
A TRANSLATION Improving 8mm - Type S (Super-8) Optical Sound bv 
Design of Film and Recording System 
The factors are examined that need to be improved in order to achieve a sub- 
stantial improvement in the quality of 8mm - Type S (super-8) sound using the 
variable-area optical sound approach. As a result of the study, Fuji Fine Grain 
Sound Recording Film (Variable Area) Type I1 was developed and is being sold 
on a trial basis. Being of superfine grain and ultrahigh resolution, this film is in- 
tended for sound recording use exclusively with the 8mm - Type S system; its 
panchromatic emulsion resembles that of high-resolution microfilm, and its speed 
is comparable to that of Fuji Type 72412 film. Actually realizing the benefits of 
using such a film, however, requires that a high-performance nonslip printer 
such as the Peterson printer be used in the printing stage. The use of Fuji Type I1 
film and such a printer permits a 10-dB improvement in output at 5 kHz over 
other conventional systems. 

Tm HISTORY OF teciinological innova- 
tions employed to improve the quality of 
optical sound recording systems related 
to 35mm and l6mrn motion-picture film 
is long, and the sincere efforts of many 
earnest researchers and rngineers have 
bcen devoted to the improvement of 
total-system sound quality. ‘Thanks to 
these eRorts, it appears that a technical 
standard systrm has been well established 
even though improvement is still possible 
in certain areas. 

Howevcr, the 8mm -‘l‘ypc S (super-8) * 
optical sound recording system, which in 
principle is the same tcchnology as the 
larger format film, still should be much 
improved (though sound quality is cer- 
tainly significantly better than it was in 
the early development stages). For the 
past several years, the author and his 
associates have been employing primarily 
photographic factor-analysis toward im- 
proving the 8mm - Type S optical sound 
recording system. l’his analysis has led 
to the development of a sound recording 
film for use exclusively with the 8mm - 
Type S system which is thereby signifi- 
cantly improved. l h i s  improved film, 
provisionally designated the Fuji Fine 
Grain Sound Recording Film (Variable 
Area) ‘Type 11, is characterized by ex- 
tremely fine grain and ultrahigh rc3o1u- 
tion properties. 

This rrport outlines the performance 
characteristics of the film together with 
some technical considerations related to 
quality improvement of the 8mm - Type 
S optical bound recording system. It is 
hoped that it will help engineers and 
technicians working in thr  optical sound 
recording field. 

Translated from the .Jourtial of the Motion Pic- 
ture and Television Engineering Society of 
Japan, Inc., No. 248, pp., 34-44, April 1373, 
through thc courtesy of ratsuo Hirabayashi, 
General Secrc:tary, Motion Picture and Tele- 
vision Engineering Society of Japan, Inc.,  
Sankei Rldg., 1-7-2 Otemachi, Chiyoda-Ku, 
Tokyo 100, Japan. T h e  author is Katsuji 
Muramatsu, Fu.ji Photo Film Co. Ltd., Product 
Development Center, 13-6, Minnmiazabu 2- 
Chorne, Minato-Ku, Tokyo 106, Japan. 
* The  Xmm - Type S designation used in this 
paper rrfers to what is commonly known as 
super 8. 

1. The 8mm ~ Type S Optical Sound 
Recording System 

There are two basic types of optical 
sound recording systems . -- the variable- 
area type and the variable-dcnsity type 
- using two difIcrent mcthocls to record 
the waveform on the soundtrack of the 
film. At present in the 35mm and l6mm 
motion-picture field, the variable-area 
type predominates, with the variable- 
density type used very little. ‘lhis is be- 
cause the variable-area sound recording 
film provides better recording and labora- 
tory processing quality control. With the 
8mm - ‘I’ype S optical sound system, it is 
necessary that the film be easy to treat 
and control and that it be stable in 
quality in the processing laboratory under 
conditions of volume production. Thus 
the variable-area type soundtrack ap- 
proach will probably also predominate 
here even though there arc also some 
disadvantages to this soundtrack stan- 
dard. 

I t  is generally agreed that the quality 
characteristics of sound recording and 
reproduction using a film optical sound 
system depend on all the performance 
factors of the electronic sound equipment 
involved (the recorder and reproducer) ; 
and also important are the photographic 
factors: the sound film, print film, ex- 
posure, and the printer and processing 
conditions required for forming sound 
images on photographic film. ‘Therefore, 

Table I. Format Comparisons. 

By KATSUJI MURAMATSU 

to improve the 8mm - Type S sound 
quality, it is necessary to determine the 
contribution made by each of the elec- 
tronic factors and photographic factors 
to the overall sound quality and then im- 
prove each factor according to the impor- 
tance of its contribution. ‘l’hus it is not 
until all factors are appropriately im- 
proved that meaningful improvement in 
sound c,uality can be realized. 

