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Figure 22: Playback picture acuity. 
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Figure 23: Capture accuracy criteria. 

curately connected in the playback view area within the frame 
period of 1/ 24 s, the eye will detect some sort of misalignment 
without the observer realizing how it came to pass. 

There are at least two critical alignment problem areas in 
both the capture and playback systems. 

Capture Alignment Problems 

1. The 15 cameras permanently connected to a cell can be 
aligned once with respect to the cel l; then any one cam­
era need not be aligned again. 

2. The 48 cells can be aligned with respect to the aiming 
point at each capture set up procedure prior to photo­
graphing the scene. 
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Figure 24: Maximum element torsion and relative phasing accuracy of 
revolving elements. 
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Prealigning the 15 cameras per cell ( e.g. using transit tech­
niques} before the capture system is ever put into use, allows 
the camera groups or cells, to be considered as building blocks 
to construct the 180° array of cameras at the capture site. 
This reduces the total number of alignments that the camera 
crew must make per scene set up by a factor of 15. 

Figures 22 and 23 show the criteria for determining the 
capture system optical axis aiming accuracy. In Figure 22, two 
adjacent vertical lines (e.g. a and b on the screen} in a given 
3-D scene reproduction, are shown at the merging angle as 
viewed from the nearest expected point. This view point is 
taken at the screen's center "0." The reasons for not allowing 
observers to move in closer to the screen is due to resultant 
vert ical distortion (note that horizontal or "lateral" distortion 
is zero for all positions of the observer as discussed in the 1968 
issues of Information Display) and also the increasing angle 
subtended at the observer's eye by the screen segments. 

The accepted criteria for proper viewing of adjacent merg­
ing vertical lines, is that they are separated by one min of arc 
for 20/20 observers. From Figure 23, it is seen that any ar­
bitrary camera must have its optical axis pointed at the aiming 
point within an angle of 1/2 min of arc. 

Play back Alignment Problems 

1. The screen's rotating reflective segments are interlinked 
and span a heigh t of 26ft. There is a limit to the allowed 
tota l twist angle from the top to the bottom of any 
given screen element. 

2. All of the screen elements theore tically rotate at the 
same speed and have a constant phase re lat ionship to 
one another. Due to mechan ical imperfections in the 
construction of these screen components and the belt 
stretch in the driving equipment, phase errors tend to be 
prevalent. 

Figure 24 shows the right and left eyes of an observer at the 
maximum expected viewing distance from the screen. A ray-a 
is shown leaving the projector and return ing to the left eye via 
reflection from a screen element. If the horizontal dispersion is 
kept within a/2 degrees, and the torsional angle over the entire 
element height is kept within a/4, due to the double angle 
incurred at the element reflective surface, then the receiving 
eye (e.g. EL} will see the entire picture height taken from a 
single projected scene. a /4 equals 1 .8 min of arc. Hence, the 
total tors ional error al lowance is less than or eq ual to ±1.8 min 
of arc. 

Any screen reflective element's phase relationship to all 
other elements in the screen must be held to ±a/4 degrees or 
±1.8 min of arc. With th is relationshi p, any eye stationed along 
the circu lar arc of 50 ft radius, wi ll see all vertical segments of 
a given scene projected at one t ime, as all of the screen's 
elements return the single projected scene perspective to the 
given eye. At some eye location between the circular periphery 
and the center of the circle, the eye will derive its perspective 
from several different but grouped sequentially projected pic­
tures. 

3-D Projection Screen Gain 

There are two opposite reacting prime factors which are 
prevalent in th is 3-D system that tend to cancel each other 
wh ile retaining a total calcu lated screen gain of 1.67. The nega­
tive factor is the very short duty cycle of screen il lumination 
to the observer's eye, and the posit ive factor is the highly 
concentrated light availab le fro m the semispecular ro tating 
screen elements. 
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Figure 25: Projected light duty cycle for worst case eye position. 

Figure 25 shows the projector source light reflecti ve from a 
screen element facet whose distance is 100 ft from the pro­
jector position. The facet width equals 0.104 in. The angle¢ is 
calculated at 0.3 min of arc. Th is represents, by a sweep angle 
of view analogy, the tota l minimum (or worst case viewing} 
ill umination duration of reflected light from projector Pr. The 
total angle during which the reflected light is not seen by this 
eye position along the circle containing Pr, is 90°. Arc nm is 
the locus of Pr as seen by the eye as the mir ror segment 
rotates. The ratio of on to off angles is 5.56 x 1 o·s, or the 
projection light " loss" factor due to the on to off duty cycle 
of reflected light of the projector output diverted to the worst 
case observer position by an arb itrary screen revolving and 
hori zontally reflective element. 

The positive factor which contributes to a reasonable total 
screen gain by cancelling the effects of a low ' duty cycle of 
viewab le illumi nation, is a high semispecular screen gain pos­
sible through concentrating the reflective distribution of in­
cident screen illumination to 40° of vertical dispersion and 
0.15 min of arc in horizontal dispersion. 

The serration cross section of an arbitrary screen rotating 
segment, is shown in the projection section- Figure 20- and 
is determined ·as shown in Figure 26. Using screen gain criteria 
as outlined in the October 1968 journal of SMPTE (i.e., East­
man Kodak's charts on high brightness projection ideal re­
flective screen gain}, a 40° half angle screen with a 1° half 
angle in the transverse di rection resu lts in a screen gain of 75. 
The requirements for the total horizonta l dispersion angle of 
the reflective screen in this paper, however, is 400 times nar­
rower (i.e. a 0 .1 5 min arc horizontal half angle is requi red 
instead of a 1° angle). The extrapolated screen "gain" is then 
400 X 75 = 0.3 X 10+ 5
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Figure 26: Controlled vertical light despersion during projection. 
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When the positive light gain factor of 0.3 x 10+5 is multi­
plied by the negative low duty cycle loss factor of 5.56 X 1 o·s I 
the resultant screen gain is 1.67. 

Conclusions 

To the author's knowledge, no wide screen autostereo­
scopic movie system exists in publicati on or in fab rication, 
that permits installation in standard theatres where on ly the 
screen and projector need to be changed. 

The technical growth curve in th is area can be extrapolated 
to show the projected availability of state of the art hardware 
by circa 1975. Developments needed to assure comp letion of 
this project are: electronic imaging camera tubes capable of 
5000 lines of resolution and 150 MHz bandwidth; storage 
tubes with 5000 lines of resolution, 10 ms erase t ime and 150 
MHz bandwid,th ; low f/ number image dissection or equivalent 
projection equipment or alternately, a very high efficiency 
projection light source (with low heat generation}. 

The capture and playback geometry presented in thi; paper 
is ideal for 3-D without glasses. The practicali ty of synchroniz­
ing the screen to the film offers film splicing possibi lities and 
eliminates the need for multiple picture integration at each eye 
through the agency of electronically operated shutters. 

