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Figure 4: Composite capture/playback perspective showing distorted 
playback format for off-centered capture point ex . 

The portion of the circle's arc {i .e. AB) in Figure 3, shall be 
designated the imaginary screen as viewed from a plan view. 
The points A, P and Bare not real, but are imaginary points on 
which to analyze the system operation. Point P may be a 
physical reference point used during capture set up only. 

All 722 capture points are recording the scene through the 
imaginary AB window at a 24 Hz rate, so as to avoid flicker 
when projector images release the corresponding scenes at a 
722 x 24 Hz rate resulting in an observable frame rate of 24 
Hz. 

This paper describes the system as though it causes a 24 Hz 
refresh rate to the eye which is only one-half the rate of stand­
ard theatre projection. In standard theatres, the film frame is 
stationary while it is shuttered twice. This 3-D system does not 
allow direct shuttering, but an effective interlace is employed 
to bring the flicker rate to 48 Hz. The odd cameras are 
scanned in 1/48 s and then the even cameras at the same rate. 
There is no bandwidth increase. In the projection, the multi­
facet reflective screen elements rotate at 6 rps instead of 3 rps. 
The description in this paper stays with the 24 Hz only be­
cause of ease of explanation in not having to think about an 
interlace system. 

In order for the angle E to be common to all capture 
points, the camera format sizes are all identical and all of the 
objective lens focal lengths are equal. 

An earlier discussion suggested that a single projector would 
release each of these captured scenes from a fixed point (e.g. 

camera's 
sensitive 
surface 

Pr as in Figure 3). The projector horizontal angles for all cam­
era positions are equal as the frame format width is spanned at 
each position. However, the projector vertical angles, as men­
tioned before, are not equal for al l camera positions, and this 
variation wil l be corrected for in the electron ically 
and wil l be discussed later in this paper. 

Figure 4 shows a composite capture/playback perspective 
drawing to illustrate the tendency for distortion especially for 
off-centered capture points. 

When off-centered capture point ex looks out into the 
scene, its sight line limits imposed by the camera frame size 
and objective lens focal length, the imaginary cylin­
drical window which passes through APB in the plan view. The 
camera frame format corner reference poin ts (R, S, M and N) 
intersect the imaginary window in the corresponding points 
R0 , S0 , M0 and N0 which fo rms a distorted shape on the 
window. 

If the imaginary cylindrical window is though t of as the real 
screen in the playback, then the projector located at P r would 
require a distorted shape (e.g. R1 , S1 , M1 and N1 ) formed on 
the film plane in order to restore the intercept points R0 , S0 , 

M0 and N0 in the identical spots of the real screen as they 
appeared on the imaginary window. 

The projection geometry section will discuss a special ele­
mental screen which selectively diverts the incident projection 
images on the screen back to their relative capture locations 
(e.g. in this case, back to ex and only ex. The ex captu red 
information shall not be visible from any other position along 
the circular capture locus). 

Theory and Geometry of Playback System 

The projection (or playback) system can most easily be 
analyzed if a 1:1 size relationship is taken between the capture 
and the playback systems. The objective of the playback sys­
tem is to reproduce all of the scene's light rays incident toward 
each of the 722 cameras, and cause them to again be incident 
toward the same relative camera locations superimposed upon 
the playback geometry {taken from a plan view). 

The playback system will have a single projection point 
location at Pr in Figure 5 and Pr will project each of the 722 
pictures (left to right) in sequence, covering the entire se­
quence of 722 complete camera scenes in 1/24 s. 

The time is frozen at the frame captured by camera ex, and 

verti cally dispersive/ 
reflective element 

Figure 5: Projection system. 
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Figure 6: Explanation of capture and playback of an arbitrary "ray-a. " 
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the entire ex picture is projected from projector P r to the 
screen APB with an included angle E. Note that the original 
capture at ex also incl uded angle E {from Figure 3) and en­
compassed the same arc APB on the imaginary window frame. 
All cameras and projector have the same focal length lenses 
and frame format width. ....-:--.. 

The entire bundle of rays incident on the screen APB can 
be easily analyzed from a plan view. The elevation view would 
show any light ray stri king the screen at any elevation, spread­
ing vertically to be visible over the auditorium from the near 
to the far seats. This ver tical dispersion wi ll be discussed in the 
implementation of the playback equipment section. 