In  principle, the 8mm - Type S sys- 
tem has the same technology as do 35mm 
and l6mm motion-picture films. How- 
ever, as shown in Table I ,  the limitations 
of 8mm - Type S film are greater than 
those of 35mm and 16mm motion-pic- 
ture films. Inevitably, in comparison 
with 35mm and 16mm motion-picture 
film, extremely high performance is re- 
quired or the film and all other related 
photographic factors to be used with the 
8mm - ‘l’ype S system. ‘lhese photo- 
graphic requirements are considerably 
more strict than electronic sound system 
rcquiremcn ts. 

Photographic factors which cleterminc 
the quality of the optical sound system 
are: (1) sound film performance factors, 
(2) sound film exposure factors, (3) 
sound film processing factors, (4) color 
positive film properties, (5) printing ex- 
posure factors and (6) print film process- 
ing factors. Among these factors, color 
positivc film properties and processing 
are designed so as to satisfy mainly the 
requirements of high picture imagc. 
quality ; therefore, these properties may 
not he changed to improve the quality 
of optical sound recording, and so im- 
provements have to be obtained by 
modirying thc other photographic fac- 
tors. 

The most obvious fact revealed by 
‘lable I is that the performance of sound 
recording film is most adversely afrectecl 
when format size is rcduced. In  the case 
of 8mm - Type S film, thc transport speed 
is 4 in/s (101.6 mm/s) which is less than 
one quarter of the speed of 35mm mo- 

8mm - Typc S l61nln 
_ _ ~ _ _ _ _ _ _ ~  __ 

Film transport speed: 20 ftlrnin ( 6  mm) 36 ft/min (1 1 mm) 
_ _ . ~ _ _ _ _ _ _  ~ ~ 

Relativc ratio: 1 1 .8  
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* Compared for theoretically recordable frequencies for a given film length. 
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tion-picture film; compared with l6mm 
motion-picture film, it is about half as 
fast. Differences in film transport speed 
directly affect the frequency characteris- 
tics that can be recorded on the film. 
The capability of making a perfect re- 
cording of 5,000 Hz on an 8mm - Type S 
soundtrack corresponds to a 35mm mo- 
tion-picture film recording capacity of 
22,500 Hz. In  other words, when a 
35mm motion-picture film capable of 
making a perfect recording in the upper 
limit frequencies (9,000 Hz) is used in an 
8mm - Type S system, the maximum re- 
cordable frequency is only 2,000 Hz. 

Even if one only considers recordable 
frequency range, it is quite obvious that 
the performance requirements of the 
smaller format film must be far greater 
than those for 35mm or l6mm film. 
Moreover, in regard to a 100% modula- 
tion width on the soundtrack (directly 
related to signal output, SNR and dy- 
namic range quality), the 8mm - Type S 
modulation width is only 0.51 mm which 
is about a fourth that of 35mm sound- 
track and about a third that of a l6mm 
soundtrack. ‘I’hese restrictions - un- 
alterable “givens” in the 8mm - Type S 
format - make it more susceptible to 
increases in background noise due to film 
grain, dust and film surface scratches. 

Because no sound recording film has 
been available for exclusive use with an 
8mm - Type S system that at  the same 
time could meet the stricter requirements, 
sound recording film designed for 35mm 
and 16mm motion-picture purposes was 
modified to he used as 16/8mm - Type S 
film. Inevitably this resulted in a deteri- 
oration of the sound quality. 

2. Characteristics of the Sound Recording 
Film Developed for Use in the 
8mm - Type S Format 

A long and varied series ol theoretical 
investigations, photographic experiments 
and practical tests, has culminated in 
the development of Fuji Type I1 film, a 
film with the fundamental character- 
istics of ultrafine grain and high resolu- 
tion required for thc variable-area type 
optical sound recording system. Since 
these characteristics are very similar to 
those of high-resolution microfilm, the 
new film uses approximately the same 
type of emulsion. 

For reasons that will shortly be made 
evident, it was necessary to make Fuji 
Type I1 film panchromatic (unlike 
sound recording films derived from 16mm 
film stock), and this fact requires that 
Type I1 film bc handled as carefully as 
other general-purpose motion-picture 
films. 

Type I1 film incorporates an extremely 
thin emulsion layer lcss than half as thick 
as Type 72412 film (Fuji Fine Grain 
Sound Recording Film, Variable Area, 
Type 72412 -. 16/8mm - Type S). 
Instead of a gray base, it uses an in- 
process neutralizing subemulsion anti- 

Wavehmyth (am) 

Fig. 1. Spectral senaitivity curves: tungsten light source (2854 K); Type II film (above) 
Type 72412 film (below): 

halation layer, and this combination 
greatly decreases sound image blur 
caused by halation and irradiation. The 
processed film is as clear as any conven- 
tional positive film. The major proper- 
ties of the Type I1 film are described be- 
low. 