Bibliography 

1. ].S. Chandler and].]. DePalma, "High-Brigh tness Projection Screens 
with High Ambient Light Rejection," journal of AMPTE, Vol. 77, 
Oct 1968, p 1012. 

2. L. j. Krolak and D. ]. Parker, " T he Optical Tu nnel -A Versatile 
Electro-Optical Tool," journal of SMPTE, Vol. 72, Mar 1963, p 
177. 

3. j .S. Friedman, "History of Color Photography," Chapters 16, 17 
and 18 (on lenticular f il m), Focal Press, New York. Reprint 1968, 
pp 214-272. 

4. R.B. Callender, " True Stereoscopic Movie System Without Glasses 
-Part 1," Information Display, Vol. 5, No.4, j uly / Aug 1968, p 25. 

5. R.B. Callender, "True Stereoscopic Movie System Without Glasses 
- Part II," Information Display, Vol. 5, No.5, Sept/Oct 1968, p. 
23. 

6. Andrija Dvornik, Patent Specification 421,120 (British), "Method 
and Apparatus for the Production of Motion Pictures," Oct 12, 
1932. 

7. A.H. Pettis, "Distributed Plates Improve CRT Responses {to 250 
MHz)," Electronics World, Nov 1969. • 

Robert B. Callende r received his 
B.S. degree in Electronic Enginee ring 
from the University of California at 
Los Angeles. He has spent 15 years in 
t h e aerospace and aircraft fields, 
mostly worki ng on mu l tip lexing and 
readout methods in ground support, 
airborne and space vehicles. In paral ­
lel, research and development with 

laboratory investigation of 3-D effects has been pursued . 
Early work (1949) involved 3-D drawing machines in an 
attempt to give more freedom of expression to artists. He 
is currently employed by Lockheed Cal iforn ia Company 
in Burbank, Californ ia, as a des ign special is t assigned to an 
ASW Display Group where CRT multipurpose d isplays are 
designated wi th computer and special sensing equ ipment 
interfaces. 

17 



KNOWLEDGE IS POWER I 
~--

now you can 
updole your knowledge 

wilh lhese 
lwo valuable books: 

&RECENT 
ADVANCES IN 
DISPlAY MEDIA 

Volume II 

RECENT ADVANCES IN DISPLAY 
MEDIA VOLS. II & Ill 

Get them wh il e there's still a supply avai lable .. . and save 
money too ! 

of the Fallout Display System (FODS) *R&D in the Compu ter 
and Information Sciences * Computer Processing for Display of 
3 -Dimensional Structures. These two fact-filled volumes cover the newest information in 

display advances. They take up where Volume I left off ... and it 
sold out completely! 
Now there are sti ll ample copies of Volumes II & Ill on hand, 
and they' re fi lled with a wealth of update reports to help every 
engineer, systems designer, display manufactu rer and display 
user keep current on new theories and techniques. With so much 
happening, you've got to stay informed to be tru ly effective ! 
Authored by a nu mber of top computer display experts, these 
all -new volu mes represent the most pert inent, authoritative and 
up-to-date source of information on computer terminals; charac­
ter line and cu rve generators; memory discs; digita l printers and 
plotters; CRT's; over-al l system considerations; and more. 
Contents include . . . VOL. II (261 pp): A Plasma Display Termi­
nal* VTOR IF R Technology Program* A General Description 

VOL. Ill (231 pp.): The Impact of Electronic Displays on Air­
craft Control * Digital Pr inter/Plotter Graphics Terminal* An 
Experimental Display Processor for the DX- 1 *Information Ac­
quisition, Sensing and Input: A Selective Literature Review* 
R&D in the Computer and Information Sciences. 

With the information available here, you can keep ahead of 
the technology avalanche that threatens to bury many of 
today's engineers. Recent Advances in Display Media, Vols. 
II & Ill , are avai lable singly, or together at a special limited­
t ime price. 

And remember, business and professional books are tax deducti­
ble (authority: Treas. Reg. 1.162; I. R.C. 162).Soactrightnow 
and start making use of these valuable books to advance your 
company and your career! 

Order Now and Save $1 

1 8 

Please send VOLS. II & Ill together __ for only@ $34.95 

Please send _ _ copies of Recent Advances, VO L. II @ 20.00 

Please send _ _ copies of Recent Advances, VOL. Il l @ 20.00 

Check, Cash o r Money Order enclosed (amount) --------------­

Please bill my company in advance (amountl----------------­

Mynameis -----------------------------­
Compa ny name is ---------------­ P.O. No. ------

Mail ing address-- ------------------------­
City State Zip 

Date ------ --- Signature -----------------

Please send this coupon, with check payable to: 

Complete satisfaction guaranteed! Immediate 
ref und available o n 10-day retu rn privilege .. . 
we pay postage both ways 

Prices: 
Vols. II & Ill together . .. . . .. . . .. $34.95 
One Copy (either) . . ............ $20.00 
Three or more copies . . . . ....... @ $ 14 .95 
Eleven or more copies .. . ....... @ $ 10.00 

TECHNOLOGY PUBLISHING CORP. • 825 S. Barrington Ave., Los Angeles, Cali f. 90049 
(Calif. resid ents ad d 5% sa les tax) 

-- -- -- -- -- --- -------- ---- -- - - -- -- -- -- ----- - -------- -~ 
IN F ORMAT ION DISPLAY, September/October 197 2 

o or e e i m 

STEPH EN P. ROBINSON 

Introduction 

The need to record television signals became apparent from 
the earl iest days of televisio n broadcasting. This need was 
fi lled by transferring the te levision image to film using a regu­
lar kinescope display and film camera. This system was co m­
plex and difficult to control. Thus, th e advent of the video 
tape machine was hai led with heartfelt thanks by recording 
engineers as being th e end of the need to kinescope. However, 
th is was not to be. If anything, th e availability of video tape 
equipment gave new purpose to fi lm recording. While video 
tape is ideal for storage of program material for subsequent 
replay into networks, the cost of duplicating video tape and 
the logistic prob lems of disseminating programs on tape inhib­
ited its use in many areas. Thus, fi lm recording grew as a 
method of dissemination of programs and was made a more 
tractable system by the new found ability to work off line 
with the ever present safety factor of a video taped copy of 
the program. 

It has become apparent that the needs of broadcasting and 
transfe r studios for a film transfer system are not met unless 
the system is so designed as to be foolproof and to eliminate 
the need for expert knowledge of fi lm transfer processing by 
the operator. In the past, the need for transfer equipment was 
met by the studios developing thei r own hardware. This was 

then used by the personnel who did the development work. 
Thus, the operator's knowledge was of a high degree; th is 
knowledge alleviated the need for proper systems design. It 
was decid ed, therefore, that we wou ld not on ly engineer a film 
transfer system using the latest technology available, but also 
carry out systems and human factors studies which wou ld al­
low this equipment to eliminate many of the pitfal ls that simi­
lar equipment had previously incorporated, thereby allowing 
the use of a lower level of ski ll to carry out this transfer 
process . 