The screen may be thought of as made of a few thousand 
vertical screen elements {discussed in detail in the playback 
implementation section), each of which contains eight hori­
zontally reflective and vertically dispersive face ts that slowly 
rotate continuously in sync with the fi lm transit through the 
projector. 

The effect of the horizontally reflective elements is to re­
flect any arbitrary ray projected from P r to any desired point 
along the arc "Cx1 Pre-;;- {e.g. point X on the screen may di rect 
its light rays received in a vertical plane passing through X, to 
ex ; as shown in Figure 5, or to any other point along the arc) . 
However, if all of the screen points shown {e.g. A, P, X and B) 
are mechanically phased to reflect the ex projected frame 
from Pr, then the four rays will reflect from these screen ele­
ments to the imaginary point Cx i· Hence, Cx 1 will pick up as 
many rays as there are vertical screen elements to reflect the 
projected rays. An eye located at Cx 1 would see the scene as 
photographed from the original camera located at ex-

It can be shown by geometry {reference the mathematical 
analysis section of th is paper), that the angle subtended any­
where on a circle by any tlrhitrary two points on the same 
circle, is always equal. In Figure 5, the angle E is shown as it is 
sub tended by AS. Also, angle 1/1 is equal to A, P, as 
they are all subtended by a constant arc distance ex,enl · Be­
cause these angles are all equal, it means that the rotation 
angle of each elemental screen reflector at A, P, X and B is 
equal to 1/1/2 in order to divert the complete picture from Cx 1 
to Cn 1• Note the law here that the deviation angle of a ray 
incident on a rotating mirror equals twice the angle of rotation 
of the mirror. During this transi tion, the projection frames 
released from Pr cycle through the 722 captured scenes and 
sequentially return them to their respective positions along the 

This fact allows the few thousand screen rotating 
elemen ts to be linked together and rotated at the same speed 
{namely 3 rps x 8 facets == 24 frames per second) and re lative 
fixed phase relationship between one another. 

The entire screen/ projection system can initial ly be aligned 
by projecting the camera scene originally captured from the 
relative position of P r and phasing each vertical element to 
reflect the entire scene into the projection booth. From this 
point on in the life of the theatre, it is only necessary to sync 
the screen prime mover with the film movement, which is 
accomplished by means of coded timing pu lses recorded on 
the fi lm. With this method, automatic phasing is accomplished, 
even though parts of the film have been spliced. 

Capture and Playback Integrated Geometry 

The combined geometry of the capture and playback sys­
tems can be depicted to enhance the understanding of the 
total system operation where describing these systems sepa­
rately may prove a bit confusi ng. 

Figure 6 shows a " ray-a" traced from the light incident on 
the camera from an arbitrary point in the scene given any-
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where in depth along the ray-a line, and then the reconstruc­
tion of ray-a duri ng projection. 

Camera Cx, with its optical axis aimed at point P, intercepts 
ray-a from a point in the scene which also intercepts point 
"X" on the imaginary window frame. In projection, Pr throws 
ray-a toward X on the vertical ly dispersive reflect ive element 
{explained in deta il in the section on implementation of the 
playback system), which fans out at point X into a vertical 
plane containing points xy and z and the original camera posi­
tion Cx. Therefore, the point X can be seen by an eye located 
anywhere in the xyz plane. 

Figure 7 shows a line A0 B0 in front of the imaginary win­
dow and captured by a camera Cx on the right hand side of 
the projection position Pr. The image tracing is also shown for 
capture and playback to assure reproduction of the image of 
the line in the playback system. 

In Figure 7, ex is an arbitrary camera with its optical axis 
pointing toward P. Object A0 80 is in the near field and is 
captured by ex at A1 81 on the sensitive surface of camera ex. 
The plane determined by CxA0 B0 is extended to the..J.!!lagi­
nary window at AsBs. Projector Pr, carrying picture AB, re­
leases As Bs to the screen, and the reflect ive element is turned 
to reflect AsBs rays in a plane including ex. This geometry is 
true for al l possible positions of ex while Cx is recording 
arbitrary objects in its field of view (e.g. AoEo). 

imaginary window in 
eoene and ocreen :f'rame 
location 

He:tleoti ve aoreen 
e lement 

Figure 7: Composite capture/playback and the reproduction of a near 
object. 

