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Instructions for Quality Control of

Variable-Area Sound Tracks

Section |
INTRODUCTION

1. It is the purpose of this instruction book to
describe means of cylablishing values for the hest
photographic reproduction of sound, and for main-
tnining o consistent control, Instruction Book
24416 18 available for the use of those whe do not
have the special equipment necessary to make the
ruther precise tests described in this book.

2. All photographic sound records of any type
must satisfy at least two requirements in order to
give falthful réproduction. Firet, the wave form
must be the same as that of the expozing light, and
second, the amplitude must be well above the noise

level, With the proper values of expoging light and
developers, these two conditions can bhe met, In
the variable-area system of recording, the require-
ment of wave shape similar to the exposing light
takes the form of the problems of image spread
and sharpness, while the requirement of amplitude
well above noise level is the problem of contrast.
These photographic problems can be solved by the
choice of certain conditions, It is the object of these
instructions to describe the test procedure to be
followed in order to determine these conditions. A
brief explanation of the theory involved is piven
first,

Sectian I
THEORY

3. Thizs instruction book includes a copy of a
raper “Modulated High-Freguency Recording as a
Means of Defermining Conditions for Optimal
Processing.” by Baker & Robinson, reprinted from
the January, 1938, SMPE Journal This paper
gives an excellent discussion of the fundamental
theory of variable-area sound tracks. The following
paragraphs summarize this theory.

4. A variable-area track is, fundamentally, noth-
ing mare than an oscillographic trace of the original
sound wave having all the area on one side of the
trace transparent and all the area on the other side
of the trace opaguec. In order to secure certain
operation advantages, the tracks have been engi-
neered in wvarious forms, such as unilateral, hi-

lateral, push-pull, ete. They are all designed, how-
ever, to accomplish the same final result; that is,
to wvary the light intensity reaching the photacell
in the reproducer in accordance with the original
sound waves.

5. Due to the characteristic of photographic
materials, complete opacily and complete trans-
parency. are impossible, but it {5 not difficult to
obtain a density contrast thal will satisfy all prac-
tical requirements. The reason for a high density
contrast is to produce a high ratio of signal o noise.
In practice a print den=ity of 1.4 with a fog density
of 0.0Z can be obtained. The density of 1.4 trans-
mits only 4 per cent of the lipht, and the fop of
0.02 {plus the base of 0.03) transmits 89 per cenl



ul the hight. This leaves only & smsll smount in
volume, level to he gained by going to higher
dengity contrasts. However, certain practical con-
sideraticsis frequently indicate o greater frecdom
from noise at higher print deneities.

G. Another requisite of a good print is that the
gilver image must be exactly the same size and
shape as the oplical image that formed it. It is
characteristic of all photographic materials 1o
diffuse the light thot penctrates their surfaces, The
degree of diffusion varies with different types of
emulyivns, the wavelength of the cxposing light.*
and the angle at which the light strikes the emul-
sion, In addition to this, the silver imuaye is also
affected in shorpness and size by the lype of
development, The eHfect of this diffusion on the
cxposure far any small unit area is that the Lotal
expesure in this area I8 dependent on the CXDOSUre
ul adjacent arens, It follows, therefore, that the
houndary of the silver image lacks sharpness and
mpy be larger or smaller than the optical image.
On sound-track prints where the unit aress are
comparatively large, us is true of the lower fre.
quencies, thiy imuge spread is of negligible im
portaniee.  However, at the higher frequencies
(those having u wavelength of less than 4 or §
mils) the imapge spread becomes an important
factor, Alter taking advantage of all the factors
which redure the lmage spread, the silver image
onoa print at a density of 14 is larger than the
oplical image that formed it Consequently, in
order ta produce the correct silver image on the
print, it is necessary to introduce a compensaling
effect (imege spread) into the negative: that is
the silver image on the negative must he larger and
therefore the clear portion smaller by the amount
of image spread in the print, so that when the
negative is printed the silver hmage on the print
will be exactly the same size and shape as the
optical image that exposed the negative.

7. The problem of determining the amount of
image spread for a given set of equipment is solved
Ly the recording and messuring of spe-ial fre-
quency tests. The effect of image spread at 1.000
vycles is nepligible; therefure this frequency can
be recorded for reference. The top of the frequency
range for commercial 1ecordings is 9.000 cycles 4o
this frequency can be used to deteviuine the maxi-
wum high-frequency attenustion. It might appesr
that determination of conditions producing the

"ikny patent dights-whicl ROA lims io the use of re-
slricted. bands of light for reconling or printing of sound
Iracle are restricted 1o use with RCA recorded Rlm.

least high-frequency attenuation would be the
answerto the problem. This is true; but such a test
iz not sufficiently critical to be avcurate, The image
spread becomes more apparent in a form other than
the attenustion of high frequencies, Consider apmin
the fundamentals of a simple variable-area track
without noise reduction. The averapge transmission
i= 5 per cent and musl remain constant regardless
of frequency. At the low [iequencics 1mage spread

mercly increases the size of the fmage sliphtly.  Ag

e fully modulated track moves pust the slit, the
light reaching the photocell is moduluted [rom O
to 100 per cenl. The average transmission i thus
50 per cent. However, at the higher frequencies,
ehch wave 15 8o close to the adjacent waves that
when image spread occurs the waves come together
to form a secandary image. This, of course, accirs
in the valleys. Consequently, as a fully modulated
track moves past the slit. the light resching the
photocell is Light modulated from () to something
lets than 100 m"r cent, I, for example, the modula-
tion at 9,000 cycles of the light passing through
the film goes from 0 ta only 60 per cent, due to
the fill-in from image spread, the average transmis-
sion will be only 30 per cent. Therefore, a rapid
change from a low to & high frequency, or a rapid
chiange in amplitude of a high frequency will pro-
duce a new frequency which is the envelope fre
quency of the chanpe in average tronsmissions: or
in other words, partial rectification takes place,
This effect iz sometimes called “filling in the
valleys™ or “zera shift.” An example of thiz effect
15 a recording of 9.000 cyeles varying in amplitude
at the rate of 400 cycles. There will be present in
the cutpul three [requencies: the 9,000 cyele carrier
and twa sidebnnds of 8,600 cycles and 9,400 cycles,
There should be no 400-cycle tane prezent in tlie

output. However, if there is imuge spread on the

Alm, an entirely now frequency of 400 ewcles will
L generated by the partial rectification mentioned
above. When the $00-cycle compaonent of sich
recording is measured through a band-pass flter,
it serves as & very sccurate and critical meastre
ol image spread. and the complete absenoe of 30
cycles will indicate exactly the best photographic
condilions for cancellation of image spread.