Review of TV Displays 

Since by its very nature a telefilm transfer system must first 
image the incoming television signal, the most urgent decision 
was related to the type of TV display to be used. There are a 
variety of different methods of displaying a color TV signal. 
Apart from the standard shadow mask tube, it is possible to 
display a co lor picture using three monochrome tubes and 
combi ning the light output from these. It is possible to scan 
and modulate a laser beam or more accurately three laser 
beams to create a color image and there are available forms of 
Eidophors, also called light valves, wh ich modulate incoming 
white light to generate a co lo r TV display. This last approach 

© 1972 by Barringto n Publica tions In c. All rights reserved. Reproductio n in whole o r in I'd" Nithout writt en permission is strictly prohibited. 
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Figure 7: Film sensitivity related to phosphor output. 

appears at first to be very attractive. However, it suffers from a 
major drawback. A light va lve has an extremely long decay 
time (in the order of ten TV frames). While this is normal ly 
acceptable for use by observers, it causes severe lag problems 
when it is used for recording purposes. This problem is com­
pounded by the fact that the decay time differs for different 
colors. 

The laser display system also looks very attractive. It has 
ample light output and t he scanning systems are inherent ly 
linear. Unfortunately, at this t ime these laser d isplays are still 
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in the laboratory stage and it was felt that the operational 
drawbacks of this experimental eq uipment nul lified any poten­
tial advantage in using this as a display medium for a produc­
t ion hardware such as the television recorder. Thus, we are left 
with a kinescope ty pe of display system either with three 
tubes or with the shadow mask. In the past considerable work 
has been done with three tube systems. The advantages of 
these systems are that they have greater light output and have 
no fundamental resolu tion limitation s due to the shadow 
mask. However, past experience with these systems has shown 
that t he rather complex problems of aligning the optics neces­
sary to combine the imagery would be beyond the average 
user. We, therefo re, reached the conclusion that the shadow 
mask tube was the only suitab le di splay medium at this time. 

A fur ther factor in this decision was that because of the 
high usage rate of shado w mask tubes in the industry, consid­
erable research has been continued in this area. Thi s has re­
sulted over the past few years alone in an increase by a factor 
of two of the ligh t output a nd a comparable increase in resolu­
tion. 

Optical Analysis 

The decisio n to use a shadow mask tu be was not taken on 
the purel y negative grounds discussed above. Analysis of the 
reso lut ion requirements imposed upon a system by the NTSC 
525 line system and comparison of the t ubes wit h t he inherent 
limitations of 16 mm color film, show that the tube is in fact 
not the weakest link in the transfer process.* The fi lm selected 
for primary use wi th the system is Eastman 7252 reversal. This 
is selected as it is the slowest current ly avai lable film with a 
correspond ingly good grain size. It can be calculated that to 
pro perly expose th is film we need a light out put fro m the tube 
of 60 footla mberts.+ Investigation of shadow mask tube data 
sheets and test resu lts show that this light is now avai lable 
f rom these tubes. In fact, under certain conditions, 100 foot­
lamberts is obtainable. 

Investigation of the resolution capabil it y of t he shadow 
mask tube shows that th e resolu tio n lim itations of the tube are 
no t inherently due to the shadow mask. For example, a 19 
inch t ube underscanned demonstrates a n availability of 544 
picture elements per horizon tal sweep. This compares favor­
ably with the NTSC requirements of 220 elements.± T hus, 
providing a small spot size can be main tained within the t ube, 
resolution is adequate on a shadow mask to record the NTSC 
color signal. 

Spectral l nterface Probl ems 

Co nsideratio n should now be given to the colo r imagery of 
the transfer process. Since we are constrained to use readi ly 
available pro duct ion hardware for the shadow mask t ube and, 
of course, we must design around readily availab le fi lm, the 
comparison of the spectra l responses of these two items is in 
order. T his comparison demonstrates t hat the light o utput of 
the phosphor used in a sta ndard shadow mask tube does no t 
coincide with the sensitivity of the film. For example, the 
green phosphor of the shadow mask tube will tend to expose 
not o n ly the green sens itive layer of the film but to some 
ext ent it will expose the red and blue layers also. (See Figure 
1.) This "crosscoupling" effect means that desaturation will 
occur during the t ransfer process. Two methods of correcting 
this desaturation were investigated. 

*See Appendix 1 +See Append ix 2 ±See Appendix 3 
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The most obvious method is to el im inate those parts of the 
light output from the tube which expose the wrong layers of 

the film. Th is can be done by the use of optica l filters and we 
did indeed develop a theoretica l mask of this nature. (See 
Figure 2.) However, discussion with various glass coating ex­
perts brought to light weaknesses in this approach. Although 
this type of interference f ilter should have no insertion loss in 
the pass band, in practice approx imately 20% of the ligh t is 
lost. In addi tion, the slopes of t he transfer f un ction required 
to properly correct for desaturation are still beyond the cur­
rent state of the art for optical filter manufac ture. We t h us 
regretfully shelved this approach. 

The a lternative approach is to predistort the color signal 
prior to the display to correct for this crosscoupl ing effect. To 
take a simple example, if the green gun by itself exposes the 
green sensitive film 100%, the red sensitive film 10% and the 
blue 20%, it is possible to electronically subtract 10% of the 
green signal from the red c hanne l and 20% of t he green signal 
from the blue channel. This will in most cases give the correct 
result. Limitations in this approach are obvious. Since the neg­
ati ve exposures are not feas ible, th is system can only work if 
some exposure is expected for all three colors. Thus, fu lly 
saturated signals such as color bars cannot be perfectly re­
corded. However, most real li fe pictures do exhibit some ele­
ment of desaturation and can, therefore, be corrected in th is 
manner. Also, s ince some exposure is required on the film even 
for "TV black" signals, there is still some exposure even at TV 
black levels from which can be subtracted the correction s ig­
nals. 

Electronics Design 

At this point we have a system capable of. recording TV 
informat ion on film when it is presented as t hree standard 
signals (red, green and blue). For normal use it is st ill necessary 
to decode t he NTSC signal. Currently avai lab le hardware does 
not present an accurate method fo r this decoding since most 
decoders re ly on a notch fil ter approach to separate the 
chrominance from the luminance information o n the incoming 
signal. A more accurate decoding method is to use a comb 
filter which removes a ll the chroma signals fro m th e luminance 
channel and a ll the luminance from the chro ma chan nel. The 
I um inance s ignal may then be aperture corrected over its full 
bandwidth before being passed to a standard r ing decoder in 
which the red , green and blue primaries are developed. 