Mathematics of the New 3-D System 

Lines drawn from a chord's intercepts of a circle {points A 
and B in Figure 8) to intersect anywhere on the circle on one 
side of the chord, intersect with an included angle E. Figure 9 
shows the geometric construction from which a mathematical 
analysis of the relationship stated in Figure 8 can be made. 
The problem is solved by start ing with the assumption that the 
angle E is equal for all possib le positions of P, and then show­
ing that S == R in the figure and the locus of P then is a circle. 

Mathematical proof of Figure 9: 

x == R1 cos (3 - R sin E 

y R1 sin (3- R cos E 

_ L_ == 2R sinE == 

sin ((3 + E) sinE sin E 
2R 

23 



chord AB 

I 
( 

/ \ 
arbitrar y interoe~------~ 

Figure 8: General geometric construction of copturefploybock. 

Figure 9: Mathematical proof that a circle of radius "R "posses through 
points A, 8 and P. 
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Figure TO: Effect of rectangular camera format complete utility on the 
format shape of the proj ected substitute images. 

24 

It can be shown that: 

4R2 sin2 (13 + E)- 4R2 sin2 (13 + E) + R2 

R2 

but from Figure 9, 52 = x2 + y2 also, therefore S = R, and it is 
proven that the locus of point P is a circle of radius R with 
center C. 

Derivation of Projected I mage Frame Format Shape 

All of the 722 cameras (electronic imaging cameras) ar­
ranged around the capture arc have equal size sensitive surface 
areas where the scene images are focused. As these cameras, 
wi th eq ual focal length objective lenses and their optical axes 
all converging on the aiming point P (as in Figure 1 0), look out 
into the scene, the frame limits of each of their image planes 
intercepts the imaginary window previously explained. The 
imaginary window is shown in Figure 10 as having a plan view 
circular shape of radius R and passing through points P and Q. 
The projector located at point P r must release sequential pic­
tures to a real screen located in exactly the same position as 
the imaginary window in the capture of the scene. These se­
quential picture frame formats must exactly superi mpose the 
respective intercepts on the imaginary wi ndow/real screen 
combination. 

Since each of the camera pos1t1ons is oriented differently 
with reference to the window, it fol lows that the projection 
frame format shapes fo r each of the 722 camera positions is 
different. Th is variation only appl ies to the vertical planes, and 
not to the horizo ntal, as it has been proven that horizontal 
angle E is constant for all positions. 

As described in more deta il in the processor implementa­
tion section, the 722 camera scenes are rapidly scanned in a 
unique manner, al lowing real t ime fi lm recording of the 3-D 
events. An array of special monitor tubes is used in which a 
special function is imposed on one axis of each of the monitor 
deflection yokes. This imposed function corrects for this verti­
cal angle variation causi ng sequential odd shaped frame for­
mats to be recorded on special spherical lenticular fi lm. 

It can be shown from Figure 10 that, 

H 
fo Y 

[cos 13 +s in 13 tan E] 

where Y is the fixed height of each of the camera frames, and 
H is the corresponding variable height of the correspond ing 
projected frame from position Pr. 

It is of interest to note that the radius of the captu re and 
playback systems does not influence the capture and playback 
image plane format shape geometry. 

Capture System Implementation 

The capture system consists of 722 electron ic imaging cam­
eras among 48 ind ivid ual cells which are connected together to 
form a semici rcle of 100 ft diameter. (The value of 100ft was 
chosen to correspond wi th the average theatre projector to 
screen distance of 100ft.) 

Each cell is 3.1 4 ft long with a cross section of approxi­
mately 3 x 5 in., and is identif ied with a number from 1 to 48 . 
The cells are not interchangeab le as each ce ll (2 through 47) 
contains 15 prealigned electronic imagi ng cameras which point 
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to the previously defined aiming point P. Cells 1 and 48 each 
contain 16 electronic imaging cameras for a grand total of 722. 

The quantity of 722 cameras is chosen from a study of the 
processor station and the quantity of normal interocular spac­
ings that can be placed along a 100 ft diameter semicircle. The 
rationale for selecting this quantity is described in the next 
section (processor system implementation). 

The cells are portable and are easily managed by a camera 
crew. The alignment procedure for the cells is discussed in the 
system alignmen t requirements section. 

