
An 8mm Film System for 
Educational Television 
Because of the need for a low-production-cost, mass communications medium for 
the overseas work of the U.S. State Department and the need for a low-cost film 
facility at Arizona State University’s educational television station, KAET, the use 
o f  Smm, both silent and sound-on-film, was studied. During the six month research 
project, various audio, video and production methods and equipment were tested 
for compatibility with the television system. The result was an ecoiiomical educa- 
tional television system using 8mm film and TV techniques. The system is feasible 
and will be tested for a year beginning in January 19GG under the constant demand 
of a production schedule. 

IN 1961.* PERSONNEL at  KPHO-TV 
in Phoenix. Ariz., madc a serious at- 
tempt to utilizc 8mm sound film for 
local news coverage as part of standard 
program material. They had somc suc- 
ccsi considering thc limited timc avail- 
able for production prior to program usc. 
The tecliniqiics dcvcloped at KPI-IO, 
however, kvcrc abaiidoncd a short timc 
later for various rcasons which should be 
obvious upon consideration of some of 
thc practical aspects and shortcomings of 
8mm under the conditions implicit in 
rapid production. However, thcir 
groundwork and cooperation in lcnding 
thcir factory-modified projector to 
KAET, Channel 8 a t  Arizona Statc 
University, helped considerably during 
carly experimcn ts there. 

Criteria and Direction 

As is the casc with most cducational 
‘I’V channcls today, KAE‘T has a limitcd 
production budgct. Although educa- 
tional T\- has a n  unlimited potential, 
studio videotaped productions arc likely 
to become stcreotyped and unimagina- 
tive, relying hcavily on thc canned 
professor-studio-lectrire technique. But, 
considering the difficul ties of utilizing 
rcmotes, or budgcting for standard lGmin 
soiind-on-film productions, thc rationale 
of straight studio production is casily 
undcrstood. 

In February. 1965, a rcscarch projcct 
was cstablislied at  KAET to invcstigate 
81nm sound-on-film for instructional TV 
and to producc a compatiblc classroom 
instructional aid which could be utilizcd 
cithcr as film dircctly in thc classroom, 
or for closed-circuit applications. This 
technique would thcn be applicable not 
only for low-budget educational T V  
stations in the United States, but would 
be of immeasurablc aid in underdc- 
vcloped foreign countrics for the dis- 
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semination of information where the 
facilities and conditions do not pcrmit 
easy acccss to a given audicnce. 

Some consideration was given to the 
use of lLmm, but it was felt that utilizing 
this tcchnique would dcfcat the original 
purpose of the projcct, namely, the de- 
velopment of a low-~~roduction-cost mas? 
mcdium. Six months was allocatcd for 
the projcct, during which we would 
confront audio, video and production 
techniqucs. The  work in these various 
areas could not, of course, be continuous 
throughout thc period inasmuch a s  
normal production at  Channel 8 both 
precludcd use of studio equipmcnt and 
limited our available timc. We werc 
able to gct a t  the cameras only betwcen 
productions and for just a quick run- 
through of our ideas. 

We wishcd to utilizc as quickly as 
possible on the air material produced 
with 8mm film to tcst its compatibility 
with other program techniqucs. Once 
our audio and video wcrc a t  a sufficicnt 
quality level, wc began using short 
inserts of 8mm film with regular pro- 
duction material, and hoped thus to 
further isolatc our remaining problcms. 

Equipment 

It  was dccided that for the piirposc of 
expcrimcntation, wc would not limit 
ourselves to thc one sound-on-film cam- 
era availablc to us (thc Pairchild), but 
would also try to w e  a high-quality 
non-sound camera. With two camcras, 
thcre would be the advantagc of work- 
ing with an additional production tcch- 
niquc, to be dcscribed later. 

‘I’he projector first posed no particular 
problcm, since KPHO-‘I’V had madc 
available a Fairchild Cinephonic 8mm 
sound projector. This machinc had been 
redesigned with a five-apcrture shuttcr 
to sync with the scanning of the standard 
‘rV camera. A synchronous motor 
replaced the standard motor and the 
drivc belts werr “beefed up’’ somewhat, 
for more continuous use. K H P O  had, 
in addition, removcd thc rhcortat dimmer 
and placed rcmote controls in parallel 
with the machine’s own control systcm 
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for case in cuing thc machine from thc 
opcrating position. A small impcdance 
matching transformcr was added off 
the standard four-ohm audio output to a 
600-ohm balanced output which was 
then paddcd down for input into thc 
station’s audio systcm. The lens had been 
changed to half the focal lcngth used ror 
16mm to facilitate fccding the machine 
into a vidco chain. 