Camera 

The above discuss ion defines the basic hardware required to 
present a co lor signal so that it may b e reco rded on fi lm leav­
ing only th e se lection of a film tra nsport mechanism. Fortu­
nately, the choice of a camera presents no problems. For many 
years we have been building the DBM-64 camera system which 
is capable of t ransporting film during the vert ical interval of 
the TV signal and then holding the film suff iciently steady so 
that no interlace pro blems occur when the two subseque nt 
fie lds of the TV signal are recorded. Some addit io nal con­
straints were placed upon the camera d uring th e design of th is 
equipment, due to the natu re of the tube fro m which we will 
be recordi ng. A normal kin escope recording tube is designed to 
have a very short persistence so t hat informat ion presen ted 
during the one f ie ld is not stored and t hus recorded on subse­
quent fie lds. 

The phosphor decay in the color t ube employed is some­
what longer than this ideal case. Thus, we can no longer con-
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sider the exposure of any point on the film to be instantane­
ous. It is now a summation of the exposures due to the initial 
brightness of the spot plus the decaying brightness over a peri­
od of t ime. This presents no problems except when we consid­
er the manner in which the film is transpor ted in relation to 
the timing of the TV signal. Duri ng th is transfer process, a 
correction in frame rate has to be made between t he TV signal 
of 60 fields (30 frames) and the fi lm standard of 24 frames per 
second. This is done by eliminating every fifth fi eld of the T V 
signal by interrupting the optical path with a mechani cal shut­
ter. T o obtai n symmetry of the fi lm motion of the camera, the 
fi lm is thus pulled do wn at one t ime immediately after a field 
has been "written" allowing one mi crosecond for f ilm stabili­
zatio n and the alternate pulldown occurs in the middle of the 
unused field. Thus, exposure of the fi lm is stopped in one case 
by the initial transportat ion of the film at pulldown and in the 
other case by the sh uttering action of the mechan ical shutter. 
To avoid a ny flicker effects, it is necessary to carefully 
"phase " t he shutter timing with the pulldown t im ing of the 
camera. This constraint is not normally applicable to mono­
chrome recording. Since this is so critical, a vernier system was 
developed to allow accuracy of th is timing on a day-to-day 
basis. 

Operational Considerations 

Apart from t he mechan ics of transferri ng the t elef ilm signal 
to film, we should consider the constraints placed upon this 
process by operatio nal consideratio ns relating to the type of 
program material to be transferred, avai lable personne l and the 
chemistry of the film processing. The major parameter that 
must be contro lled in order to make color telefilm record ing 
an opera t iona ll y practicab le process is the quali ty control 
method used by the print ing laboratory. It has been found 
necessary to conduct close liaison wi th t he pr inting laboratory 
to insure that no attempt is made by t hem to correct for color 
balances on the fil m. If th is is not done, a situation can devel­
op whereby both the telefi lm t ransfer operator a nd the pr int­
ing labs are " fighting" each other to achi eve the same resul t. 
Obviously, qua lity control of t he processing of t he f ilm is 
equally necessary and currently we are relying solely upon 
Eastman Kodak's abil it ies in th is area to ach ieve repeatable 
results . 

Although the equipment described above is capable of 
t ransferring "good" video tape programs onto film it has been 
our experience that very few video tape programs meet the 
high sta ndards of color balance and signa l level con tro l that are 
expected when the results are viewed in a critical cinema atmo­
sphere . It has been fo und that very often a TV program is 
acceptable for a single transmiss ion when it would not be ac­
ceptable as a release film. Th is is usually due to constraints 
imposed upon the TV stud io duri ng shooting such as available 
light, time to adjust color ba lance, etc. Thus, in many cases 
f urther correct ion of the television signal is required between 
the video tape replay equipment and the telefilm transfer unit. 
Fortunately, a large proport ion of thi s correction can be car­
ried o ut using avai lab le hardware. Obvio usly , the video tape 
rep lay processi ng ampli fier has cont ro ls for pedestal and gain, 
and it is possible to purchase a colo r correction uni t whi ch will 
a llow for independent ad justment of gamma, ga in and pedestal 
of each of the three colors. Thi s un it can be incorporated in 
the tra nsfer chain between video tape machi ne and the te lefilm 
recorder. Unfo rtunately, the use of this equipment once more 
causes t he te lef ilm transfer operation to rely upon the sk ill a nd 
judgment of an operator. However, it has been fo und in prac­
tice that the use of th is equ ipment does not degrad e t he image 
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and in some cases can "rescue" an otherwise unusable TV 
program. 

The use of color correction equipment requires a subjective 
judgment for picture quality by the operator. It is thus neces­
sary for the operator to view a high quality image of the signal 
being transferred. If daylight balanced fi lm is being used in the 
telefilm unit, it is possible to view the recording disp lay . This 
is not recommended , however, as the light levels used in this 
display are high and are liable to cause misjudgments by the 
operator. In addi tion, if a fi lm balance for tungsten light is 
used, the color presented on the recording disp lay will be far 
from that which the operator is used to. An alternative ap­
proach is to supply a color display television from the same 
decoder as the record ing display but adjusted to a normal 
white light and to a leve l which will be acceptable to the 
observer. He may then predistort the incoming signal using the 
color correction to maintain a pleasing picture on his review 
monitor and the te lefilm recorder will record the result of 
these corrections. 

Some consideration should now be given to the human fac­
tors involved in the operation of video tape, telefilm and color 
correction units to avoid a multiplicity of staff. The grouping 
of the equipment must be such as to allow easy operator ac­
cess to all three equi pments. It is recommended that a central 
control console be built comprising controls for the video tape 
machine, telefil m recorder and co lor correction unit. This con­
sole should contain the review mon itor, a reference white and 
a reference flesh tone to aid the operator in his adjustments. 

Operational Repeatability 

Wi th the equipment defined above it is possible to make 
high quali ty color telefilm transfers. However, in order to al­
low operators to repeatably obtain the optimum resul ts, 
fur ther hardware is necessary. This hardware is best discussed 
in reference to a system schematic. (See Figure 3.) A var iety of 
test signals are necessary to insure that the equipment is ad­
justed to the same parameter for each recording. The source 
selection system al lows 1 of 5 signals to be selected; thus 
crosshatch signals can be supplied for convergence adjustment 
to the display, the color bar signal is supplied to allow for 
correct al ignment of the decoder, and the internal test gener­
ator supplies a sawtooth signal for matching the gamma am­
pl ifi er curves and a step signal to be recorded as a test pattern 
on to the film for subsequent density measurements. Inci­
dentally, this internal test generator also supplies a special two 
step signal to all ow brightness and contrast controls for each 
gun to be set. The use of th is wil l be discussed later. 

An auxi li ary input is made available to allow for the record­
ing of a known reference signal such as a color sl ide. This aids 
the subjective judgment of the result of the film transfer. The 
controls for this selection have been grouped to aid the oper­
ator in the correct sequence of operations. (See Figure 4. ) A 
series of test signals are also made available within the equip­
ment. These are used in conjunction with a waveform monitor 
to allow system performance to be checked prior to each re­
cording. Again, the selection panel for these signals is con­
figured in such a way as to encourage the operator to use th is 
faci lity in a logical manner. (See Figure 5.) 