All 722 cameras used in the camera array uti lize a common 
horizontal and vertical sync signal, and all of the deflection 
waveforms are identical in the camera tubes. The processor 
which is con tained in the mobile unit shown in Figure 11, wi ll 
interject the proper vertical scan line size onto the final 3-D 

aiming point 
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Figure T T: Plan view of capture/processor system. 

recording of the scene to compensate for the off-axis camera 
positions with respect to the projector's axis (the need for this 
function has been described already in this paper). 

Each cell wil l have 17 coaxial cables (e.g. 15 video z-axis 
cables for the 15 individual cameras, and sync pulses for the 
generation of hori zontal and vertical deflection signals) . Each 
cell wi ll also have an input and output connector for power, 
which en ters cell 24 with short leads from the mobile proc­
essor unit, and feeds to each cell in a serial manner. The reason 
for not applying the x an d y sine signals in the same chain 
sequence as in the power system in order to conserve long 
cable runs, is because of the variable pulse delays that would 
resul t in each of the cells. Therefore, each of the cables servic­
ing the 48 cells is of equal length, or about 100ft long. 

The coaxial cables proposed for th is application were 
selected from data available through the National Wire and 
Cable Corp. Each cable has a diameter of 0.155 in. OD. When 
these cables are bundled in a jacket containing 17 cables, the 
overall diameter equals 0.75 in. The characteristic impedance 
is 95 n and the attenuation measured at a line transmission 
frequency of 150 MHz is about 6 dB over a cab le length of 
100 ft. 150 M Hz is the expected high video frequency for a 24 
Hz refresh rate using a 5000 line scan system at 1000 points 
per line and a 10% horizontal and vertical flyback time. 

Figure 11 shows the plan view of the capture equipment as 
it connects to the mobile processing unit. In the figure, only 
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eight cells are shown for simplicity of illustration, to represent 
48 cells total. 

The separation between adjacent cameras equals 2.5 in., or 
the average interocular separation for observers in the theatre. 

Each of the cameras would have a field angle of 90°, which 
would take full advantage of each camera's unobstructed field 
of view. Camera No. 1 and camera No. 722 would just be 
hidden at the extreme left and right frame positions, respec­
tively, for each of the 722 perspectives of the scene captured. 

Each of the cameras must provide a 5000 line scanned 
frame format. This is due to the required theatre resolution 
and the fact that the projector releases a complete panorama 
to the screen at any given frame time - 722 times per 1/24 s. 
This is different from the old 3-D system described in the 
previo us Information Display article, where only a portion of 
the complete panorama was projected at any instant. 

The electronic imaging camera frames will be scanned verti­
cally since the distortion correction is applied only in the ver­
tical scan direction. A vertical scan allows linear sweep wave­
forms and straight scan lines of varying lengths, instead of 
curved horizontal scan lines. 
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Our famous Projected Map System was one of the first major 
avionics systems to pass reliability demonstration and qualification 
testing. Now we're fully qualified and flying aboard the U.S. Air 
Force A-7D and U.S. Navy A-7 E. We haven't forgotten the U.S. 
Army either. Our PMS is now part of the Army's Tactical Air Guidance 
System for helicopters. 

Backed up by more than 50,000 flight hours, PMS is in action 
now helping to cut pilot workload to a minimum. It's boosting pilot 
confidence. Boosting mission flexibility, too. It even makes in-flight 
target reassignments easier. 

All of which make our PMS the most effective interface between 
pilot and navigation system ever devised. 

Just ask the pilots who fly the A-7 attack fighters. They wouldn't 
leave the deck without us. 

For details on our PMS, write to: Avionics Marketing, Computing 
Devices of Canada Limited, P.O. Box 8508, Ottawa, Ontario, Canada 
K1G 3M9. 

Our Projected Map System is fully qualified for the A-70/E. 

Computing Devices 
of Canada Limited 

a subsidiary of 

CONTROL DATA 
CORPORATION 

P.O. Box 508 • Ottawa 4 • Ontario • Canada 
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CRT Write Rate 
vs 

Bandwidth Study 
L------------------ALF RED PLETZ Jr. -----------------__J 

Introduction 

The purpose of this study was to tie together th ree im­
portant parameters in a disp lay system, namely: write rate, 
deflection system bandwidth and stroke written symbology 
appearance. In Lhe p<tsl iL h<ts alway~ been a>sumed Lhal Lhe 
above parameters are somehow related but it was not known 
in what manner. This report sheds a significant amount of light 
on this problem. 