2.1. Spectral Sensitivity 
One of the ways in which Type I1 film 

differs from conventional sound record- 
ing film is in its spectral sensitivity. 
Conventional sound recording films such 
as Type 72412 film are ultraviolet and 
blue-sensitive. Type I1 film, however, has 
been made panchromatic; it is even more 
sensitive at  525 nm and 600 nm than it is 
at  400 nm (Fig. 1). This has been neces- 
sary because if it were sensitive only to 
ultraviolet and blue light and yet re- 
quired to have ultrafine grain, high res- 
olution and high gamma, it would lack 
the necessary speed. Making Fuji Type I1 
film panchromatic permits a substantial 
increase in speed. I t  is thus undesirable 
in terms of light sensitivity to expose this 
film to ultraviolet rays as in ordinary 
optical sound recording. This is also un- 
desirable because Type I1 film has an 
extremely thin emulsion layer and ex- 
posure to UV generally works best with 
thick emulsions. 

Since conventional recorders are de- 
signed for use with blue-sensitive film, 
they have no provision to correct for 
chromatic aberration in the recording 
optical system. Although it was feared 
that exposure of Type I1 film in such 
ordinary recorders might blur the sound 
image and thus reduce quality because of 
this optical system chromatic aberration, 
it was found that substantial problems 
were avoidable simply by correcting for 
deviation in the focal plane. 

2.2. Speed 

When Type I1 film is exposed under 
the white light of an ordinary sensi- 
tometer and processed in Fuji Positive 
Developer FD-31, almost the same speed 
is attained as with Type 72412 film. 
When the films are exposed under the 
white light of a Westrex recorder and 

- 

processed under commercial laboratory 
conditions, relationships may be plotted 
between the exciter lamp current and the 
soundtrack density for the two films as 
shown in Fig. 2; i t  is evident that the 
speed of Type I1 film under such condi- 
tions is slightly higher than Type 72412 
film. 

Figure 3 shows the results of exposing 
the film under both white light and ultra- 
violet rays in an  RCA PM-80A recorder 
and then processing it under commercial 
laboratory conditions. When suficient 
light is provided in such recording, ultra- 
violet exposure also becomes possible. 

2.3. Characteristic Curves 

For comparison purposes, Fig. 4 
shows the characteristic curves and time 
gamma curves for both Type I1 and Type 
72412 films processed as specified in Fuji 
Positive Developer FD-31. Note that 
Type I1 film possesses the fundamental 
characteristics required of sound record- 
ing film of the variable-area type: high 
gamma and a characteristic curve with a 
sharp cutoff. 

2.4. Processing 

By using Fuji Positive Developer FD-31 
as specified, required contrast can be ob- 
tained by treating the film for 4 to 6 
min at  68’F (2OOC). Also good results are 
obtained through the use of positive 
developers employed at  ordinary com- 
mercial laboratories. For safelight illu- 
mination, Fuji Safelight Glass Filter No. 
2B (red) cannot be used: the film must be 
handled in total darkness or under a 
safelight using Fuji Safelight Glass Filter 
No. 4 (dark green). Special precautions 
must therefore be taken when the film is 
processed in a machine of the conven- 
tional type designed for positive film. 

2.5. Static Sound Recording Characteristkr 
When investigating possible ap- 

proaches to improving the overall au- 
dio-dynamic characteristics of electronic 
sound equipment and photographic 
processes, it is very useful to obtain static 
sound recording characteristics which 
indicate the actual sound performance of 
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Fig. 2. Relationship between the Westrex recorder (white 
light exposure) lamp current and the density of the films. 

Fig. 3. Relationship between the RCA PM-8OA recorder lamp 
current and the density of the films. 

the film itself. This performance, in turn, 
Ixcomes a ma,jor factor in determining 
the ultimate quality achieved in the 
8mm . - ' Iype S optical sound recording 
system. 'lhc static sound recordipg char- 
acteristics of 'I'ypc I1 film are shown in 
Fig. 5. 'l'hrsc characteristic values arc 
for thc film itself; recorder ant1 repro- 
ducer factors are not incliittcd. 

Mtcisurement: In  order to obtain char- 
acteristic values, two kinds of test charts 
are necessary - one for cross-modula- 
tion testing 10 determine tlie value of an 
optimum canccllatiori dcnsity Tor the 
particular negativc-positive film corn- 
t h a t i o n  to l ie uscd (Fig. 6 )  antl another 
for measuring frrquency response and 
SNR (Fig. 7) .  A geometrical cross- 
modidation test chart was creatr t l  from 
tlic cross modulation of 4 k l l z  and 400 
Hz, with the sine wave pattern area being 

limited to an 807, modulation within the 
width or the 8tnm - 'Type S soundtrack. 
Likewise, a geomclrical frequency rc- 
sponse test chart was created from sine 
wavc patterns made by modulating 400 
FIX, 1 ktlz, 3 kHz, 4 k H z  and 5 kHz, rc- 
spectivrly, to an 80% motlulation with a 
50% nonmodulatccl track. 