It will be noted from this that analysis of the decoder's 
performance is possible not only in terms of the correct am­
pl itude response of the th ree color channels by means of the 
waveform monitor, but a Vector analysis is made feasible by 
the use of a special " Vectorscope" type display of the decoded 
signal. Using this it is possible to initially calibrate the decoder 
using color bar signal as a source. 
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Figure 4: Controls for selection of results of film transfer ore grouped 
to aid operator in correct sequence of operations. 

The gamma amplifier performance is checked both in terms 
of input to output gain for each color channel, and in terms of 
matching of the gamma curves for all three color channels. 
Once these electronic checks are made on the system the actu­
al light output from the display may be adjusted to insure 
correct exposure of the fi lm. This is done by selecting the 
special exposure control signal from the internal test generator 
and by adjusting the three background controls mounted on 
the main control panel independently for previous ly deter­
mined figures for each color. The high level signal is then 
selected and the three gain controls for each channel are ad· 
justed again to obtain previously determined figures for each 
color channel. The grouping of meter and gun controls with 
the digital d isplay of the light level from the tube face is made 
such that the operator may concentrate solely on this area of 
the control panel whi le these adjustments are being made. The 
sensing element for this photometer is bu ilt into the unit so 
that no positioning errors will affect this most important cali­
bration. Once these channel calibration adjustments have been 
made, the source to be recorded can be selected, and use of 
the waveform monitor and the Vector display allows this 
source to be brought in line with the locally generated test 
signals. This insures that every recording will obtain consistent 
quality standards. This area of design also is considered to be 
the most important of the who le system since the best hard­
ware in the world wi ll not gi ve acceptable resu lts if it cannot 
be operated by the available level of talent in the industry. 

Figure 5: Selection panel for test signals allows system performance to 
be checked prior to recording. 
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Summary 

To summarize, the very nature of a transfer process to film 
eliminates the possibility of checks being made for the quality 
of the recording until one or two days later. The equipment 
design for this process must therefore incorporate every con­
ceivable feature which will insure not only that the mechanics 
of the recording are correct, but that the operator, as far as is 
possible with a human being, does not make any mistakes. 

It has been our experience that this latter requirement is 
fac ilitated when the operator is not asked to use judgment 
factors at critical times such as when other problems, signal 
routing, liaison with studio personnel, etc., are detracting from 
his attention to the equipment. Thus, a film transfer equip­
ment must offer (a) excellent techn ical performance, and (b) 
attention to the human factors involved in day-to-day opera­
tion in a TV studio. 

Appendix 1 

Assuming a 16 mm TV format and second generation, i.e. 1 
Master and 1 Print. 

. . _ System Resolution (H) 
Resolution requ1red - 1 mage Width (PH 22 _96) 

Resolution required= 038
2~825 .4 = 23.6 cycles/mm 

From data avai lable for Ektachrome MS for the Master and 
Ektachrome R for the Print: 

MTF of MS @ 24 cycles/ mm = 50% 
MTF of R @ 24 cycles/mm = 50% 

:. System MTF for film= 25%, i.e. -12dB 

Compare with shadow mask resolution of 583 elements/ 
picture or equivalent 30 cycles/mm on the film. 

No te: The above calculation may be considered a worst case as 
experience has shown that Ektachrome commercial (7252) 
fil m printed onto a high resolution print stock such as 7388, 
gives subjectively sharper results than the above fil ms. How­
ever, data is not available for th is print stock in terms of MTF 
and it is therefore impossib le to appl y an analysis to th is 
process. 

Appendix 2 

Light requ ired to expose film is given by: 

where : 

FC = footcandles 
F F /stop 

E.1 = ASA Index 
exposure time 

FC = 25 X F
2 

E.l. X t 

When recording from a kinescope tube incedent light in foot-
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candles is numerically equal to the light output in foot­
lamberts: 

:. as F 
E.1. 

1/1.4 
= 25 (for 7252) 
= 1/30 

Note: The real value for t is indetermi nate for any given pic­
ture element; however, since the measur ing technique for the 
tube light output uses a summing (average) meter - we may 
also use a summing technique: 

. 25X1.42 

·· FL = 
25 

X 30 = 58.8 foo tlamberts 

Appendix 3 

NTSC System Resolution@ 4.2 MHz 

Horizontal 

A . I' . 0.855 54 34 ct1ve me t1me = 
15734 

= . J.lSec 

:. Cycles/ line= 4.2 X 106 X 54.34 X 1 o-6 = 228.228 = 
228 cycles @ - 3 dB 

Vertical 

Active line= 525 X 0.93 = 488 

Assuming Kel l Factor = 0.7 
Resolution = 341 TV lines 

= 171 Cycles 

Underscanned raster on a 19-inch tube has a 17.5 in. diagonal. 

:. Picture width = 14 in. 

Typical triad spacing= 0.024 in. 

:. shadow mask elements per picture width = 583, i.e. 1-1 /4 
times the system limiting resolu tion . 

Thus the shadow mask tube performance is solely a function 
of the spot size achieved by the gun. • 

Stephen P. Rob inson was edu­
cated at Cambridge University, where 
he received h is M.A. degree in Elec­
t roni cs Engineering. He was em­
ployed by the Brit ish Broadcasting 
Corp. betwee'1 1962 and 1967 as an 
Engineeri ng Group Leader. As such, 
he had responsibility for the installa­
tion and acceptance of video tape 

and video fi lm recording equipment. Du ring this time he 
also designed fil m recording sys te ms to record the Ameri­
can standard 525 line TV signals on 35 mm film . In 1967, 
he joined Teledyne Came ra Sy stems, A rcadia, Calif. , 
whe re he is responsible for the developme nt of both air­
borne and commercial fil m recordi ng systems. 
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SHOW COVERAGE 

19721EEE DISPLAY DEVICES CONFERENCE 

United Engineering Center Audito rium 
New York City 
Oct.11-12, 1972 

The Institu te of Electrical and Electron ics Engineering Inc. 
an d the Advisory Group on Electron Devices ,are presenting 
the 1972 IE EE Conference on Display Devices on Oct. 11-12, 
1972, at the United Engineering Center Auditorium in New 
York City. 

During the Wednesday sessions, papers presented will in­
clude: "Recent Developments in Three-Color Plasma Display 
Panels, " H.J. Hoehn and R.A. Martel ; "Tubu lar ac Plasma Pan­
els," W.N. Mayer and R.V. Bonin; "Panaplex II, a Low-Cost 
Digital Display," T.C. Maloney; "An All-Thick Film ac Plasma 
Li ne Display," W.E. Coleman, J. P. Gaur, J.H. Hoskinson, J.L. 
Jan ning and R.C. Smith ; "Light Addressed Light Valves," E. I. 
Gordon; "Three-Axis Matrix Display Addressing Tech niques," 
S. Sherr; "E lectrophoretic Display Device," I. Ota, J. Ohnish i 
and M. Yoshiyama; " Eiectroluminescence in Mn-lmplanted 
ZnS Thin Films," T. Takagi and I. Yamada; "Li near Planar 
Processed Green GaP:N Led Arrays," H. Al len, S. Fisk and J. 
Walker; "Recent Progress in a Real-Time 3-D Display," G.G. 
Goetz, R.K. Mueller, D.M. Shupe; and "Characteristics of an 
Electrically-Controlled Flu orescent Dye Panel," D.P. Hamblen 
and J. R. Clarke. 