Analysis 

In the analysis, a second order control transfer function was 
used. The transfer function describes the output voltage across 
the current sense resistor with respect to an input vol tage. The 
deflection amplifier model and associated simplifi ed transfer 
function are shown in Figure 1. 

The transfer function can be expressed as: 

G(s) = ARL 1 
LR (s+a) (s+ b) 

where 

a,b 

for critical damping. A critically damped system is preferred 
for calligraphic writing because it offers no overshoot with 
minimum settl ing time. 

Since stroke written symbology consists of ramp currents 
through the deflection coi l, ramp voltages must be applied at 
the input. From here on it is a simple matter of scaling. As-

© 1972 by Information Display Publications Inc. All rights reserved. 
Reproduction in whole or in part without written permission is 
strictly prohibited. 
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sume that the viewing area of the CRT is 5 in. by 5 in. It takes 
4.4 amps to deflect the beam from center to edge for a 5 volt 
input. To write a 0.1 in. stroke requires an input change of 0.2 
volts. At the write rate of 0.022 in/us requires an input ramp 
of 4.4 x 104 V /s. The Laplace Transform of a ramp is C/s2 

where C = v/~. Then Lhe ouLpuL is: 

H(s) = ~G(s), then r1 [ H(s)] = h(t) 
52 

or 

h(t) - - t - - +te + - -CARL [ 2 -st 2e-st] 
B2 LR B B 

B 

h(t) is the voltage across the 0.5 S1 sense resistor. Since it ta kes 

l_ L 

h(t) 

Figure I: D eflection amplifier model and transfer function. 

27 



.u .lJ 

.ll .u 

.10 ,II 

.ot .Ut 

: ... .ot 

~-" ... , 
~.Cit .Cl -

·" 
,Q,\ . 04 

1t- (on) 

Figure 2: Current sense voltage output as a function of input ramp and 
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Figure 6: Percent distortion definition for a 90° turn. 

4.4 amps to deflect 2.5 in. the h(t) x (2.5 /4.4)(2) = 1.1 h(t) 
gives us inches deflected on the screen. 

For the above equation, the response was calculated with 
the fol lowing values: 

A = 7.5 x 10 in., RL = 0.5, L = 1.7 x 10-4 

hence 

AK 
B = - rad /s 8 2 R = 5 x 1 01 5 R = 1 x 105 

R , ' s 
s 

The bandwidth B was changed in conjunction with R and K to 
give different bandwidth responses. 

Figure 2 shows the response to a 0.022 in/us write rate 
input for different bandwidths. With the info rmation from 
Figure 2 it is possible to construct a beam wri tten 90° turn for 
different bandwidth. This is shown on Figures 3, 4 and 5. 

Continued on page 30 
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LIFETIME GUARANTEE 

Project: Media Cassettes will give you virtually noise-free 
high-fidelity reproduction. This is the same cassette used by 
record companies and professional duplicators. Lifetime 
guarantee. 

C-30 .60 
C-60 .70 

C-90 .95 
C-120 1.10 

Packed 10 cassettes to a carton . Add .50 per carton for shipping. 

Project: Media Sampler: 2 C-30, 3 C-60, 3 C-90 and 2 C-120, 
$8.35, Add SOc for shipping. {5°/o sales tax in Calif.) 

order todaY\ 
Pl ease enclose a check or money order. Sc hool s. rel ig ious organi zat ions, c i ty, 
st ate or Fe de ral Agenci es may order on open account usi ng off icial purch asP. 
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Dunn & Bradstreet Rat ings may al so order on open account. 

The PM Company 
825 S. Barrington Ave. , Los Angeles, Calif. 90049 
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GENERATOR-Continued from page 16 

5). The Character Generator ROM , which generates the charac­
ter video, also generates the necessary control signals to 
provide proper keying information to edge the character. The 
techniques are very different. The Vidifont approach is sim­
pler, more accurate since video noise on adjacent lines cannot 
possibly affect the edging, and more reliable since the elec­
tronics requi red to control delay lines are not necessary. From 
an aesthetic point of view, the Vidifont is capable of providing 
a more pleasing display , since the edging characteristics can be 
altered at wil l, by changing the memory contents. Al l of the 
delay line approaches to this problem are total ly dependent on 
signals generated on adjacent lines of the same field. 