8. In the réproduction of variablecaren zourd
lracks. Image spread is audible uas distortion of
sibilant sounds. It should be noted, however, that
& similar distortion can be produced by “clipping”
or “overshooting” these same sibilants.

9. Since this control system messurcs cancella-
tion, care must be taken to insure that-both record-

)
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ing and reprodurcing test equipments do not intro.
duce appreciable 100-cycle components. If this pre
caution is not observed, the point of maximum can-
cellation whll be intiuenced by the 400-cycie com
ponent antroduced . by the test ‘equipment, and
therefore will naf indicate the correct photographic
condiliens, S8uch s situation may lead to the helief

E

that the contral system is not satisfactory, whereas
the actusl trouble les in the application of the
system,

10. Sirce ull release prints must be standard
tracks, conditions must be sctup for best processing
of standard tracks. The same conditions should be
followed for pushpull tracks.

Section Il
OUTLINE OF TEST PROCEDURE

11. This brief cutline 18 given so that the pencral
procedure and’ sequence can be understood before
geang into the details. Sinee the picture reguire-
ments usinlly determing print stock and develop-
ment, these lmetors sre already established® This
leaves the four varinbles of negative exposure,
negutive development, mechanical operation of the
printer, and print expostre to be determined. Each
of these vanables must be controlled and its proper
value determined hefore consistently, satisfactory
processing can be scoured.

a. Make a test recording consisting of 1,000
cycles, 9,000 cyeles, 9.000 /100 cycles (9,000 cycles
varying in amplitude at the rate of 400 cycles) at
canstant amplitude (80 per cént modulation) using
d modulated carrier ogcillator with good wave form,
Repent this test ot several different lamp currents,
Expuse sensilometric strips in the rack area. (See
paragraph 12,3 '

b: Develop this negative in the variable-area

*negative developer. (Sce pursgraph 13.)

¢. Mueasure and record the densifies; amplitude,

#The special case of master sound-track: printy for re-
recording 15 dhscossed n paragraph 22,

and track placement of the tests, Messure {he
sensitometric strips to verify developing conditions.
(See paragraph 14.)

d. Print the entire negative including sensito-
metnce strips for print denslities of 1.2, 1.3, 1.4 1.5,
and 1.6, Bxpose sensitometric steips oneach roll.
(See puragraph 15.)

¢. Measure and record track densities and track
plocement. (See poragraph 16.)

f. In the test reproducing equiprient, imesslre
the output of the 1,000 cycles, 000 cycles; and
400-cyele compoenent from the modulated 9,000-
cyrle recarding. (See paragraph 16.)

g. After correcting the data recorded as indicated
above in accordance with the instructions lu para-
graph 14, a family of curves should he plotted
stmilar to those shown on flgure 6, and then o carve
like fipure 7 should bhe plotted from these curves.
From these curves it may be determuned whether
or not the processing is satsfactory. If the process-
ing is satisfactory, then the optimum negative
denzity for a given print density, and the permis-
sible tolerances may be determined, (See’ para
graph 17.)

Section IV

METHOD OF SETTING UP LIMITS
FOR QUALITY CONTROL

Recording

12, Nake ‘test recordings as indicated below,
carefully observing all equipment considerations:

a. Oscillator. For these tests an oscillator is
required which provides a source of 1,000 cycles; .
9000 cycles, and 9,000 cyeles modulated by 400
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cycles. The wave form should be good, In accord-
ance with the well-knowmn theory of modulation,
whien the oscillator® js delivering modulated 9,000
cycles, there is present in the cutput 8600, 9.000,
and 9400 cyecles, and these are the frequencies
with which we are concerned. The residual 400-
cycle output should be at least 90 db below the
high-frequency output. Four-hundred eyeles has
been selected as the modulating fréquency becauss
af the availahility of bhand-pass fAlters roguired in
the reproducing circuit, and this frequency must
be held within =10 cyeles.

b Recorder and Recording Amplificr. Before
malking any Hlm tests, the recorder ehould be care-
fully checked for track locsation, szimuth, and
focus according to instructions furnished with the
recorder. Alse, the amplifying cquipment should be
checked for cross-modulation at the level at which
il will be operated, As the film measurements often
go below 40 db, the equipment cross-modulation
should be down at least 60 db, The importance of
hnving the praper recarding equipment s stressecd
here Lecuuse wny delects of this. equipment will
give false values for processing conditions. For
instanee, incorrect focus or azimuth will show on
attenuation of high frequencies which 15 not due
o processing. . The most important factor is the
linearity of the recording system. Any nonlinearity
would cause cross-modulation and therefore intro
duce & 4(t-ecyele component into the modulated
0,000 c¢ycles. This could then be cancelled in
processing, but the combmation of negalive and
print densities for cancellation would be incorrect
for the best pholographic conditions.  In the event
cross-modulation exists in the amplifiers, the 400-
cyele comnponenl produced can be elimmated by
the use of a suitable high-pass filter between the
amplifier and the galvanometer.

c. Recording, Record a test negative (miodu-
Iated 80 per cent) of 1,000 cyeles at diffcrent valucs
of lamp current, Then record 9.000 cycles at the
sume lamnp sctbngs and same smplitude. Next
record modulated 8000 cycles at the same level
and lamp: setings. At least 3 modulated 2,000-
cycle sections should he recorded, but it may be
pogsible to vecord only one 1,000-cycle section and
three G.000-cycle sections if the general processing
conditions are sufficiently well-kuown to be able
to get the 1,000-cycle section and the second 9.000-
cycle section near the wormal density. The fre
gquency recordings should be at least # feet in length
to facilitate readings.: An unmodulated full-track

tInstruction Dook 2R12-4.2 gives & description of the
MI-10803 oscillator which is designed for this purpose.

exposure should be made at the end of sach fre.
quency Lo provide a stufficiently large area for
making density readings. Because the negative
density is between 2.0 and 2.8, it is suppgested that
an exposure test be made Arst, and developed
normally, to determine the range of lamp currenis
reguired for these values of density.

MNOTE: It is common practicc to. recond negatives
which will be used to make dubbing prints at the sarme
density . negatives for releasc prints. This {s morely
for the siake of convenicnce in recording, and to avoid
possible confusion due to having nogatives at different
dennrities, but i3 not neccssary photographically,

d. Sensitomeler. A stondard Eastman IIHB gen-
sitometer is preferred as a standard exposure de-
vice for the establishing and maintaining of de-
veloper contral,

&, Sensitometric Strips.  Ezxpose sensitometnc
strips in the track aren of the negntive roll, This
exposure shauld be in the track arvea so thal w
“Yprint through" gamma strip will be made when
the negative 15 printed.