Featured at the Thursday sessions will be: " A 160x256 
Element Alphanumeric/Graphic Display," J.E. Lang, W.F. 
Goede and J.E. Pl ayter; "A CRT-Thermochromic Display with 
V02 ," J.R. Trimmier and L.T. McConnel l; "Nucleation Media/ 
Electron Beam Recorder Near-Real-Ti me Display System," 
P.A. Sullivan and D. B. Learish; "Rare Earth Oxysulfide Fil ms: 
High Brightness, Multicolor CRT Screens, " R.V. Alves, R.A. 
Buchanan and T.G. Maple; "The Gain in the Def inition of a 
Color CRT Image Display By the Aperture-G ri lle, In-Line Elec­
tron Beam Arrangement," H. Machida andY. Fuse; " Develop­
ment in CRT fo r the Schmid t Projector," N.W. Patrick; 
"Liqui d-Crystal Display Prospects in Perspective," A.R . . 
Kmetz ; "Nematic Liquid-Crystal Displays: Properties and 
Limitations," U. Bonne and J.P. Cumm ings; "Design Consider-
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ations of Liquid-Crystal Displays," R.E. Adrich and R.B. 
Lauer ; "A Large, Flexible, Liq uid-Crystal Display Cell," ] . 
Wargin, P. Herczfe ld, T. Matcovich, R. Fischl, Z. Turski and W. 
DaCosta; "Thermo-Optic Effects and Two New Liqu id-Crystal 
Information Display Devices," A. Sasaki, K. Kurahashi and T. 
Takagi; and "Liq uid-Crystal Graphic Disp lays Thermal ly Ad­
dressed by Infrared Laser Beams," D. Maydan, H. Melchior 
and F .J. Kahn. For further information, contact Thomas 
Henion, IEEE secretary, Pal isades Institute, 201 Varick St., 
New York, N.Y. 10014. 

FALL JOINT COMPUTER CONFERENCE 

Anaheim Convention Center 
Anaheim, Calif. 
Dec. 5-7, 1972 

More than 20,000 computer specialists, users of data proc­
essing equipment and services, government officials, adminis­
trators, corporate executives and educators are expected to 
attend the 1972 Fall Joint Computer Conference, Dec. 5-7, 
1972, at the Anaheim Convention Center in Anaheim, Calif. 

Featured at the conference wil l be six sessions on the meas­
urement of computer systems. The sessions wil l be directed to 
users of EDP systems and will look at the measurement of 
computer systems in the following areas: executive viewpoint, 
system performance, software performance, usefu l approaches, 
techniques and applications and case studies. 

In addition, a major exhibition will be held as part of the 
conference. The exhibition will enable those attending to eval­
uate and compare the latest products and services of approxi­
mately 200 organizations. 

At a special seminar on Dec. 5, compu ters in banking and 
the chartging electronic payments mechanism will be analyzed. 
The seminar will be addressed to operators and users of ad­
vanced banking and re lated systems and to the developers of 
computer systems invo lved in the changing electronic pay­
ments mechanism. Further information regarding the confer­
ence may be obtained by writing to : 72 FJCC, c/o AFIPS , 210 
Summ it Ave., Montvale, N.J. 07645; or phoning (201) 
391 -9810. 
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on the Move 
R. j oseph Dorey appointed product marketing 
manager-cathode ray tubes for the Electronics 
Components Group of GTE Sylvania Inc., New 
York, N.Y., a subsidiary of General Telephone 
and Electronics Corp. 

Dorey Mallery 

Guy Mallery has joined lncoterm, Marlborough, 
Mass., as di rector of sales. 

j.C. R. Licklider named chairman of the Data 
Communications Advisory Group of the Ameri· 
can Federation of Information Processing Soci­
eties (AFIPS). Montvale, N.J. 

Westinghouse Electric Corp., Pittsburgh, Pa., 
has announded William A. Coates as its general 
manager of the electronic tube division. 

j.L. Moll, PhD, was awarded the ].J. Ebers 
Award by the Electron Devices Group of the 
Insti tute of Electrical and Electronic Engineers 
Inc., New York City. 

Hermon A. Rubin named sales manager of 
McDonnell Douglas Automation Co., Detroit, 
Mich. 

In Oak Ridge, Tenn., Robert j. Pratt, sales ad­
ministrator with Tennecomp Systems Inc., has 
been promoted to the newly-created post of as­
sistant sales manager. 

Don M. A vedon named technical director of 
National Microfilm Assoc., Silver Spring, Md. 

University Computing Co., Dal las, Tex., names 
Dean D. Thornton vice president-finance and 
administration. 

Dialight Corp. Inc., Brooklyn, N.Y., announced 
the appoin tment of Sanford Roth as its first 
new product applica tions manager, and joseph 
Pardo as export manager. 

Roth Pardo 

Elbert (Matt} Mathews has been appointed to 
the newly-created position of vice president­
operations of Sycor Inc., Ann Arbor, Mich. 

TeleMation Inc., Los Angeles, has announced 
the appointment of Harold C. Blakes/ees as 
marketing specialist for a new product, the 
TMM-500 Information Display Channel. 

Blakeslee Pinder 

Sanders Associates Inc., Nashua, N.H., has 
named Richard S. Pinder manager of its Data 
Systems Div. office in Atlanta. 

William N. Moody named general manager of 
the Dumont Electron Tubes Div. of Fairchild 
Camera and Instrument Corp., Clifton, N.J. 

The Gerber Scientific Instrum ent Co., Windsor, 
Conn., appoin ted Augustus T. Ashton vice pres­
ident of marketing, and Thomas P. Lydon gen­
eral sales manager. 

Eldorado Electrodata Corp., Concord, Cal if., 
appoints Norman W. Brown manager of manu­
facturing. 

Richard E. Kaylor named presiden t of Infor­
matics Inc. Computing Technology Co., River 
Edge, N.]. 

... best source for CRTS 
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FREE YOKE SELECTION KIT 
Information you need to know about select­
ing and specifying a precision yoke for your 
CRT display . Indicates the interaction 
between circu itry, CRT and yoke. Includes 
an application checklist t o simplify your 
work. Send for your kit. 