Summary and Conclusions 

The basic differences between the Vidifont and other simi­
lar devices are more than the high quality of the characters. 
The Vidifont was designed to synthetically produce graphic 
arts style characters. Utilization of the latest digital techniques 
and the creation of synthetic characters of high resolution and 
quality allows the user to mix supers and synthetically gener­
ated titles without the viewing audience noting an obvious 
difference. The Vidifont provides a balanced set of capabilities 
designed to permit information display with a minimum 
amount of observer error (Figure 6) . Through the use of plug­
in units, sets of stored characters can be changed at will. The 
user is no longer limited to a choice of high-quali ty characters 
requiring extensive preprogram preparation and low-qua lity 
characters when responding instantaneously to changes in 
titling rt:quilt:ments as in a news or sports environment. 
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CRT -Continued from page 28 

From these figures we can define a percentage of distortion for 
a 90° turn {see Figure 6}. This shall be the ratio of the shortest 
distance from when the beam starts to turn to the actual cor­
ner over the diameter of the beam. Figure 7 shows this rela­
tionship. 

From the information obtained it can be shown that a 
linear relationship exists between write rate and bandwidth. 
That is, for a certain percentage of distortion to stay constant, 
write rate and bandwidth have to be changed by the same 
percent. For instance, dou bling the write rate requires dou­
bling of the bandwid th to maintain the same percent of distor­
tion. Figure 7 shows th is relationship. 
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Figure 7: Write rate as a function of bandwidth and distortion. 

Conclusion 

This report does not cover a ll of the different possible write 
configurations. It was decided that a 90° turn is generally the 
worst case and also the beam has settled down to its t rue 
location before another turn is negotiated. Plo tt ing graphs for 
all the different beam paths that one could imagine would be 
endless. For such rare cases individual analysis must be done. 

A lfred Pletz ) r. received ·his BS 
degree in electronic engineering from 
the Univers ity of California, 
Berkeley, and h is MS from Seattle 
University . He is presently wi th the 
Advanced Development Group at 
Kaiser Aerospace and Electronics, 
Palo Alto, Calif., where he is devel op­
ing low power aircraft CRT display 

systems. Prior to joi ni ng Kaiser, Mr. Pletz was w ith Boe­
ing's Instrumentation G roup and was awarded a patent 
fo r developing and designing an au tomated electron ic rig­
ging system for al ign ing the wing control surfaces of Boe­
ing's 707, 727 and 747. 
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The computer professional. He knows how per­
ishable knowledge is, and the need to keep abreast 
of rapidly changing technology. 

The computer user. He knows the value of seeing 
what's new, and finding answers to his specific 
problems. 

The marketing manager. He knows the Fall J oint 
is this year's major national conference, and the 
prime environment for meeting his customers and 
prospects. The EDP press. Largest gathering in 
the field. They know how to get a peek at next year's 
news before it happens. 

The '72 FJCC has a lot going for the people who 
know everything, and want to keep it that way. If 
you're one of them, chances are you know where 
you're going in this business. Then you also know 
that your business will be going to Anaheim in 
December. 

To the '72 FJCC. Big, bold and differ ent . Sixty­
one information packed sessions and seminars, half 
of which are user oriented. 

This year's largest display of computer hard­
ware, software and ser vices. And all r ight in the 
heart of the growing West Coast EDP market. 

The men who know everything will be at the '72 

INFORMATION DISPLAY, J uly/ August 1972 

FJCC. Give yourself a gift and be there too. Treat 
yourself and your associates to the most pr ecious 
gift of all. The gift of knowledge. Send the Gift 
Certificate for complete r egistration, hotel and con­
ference information. 

•••••The Gift Certificate ••••• 
I I 
1 American Federation of 1 
I Information Processing Societies, I nc. I 

210 Summit Avenue 
I Montvale, New J ersey 07645 I 
I Gentlemen: I 
I ( ) Yes, I'm interested in attending the I 
I '72 FJCC. Please send full information . I 
I ( ) My company is interested in exhibiting I 
1 at the '72 FJCC. Please send details. 1 
I NAME I 
I POSITION I 
I COMPANY I 
I ADDRESS I 
I CITY STATE ZIP I 
I I ••••••••••••••••••••••• 
The'72 •-:.cc. Bill, bold and different. 