The test charts were prepared by tak- 
ing reduction photographs of originals 
prcparecl in magnification through the 
use of an ultra-micro camera system cle- 
vclopcd by the Fu.ji Film Research T a b -  
oratory, so that the original magnifica- 
tion charts were reducctl LO the size of the 
wiivcforms on an 8mm - 'Iypc S sound- 
track. 

To prepare test samples, we used tlic 
cross modrilation test chart antl fre- 
quency responsc test chart already tlc- 
scrilxcl. We exposed t i le sound recording 
film to white light from a tungsten lamp 

4.0 
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9 3.0  
(0 
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1.0 0.0 1.0 
Log Exposure (Log E) 

Fig. 4. Characteristic curve and time-gamma curve comparisons: exposure - tungsten 
light (2854 K), 1/20 s; development -Fuji Positive Developer FD-31 68'F (2OoC), 
5 min. 

a t  about 2800 K. 1:or tlic printing of 
color positive film, ii tungsten lamp was 
iisrd togettier with a Wratten No. 2B 
filter plus a No. 12  filter. Only two film 
emulsion layers, the ones sensitive to red 
and grren, were cxposecl. 

A vaciium contact printer by the 
Dainippon Scrcen Co. was used to pre- 
vent thc image l h r  caused by poor sur- 

method was adopted in order to clim- 
inate tlic Newton rings that appear when 
contact is ncarly perk  

'l'tic l 'ype  I1 and 
riscd were dcvelopcd with continuous 
agitation for 5 rnin a t  68°F (20°C) in 
Fuji Positive Developer FD-31. 

'I'hc print film, Fiijicolor Positive Film 
Type 8822 (16/8mm - 'l'ypc S), was 
proccssed according to procccliires speci- 
fied for Fujicolor Positive P'ilm. 

'To obtain optimum cancellation tlen- 
sity values (ncgative-to-positive density 
values that woiiltl minimize cross-mod- 
ulation distortion), samples were pro- 
posed varying in negative density from 
1.5 to 3.0 antl in positive density from 1.3 
to 2.3. By using different coml~inatioris of 
these samples, the cross-modulation dis- 
t.ortion output Icvel for each comhina- 
tion of samples was calculated from the 
change in average transmittance when 
the wave sample was scanned with a 
microdensitometer (scanning aperture 
slit width 2.5 p) .  

Transmittance ratio clianges in pcak- 
to-peak values were obtainrcl by micro- 
densitometer waveform scanning of the 
frequency response test chart printed at  
the optimum cancellation density value 
obtained from the cross-modulation 
chart tcst samples. Microdensitometcr 
scanning ofa sample printed a t  optimum 
cancellation density from thc frequency 
response t r s t  chart having a 50%) un- 
mocldat.ccl track and an 80% modulated 
1 k H z  sine wavc gave peak-to-peak 

f. ,im-to-surface . contact. l 'he wet print 
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Fig. 5. Comparison of static sound characteriatics on the sound recording film. 

values for the signal amplitude relative 
to the noise level. 

Comparison of Characteristics: With re- 
spect to the optimum cancellation den- 
sity value for minimizing cross-modula- 
tion distortion at  the same print density, 
Type I1 film is shifted to a higher nega- 
tive density than Type 72412 film. Be- 
cause Type I1 film has higher perfor- 
mance than Type 7241 2 film and accord- 
ingly causes less blur in the sound image, 
cancellation is made a t  a higher density 
in the case of Type I1 film even though 
the prints used have identical densities. 
Moreover, regarding the static frequency 
response, the output of Type I1 film is 
improved by about 5 dR a t  5 kHz over 
Type 7241 2 film. I n  addition, the SNR of 
Type I1 film is improved by about 5 dB 
because of the extremely fine grain emul- 
sion. 

The  above tests confirmed that sub- 
stantial improvements had been made in 

the static sound characteristics of Type I1 
film. The next step taken was to measure 
the dynamic sound characteristics of the 
film as used in actual practice. 

2.6. Dynamic Characteristics of the 8mm - 
Type S Optical Sound Rec0rdin.g System 

As examples of the measurements 
made, Figs. 8 and 9 show the results ob- 
tained in cross-modulation tests in which 
a Westrex recorder was used to record 
with the 8mm - Type S system. At the 
same print density, the optimum nega- 
tive density value for Type I1 film was 
higher by 0.2 to 0.3 than Type 72412 
film and the optimum area of cancella- 
tion density of Type I1 film was about 
two times broader than that of l 'ype 
7241 2 film. The photographic process 
latitudes of Type I1 film arc thus broader 
than those of Type 72412 film. For lab- 
oratory processing of Type I1 film, these 
results are highly desirable. The total 
(dynamic) frequency response of Type I1 

1.0 1.5 2.0 2 . 5  
Negative Density (D)  

Fig. 8. Comparison of optimum cancellation density re- 
gions for print film - Fujicolor Positive Film Type 8822 
(16/8mm - Type S). 