With all the above modifications, thcrc 
sccmcd little more to do than mount the 
Imjector in the chain (Fig. 1) and roll. 
I-Iowevcr, utilizing a commercial 8mm 
black-and-whitc film, we set thc pro- 
jector into position in the chain and 
soon discovered that to achieve a rcla- 
tivcly sharp imagc, the condcnsors also 
had to bc moved to a new operating 
position. We found that in any position, 
thc quality of the video was undesirablc. 
Grain, dirt and grime appearcd, and 
the projcctor focus would not stay put. 
We thcn started from scratch to isolate 
our problems without adding the further 
complications of the chain. 

Evaluating an image prqjcctcd onto 
a bcaded SCI-ccn, we learncd that al- 
though wc apparently could arrivc at 
critical focus, it was difficult to hold. 
We coinparcd several other commcrcial 
projectors and, although they varied 
in optical quality, similar difficulties 
werc obscrved. ‘I’hcrc were two major 
contributing factors. First, mounting 
the drivc motor within a light-wcight 
enclosure causcd vibration within the 
pujector. Generally, this drive motor 
was mounted on the sidc wall close 
to the film gate, so that even aftcr 
clamping the basc of the projcctor the 
vibration rcmained. Second, the pull- 
down mcchaiiism was extremely close 
to thc film gate, so that as it was moved 
into position by a n  ecccntric, it drovc the 
film forward slightly while it was being 
pulled down. This caused a slight, but 
noticeablc, lack of critical focus on the 
T V  screen. ‘The fault was corrected by 
carcful alignment of the pulldown mech- 
anism. 

With the pulldown mechanism ad,justed, 
we wcrc able to pro.ject and pick up  
thc video on a studio image-orthicon 
camera. This, in spite of parallax d i fL  
cultics, resulted in an acccptablc image. 
However, wc could not, cven by trying 
various screens, completely ovcrcomc the 
appearance of a “raster haze.” 

’l‘hc most succcssfiil scrccnirig device 
proved to be an editing tool (Fig. 2). 
’I’hc film editor was fitted onto the pro- 
jector and the image prqjected onto a 
singlc surface mirror which then was 
focused onto a fincly ground glass SLIT- 
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film chain. cincphonic sound projector. 

face. Thc  resultant imagc was approxi- 
mately 4 by 6 in. and cluitc brilliant. 
Sufficient light was prcsent to givc us 
considerable latitude for adjustment of 
the video camera (Fig. 3). Although still 
plagued by relatively minor adjustment 
problcms, we werc able to produce a 
professionally acceptablc image. 

Film Stock Availability 

Thc availability of prestripcd black- 
and-white film stock is limitcd, especially 
for lower ASA emulsion speeds. One 
solution to the problem appears to bc a 
“do-i t -youixP operation using a ma- 
chine costing about $50 to apply sound 
tape to raw stock or processed film. 
The  cost is something ovcr one cent per 
foot. 

Our  tcsts of several film stocks were 
limitcd. Strictly from a rescarch point 
of view, wc would be obligated not to 
limit ourselves simply to a solution of 
getting good 8mm on camcra, but from a 
practical point of view that is what we 
were looking for. Tests werc madc of 
several black-and-white as well as 
color films. Since one of our objeclivcs 
was to find a compatible classroom-TV 
tool, color film is much morc versatile 
although somewhat more expensive 
than black-and-white. 

High-spccd black-and-white rcvcrsal 
film proved to bc unacccptable for our 
standards. ‘l’he inhcrent grain structure 
and lack of resolution rcsultcd in poor 
video. Color films, particularly those of 
lowcr ASA ratings gave exccllcnt results 
as far as grain structure and resolution 
werc concerned, but the color quality waq 
not as good as that of Kodachrorne 11. 
A compromise had to bc made bascd 
on cost and function, using thc lower- 
priccd color films. nynachrome and 
Anscochrome werc chosen for our work 
in production, as well as thc slower black- 
and-whitc film stock. Utilization of 
thesc types of film reqiiircs a controllcd 
situation, with sufficient light of thc 
propcr spectral quality available on 

location or in the studio. Thrsc rcquire- 
ments are not unusual, cven for 16mm or 
35mm but with 8mm arc inore critical. 