Megative Development

13. Develop the negative made as described in
paragraph 12 in a variable-aren negative developer,
If the nepative i a test on general overall quality,
it should be developed under dormal conditions
previously estahlished.

a. White-Light Spacification.
being established in a new Inboratory, the developer
should have the following characteristics when useed
with recent fine-grain stoclk. The density wvalues
below include a base density of 0.24,

If conditions aro

TAEBLE I—DEVELOPER SPECIFICATIONS
FOR WHITE-LIGHT EXPOSURE

Facfor Valus

{a}  Cravvmunnn abave 3.9
{b) Density of 8th Step
{from light cnd)

() Density of lst Siep

2:53-1.b

(light end) | Jess than 0.35
{d)y Fog s Bl 01,341
(A withmout base density)
{2} Toe break lcss chean 1.0
() Shoulder bweak above 3.0

b, Ulira-Violet Specifications. In establishing
developer control there are some advantages in
using sensitometric strips exposed through the same
type of filter as the sound track. Thiz i3 donc by
replacing the standard filter in the sensitometer with
a- four-inch square of the szame Alter material as
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is used in the recorder. A Corning 5497 filter, 3mm
thick, 15 currently reeomnended. This gives a dif-
ferent characteristic than abtained from the stand-
ard positive IIB sensiloaneler eiposure, but more
aearly duplicates the conditions of exposure on the

cscand track, IT this procedure is followed, a dif-

ferent =et of specifications: must he established.
The U. V. specifications corresponding to the
white-light specifications given above are as fol-
lows: The density values include a base density of
(24

TABLE || —DEVELOPER SPECIFICATIONS
FOR ULTRA-VIOLET EXPOSURE

Factor Value

(n) Gammn above 3.6

(5 Density af 121h Brep

{from lipht emi) nhove 2,4

(o) Denntiy of 1st Steq
(light end) leas than 0.45%
() Fog

(e} Toc break

less than 0.30

lezs than 1.00

(1) Shoulder brealk above 1.4 l

e/ BDavalopar Formula. The type of developer
reguired to produce the gbove results compared to
average positive developers will be found to create
meore contrast, give a higher density speed, lower
tae, and less fag, [tis ditheult to recommend a de-
veloping formula that will produce these results as
the character of the development is affected by the
mechanics of the developing machine. A formuls
that has been found to be very satisfactory in a
particular machine is the following:

Elin 1.9 grams
Solitirm Sulplate

Hydroguinoneg
Sodium Carbonate

B2R prams
15.7 groms
235 prams
Potagsium Dramade
Water to make

Preferably the time of developmemt should be
SEVen minures or over, since long fime develop

ment is Enowrn to give better results than shore
time development.

11 grams
1200 Tite

Megative Meaosurements

t4. Messure and record the densities, amplitude,
and track placement of the tests as indicated he-
low. It is desirable to have o convenlent dote sheet
ta record all measurements. Figure 4 shows A
Lypical data sheet with space for a negative and
only one print.

a. Microscope, A magnification of twenty-five
diamelers is guite suitable for all observations
The microscope must be equipped with some means
of measuring emplitudes and track location. A
calibrated eyepiece reading directly in mils is most
convenient for this purpose. '

b, Visual Inspection. At this time wisual in-
spection of the negative i3 desirable. Any trouble
condition found at thig time can then be corrected
and the tests repeated belore further bime and Al
are used in making prints. The focus should be
observed and the sharpness should be the best
possible ond similor to the sample shown in the
envelope attached to the inside cover, Any stroeks
in the track can often be traced to dirt in the
recorder slit (or some other part of the optical
system where the Image is in foeus, The symmetry
and wave shape of the image should also bd
checlked

¢, Amplitude Measuremeaents, DMeasure and re-
cord the amplitude of each sgection. Since most
routine flm tests are mude on equipment Having ot
least 1 db volume control steps, it s necessary to
Lorrect fu_r the sctus]l amplhitude recorded on the
track. This can hest be measured on the nEEﬂti;th
because the 9,000 cyeles on the prints are nol ususally
well enotigh defined to male accurate measurements
Mote on the data shect (Ag. 4) that a space 1%
provided for each-half of the track. This is warth-
white for relerence to the alignment of the recorder
optical system. Reference tn fipure 2 shows the
amplitude of the 1,000 eyclées o Le 001 meches
(&0 per cent) and the amplitude of the 9000 cycles
to be (057 inches (75 per cent). On figure 3 read
61 mils as the reference frequency on the abecissa
and 57 mils as the test frequency on the ordinate.
Thiz gives 3 value of --1.58 db to be added ta the
9.000-cycle readings as in this example:

TABLE 1II—SAMPLE CORRECTION FOR 9,000-CYCLE READINGS

[ :
| Ampirtnde Correction
0 A, ¥r 4000 Cy, Corrececfod
Fr Sproc. Picture - Fiir Figr n e Relerrod it
IS Side Side ey Azrrpal i Amrrnlef LA ¥ ; fa 10 Cy. | Fak
i
10400 D306 0304 Q61 1] | 0 ] =6 1 0
Q000 M2RT AR JA570 g | 1. 1] foss -+ 2 —1 —3.42




TABLE IV-SAMPLE CORRECTIONS FOR MODULATED 9,000-CYCLE READINGS

Amplitude | Correction |
3 'I Fat | Fi I Fi YK Pﬁﬂ?’n CZ‘ Sopmeead
Lo, Ciure o O oo eferrn Chistmuit

Frag. Sidde | Side Toral | Ampiir. Aniplif | Torat el ings (o 1060 Cy. utpu
ke | | :

1non 0506 | JREDE Aial Li] 0 | 1] | T6 0 u

oo, {0307 + (.0305) 0512 HL3 l —25 —13.5 | —I =1 =305
| A0 —{.005 4 .005) |

In measuring the amplitude of modulation of the
modulated 8,000 cyeles, it is nccessary o obtain the
difference between the maximum and minimum
modulation of the 9,000 cycles, Referring o figure
2, the maximum value of the 000 eycled iz shown
to be B0 per cent. For practical reasons it i5 im-
rossible to obtain 100 per cent modulation of the
carricr wave, However, tlie mazimum modulation
is A + B and the minimum is G | H. The value
ta be determined is (A — H) (G - H). In figure 2,
the values are as follows: A — 0307, B — 0305,
G =005, H — .005; Therefore, the amplitude is
(0307 |- .0305)-(,005 4- .005) or 0512 inches (67
Per cenl). Again taking the 1 000-eyele amplitude
‘of 61.0 mils gs the reference, and the 9,000 100
eyele amplitude of 51.2 mils as the test. the correc-
tion is read off as - 1.5 db and should be added to
the amplifier correetion. For example, if the am-
plifier correction is —25 db, the total correction
ta ' be applied to the 9,000,400 cycle readings is
—23.5 dl.