Fig. 6. Cross-modulation test chart: 
4-ldiz/400 Hz, 80y0 modulated. 

Fig. 7. Frequency response test chart: 
~OO-HZ, 1-kHz, S-kHz, 4 - m ~  and 5-kHz, 
modulated 80% with 50% unmodulated 
track. 

film is equivalent to that of Type 72412 
film in the lower frequencies up  to 2 kHz; 
however a t  5 kHz the output of Type I1 
film is improved by about 6 dB over 
Type 72412 film. With respect to the 
dynamic sound characteristics of Type I1 
film, almost the same results have been 
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Fig. 9. Comparison of total frequency response on 
Westrex recorder print film .- Fujicolor Positive Film 
Type 8822 (16/8mm - Type S). 
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Light  Source I 

Fig. 10. Principle of the Extek printer. 

ckrivetl as tliosr attainecl iintlrr static 
recording test conclilions. 

3. The Influence of Printer Image 
Transfer Characteristics 

I t  is known that printer cliaracter- 
istics liavc a gi'eat c-llect on t l ie quality of 
optical sound recoiding systcms. 'l'liis 
clfect 1)ecomc.s even inore significant iis 
the film forrniit is recliic~etl in  size. 

If a 35nini printer l i a s  ~ierformancc 
cha rac tr ris t ics a Ilow i n g for fai t 11 fi l l  i magc 
transfer of rip to about 20 lincs/rnm in 
terms of rcsolution, this performance Irvel 
is acccptal)Ic for all practical piirposcs 
Ixcaiise 1)riiiting in the ripper limit fre- 
qiiency (9 k l i z )  on 35mm lilm is possilllr 
witliout any deterioration in sound 
qiiality. However, in tlie casc of 8mm 
'l'ype S film, 21 printer meeting the 20- 
lines/mm stanclartl caiinot rccorcl tieyoncl 
2 kHx on print film. 'l'lic tlevrlopmc*iit of 
8nim - l 'ype S soiincl rece)r<liii~: film h a s  
maclc it possiblr to record up 1 0  6 kl-lx 
(the upper limit freqtiency foi Xmrii - 

'I'ype S film) on ncgative film witlioiit 
any clilliculty. llowever in orclcr 1.0 traiis- 
fcr tliis higli-quality negative iinagc onto 
tht, print lilm, a Iiigli-resolution Iiigli- 
prrformancc printer tliirt can unfailingly 
transfer image resoliitions of morc than 
50 lines/mm is rcyiiirctl. 

Llnfortunately, i t  lias Ixen confirmctl 
t h a t  the output levels of most printers 
actually used at coinrncrcial lalioratories 
clo not meet tliis rcqiiircment; the out- 

piit undergoes considerable change when 
the resolution reaches about 30 lines/mm, 
cliie to slip and blur caused by imperfmt 
film contact. Even though a high-per- 
forniance film may be used for the sound 
recording negative, its advantages will 
be largely negated if a conventional 
printer is used. 

Faced with this problem, we tleciclccl 
to investigate whether image transfer 
cliaractcristics coulcl be improved througli 
the iisc of a high performance printer. 
For the piirposes of tliis investigation an 
Extek nonslip printer, originally dcsigncrl 
[or making high-spcecl contact prints on 
micro-positive film from micro-negiitivr 
film, was motlilietl for iise witli 8mm - 

'l'ype S lilm. This rnocliliecl printer is 
dcsignccl to maintain good con tact I)c- 
tween tlic negative antl the positive films 
by iise of a vacuum systeinjust in front of 
the cxposiire aperture so that the pressure 
l x ' t ~ ~ e c n  tlic negative film antl  tlic posi- 
tive film Iiecomes negative with respect 
to thc atmosplicre. 'I'he systcrn is illus- 
tratcrl in Fig. 10. 

Using 'l'ype 11 Iilm as tlie sound nega- 
tive film, test pri11t.s wcrc made on Fuji- 
color I'ositivc 1;ilm Type 8822 witli the 
moclilietl Extek printer and with i i r i  

ordinary con tiniious printcr such a s  is 
founcl in comrnerci;il Inlmratorirs. 'l'lic 
rcxilts are sliown in Figs. 11 i ~ n d  12. 
k'igiire 11 shows the optimum cancrllation 
tlensity arra which was ol>tainccl tliroiigli 
the cross-motlula tion tcsl melliocl. 
As for tlie souncl negative clcnsity value 
for i i  given print tlensity, tlie moclilietl 
Kxtek printer allowed for a lower nega- 
tive density ol almiit 0 . 3 .  'J'liis indicates 
that poor contact inlicrent i n  ordinary 
continiious printers wlierc i t  protliicrs 
irnagc blur was greatly retliicetl. Fiirtlirt- 
more, since film slip and image Iiliir 
caiisetl by poor contact wcrc rliminiitetl, 
the cancrllatiori clcnsity area w;is Iiroatl- 
enctl by alwut 20% and tlie cross-motl- 
ulation distortion was lowered. 'l'liis per- 
mittctl the frequency response chariictcr- 