Audio 

Magnetic stripe applicd to 8mm, al- 
though only 30 mil \vide, provides ac- 
ceptablc audio for speech. Rcproduction 
is limited to approximately 80 to 8000 
cycles/scc, Tar from hi-fi but  not a t  all 
objectionable. Sound is reproduced 
through a magnetic hcad located 56 
frames ahcad of the image. l’here is 
sufficient loop betwc.cn the film gatc 
and the head to allo\v for smooth play- 
back. Miisic is distorted, of coursc, by 
thc limitation imposcd by the 8,000- 
cycle ClJt off, cspccially in violins and 
othcr treble instrurucnts. Carefully sc- 
lectcd music can be uscd if rccorded a t  a 
low level and if a voice-over techniquc is 
u tilizcd. 

It was rccognizcd that editing would 
present somc problems insofar as the 

audio was conccrncd, bccausc prc- 
striped film recorded in thc camera 
places the audio 56 frames ahead of the 
picturc. Removal of any portion of the 
film automatically cuts OK audio which 
rclates to other than thc image material. 
Even if no cditing is done and morc than 
50 ft of film is to be used for a production 
(approximately 2 3  min)! ihc spliced- 
in portion must begin with 56 fi.il1ncs of 
silencc to preserve an imagc on the screen 
before audio is possible. Thcrc are 
several solutions to this problcm. (1) 
I’roduction can be planncd. as \ d l  be  
described later, for uneditcd film portions, 
a t  the same time filling the “silent gap”’ 
with material not requiring lip sync. 
(2) ‘The audio poriion can be considcrcd 
as a convcnient tape rccorder and be 
used to pick off the audio onto a tapc 
rccordcr which can in turn be dubbcd 
back to the film in sync. Visual-audio. 
sync indications are helpful to aid in 
keying the tapc. (3) A separatc audio 

Fig. 3. Model 4PE16A1 1.0. camera with lOOmm lens in position and focused on “film 
editor.” Projector is a modified Fairchild as described in text. 

Fig. 1. 8mm projector in position on KAET Channel 8 second Fig. 2. Projector with “film editor” in place on Fairchild 
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recorder can be cmploycd and syn- 
chronized to thc film after production. 
The third technique has the advantage 
of being only second generation sound, 
while (2) becomes third gencration by 
thc timc it reachcs the film stripe again. 

Thc  latter system (3) using a tape 
recorder was tried. With dimensionally 
stable audio tapc, no difficulty was en- 
countered in producing lip sync, al- 
though the process is not casy, especially 
when editing is required. Furthermorc, 
visual keying can be done only at  the 
beginning of a sequence since editing 
out any visual clues between sequenccs 
adds to the problcm. Editing the tape as 
well as the image is required. We werc 
successful with “sound on” with the 
Fairchild camera, but thc audio is not 
as good as that dubbed from tapc. A 
sync audio track, cvcn if deficient in 
quality. is cstrcmcly useful as a “cuc 
track” for later dubbing. 

Cameras and Related Equipment 

The details relating to actual produc- 
tion are often minimized in reporting 
results. During our rcscarch, we often 
found that the “little things” werc cx- 
tremely important if we wcrc to bc suc- 
cessful. 

Much amateur equipment (most of 
8mm and related equipmcnt falls into 
this category) is difficult to work with. 
Not only did we require good optical 
resolution of our camcras, but vertical 
and horizontal stability as well. Ideally 
the camera should run thc full lcngth 
of the film without rewinding - elec- 
trically driven cameras havc this ad- 
vantage. In  trying to sync sound, in edit, 
ctc., there are sufficient dctails to worry 
about without adding wind-up problems. 

