•i 1 to rovorse tho 

o bin tion n uno · adulator fi o ~h vuriabl 

1s1 ty type 

film on ~ic t1 tr qu nc1o~ 

v rioble ·, t t 1 ~ othod • 

.. oun gonorator 

· roco d ..... u by t ho 

. t h bo.:..n men ion d t · t the numbor of th 

s ction Ax •-;ill b o l 1rr cl nyth1 ubov 200, 

fo1· i tan co if th lo1i •, ·t r J u ncy .hich 1 t 1o do !rod 

to i nolu e in t r production 1a 10 , nd th hic)w t 

troqua cy 1 ~ , o 0~ d 1 it 1 do 1 e t tho 
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d1ff r no b tr 0n to dj . nt tr qu ncj a v haul 

bo boutA - y 
- l • i.e. 1 of tl :r • uency it 'ill , 

• Ol • = e., GQ_J_ I l~ ( 1 -+ ) f qucnoi e, 
1 100 • e n(l-+1) ~ 0•01; i . • ~400 • 

co u 0 

A 5000 i 
( no 

10
- out 

fan i t v riut. on in t;h int;e it o ' th 11 t 

(th t enter.. . 1 hotoc 11) nto oun • oto-

11, 71 :it n c ·.to ' 1 o 1 a ~.;arm t ro • a igh 

t c ? to JOint 73. oint 7~ i ·onn ct 

conn ct t . ugh 1 r 1 7C to th no 77 

of o photo 11 s. o .octe thr h 

r int 7 0 po 1t1ve pole 7 of ig volt 

b tt ·ry s • o n -ativu ol 61 oi thi'" hi volt 

att ry it connG·t thl'O 1 11 b t 1~ 0 to 

int 7'.: o t;hc lo i il ont 03 0 v 5 . 

I 10 rid of ;ltia v 1 i connected to tho c thod 7 

0 t}l(. hotooell 6 . ~ e 6 0 t valv 05 18 

to on1 n 0 tJ1 , ry 07 of a tran::;to r 

08 th otl n 0 tl . ir boi :r coru ct to oint 

9 . .Point 9 1 com.uc tad throug 1 ~ rc .,t c 90 to 

t po 'tiv O.L; 7 of "'~,o hi voltu o b tt ry 0 on 

til 0 han 1. or 91 to o na tivo 

ol 1 oi tl e b tt ry on th ot r 

l un • Th d 9tv 0 th 'tl' form r oe 1 

oonn ct d to n mpli 1 I' t hich f - t l loud-

5 fl r 9 • 
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FiGUre 9 llo . how the photoc lla lOt:; and 110 nrc 

uooet. 115 ls a high vol e.g t ttery, h aitiv pole 

116 of .hioh 1 conn ct d to tho anoda 1 ? of t.ho cell 

110 and he ode 118 of c 11 106. 'rlm oat. de 119 

0 tho col 106 .· n oonn ct to point 1 ... 0 und tho oathod 

121 o:r ooll 110 i q. oo . oted to point 1.22 . hJ n gntivo 

le 123 of ·tht; high volt !l"O b ttery 1 connected to 

point 124 ioh iv connected to tho positive lo 125 

ot' ~ small b ttocy 13£, th· noeo.ti,ve pole 126 o hioh 

1a oonnooted to 

through a high 

int 127 . oint 127 1 conn et 

List :m "' O 1 S ·o point 120 (which 1s 

conn oted to U onthodo ~19 of th call 106), und point 

127 1 n also conn oct d throu ~11 anoth .... r hi£ 1 resistancG 

129 ·to point 122 (wh c i · connoctod to tho co.tllo e 14-l 

of th ooll 110). Point 1~7 io oonnrcte through h 

~onden er 130 t o point 131 to which the po~itiv polo 125 

o:C the ~ raull but tory l3c is :.·lao connoctod ( th.ro gh 

point 124). Point 130 1 connootod to tho thodo 133 

of the vo.lv 13 nd 135 o:f tho vnlvo 136 . Tho grid 

137 o t volvo 134 1 co~ect d to point 1 0 and th~ 

grid 1~50 ot tho val vo 136 ia oonnQctod to poj.nt 1.22 . 

Tho anod · ~9 of tho v lv 13 1 · connactod to tha ond 

140 of th prim.. cy ooil 13.1 of tho tranaf'ormor 142. Tho 

anode 143 or tho ~alv 136 1 conn ct d to tho othor nd 

144 of the pr mary oi lt.l.. Th mid 1 14 of the 

pr ry coil 14A 1 conn ctod to tho positivo l 116 

or th hie voltt e battery 115. 

b oorm te to an mplifi :r '-" 

Th 

n 

oond ry 146 

lou p o. r . 



If tll of tl m on th modul to f1 

0 indicat in i gur t 1 

not .. : ) '· h ~- 11 .... nt . ctionc .4 u " 
i ol t (i m a· oth .r by lac .... t ... ·i. 51, 52, 53 . 

it in .. uvl ,eta n,& l..r n th film 0 

ctly co.at in o .:..• It (5 

u 11 "onoothu -l dul tor film in 

it a 11 oot J.' ·ot ' encr. tor ilrn . 

ound n to · film in differ nt 

] 1 ;.>u.ce 1 ' iv . n i n tin vf a ·~mooth' oun 

genor tor fll.m . inu i: ... tlon o C .rt in UlVOl 

1 photogra h n XI Of t e fil~ (i . o. th 

r n ·p rcncy v 1 lonr:. !loot on x1 according to 

A lx 1J~~ l. Ti(- (")'j; ano cr s inu f'Itct:ton of 

11 tl y i 1'f r nt otocr >h on 

1 octio 1 :x • ov r l appi ng 

indic t ·n l i tr 10 . Tn llo w y o. third 

sinu f 1Ct:I.Ol i... lOt rup od on uection JC.3, th 

v lm ·h ~:X3) 1 a a littl g inst 

t 1 v l L th o1' .. oc t 'on • ct1on 1 ov r l pp 

etion Xl l .; in , ,nn r indic t in igura 10 . 
{ 

~ If li · 1t dul .tor fiL"rl · t o. d finite 

t· r n r •0\ 0 ·!; . 0 :1 0 ' t de 1nito T)Ot ~of the 

t.J0\1 ( .~an rato · fil , .,oun ill b p oduco hie . 