f i  

v 
la 2 . 0  

h 
U 
.d 
I c 1.5  
w n 
U 
E 
'rl 
b 1.0 
c4 

1.0 1 .5  2.0 2.5 

Negative Density (D) 
Fig. 11. Comparison of optimum cancellation density 
regions. 

istics to be elevated by about 4 dB at  5 
kHz. 

Figure 13 shows the continiious output 
levels of recordings made on the two 
printers a t  frequency levels of from 1 to 
5 kIiz as clerivcd from a high-speed 
level-recorder. At frequencies higher 
tlian 3 kt-lz, thrre was consitlcrablc levrl 
variation with ortlinary contiiiuoiis print- 
ers. On tlic other Iiancl, prints made i n  
tlie motlilietl Extek printer were stable 
and rcsiilts were of high qiiality up to 5 
k l l z .  A microsropic examination of tlic 
sound irnagc on the printecl film also 
sliows tlicsc clillkrences clearly. In the 
caw of prints made on the ordinary 
printer, blurreel soiintl images (Fig. 14(a)) 
as well iis sliarp sound images (Fig.. 
llr(li)) can I)c seen along witli tlic kind of 
waveform that results from each. Note 
that (.lie oiitput \vas partially lost cvcn in 
the nonslip portion and almost entirely 
lost and olxcurecl when the film slipped. 
In the case of thc motliliecl Extck printer, 
thr soiintl negiitivc image was roiitindy 
transfcrrecl iii sharp relief onto the print 
in a very stable manncr, antl ttriis its 
outpiit Icvel is grcater (Pig. 14(c)). 

Since thc I)erformance of tlic printer 
Iias s i ich a n  cllect on sountl qiiality, 
various stiitlics \vcrc matlc to tleterminc 
the Ixst printers to i ise with 8inm - 'l'ypc 
S. ' l ' l ie  rcsults of  tlirse stiiclics showed that 
ttic l'etrrsoii printer, tlesignctl cxclusively 
for soiincl recording 011 8mm - 'l'ype S 
film, is cqiiivalcnt in c1iar;ictvristics to 
t l ie  motlifictl I!,xtck prinl.cr (Fig. 13). On 
\iring introcliicecl to commercial laliora- 
lorics, this printrr has contrilxilctl 
greatly t o  qiiirlity improvcments of the 
Hmm -' ' lype S optical soiuitl recording 
sys tc'm. 

Hy selecting a film ('l'ypc 11 Iilm) antl 
i i  printer (tlic! Petcrson printer), Iwth 
designed for exclusive iisc with tlic 8inm - 
'Type S system, it has Iiecome ~)ossilde for 
sorintl output to Iic raised by 10 (In at  a 
frctliicllcy of 5 k1-h ovcr tht: convcn- 
tional coinl>ination of film antl printer. 
Prirthermorc. Iiecaiise of increasccl oiit- 

1.0 1.5 2.0 2.5 
Negative Density (D) 

Fig. 12. Comparison of cross-modulation distortion output; 
print density, 1.50. 
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put stability, a high degree of sound 
quality improvement was confirmet1 
throuRh the use of a n  actual program 
source. 

4. 8mm - Type S Cross-Modulation 
Testing, Considerations and Formulations 

Cross-modulation testing is the most 
suitable method for determining opti- 
mum conditions for the variable-area 
optical sound recording system under 
practical use. I t  has been advocated that 
the high-frequency component of the 
cross-modulated frequency to be usecl in 
the cross-modulation test be in the upper 
limit frequencies imder practical rccord- 
ing conditions, antl RCA has recom- 
mended the use of 9 kHz for 35mm re- 
cording. As a matter of fact, 6- to 7-kHz 
frequencies are used more often in prac- 
ticc, and the use of 4-kHz frequencies for 
16mm sound recording is standardized 
by ANSI. 

So far the frequency range for record- 
ers usecl in the 8mm - 'Type S system 
has been limited to a range of from 100 
I-Iz to 6 k€Iz (Fis. 15). Moreovcr, the 
upper frequency limits compatible with 
stable reproduction output arc limited to 
less than 4 k H z  because ol film-printer 
performancc limitations. Also, clue to 
measurcment equipment rcstrictions, 
cross-motlulation test conditions designed 
for 16mm film havc becn adopted for 
8mm - Type S film as well. I t  has been 
confirmccl that the acoustic character- 
is tics availablc within cancellation den- 
sity range limitations under 16mm test 
conditions apply also in practical use. 
However, sincc the 8mm - I 'ypc S con- 
ditions havc Ixcn improved, using a 
special film and a special printer, to be 
capablc of obtaining these frequency 
rangcs with stable output, optimum 
cross-moclrilation conclitions for this sys- 
tem werr formulated. 