Because 8mm cameras arc lightweight, 
there is a tendcncy to think that light 
tripods can be used for filming. Actually, 
as the film size is rcduccd, the prob- 
lem of camera movcmcnt becomes morc 
critical. IVc adapted one of thc smaller 
standard TI’ dollies and a large tripod 
friction head (TD-10 camera pedestal) 
for use with our 8mm cameras. The ac- 
tion of this head was smooth and could, 
by usc of the large extension arm, be 
controlled to follow action without 
the tremble or jitter gcncrally associated 
with this film size, 

Philosophy and Films 

Film and T V  techniqucs diner radi- 
cally. By editing film, time and con- 
tinuity can be built from secmingly un- 
related bits of action to form a meaning- 
ful whole. Although video tapc can be 
edited, it is difficult. 

At prcscnt. 8mm film has some of the 
same limitations as vidco tape, especially 
when working with original positive or 
reversal film. With l6mm or 35mm, 
an answer print can providc a certain 
amount of comfort on the editing table; 
further dissolvcs, etc., can bc made part 

of the cditing decisions. It is possible and 
sometimes dcsirablc to prinl 8mm dupcs 
or even shoot on ncgative stock and follow 
the same procedure as used with Ibmm, 
cspecially if multiple classroom films 
arc required. However, the facilitics 
for producing 8mm pints, espccially 
in black-and-white oncc split, arc limited. 
Spccial eKects addcd after filming arc 
far more limitcd than for 16mm. The 
advantages of 8mm, however, far out- 
weigh its limitations. 

We decidcd at  the outset of this pro- 
ject to try to takc advantagc of the fa- 
cilitics for 8mm film and T V  techniques. 
Film offers the easc of portability of 
equipmcnt to locations inacccssible to thc 
low-budget cducational T V  studio; 8mm 
cuts the cost of both equipment and film. 
If thcn, we were to adapt film techniques 
as much as possiblc to T V  procedure, 
editing could be cut to a minimum with- 
out sacrificing too much quality. 

A series of pilot films were produced 
to synchronizc thc shots with the script, 
similar to thc way in which programs are 
produccd on tapc at  Channel 8. ‘l’hcre 
were a fcw notable dilTerenccs. First, 
the film capacity of our main camcra 
limited us to a little ovcr two minutes 
running timc at 24 framcs/sec, rcquiring 
a brcak in continuity not cxperienccd 
with tape. This problcm, though not 
severe, can be eliminatcd with multiple 
camcras. Using a zoom lens, we wcre 
able to makc single anglc shots more in- 
teresting. The scencs were timcd to movc 
camera position within the two-minute 
interval. As a result, the film change at  
the end of each film was not noticcable. 
Each sccnc was accuiately timed as a 
precaution against running out of film 
before a scene ended, 

Our first pilots required lip sync. We 
utilized thc Fairchild camera and dubbed 
thc last 56 framcs of any givcn completc 
film run (2 min and 45 sec) with the first 
56 framcs of the ncxt run. Though 
editing is always possible, cvcn with this 
tcchniquc, for safety’s sake a complete 
audio tape was made simultancously. 
This gave us thc added sccurity of cdit- 
ing both audio and film without using 
thc strip as thc master audio sourcc. 
I t  is our experiencc that this “insurance” 
is a nrcessity. 

Future Equipment Design 
Considerations and Film Services 

Adaptation of equipment to thc TV 
mcdium requircs design changes. Much 
time and cnbrt is wastcd in adapting a 
product to a proccss for which it was 
never in tcnded. Even professional com- 
pany adaptations often do not recognize 
a function change when equipmcnt is 
to be used in the TV medium. Projec- 
tors sit upright as if thc image were to bc 
projected onto a screen, whcrcas a con- 
sole film feed would be more rcalistic 
and far casier to thrcad and control. 
The limited niarkct for specialized cquip- 

rnent makes cquipment development in 
this field unattractive to the manufac- 
turer, but there is reason to believe that 
some experimentation along thcsc lincs 
might lead to commercial applications. 

Therc are indications that 8mm is 
beginning to bc takcn seriously. The 
devclopmcnt of “Super 8” by Kodak 
and “Format M” by John Maurcr of 
.lM Devclopmcnts, Inc., along with 
adcquate provisions for optical and 
magnctic sound, indicates that the 
shortage of film services in this area will 
soon disappear. Much or the difficulty, 
for exarnplc, in synchronizing sound by 
the “hunt-and-peck” system could be 
eliminated by sprockctcd 8mm tape 
editing mcthods similar to those used for 
16mni. Both Fairchild and Tcchnicolor 
8mm cartridge film prqjectors have im- 
proved film use in the classroom. 