Also, check the track placement of the negative
al this time. Figure 1 shows the most recently pub-
lished standards for film and track dimensions.

d. Denzitometer. A "Capstaff Purdy” densi
lometer is quite satisfactory, and has the advantage
that a smaller spot is required for density messure:
mcnts than for some other types of instruments.
However, it is desirable to reduce the size of the
aperture still further by masking in order ta be able
to mcasure quarter-width track. Sinte quarter-
width track is 19 mils, satislactory results can be
obtained with an aperture having a digmeter of
12 mils,

The “ERPI" densitomcter is [nding wide uze
in the industry but the slit now supplied can be
‘used only with half-width or full track.

€. Density Measurements, Measure and’ record
the track densities, and check the uniformuty of
density across the track. Measure the sensitometric

strips. These will scrve as a check of developing
conditions;

Printing and Davaloping

15, Print the negatives accarding to the following
specifications:

n. Release  Prints.  Parapraph |8 L Passihfe
Svurces of Ungatistactary Results’)  discusses
printer troubles and adjustment of printers. Print
the entire negatives made as descriled in parograph
12 including sensitometric strips at print densities
of 1.20, 1,30, 1.40, 1.50 and 1.60. This print shouwld
be developed in the normal release print developer,

MNOTE: Far avery negative density, there (s an ogilimnm
print demaity,  However, it in notesanry for the prin
density to be above 1.3 to obinin most of the roiani bile
output level uml poise reduetia,

L. Dubhing Prints. If dubbing processing corl-
ditions are boing determined. the print should he

. —

i EOORD AECOND —
CUTER LODE CF PRINTER AlLs | -—--ré‘l".!.-"' --|
WINTH ) OF SEUMD FEd ol 5

378 ey | i =]

st 'MNER EDGE OF CHINTED AREA — 5

g Fl* _|E§Ez'_
L

DEFCTION OF TRAVEL e,

SRl TRACH-A S A Wil STAMMAED AN (B 5= DMERSHING  AMD
LOCATIO0M, AT Sk FELATIVE Ta LIMSHALmG RAN - STOCK.

ALL Deesrisaons SHOWHN Al m INCHES
w-lAmigay |

Figure T—35 mm Sound Track
Dimension Standards.
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developed in the specisl nepative developer for hest
results. The print density will be considerably
higher than release print density if the negatives
were macde at the same density as negatives fur ro-
lease pronts.

Print Measurements

16. Measure and record the densities of the
pririts and check the track placement. It may
happen that the track placement will be off on the
print although it was correct on the negative, If
it is outside the tolerances shown on figure 1, the
trouble should be corrected before more prints
are made,

a, Reproducing Equipment. The reproducing
equipment should consist of a good film phono-
grapli, calibrated amplificrs, MI-10807-A Film
Test Panel,¥ and a volume indicator. The am-
plifying system should have at least 110 db gain,
and should be accurately calibrated for frequency
characteristic and [recdom from distortion. The
recommended setup is shown in fgure 5. The
normal jock conections shown in this fgure have
proven very satisfactory, The use of patch cords
makes it possible to test different amplifiers with
out the trouble of disconnecting the amplifier leads.
The object of the switching arrangement with the
filter and attenuator is to facilitate talking ull read.
ings without changing the amplifier gain as the
modulated 9,000-cyele output is considerably lower
than the 1,000~ and 9,000-cycle outputs, It is con-
venient to use 28 db attenuation when reading the
1,000 and 9,000 cycles and, =ince the filter has
3 db loss, 25 db is therefore subtracted from the
modulated 9,000-cyecle readinps. The MI-10210-A
Amnplifier is supplied with 7 db rise at 9,000 cvcles,
with the alternative of obtaining a flat response
by removing the jumper. Using either of these
setups will require a8 correclion to equal the re-
producing slit loss.  For example, if the 7 db dse
i5 used, and the slit loss 18 4 db, the correction is
then 3 db which should be subtracted from the
9.000-cycle readings. If the jumper is remowved,
and the overall channel is known to have = fat
frequency characteristic, a correction factor equal
to the slit loss should be added to the 9,000-cycle
readings. A more convenicnt arrangement would
be to modify the amplifier to give a rise at 9,000
cycles equal to the slit loss, so that no corrections
would be necessary. This is assuming that the am-
plifier is to be used for tests only and not for
production recording, This setup will also reduce

# Hefer to instructon book IB-24303-1 for ynstruchons on
the film test panel
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the possibility of error as there would be no varia-
tion in output.if the high-frequency section was
not recorded at exactly 9,000 c¢ycles. If a sloping
characteristic is used, a change in frequency will
catise a considerable change in vutput.

b. Reproducing Measuremends. By mcans of
this test reproducing cquipment, measure the out-
put of 1,000 cycles, 9,000 cycles, and the 400-cycle
componett from the modulated 9,000-cycle record-
ing, observing at the same time the degree of varia-
tion in the output of each reading.

(1) Variation in output is probably an indica-
tion of poor printer contact or Alm motion. If the
vanation is so great that accurate readings cantiol
be made, it 15 useless to proceed further until im-
provements have been made in the printer, and o
new print mude,

(2) Another factor which may cause unstendi-
ness, loss of high frequencies, and high distortion
15 improperly dried flm, frequently called “fresh”
or “green” film. Such a print, when first repro-
duced, will exhibit a large amount of unsteadiness
which will disappeur as the print ages or dries,
This occurs because the film is not flat and
runs in and out of focus in the reproducer. How-
cver, 8 print made from an improperly dried nega-
tive will exhibit the same variations due to changes
in printer contact, and therefore such o print will
not improve with aging or drying.

(3) After correcting the output measturements
in accordance with the instructions in parapraph
e (“Amplitude Measurements™), a family of
curves should be plotted similar to those shown on
figure 6. A curve similar to figure 7 should then be
made by plotting the two negalive densities at
which the curve for each print density crosses the
30 db cancellation line. When these points are
connected by two lines, as shown, and the print
density requirements set, the tolerance in nega-
tive density i=s readily apparent.