.I. 7. Exprrim~ntal Coitditiotis 

With the lower frequency component 
of the cross-mocliilation wave kept a t  
a 400-Hz constant, cross-modulation out- 
put distortion was obtained wlicn thc 
higher frrquency componrnt was varied 
in tlic range from 2 kHz to 6 kHz.  
Abovc antl lwyoncl this, various electronic 

Frequency (Ht) 
Fig. 15. Recording frequency characteris- 
tics of the RCA PM-8OA recorder. 

__-  , 1 I I 
I I 

1 I I 
I I 

lkHe 2kHz 3 k H ~  4kHz 5kHa 
Fig. 13. Continuous recording output levels for various printers. 

Sound Image of Modified 
Sound fmrge of Ordinary Continuwm Printer Extek Printer 

ool 
Slip Port ion Non-slip Port ion 

Fig. 14. 5-kHz signal recorded on print film. 

and acoustical characteristics were mcas- 
iirecl. 1 '0  make the results strictly corn- 

-1.2. Determination of Cross-Modulation Test 
Conditions 

rxpcrimrnts were conductrd utilmng and also of a sincwavc for thc measurr- unalterccl the same commercial labora- 
tory proccc~llrcs llsccl Rcnerally merit of reproduction output ancl total 
for production of 8mIn - ' I - ~ ~ ~  s harmonic distortion, and from these ex- . .  
sot11icl prints, 'Ta\,le 11 gives tllc concli- posurcs, the test negatives werc prepared. 
tions anti equipment usrci in this rxperi- 'Thcn test samples were made for mea- 
mcnt. surement by printing these prcpared 

Table 11. Soundtrack Test Sample Preparation Equipment and Experiment Conditions. 

TcrL Generalor: l'oa Denshi Cross Modulation Generator 
Y'rst Fregwncirs: SOc>;, Modulated Sinewavc a t  Frequencics of 400 Hz, 2 kHz, 3 kHz, 4 kHz, 

5 kHz and 6 kHz 
SOc;; Cross Modulated Wave at Frequencies of 2 kHz/400 Hz, 3 kHz/400 Hz, 4 kHz/ 
400 Hz, 5 kHz/400 Hz and 6 kliz/400 Hz 

_ _ _ _ _  - __ __ ____.__ ~ _ _ _ _  

Rrcordrr: KCA PM-80.A Recorder 
Sound Film: Type I1  Film 
Sound Film I'roce.win,c: Standard proccssirig for souiid f i l t i i  (Tokyo Television Center Co.) 
Prit i frr:  Peterson 8111111 -. Type S Sound Printm (Fujicolor Service Co.)  
Print 1;ilvi: Fujicolor Positivc Filiii Type 8822 (l6/8min - Type S)  
Print  Film Lqyrrs I lsrd:  green and rrd layers 
Priqt I'ilnr Proce.r.ritzg: standard processing for I'ujicolor Positivc Film 

.___ _ ~ . ~ ~ _ ~ _ _ _ ~ _ _ ~ _ _ _ _ ~  
~ ~ __ - - - -. -~ - _ _ _ _ ~  __ 
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butput 
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Distortion 
Ratio 
(Within 621 Fig. 16. Cross-modulation distortion output, signal out- 

put and distortion level as related to negative density; 
print density, 1.67. 

negatives in five ranks of density from 1 .O 
to 2.45, on print films. 

Figure 16 shows the relationships be- 
tween the cross-modulation distortion 
output for each modulation wave, the 
signal reproduction output and the total 
harmonic distortion for each sinewave 
having a print density of 1.67 in relation 
to the variable negative density. Figure 
17, obtained from Fig. 16, illustrates the 
negative density range in which the cross- 
modulation distortion output for each 
modulated wave becomes less than -30 
dB and -25 dB, respectively, in com- 
parison with a reference frequency. 
Also Fig. 17 shows the negative density 
range for the maximum reproduction 
output level of each signal and the nega- 
tive density range for the minimum de- 
gree of total harmonic distortion (not 
more than 6%). 

As can be seen from Fig. 17, the nega- 
tive density range, in which the cross- 
modulation distortion output is mini- 
mized, is shifted to a lower density when 
the higher frequency portion of the cross- 
modulation wave is increased in fre- 
quency. 