Portability of Equipment 

The portability of cquipmcnt is a 
major factor in determining whether a 
tclcvision station films something or not, 
especially if sound on film is required. 
Thc task of loading a 16mm magazine 
for sound on film, the toting of the cam- 
era, sound accessories and power cord 
somctimes becomc large problems. A 
battery-operatcd sound-on-film 8mm 
with no sound equipment cxcept a head 
set and a microphonc greatly simplify 
the transportation of equipment to any 
desircd location. We packed the 8mm 
sound-on-film camera 54 miles into the 
Superstition Mountains to record two 
old prospectors. If wc had had to use a 
16mm sound-on-rim camera, we would 
nevcr have shot the film. In addition, 
the sound is of comparable quality to 
singlc-system sound recorded on a 16mm 
sound-on-film camera, plus the ad- 
vantages of editing, redubbing, and the 
addition of sound effects as cxplained 
earlier in this paper. On Ibmm, the 
redubbing or the addition of sound ef- 
fects would be impossible except by the 
time-consuming preparation of an opti- 
cal track in a film laboratory or by the 
addition of a sprocketed 16mni magnetic 
tape to a magnetic track. 

Additional Advantages of 8mm for ETV 

In  the fall, KAET-TV will produce a 
serics of programs on the history, folk- 
lore and peoplc of Arizona. Wc plan to 
utilize the 8mm camcra a great deal 
in this series. On earlier programs of this 
nature, the school systems have re- 
quested showings. Programs wcre usually 
on video tapc. So little film was used 
that only by using the video-tape rc- 
corder in spccial viewing sessions for 30 
or 40 people havc wc been able to replay 
them. Upon completion of thc new series, 
the film segments could casily be spliced 
togethcr, narration added to thc mag- 
netic striped film, and the Elms be madc 
available to school systcms for use in 
classcs. Sound on film and color would 
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qreatly increase thcir value and utility. 
Attempting to use 1 bmm in this manner 
would be out of the question economi- 
cally. 

Editing Film with TV Switcher 

With the purchasc of two 8mm sound- 
on-film projectors synchronized and 
modified for the T V  system, a special 
type of editing could bc used. For ex- 
ample, if a person who is scheduled for 
a n  interview doesn't have thc time to 
make a special trip to thc studio, hc can 
bc intervicwed on film. If hc makes rcf- 
ercnccs to landmarks, buildings, etc., 
corresponding scenes can be shot. If 
thcre is not time to edit cut-away scg- 
ments into the film, redub the sound, etc., 

thc sound-on-film intcrvicw is put in one 
projector, which can be part of the film 
chain; and the cut-away scenes are put 
on a studio camcra. Watching both 
images, the director can choose betwccn 
them a t  will. What might result in a n  
otherwise monotonous intcrview can be 
made immeasurably more interesting. 

Compatible Utilization of Film-TV 
in an Instructional Situation - 
Evaluation Requirements 

Solving some of the more critical 8mm 
T V  technical problems is only thc be- 
ginning. The usefulncss of 8mm produc- 
tion material as it rclates to ETV and 
other instructional situations must be 
evaluated. Much rescarch has already 

Double-System 8mm Sound 
Cinematography in Education 
A double-system 8mm recording capability has been devised and is in use at 
Orange Coast College. With this method, costs have been reduced to about 5061 
min, including materials and labor. Complete equipment was developed for about 
$5,000. The system is used to record lectures in large class groups after which 
the films are placed in the library. Students who have missed a lecture, or wish 
to review, can view the films at look-listen stations. A rescarch program is in 
progress to assess the effectiveness in terms of increased learning. 

A N l i E D  I i m  ARISEN at Orange Coast 
College for an inexpcnsive sychronous 
sound and picturc capability. To cope 
with the growing number of collcge 
students, some classes are extremcly largc. 
For a number of years, some of these 
lcctures have bccn sound tapc rccordcd. 
Several listcning stations equipped with 
playback machines and earphones are 
located in the library. Students who miss 
a lecture, enroll latc or wish to rcview 
may check out tapes and listen to them. 
l'his arrangcment has proven highly 
successful in terms of increased instruc- 
tional cffectivcness, although an obvious 
drawback of this method was the lack of 
visual recording. 