Conclusion from Measurements

17. The curves plotted as described above
(simmilar to figures 6 and 7) are used to determine
whether or not the processing iy satisfactory and if
su, lo determine the optimum print density for a
given negative density, the oplimum negative
density for a given print density, and permissible
tolerances. For example, from fgure 6 the ophb-
mum print density for a negative density of 2.4 ig
1.05, and the optimum negalive density for a print
density of 1.37 i5 2.75. It has been found by experi-
ence that cancellation of zero shift of 30 db or



12

OUTPUT LEVEL IN

=10

-20

-24

-24a

=30

-40

-44

mou»rerzLuu:m
— e
e
e w,L""ngw f’f ,_,.—-1-""? 2008 CYCLES
,_;;f”::/ AT
2/ 2
|4
/
J = L MODYLATED 9900 troLgs
7 NEENESC
o '\\ \\ > \\\ //'
4 NN A4
ﬁs.ﬂ:u —\\ nu‘:\ L3 B lu\ -’/ /
31 N
R ‘1Y
NEEE A AT
o \/
NEECEE
\ AINA
AVAN/
WA
\
12 14 L8 L8 2.0 2.2 2.4 28 2.8

Figure &—Family of Prints {processing choracleriztics).

)




—_—

e

greater is satisfactory. As shown on figure 7, for
print densities. lying between 1.3 and 140, the
negative density may vary from 2.59 to 2.85 with
cancellation of 30 db or greater. These figures are
average commercial values and will give zatisfac-
tory results, but should not be considered the best
that it is passible to obtain. There arc many pos-
sible combinations of negative and print density
which will give 30 db cancellation, but the high-
frequency altvnuabon must sleo he considered,
Within the tolerance limits the 9,000.cycle attenua-
tion should not be more than 4 db. Reference to
figure 6 shows that this requirement iz also met
with the negative end print tolerances permitted
by setisfactory cancellation of zero shift

Possible Sources of Unsatisfactory Results

18. Il the tests described above do not show
normal values, the following suggestions are pre-
senled as the result of experience in various labo-
ratories:

MOTE: It is sssumed that the recording machine has
boen properly aligned, and thereflore ity focus, nsimuth,
and track placement are correct, These tests are of no
vulue unlesa the recorder in cirrectly mligned a3 recom-
mended in the recorder instruction book.

a. If the tests show that proper tolcrances may
be secured at higher print densities, this is indica-
tive of unusually good processing and printing, or
unusually poor negative conditions. The recorder
focus and negative developer are possible sources
of trouble, If no improvement can be made in the
negative, it should be reprinted to cover a higher
print-density range.

h. If the test shows that Jowsr print densities
ere reguired, this may be a trouble condition and
should be investigated along the following lines:

(1) The ncgative should be checlked for under-
exposure of underdevelopment. When the print
requires lower density and therefore less image
spread, it is possible that the negative has less
image spread than normal. Therefore, if the density
is normal, the development was probably not suf-
ficient to bring cut all of the latent image on the
negetive.

{2) The prnter and print developer should he
investigated. If more image spread than normal
is: introduced by this process, it is ressonshle o
assume that the imege spread introduced by
density alome must be reduced by using a lower

print density.

¢. Printing is tha most critical operation per-
formed on sound tracks. Expericnce has shown
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that the mechanical operaton of the printer, in-
cluding contact, slippage and motion is the mosut
frequent source of trouble. This transfer proba-
bly intreduces mare quality loss due to imoge
spread than any other operation. Even under the
most ideal printing conditions the image spread
caused by the diffusion of the negative silver graing
is lurge compared with that produced by the re-
cording optical systemn. Printers may also cause
the attenuation of high frequencies, zero shift,
variations in output level, incorrect track place-
ment and low-frequency noises. The attenuation
of high frequencies by a printer may not he im-
portent in itself, but indicates the likelihood of
zerious distortion throughout the frequency range
if the high-frequency loss is due to poor printer
cantact, slippage, or other mechanical deficiencies.
Each of these factors may be ohserved in the fre-
guency tests. In practice it is very difficult to
maintein the negative and print in contact and
prevent slippage between the two films. On most
commercial printers the irregulsrity of contact
and =lippage causs the most image spread. There
are 8 number of points that should be checked
on whatever printer is osed,

{1} First. the sprockets must At the film. In
general it has been found thet most sprocket:
type printers are designed for more negative shrink-
age than now occurs in the stock. This is especially
true on new negatives. The feed sprocket iz im-
portant as well as the printing sprocket, as any
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irregular film motion caused by the feed sprocket
is transferred lo the printing aperture through slip-
page (caused by the film). In some cases it has
been found that the negative was not sufficiently
diied to fit the printer. That is, negative dried so
it 15 equal to the length of raw stock iz too long

1o fit most sprocket-type printers, Any mizsfit of

the sprockets causes poor contact and slippage.
Short-pitch film has been used effectively to com-
pensate for the difference between the printer
sproclkets and the lack of shrinkage in modern
film. The preferred solution, however, is Lo obtain
sproclets which fit the film being processed. Un
many commercial printers wsed for printing un
shrunk film such as dailies, an improvement in
print quality is ollained by replacing the feed
sproclket with an RCA sprocket, Stock No, 26816.
T'his sprocket has g larger root diameter which fits
unshrunk Oilin stock,

{23y The height ol the printing aperture, or the
distance over which the film is printed, has much
to o with the quality of the printed track: This is
effective in the following way., Some slippage is
nearly always occurring on a sprocket printer. If
this slippage is taking place over a distance of
three eighths af an inch (the size of the aperture
on many printers) its cffect is quite large. How-

ever, if the aperture is reduced to one-eighth. of
an inch the effect of slippage is reduced Lo one-
third of its former value. It therefore becomes de-
sirable to reduce this aperture as much as possible,
If it is reduced 'too much, trouble will be. en-
countered with non-uniformity of track density
caused by irregularity of speed of the printing
sprocket. Also, it may be difficult to sceure saf-
ficient light intenszity. For these reasons a one-
cighth inch aperture has proven mosat satisfactory,

(1) Adjustment of the gate shoe holding the
films in contact iz wvery critical. To secure the
best results the finul adjustment can pnly be made
by trial. Alr pressure applicd between the gate
shoe and the film has been found helpful in many
CO5es,

(4) If the printer slippage, contact, and track
placement are correct, check fog on the print—
this should be less than 0.04. If the fog is higher
than 0.04, the problem of improving print de-
velopment should be discussed with the laboratory,
since high values of fog are objectionable for pic
ture purposes as well as for sound track.