The higher the modulated frequency 
becomes the more the waveform’s peaks 
and valleys become too steep and result 
in increased blur. At the time of print- 
ing, in order to cancel this blur that has 
been formed on the negative, a higher 
print density must be used with every 
increase in frequency of the higher fre- 
quency portion of the cross-modulation 

I 
&kHz/&OOHz Distortion Out- 
put (Higher Density Side) 

, at -3068 , - 
-_- 
--- 

I 
Density Ranp Where Degree 
of Reproduction Output 
Distortion is Acceptable 
---- I 

Negative Density (D) 

Fig. 17. Cross-modulation cancellation density range, maximum signal out- 
put and minimum total harmonic distortion as related to negative density 
range; print density, 1.67. 

wave. On the other hand, in order to 
make a print having uniform density, the 
higher the high-frequency wave becomes 
in the cross-modulation wave, the lower 
the negative density must become in 
order to cancel out blur. I t  is for this 
reason that the negative density is shifted 
so as to minimize output distortion re- 
lated to cross modulation. 

As in Fig. 17, the density region shown 
as the most appropriate for an output 
distortion of less than - 30 dB under pre- 
vious test conditions adopting a 4-kH.z 
modulated wave, only the 4-kHz cross- 
modulation wave generates less than - 30 
dB of output distortion but cross-modula- 
tion waves with higher components of 2 
kHz, 3 kHz and 5 kh‘z generate -25 dB 
of output distortion while the 6-kHz 
cross-modulation wave generates cross- 
modulation distortion up to -20 dB. 

However, because it is empirically 
recognized that sound quality within the 
density range delineated by previous test 
conditions is acceptable for practical 
purposes, it follows that these output dis- 
tortion levels are permissible under prac- 
tical use conditions. I t  is therefore antici- 
pated that even if the output distortion 
generated by the 4-kHz cross-modulation 
wave was to increase to -25 dB (as with 

the output distortion caused by the other 
cross-modulation waves), such an increase 
would be acceptable. Therefore optimum 
recording conditions are determined 
within a density range where the cross- 
modulation output distortion of each 
cross-modulated wave ranging from 2 
kHz to 5 kHz is less than -25 dB. 

Thus test conditions to satisfy these 
requirements can be created by setting 
up a density region where cross-modula- 
tion output distortion is less than -25 dB 
at the lower density limits and less than 
-30 dB at the higher density limits for 
negative film using a 4-kHz modulated 
wave. In this density range both multi- 
frequency output reproduction and total 
harmonic distortion are maintained 
within satisfactory limits. Similar results 
are observed with other print density 
samples. 

In Fig. 18, the cancellation density 
region obtained by the previous method 
is compared with that obtained by the 
present test method. Under the present 
test method and conditions, a low nega- 
tive density range where sound quality 
had thus far been judged to be low due to 
the previous stringent test conditions, is 
now included as part of the optimum re- 
cording conditions (the shaded portion of 
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Fig. 18. Comparison of optimum cancellation density re- 
gions under previous and present test limits. 

Fig. 18) and this expands the optimum 
density range approximately 1.4 times. 
From the point of view of laboratory 
processing this is very advantageous. 

Samples for measuring electronic sound 
characteristics werc preparcd which had 
such negative and print densities as to 
remain within the canccllation density 
area obtained under present test concli- 
tions as shown in A to I of Fig. 18, and 
recording samples of actual program 
sources for auditory testing were preparcci 
under identical density conditions and 
their various characteristics were eval- 
uated. 

Samples having a print density of less 

than 1.30 produced SNR deterioration 
caused hy  the lowering of the reproduc- 
tion output and an increase in the noise 
level. "owever, all samples having a 
print density of more than 1.60 showed 
good frcquenry response and rcproduc- 
tion output while SNK and total har- 
monic distortion werc within high qual- 
ity limits. 'l'hus i t  was confirmed that no 
problems arise undrr practical auditory 
testing in relation to the wider cancclla- 
tion density region attaincci under 
present test conditions. 

5. Conclusions 

A factor-analysis of various photo- 

graphic processes was conducted mainly 
so that the quality of the 8mm - Type S 
optical sound recording system could be 
improved through the use of a special 
recording film exclusively designed for 
that system in conjunction with a high- 
performance printer. Thus the cross- 
modulation test conditions suitable for 
the 8mm - Typr S system have been 
established. These newly developed tech- 
niqucs are now in use a t  commercial 
laboratories for the preparation of many 
types of 8mm - Type S sound prints. 

Fuji Fine Grain Sound Recording 
Film (Variable Area) Type I1 is being 
sold on a trial basis. Sound image record- 
ing characteristics are of prime im- 
portance, however, and panchromatic 
color sensitivity therefore became a 
requirement of the film. This must be 
considered an inconvenience to customers 
because unlike conventional sound re- 
cording film, this new film requires 
special precautions in handling. '1'0 over- 
come this problem, further studies are 
to I x  made rrlating to emulsion improve- 
ment to develop a film that will not need 
special handling. 
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