SYNTRONIC INSTRUMENTS, INC. 
100 Industrial Road Addison, Il l. 60101 (312) 543-6444 
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for all commercial, industrial , 
and military applications 

COMPUTER DISPLAY CONSOLES 

CHARACTER READERS & FILM SCANNERS 

DESK TOP CALCULATORS 

HEAO-UP. RADAR AND OTHER AVIONICS 
DISPLAYS FOR SEVERE ENVIRONMENTS 

RESERVATION COUNTER TERMINALS 

HIGH RESOLUTION PHOTORECORDING 
AND PHOTOCOMPOSITION SYSTEMS 

MEDICAL ELECTRONICS MONITORS 

PROJECTION AND SIMULATION SYSTEMS 

OSCILLOSCOPES & STUDIO EQUIPMENT 

AIR TRAFFIC CONTROL AND 
GROUND SUPPORT DISPLAYS 

THOMAS E-LECTRONICS, INC. 
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ID Readout 
Digital Driving 

Sometime i n the near future drivers will uti lize direct 

digital-readout dashboards for all vital driving statistics. A s 
shown in the M onsanto Co. m ock-up, the d ashboard will tell 

the driver exactly how many gallons of gasoline he has left, 

miles per hour, cumulative miles d riven, exact t ime, elapsed 
t ime, and t he status of his seat belts, doors and hand brake. 

Additionally, instead of the o ld fash io ned clock-type ta­
chometer , a series of mini-diodes w ill l ight to i,ndicilte engine 
speed at a glance. The power requirements for the diodes, 

some of which are no larger than a grain of ri ce, w ill be no 

more t han that of a sm all transistor radio and, because of their 
near 1 00-year life capacity, they will never require r eplace­

ment. 

Totalscope Display 
T otalscope, a Motorola display combining radar data and 

tactical management modes, has been selected for a m ajor role 
in the Air Force's new Position L ocation, Reporting, and Con­
trol o f Tactical Aircraft (PLRACT A) system . 

Motorola Government Electronics Div. developed the dis­

play, AN/ USA-26(V)2, which was procured by the Rome Air 
Development Center and is being eval uated by the Mitre Corp. 
under the direction of the Air For ce System Command 's Elec­

tronic Systems Div. (ESD). 
PL RACT A is an ESD advanced development program de­

signed to demonstrate a new command and control concept. 

Under this approach, all users in the synchr onized tac t ical net­
work are provided t ime slo ts for digital two-way communica­

tions. 
Alfred S. Hume, D irector of Radar Operations for the Mo­

torola div ision, said the d ispl ay prov ides the vital link between 

tactical users and the welter of communications and inform a­

tion generated u nder battlefield conditions. Through T otal­
scope the user, w hether he is an ai rcraft m aintenance officer or 

the tactical commander, can select the specific data he needs 

to perform a given task w ithout having to sort vital informa­
tion from the total amount generated. With the PLRACTA 

system, for example, A i r Fo rce commanders can rapidly assess 
an entire aircraft availabil ity situation. Position locating is an 

added benefit, the accuracy of w hich is enhanced by computer 
processing. 
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ELECTRONIC IMAGE STORAGE 
by B. KAZAN, IBM Watson Research Center, Yorktown 
Heights, New York, and M. KNOLL, Department of Elec­
trical Engineering, Technical Univ. of Munich, Germany 
with contributions by W. HARTH, Department of Electrical 
Engineering, Technical University of Munich, Germany 
This book surveys the various types of electronic devices, 
both commercial and experimental, which are capable 
of retaining image or pattern information. In addition to 
discussing the principles of these devices, important 
aspects of the physical phenomena associated with 
image storage are separately treated, and, whenever 
possible, the limitations and capabilities of these devices 
are also discussed. A large portion of the book is con­
cerned with display devices. Most of the known display 
schemes are covered and complete literature references 
are provided. 
CONTENTS: Basic Processes. Writing and Reading in Charge­
Storage Vacuum Devices. Signal Converter Devices (Electrical­
Electrical). Display Devices (Electrical-Visual). Camera Pickup 
Devices (Visual-Electrical). image-Converter Devices (Visual­
Visual) . Appendix A: Storage-Tube Definitions. Appendix B: 
Electron Trajectories of Transmission-Modulation Storage 
Targets. 
1968, 498 pp., $19.50 

OPTICAL HOLOGRAPHY 
by ROBERT J. COLLIER, CHRISTOPH B. BURCKHARDT, 
and LAWRENCE H. LIN, all at Bell Telephone Labora­
tories, Murray Hill , N.J. 
Optical Holography teaches the theory and art of forming 
holograms with visible light. It may well become the 
classic monograph on this subject. 
Beginning with only basic mathematical and optical con­
cepts, the text proceeds step by step to analyze the 
holographic method and prescribe the optical tools and 
techniques necessary for making good holograms. The 
properties and processing of practical recording ma­
terial s and the proper employment of both CW and pulsed 
lasers are extensively considered. 
The authors explain the concepts underlying holog­
raphy's unique applications in the field of interferometric 
measurement and thorough ly examine the problems of 
holographic information storage and holographic mem­
ories. Chapters are devoted to imaging applications, 
spatial filtering and recognition, color holography, com­
posite holograms for improving 3D display, and com­
puter-generated holograms. 
1971' 618 pp ., $22.00 

COMPUTER GRAPHICS 
AND IMAGE PROCESSING 
An International Journal 
editors: AZRIEL ROSENFELD, University of Maryland, 
College Park, HERBERT FREEMAN, New York Univer­
sity, Bronx, THOMAS S. HUANG, Massachusetts In­
stitute of Technology, Cambridge, and ANDRIES VAN 
DAM. Brown University, Providence, R. I. 
Editorial Oflice: Computer Science Center, University of Mary­
land, College Park, Maryl and 
COMPUTER GRAPHICS AND IMAGE PROCESSING pub­
lishes papers of high quality dealing with the comput_er 
processing of pictorial information. Topics covered in­
clude image compression, image enhancement, pictorial 
pattern recognition, scene analysis, and interacti ve 
graphics. The liferature on these subjects is currently 
scattered over a large number of journals in computer 
science, electrical engineering, optics, and other fields. 
The present journal is intended to provide a focal point 
for the best of thi s literature. Emphasis is placed on 
research papers, but expository or review papers, as 
well as application-oriented papers embodying novel 
concepts, will also be accepted. Special sections are 
devoted to bibl iographies, reviews, algorithms, and short 
notes. 
Volume 1, 1972 (4 issues) 
$28.00' 
(Please add $1 .60 lor post­
age outside U.S .A. and Can­
ada) 
' This journal is also avail­
able at a special personal 
subscription rate. Please 
write to the publisher for 
details. 
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10 Products 
Recorder 

Alden Electronic & Impulse Recording Equip­
ment Co. Inc., Westboro, Mass. , introduces the 
"Main Frame" recorder for graphically repro­
ducing a variety of electrical phenomena such 
as permanent hard copy records. Alden states 
recording applications include computer line 
printers, ultrasonic and infrared flaw detection, 
hard copy readout of scanning electron micro­
scopes, oceanographic sub-bottom profiling, 
geological se ismic profiling, biological studies 
and medical research in such applications as 
scanning for early detection of cancer and real­
t ime hard copy contourograph record ing of the 
R, 5, T and P waves of the heart beat. 