19. If none of the above suggestions reveals the
source of trouble, repeat the measurermnents, and if
noe tmeasurement errors are discovered, the entire
test should be repeated,

Section V
MAINTAINING QUALITY CONTROL

20, After the proper conditions of exposure and
processing have been determined, contrel can be
maintained by constant and systematic testing.
Careful records of these tests will prove of great
value when trouble occurs, and in controlling the
process to pget the best results.

Routine Tests

21. The negative exposure must be controlled so
that with normal developing conditions, the nega-
tive density will be within the tolerance limits. The
temperature and the age of the stock are two of
the factors which should be considered. At high
ternperatures, less exposure is required.: By careful
ohservations, a chart can be worked out which will
gerve as & puide; This precaution need only be
obsorved when the change in temperatiire during

recording 1s large, such as 20 degrees or mare from
the test conditians.

a. Daily, Record a. test negative on earh
machine at the exposure used for the day's work.
This test iz then developed and printed with the
work simply as another scene. This test will be
representstive of each day’s work for each com-
pany. Of course this test need not be a= long as
the tests to determine conditions, It should be
sufficient to record only one 1.000-cycle test, ond
4 iii}-cycle test, and one 9,000°400-cycle test; all
at the same density as the work, Weasurement of
the daily test megatives will indicate whether or
not all of the companies fall within the operating
tolerances, If for any reason & company does not
fall within the specifications, the test can be used
to trace the trouble and determine how to niake
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the liest print. For the purpose of checking the
daily operation of the printers, make a daily print
wn cach printer of the 1,000, 9.000, and 9.000/400
eycle section at the optimum negative density
found hy the previous week’s complete check of
toleranee and overall conditions {(see sub-para-
graph b ' Waakiy™). "This daily tcst of each printer
is necessary because it has been found by expen-
ence that the mechanical operation of printers is
the greatest source of processing troubles. 1t might
appear that, because of the rupped construction of
these muachines, once they are adjusted to produce
a good print, no further manténance would be
réquired, This has not proven to be the case, but
rather that only by carcful daily maintenance and
lesly con congistently good prints be obtained. For
this reason it is apparent that simply delermining
thiet & print has the proper density is not sufficient
information to prove that it is a good print. The
contuct and slippage produced by the printer are
large eontrolling factors in print quality, and can
only be mensured by [réquency fests or examined
under the microscope. Printers are discussed in
more deludl in paragraph 18, "“Possible Sources of
Unsatistactory Results.” Still anocther factor affcet-
ing prinl guality 18 development. It is generally
assumed that the print development iz fixed by
the pleture requirements; However, it hns been
found 1n some cases that changes were made in the
positive develaper control which seriously affected
the: track., Therefore this factor cannot be ncg-
lected when looking for processing troublés.

A daily graph of the following will be found
quite helpful for reference:

(1) Nepative gamma

(23 Density of sensitometer control step

{3 Negative fog density

{13 Track density for each recorder

{5) Print gamma

{6) Print through gamma

{7) Print fog density:

(8 9.000-cyele attenuation far each recorder

(9} Cancellation for each recorder

Records must be maintained of the production
number and scene number that each cancellafion

test represents, as this informatien is used later for
making the master tracks for re-recording.

L, Weelly. A complete test as described in
“Outfine of Test Procedure” should be made each
week for the purpose of: checking the densifty
taolerances and oversll recording ‘conditions, which
information the daily tests do not supply.

15

Master Tracks for Re-recording

2% Since the sound quality in the final pro-
duction 15 dependent on the master tracks that are
used, every precaution should be talen in their
preparation, First, the data on the weekly tolerance
Lesly moust be examined to determine if there has
been any change in these tolerances during the
production. Next. the daily records must be ex
amined to determine if any particular scene falls
outside the tolerance for the production.

The Ra-recorded (Relaass) Negative

23, Where it is expected that the release print
will be made in another laboratory, o test negative
should be recorded on each roll of re-recording.
This test should be an integral part of the negative
reel of the production when footage permits and
should not be removed by the laboratory. These
tests will then be printed as a part of the answer
or preview print. Measurement of these prints will
indicate whether or not the processing was sdlis-
factory and will serve as oo gulde to the relense
lnboratory. Where several negative tests have boen
made and they arc all found to be alike, only one
test negative need be sent to the release laborataory.,

Domestic (Release prints froam original
nagative }

24, By controlling the processing by means of
the test negative shipped with the pieture, the
release laboratory may insuve guality equal to that
obteined at the studio. It is, therefore, necessary
that the relegse laboratory familiarize itself with
these tests, and provide the necessary measuring
equipment. Where a large number of release prints
are required, the number of prints of the test nega-
tive which should be made must be delermined
by the relvase lsboratory since it 13 8 fanction of
the consistency of their operation.

Foreign (Release prints usually made outside
the United States from photographic dupli-
cates)

25. The specifications for the duplicating process
may be determined by the obwious application of
the test procedure previously outlined in this Te-
port, and once this process has been defermined,
it may be readily contralled by permitting the test
negative employed in checlanpg of re-recording and
release print processing to follow through the dupl-
cating process.

26. Asa guide to setting up the proper duplicat-
ing processes, the following data indicate values
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which have been satisfactory, in particular de-
velopers, for the particular stocks noted. While

By the application of the st procedure given
in these instroctions, the proper valuvs may be

specific stocks are indicated, it is not the intention
of this repurt to recommend the use of these
stocks, but merely to shiow czamples of values
which have been zatisfactorily employed in certain
instances.

TABLE V-SAMPLE VALUES FOR
DUPLICATING PROCESS

(Proture and Track) | Stock | Expoturs| Gamena | Density

established for these or other duplicating stocks.

47. Although part of the duplicating process is
carmed out in the foreipn laboratory, frequent
tests should be made in the studio laboratory to
check the quality that can be obtained by the
recommended duplicating  procedure. The test
should include both the measurement of modu-
lated-frequency records and practical listening teats
of speech and musie, In some cases a master posi-
tive is sent to the foreign laboratory, and in others

Chrginal Negative 1372 UV 567 |2.8—3.3 i 1.7

Master Positive 1365 Wi 145 | 233 a duplicate negative is sent. A print from the dupe
Diipe Negktive 1203 | Srmm. 556 058 1.62 negative will “hf.fk bBoth the duplicule negative
] - . [ and master positive, and prove conclusively that
leann Pei 1304 584 .50 o] . X ! f
Sfcam Fnnu i | sulisfuctory forcign-release prints can be oblainod.
Section VI

MODULATED HIGH-FREQUENCY RECORDING AS A MEANS
OF DETERMINING CONDITIONS FOR OPTIMAL
PROCESSING*

J. O. Boker and D. H. Robinson

SUMMARY .—The quality of variahla-width sound records depends to a dreat extent upon image
definition. The requirements for a perfect sound-track are complete transparancy in the clear portion,
complete apacity in the dark portions, an extremely sharp Boundary between the clear and dark por-
tions; and exact duplication of the wave tracad upon the track by the galvanometer.