11 cont in 1' o .. b n of ·og ' ci ' t 0 c nt of 

ity f .hich ill b d v Tho br dth 

of' h b l d n 0 t b dt D of th ctions 

- 1 -



, 
x1 , x , x • • • , on 11 hi otion w th 

to 'UC othor, d on the s 1 t o fraquenqy 

fro ot o to oth r ., ·rho ra dt o th 

v pro uo d b 1 1 ht itt t ~i'in1to 

apot tf 11 t l'OX . t ely b 

d.. ~ cl ):) ~ \r~ \T" ~ {:- · - \.r 
~ t 

! it 1• d r d to rep oduo .. c it 1 portnnt 

th t tllo trequ ncy ~ n rnt (J by li 1 tr m m.1 tod 

1 it pot_ ould b portion to o % 

( ~ :0{,... ) . If t 1 condit on i fulfill d 

( t- : Ce"'~ ) 11 ft of th odul tor fi l lith 

r ~ oot to t r tor film 1 t . direction r 

t !: 1 111 not d tort th sic ut only 

t key; or i-n• t irl 1f!' ~ 1 0 1 la d 

to t 0 nru 1c bo 1 yo.d half ton or or 

lo r . ( lt fJ. Y b I • t . ut t pr nt .y ·t 0 

0 .d , roduci mak 1 o ribl to v ry t a t 

va.r n h po of modul tor fil 0 t ch 

t ... o oft e 0 d one tor r l.m) . 

J!'i · 1r ll 1 die ,c .ci 1 typ of t mooth" 

oun ·tor fi t·o 11 lr:l 15 h1oh 

r P r 1·1 to "1 a oro . tho :11m def 1no 

on Y of tl r· t ic corro · p nds to rt in 

1 net of ime, y 1/lOtJ to 1/AOth Of cond hi 

o.y b e 11 t 10 1 l1 th 0 f t 1m I or t o om 

n 0 or thi t • If' v 1 t 1 t y t -
c t on r to fi 1 ovinr th n • Y: • 



,' T o lino 15 i di to t 1 dl otto • 
Th tr p r cy o t fi in ho ection Xl is ,1v 

or n of th mi dlo or on Y • • 1 · f'l c 1 on 1 

ho n '1gu.r 11 .. T . p ren y 01· f1 1 

th otio ( c .. shil't in eat o otion 

d 1 o rlup in· oct n xl) i.... 1v by 

2 ei ~ligl tl.y 

hi runot1on 1 ho in 

i :UI'O ll • Th ~a applio to otion x3 nd o on. 

rh next uection y b t' l1no 1 . lo3 1 

de x ctly lih:t tho otion g bot aen 151 and 152J 

,. i all tho ru otion copied ithin thio ction 

h v th i ax m n t o lddlo 15r: of th octio • The 

hol ro o L section Y • 

ound rio of l e acti ns Y nc d not b 

l r llel o tho 1 , but c 1 ve a sli 1t lop 

die t d in ·i 1 • 

Th b io 1 n of t1 o the oun n r tor 1 

•Y be unot·on o .! the t1 1 l1r r t'or o 

lo or to no than :for th i r ono • Thi 1 1 10 t 

in Fi 13. 

igure 1 0 ano· h r in 11oh ound b 

reg .. t od on t e modul tor f'i • t1le tr n p r nay of 

th 11m v rio oo tinuou ly ( continuou function o£ 

2£) ucro tl r • Thi 1 bro ,. t bout by h v 

non-t t nd t 0 to 

t h 11 , t11o br dt o th t.r p nt 

1 b u otio of • 
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-t 0 , 11 1' do o~i ~11c m _a 1t e 1 lo to 

. ulnto:r 

cord or o piec of mu c or o 

0 .l 0 or iru: ry f1lm, h oun< ro 01· c 1n 

e v: ri'bl 

o of eo in[;, 1. a. by ith r 

1 lo O"r..,. 1 t} types. 

1" 1· illustrovt o ~ r 

t~nn or binG th1 o£ · cor into sound 

oor o t o dtt1 to ..,. JJ, of ono of th 

m tion a avo. 160 1:.~ u filr si 1· r t 

ner to 81 is t 1 on 

ch 1 rooor Ga 1 ono o 

tho 'IO 1 ;ay. • Tho l .. ~'" t morgi 

Douro.& 1 2 pl~ ~.iOd 1n t.l:J' oaua ot tho o tio 1l l , 
is rond d nr.alltll thor by rm thrown lt o et1on 

YR or th ~ sound ~onoruto:;:· l'l.!.m 160 d o:r t w fi k 161 . 

l' le o d . o the rooor lGl to the 

le - J of t!mo T 0 th 0 tion o 00 

il<J c rtnill ct1o t · cord 161 1 i ront or 
th indo. 164., tl 0 :film ord 161 bai %' t, th 

1llll 160 1cll vi11 cal t lf ly e ·' 1 kopt 

ov • light tr tt d by thG ct on Y or ot 

t lra 1 coll ot by ( 1 n 165 d hro th 

photoo ll 166 .. ... ruo,..n in i Xi lob th ~ind .1 
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