Largc group instruction, lends itself to 
audio-visual techniques. Prescntations, 
Iargcly visual, negatc the effectivcness 
of mcre sound recording, and psychologi- 
cal expcrimcnts havc shown that the 
largcst pcrcentagc of human learning 
occurs through the scnse of sight. 

Development 

Criteria for such a sight-sound syn- 
chronous rccording system included : 

Prcscntcd on March 31, 1965, a t  the Society':. 
Technical Confcreiicc in Los Angcles by Arthur 
G. Evans, Orange Coast Collcge, 2701 Fairvicw 
Rd Costa Mesa, Calif. 
(TI;& paper \\'as reccivcd on March 9, 136.5.) 

(1) continuous recording ol at least 50 
minutes (normal length of a collcgc 
class), (2) low cost in tcrms of materials, 
(3) easc in transport, (4) rclative quiet 
during operation, (5) inexpcnsive and 
simplc playback facilities for individual 
student use, (6) trouble-frec operation, 
(7) low initial equipment cost, (8) equip- 
ment capablc of opcration and main- 
tcnance by technicians with no morc 
than two years of formal training (junior 
collcge Icvcl), ( 9 )  no additional room 
lighting and (10) color if necessary to 
make instructional points. 

An initial reaction to such criteria 
might bc to use vidcotape; however, 
television hils to mcct the criteria. 
Cost of playback is high. Each playback 
station would cost a t  least $12,000. 
'l'he cost of color for this application 
would bc prohibitive. Additional room 
lighting and resulting instructor dis- 
comfort would probably be necessary 
without thc tisc of image orthicon 
cameras. While tclcvision and vidco- 
tapc recording is ccrtainly possiblc, it was 
cliniinated from consideration for this 
application. 

This lcrt film; 1 6mm single systems wcrc 
investigated. l'he college had two single 
system 16mm cameras. All critcria could 
be met, more or Icss, with 16mm. The  
college also has its own black-and-white 

been done on the cffcctivencss of educa- 
tional audio-visual techniques, and we 
fecl little need to prove furthcr the ef- 
fectiveness of T V  or thc motion picture 
as a teaching medium. But in spite of this 
research, practical applications must 
still be investigatcd. 

How to utilize known, eflective ETV 
techniqucs economically is the qucstion. 
Educational motion pictures or TV 
must bc highly accessiblc and they must 
bc versatile enough to be called upon to 
do a teaching job a t  a moment's notice. 
Through use in closed- and open-circuit 
TV, Smm, along with continuous-loop 
cartridge projection, sho1t.s promise of 
filling thc bill. Practical solutions rernaiii 
to bc researched. 

By ARTHUR G.  EVANS 

film processing facility; therefore, thc 
per-minute cost of single system l6mm 
optical rccording is rcasonable. R u t  
while inexpensivc for many purposes, 
costs would mount rapidly when many 
hours each week were rcquired. 

In tcrms of film cost and case of play- 
back, 8mm seemed to bc ideal. Black- 
and-white 8mm film with a magnetic 
sound stripe can be produced. without 
editing, for less than fifty crnts per min- 

The  problem rcmaincd that thrre was 
no cquipment on the markcr that met 
all the criteria. Playback was no problem. 
A number of excellent 8mm magnetic 
machines arc on thc markct. One even 
provides cartridge loading. Thc problem 
was the 8mm synchronous filming capa- 
bility. 

The  one single system camc'ra available 
failed to meet the criticra. I t  is capable 
of only short continuous runs. The COSL 

of prestriped film is high. 
Bccausc of thc cost of applying mag- 

netic coating to raw stock? and bccause 
of the unavailability of an optical sound 
systcm of any sort in 8mm: a double 
system utilizing magnetic sound was 
decided on. 

( I )  Curitern: An 8nxn H-S Boles Rcx 
(rcflex) was purchased. The body of this 
camera is almost identical to the l6mm 
model. The 1 6inm cameras have oftcn 
bccn modified to accept magazines. I t  
was no troublc to adapt the H-8 to 
acccpt Mitchell magazines. 1,200 
ft magazine is used and more than meets 
thc time rcquiremcnt. At 34 frames/sec, 
8min consumcs only 18 f t  of film pc; 
minute. A magazine load yields over 65 
min; 1200 It of l6mm film perforated 

ute. 
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