Distortion is introduced by any change in average transmission in recording high-fregquency waves.
At high densities the average transmission is raduced, and at very low densities is increased hy the
presence of the high-frequency waves. The average transmission fs comparad fo the fransmission
through the film far a 50 per cent expussd track withour signal.

It is possible tv find a density at which there is fittle, if any, changde in average transmission, and this
density corresponds to most nearly perfect image dsfinition and least distortion. On an original or
negative recording with present commercial recording stocks, this depsity 1s extremely low, of the arder
of L6 to 0.8, For least ground-ninise, the segative must be recorded af much higher density, A change
in average transmission of the negative can be tolsrated, sinca by proper choice of print density, minimum
distartion in the positive track cen be affained. -

A moduiated high-freguency recording affords an extremely accurate means of defermining correct
negative and print densities for gdiven conditions of laboratory processing. An oscillator, designad for
several carrier frequencies, is provided with a 400-cycle modulstor for recording. The modulated carrivr
- 1s recorded for several values of lamp current and processed to several negative densities. Prints are then
processed to various values of densifty, and the 400-cycle oulput megsured on suitable repmducr'ng_equip-
menf, The combination of negative and print densities that gives least 400-cycle output indicates the
vondition for best image definition and least disfortion.

Care must be exercised in the design and construction of the ascillator to maintain the #00-cyofe
output at 8 minimiim.
*Reprinted (rom
JOURNAL OF THE SOCIETY OF MOTION PICTURE
ENGINEERS
Vol XXX, N, 1, January, 1938
Prges 3 (o 17 inc.
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The quality of variable-width sound records will
depend upon how closely the requircments for per-
fect wave-forim, low ground-noise, and fresdom
from volume distortion are met. Papers have boen
published in the JOURNAL from time to time
dealing with one or the other of these require-
mients. Kellogg! in 1935 discussed nil three in a
rather comprehensive manner. It 15 the purposc of
this puper to consider the problem of wave-form
in detail, and to describe a method for determining
the conditions for optimaol processing.

In 1927, Hardy," treating the general subject
theoretically, stated *. . . the quality of sound re-
produced by the variable-width type of record does
not depend upon the conditions of exposure or de-
velopment of either the negative or positive.” This
g essentially true of the variable-width system,
contrast to the wvarinhle-density system,, and is
quite’ true for the low frequencies up to those of
the arder of 4,000 eps., provided the exposure or de.
velopment are not too radically different from the
correct values. The higher the frequencies re-
corded, the greater the necessity [or correct ex-
posure and development,

Jones and Sandvik’ in 1930 mentioned cortain
factors affecting the structure of the photographic
image, with which this'discussion 1% primarily in-
terested : namely, image contraction, image growth,
and the mutusal action of adjacent imapes. For
high-fquality reproduction at 4,000 cps. and above,
these factors become of considerable importance.

Maurer,' in setting values for the sound negative
and positive densities, based his consideration upon
resolving power and contrast. While these factors
are necessary in variableswidth records for fre-
quency and wvalume range. the structure of the
photographic image must also be considered when
high frequencies are recorded. Dimmick® in 1931
admirably treated the subject of negative snd print
densities for maximom output at the higher fre-
guencies. Imperfection of the wave-form intro-
dures not only harmoenics and volume distortion at
high freguencies. but also extrancous sounds, com-
monly known as “raspiness” or “hash.” This dis-
tortion bears no frequency relation to the recordsd
frequency, but is dependent upon the change of
amplitude and the recurrence of the recorded high
frequency. Fig. 1 illustrates this statement A
shows how the distortion increascs wath increase
of volume. B illustrates the introduction of a new
frequency duc to the repetition of the normal
build-up and decay of a hgh-frequency wave-frain,
Since speech and music arc made up of wave-
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truing of such type, it can be seen that the distor

tion eontinuously changes in frequency and ampli-
tude. A mathematical treatment of wave-form dis-
tortion was given by Cook® in 1930 and by Foster!
in 1931, and need not be repeated here. This paper
will be limited to an dlustrative discussion and
explanation of experimental data for showing how
the distortion cccurs in processing, and how it can
be minimized.

Mees" in 1935 stated quite concisely the condition
for minimum distortion: namely, “The poinl of
minimum distortion accurs when the lack of sharp-
ness, due to light stattered by the optical system
and by the photopraphic emulsion in the recording
procvess, is compensated [or by a corresponding
spreading of the image in the printing process,”

Dimmick suggested the use of a modulated high-
frequency recording for the practical determination
of the distortion introduced by spreading of the
photographic image. E. P. Schultz designed and
built the first modulsted high-frequency oscillator
and [Hmmick was the first to use it to practical
advantage, in the early part of 1936, Since then,
improvements have been made in the design and
construction of the osallator and much information
has heen ohtained on the behavior of image-spread
for various emulsions, diffcrent types of developer,
and printers.

Without a doubt, thiz ascillator is the most
powerful tool found to date, and 19 uselul not only
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for studying the processing conditions of phota-
graphic sound records, but also for checking other
sources of distortion such as found in amplifiers,
londspealiers, printers, ete,

The purpose of this paper is to show only 1tz use
for photographic sound records. A description and
explanation of its operalion will be given later for
the henefit of those who wish to take advantage
of this method,

Image Definition—In order to understand fully
the problem involved, it will be desirable to con.
sider the image definition and the factors affecting
it, together with the requiramcents for o perfeet
sound-track of the variable-widil type. A perfect
sound-track would be one lhaving complete trans-
parenty in the clear portions, complete opacity in
the exposed or dense portions, an extremely sharp
boundury between the clear and denge portions,
and an exact duplication of the wave traced upon
the track by the palvanometer.