Circle Reader Service Card No. 10 

Front End Processor 

l ncoterm C orp. , Natick, Mass., has developed a 
remote front end processor using the configura­
tion of the SPD 10/20 Intelligent CRT display. 
Des igned to redu ce the polling requirements of 
central computing systems with on-line commu­
nications networks, the remote front end proc­
essor provides for remote and automatic polling 
of downstream term inal devices having reduced 
access requirements, according to lncoterm . In 
airline reservation networks the front end proc­
essor is to relieve the workload of the central 
site and to allow automatic polling at remote 
locations without affecting the centra l s ite soft­
ware or hardware configuration . 

Circle Reader Service Card No. 11 

Lighted Push Button 

A lighted push button is in production at the 
Switching De vices Div. of Gordos Corp., 
Bloomfield, N.J. According to Gordos, the 
switch has a life expectancy (at rated resistive 
load) of 10 mill ion operations. The push button 
can be P.C. o r panel mounted, and it fea t u res 
solutions to problems such as marginal lamp 
contact, complex lamp extraction and replace­
ment and difficult key top alignment. It is com­
patibl e with the Gordos Feathertouch push bu t­
ton and has tool-less lamp installation and 
ejection features as well. 

Circle Reader Service Card No. 12 

Plotter Systems 

California Computer Products Inc., Anaheim, 
Calif., announces two plotter systems utilizing 
CaiComp flatbed plotters: Model 7800 and 
Model 7900 include controller, magnetic tape 
drive and software as well as a flatbed plotter. 
Model 7800 features a 31 x 34 in. single pen 
flatbed plotte r; Model 7900 is built around a 48 
x 72 in. plotter with four program-selectable 
pens, according to CaiComp. Applications for 
the systems include mapping, integrated and 
printed circuit artwork production , schematic 
drawing prepara tion and general-purpose draft­
ing. 

Circle Reader Service Card No. 13 

Driver/ Decoder 

The development of a standard hybrid drive r/ 
decoder to be used with their 0010 rea r p ro­
jec t ion readout has been announced by Indus-

t rial Electronic Engineers Inc., Van Nuys, Calif. 
The d river/decoder featu res a drive capability 
of up to 300 mA @ 30 V, the company says, 
and p rovides 12 different message positions 
with message areas capable of projecting num­
bers, colors, sy mbols, designs and anything that 
is p hotographi cally reproducible. 
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Ramp Generator 

Celco, Mahwah, N.j . , manu factures a dual ramp 
generator for p roducing ramp output signal pe­
riods from 1 OJJ s to 100 ms each ch annel with 
0.05% lineari ty. The ramp period is dete rmined 
by the four-pos it ion range swi tch a nd adjust­
ab le pe riod con trol, acco rding to Celco. T he 
RG-116 enables raste rs to be seen on an oscillo­
scope as generated by flying spot scanners, line 
scan systems and CRT disp lays. The outp ut sig­
nals can be offset ±5 V about ground with con­
tinuou sly adjustab le de bias controls, with 10 V 
peak-to-pea k from each channel. 
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Collet Knobs 

Ch ristel Co. of Calabasas, Calif., introduces 
collet knobs that fea ture m iniature size, plug-in 
componen ts and color coding. Six knob sizes 
are avail able from 0.350-1.41 in. d iam serving 
shaft sizes 1/ 8-1 /4 in. Knob configurations in· 
elude plain , lined, wing knob and lined wing 
knob in colo rs gray, blac k and red. Knob design 
includes provision to accept plug-in nut covers, 
pointers or figure dials as well as the abil ity to 
be assembled in two-stage concentric combina­
t ions, according to Ch ris tel. 
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WE OFFER YOU TECHNICAL ABILITY FOR 
ANY SPECIAL CRT AND DISPLAY SYSTEM 

CRT 
FIBER OPTIC FACE 
BACK PORTED 
MONOSCOPES 
HIGH RESOLUTION 
CUSTOM GEOMETRIES 

PHOSPHOR SCREENS 
ELECTRON OPTICS. 

SYSTEMS 
FlYING SPOT SCANNERS, 
MONITORS, FIBER OPTIC 
PRINTERS, DATA TERMINALS. 

DESIGN - DEVELOPMENT -
PRODUCTION - TUBES AND 
SYSTEMS. 

M. SADOWSKY S. CARLISLE P. KEEGAN 

SPECIAL PURPOSE 
TUBE COMPANY 
14746-C RAYMER ST., VAN NUYS, CA. 91405 

Tel. (213) 989-4610 
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Don Meeker 
I nformat ion Display 
and I'll get you t he 

help you need .. . 
as swift ly as possible 
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INFORMAT IO N DIS PLAY, September/October 1972 

low you can buJ these 
matched and mated 
compODellfs ... 

assemble them JOUrself ••• 
and save $50.00 
on every video terminal 
J011 turn out. 

Model 12VANP4. 12 onch doag-TheCRT ~ 
onal. 110° deflectoon: whole 
lumonescence. Phosphor lofe 
love tomes longer than com­
petotove CRTs. Low deflectoon 
energy requorement. Rom bond 
reonlorced bulb: UL approved. 

TRANSFORMER 
Model AT2072/0L Matched to deflec· 
toon cool AT!072. Thord-harmonoc tun1ng. 

The HORIZONTAL OUTPUT ~---

Smaller than competotove types: mounts 
on PC board or chassos. Unoque design 
lor hogh reloabolo ty: fore-retardant con-
structoon. The LINEARITY CONTROL 

Model AT4072. Preadjusted 
for use woth 12VANP4. Suot­
able lor PC board or panel 
mount ong. Consists ol cool 
wound on a Ferroxcube • rod 
and nng-shaped Ferroxdure • 
magnet. Lonearoty to 2%. 

The DEFLECTION COIL 
Model AT1072, designed expressly lor 
the 12VANP4. Resolution in excess of 
650 lines. Saddle-shaped molded coils 
place deflection center well within con­
ical section ol CRT for full 110° deflec­
tion angle. Integral adjustment ring for 
raster orientation; independent raster­
centering discs; corner-shaping and 
pincushion magnets on request. Oper­
ates at ambient temperatures as high 
as gs•c. 

For applications in which other CRT screen sizes or deflection 
angles are required, or if your termina l or monitor must display 
color or have extremely high resolution, we can supply both the 
CRT and the engineered-to-match deflection components you need. 
They're all specifically designed for ease of assembly as well as 
for opt imum electrical performance, and they're available for fast 
delivery at prices that will produce sigr:Jif icant savings for you A1npere11 
on every terminal or monitor you build . 
For complete technical data and pricing information . . . 
and for detailed applications assistance . . . writ e: 
Amperex Electronic Corporation, Hauppauge, New York 11787. 

lOMOtl.llOW'S THINKING IN TOOAY' S raQOUCTS 

Sold lhrough 
North American Phil ips Electronic Componen t Corpora tion 
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