The transparency of the clear portion depends
upon the inherent properties of the photographic
material und fog: the opacity of the dense nportion
depends upon the exposure and development; and
the sharpiess of the houndary upon the cliaracter-
laties of the photopraphic emulsion and develop-
Hient, assuming the edge in recording to be of
perfect sharpness,

The exart duplication of the wave traced by the
galvanometer depends upon the image definition
in both the negative and print, As stated pre-
viously, the structure of the image is affected by
three factors, image contraction, image growth or
spread, and motual action of adjacent imapes. All
cimulsions exlibit these thres factors depending

S

WAVE TRACED BY GALVANOMETER
UNDER-LXPOSURE  CORARECT EXPOSURE CWEH-EXPOSURE

LB T -8

Figure 2—Showing how the struciure of tha image
is offecied by imoge confraction, image growth,
and mutval action of adjacent images.

y A
VERNE WWE TRAGCE II’ SIME WAWWE TRACE
UNDER-ExPOSURE  CORRECT EXPOSURE CVER=-CXPOSLIRE

T |3t =

Flgure 3—Effect of exposure upon positive,

upon the exposure and development, Fig. 2 helps
to visualize this a little more clearly. B is the sine
wave ux traced by the gulvanometer. A i3 the con-
dition for underexposure, which shows image com-
traction, and C is the condition for CVELRXPIOELTE,
which shows image growth, An cxposure can b
found where neither conlraction nor growth af the
image oceurs. For convenience, we shall herealter
refer to the density at which this occurs as the
“halance-density.”” At first thought, this would
seem Lo be the proper exposure to use, However,
with present wvailable smulsions for variable
width sound recording, this balance occurs at too
low a density, and, therefore, docs not meest the
requirement for a perfect sound racord. Another
fmctor is the present method of making prints from
a recorded negative. Due to the image character-
istics of the positive emulsion and printer slippage,
the balance-density of the print track made from
& recorded track of balance-density would be ex-
tremely low, probably of the order of 0.4 to 0.5,
introducing considérable noise and having very low
output.

Therefors, of necessity. image-spread must be in-
troduced in the recorded track and then balanced
out by the image-spread in the printed track.

Under- and oversxposure have the same effect
upon the printed positive as upon the negalive.
Fig. 3 illustrates these conditions, X and ¥ would
be obtained from Fig. 2(B). Y, from Fig. 2(B),
would give perfect image definition, but would be
too low in density for best nolse-reduction ard
maximum output. Z would be obtained from F ig,
2(A). Y satisfies the requircments and is ab.
tained [rom Fig: 2(C).

Average Transmission—Referring to Fig. 4. and
tanslating image definition into light trangeission,
image contraction resulls in an increase of Avernge

@
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INCREASE IN AVERAGE TRANSMISSION
UNDER-EXFOSURE

NO CHANGE IN AVERAGE TRANSMISSION
CORRECT EXPOSURE
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DECREASE IN AVERAGE TRANSMISSION
OVER-EXPOSURE

T=16323(=0

Figure 4—Effect of exposure‘upon
average transmissian,

transmission, where the averape transmission ig
taken for unmodulated half track, end image-
growth resulls in a decrease in average transmis-
sion. Perfect image definition for the condition of
balance-densily dovs not change the average trans-
mission, Image definition can be determined in =
number of ways ulilizing thiz fact of its effect
upon the average transmission. One method would
be to record & half-rack and 3 high frequency,
and measure the change of average transmission
an & microdensitometer. This is not a practicahble
method, ‘The method of messuring the d-c change
of photocell current when the recording 1= plaved
on & reproducer requires either 8 d-c amplifier or
a senEitive galvanometer,

The modulated high-frequency rtecording pro-
vides means for messuring the chanpe of average
Lransmission in terms of alternoting current which
can be amplified conveniently and measured on
suitable reproducing equipment,

Modutared High Freguency —When the image
definition i3 nol perfect, the change in average
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fransmission of a high-frequency recording de-
pends upon e amplitude and recurtence of the
high frequency. If therefore. a high-frequency
note 18 modulated with a comparatively low-fre-
quency note the aveérage tronsmission of the high
frequency will vary in aceordante with the low
frequency.,

In Fig. 5(A), the modulated high-freguency:
recording 15 shown for the three conditions of
under-, correct, and overexposure, For undcerex-
pustre, the average transmisstan i8 increased pro-
portionally to the amplitude of the high-frequency
note and varies between maximum and minimum
in accordance with the low frequency. A similar
phenomenon takes place with overexposure, except
in this cnse the average transmission is decreascd,
With correct expusure and balance-density, the
average transmission is unchonged, Fig, 5(B) iy o
microphotograph of o modulated 9.000-cyele track,

Any change of average transmission ig inclicoted
by playing the modulated track on a distortion-
free reproducer and measuring the low-frequency
output through o band-pass Oller thet attenuates
all frequencies except the modulating frequency.
The output will give positive readings for all con-
ditions of under- and overexposure, and will read o
minimum for the conditlon of correct exposure,
Hence, the differentiation between over- and under
exposure ean he determined only by curves plutted
from s number of readings,

Graphic Interpretation.—Fuor better understand-
ing and uniform interpretation, the: following
method of plotting: the resulls has been adopted.
Recordings are made of 1,000 and 9.000-cycle
notes, and a 8000-cycle note modulated 75 per
cent by a 400-cyele note, of equal amplitudes [or

COARECT  EXPASURE
MO CHARCE 1N AVERAGE  TRANSMISSON
WO #D0r.  CAM BE  MEASURED

UDER=ERFOSURE"
CHANGE M ANERELE TRAMIMEECH CORSSSPORDS T G607 MOOULATIOH
“f0n CaN 55 MEAIURED

-
A0 CAN BE MEASURED

1= zamio

Figure 314)—Effeci of exposure upon fransmission
of modulated high-frequency recarding.
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Figure 5iBl—Modulated high-frequency,
9000 cycles with 400 cycles.

several values of exposure or recording lamp cuf-
rent, with & few inches of unmodulated traclk at the
end of each recording [or density measurcmients,
and processed in accordance with standard practice
for variahle-width sound negatives. A series of
prints is then made from ecach negative and given
the standard release print processing. The prints
when measured on a reproducer, using a 400-cycle
Band-pass filter for the madulating frequency only,
will give readings for a number of combinatians of
negative and print densities

THIS PAPER FORMERLY INCLUDED A
DESCRIPTION AND A CIRCUIT DIA-
GRAM OF AN EXPERIMENTAL O3CIL-
LATOR WHICH HAS REEN SUPER-
SEDED RY THE MI-10803 OSCILLATOR
DESCRIBED IN INSTRUCTION BOOK
2RI12-4.2,
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