ANAHEIM-DECEMBER 5-7 
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Are 
GhOSt Images 
contusing Your 
customers' View? 
Blurring the signals on oscilloscopes? Dim­
ming the images on TV monitors or radar 
displays? Obscuring the data on computer 
terminal displays? Do your customers have to 
look twice at any of your cathode ray tube 
display devices to get the proper information? 

Let OCLI 
Help YOU Clear 
Things UP! 
HEAe-a high efficiency multilayer antireflec­
tion coating-reduces reflections over the 
visible range of the spectrum by a factor of 
10 over uncoated glass. Deposited directly on 
the curved surface of a CRT or its faceplate, 
HEA will transform 

(unretouched photograph) 

The coating can be deposited on either acrylic 
or glass, is extremely durable and can be 
cleaned and handled with a minimum of care. 

HEA for Display Devices is only one of 
OCLI's large family of HEA coatings designed 
to improve the view through nearly every 
type of visual optical system. Find out more 
about how OCLI can brighten images. Write 
to our Marketing Department, Technical Prod­
ucts Division. 

OCLI 
OPTICAL COATING 
LABORATORY, INC. 

Tec hnical Products Division 
P. 0. Box 1599, Santa Rosa, Cali fornia 95403. 

Teletype 510-744-2083. Telephone 707-545-6440. 

Manufacturing l ac/1/f/es ser•lng Europe 
OCLI Optical Coatings, Ltd. 
Dunfermline, File, Scotland 

Represented in Japan by Hakuto Co., Ltd., Tokyo; 
France, Belgium, Netherlands and Luxembourg 
by Techmation of Paris, Brussels & Amsterdam; 
and in Germany, Austria, Switzerland and Italy by 
Betzelt GMBH, Munich. 

Circle Reader Service Card No. 36 

New Literature 
Analog Circu its 

Analog Devices Inc. , Norwood, Mass., h as pub­
lished an 184-page product guide for the design· 
er of ins t rumentation and syste ms which ac­
cept, analyze, process, co nver t and react to ana­
log signals. All current products are catalogued 
and classified, and selection criteria and inter­
pretative commentary are also offered. Ampli· 
fier products, converter products , digi tal panel 
meters, fu nc tion modules and acce·ssories and 
linear in tegrated circuits are detailed. 

Circle Reader Service Card No. 10 

COM Applications 

T he advantages of replacing conven tiona I com· 
pu ter print-out with mic rofilm is the subject of 
an application profile brochure available from 
UCC Communications Inc. , proprietary prod· 
ucts subsidiary of University Computing Co., 
Dallas, Tex. Written around the use of COM by 
Blue Cross of Southern California , the brochure 
traces the step-by-step evolution , fro m t rial to 
complete conversion, from paper files to m icro­
fich e projection at customer in qu iry service sta­
tions. 
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Displays & Controls 

A 20-page brochure describing disp lays and 
~on llul> Lit:>igned and built by the Singe r Co.'s 
Kearfott Div., Little Falls, N.J. , is avai lable as 
catalog C71-057 1. Electroluminescent and L ED 
displays are described fo r a variety of Apollo 
and Skylab spacecraft applications, as well as 
for an orbital rate drive electronic hybrid com­
puter using electroluminescent panel lighting. 
Display devices include digital ind icators, event 
timers, mission clocks, helium temperatu re and 
p ressu-re indicators, propellant quantity displays 
and metabolic readout units. Controls and 
display/control combi nations a re detailed for 
nu merous aircraft applications. All displays and 
con trois desc ribed are complemented by ill us-
trations. 
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Electromagnetic Shielding 

From Eagle Magnetic Company In c., In dianapo­
lis, Ind., comes an eight-page catalog outlining 
repeatable and non-destruc tive electromagnetic 
shielding test procedu res. Among the areas cov­
ered are shielding calcula tions, shield design 
considerations, a sheet and foil guide and pho­
tom ul tiplier avai labilities. 
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Co lor Display Brochure 

Spatial Data Systems, Goleta, Cal if., has p ub­
lished an e ight-page techni cal broc hure indica!· 
ing various use-applications for its model "805 
Co l o r D isplay." T he publi cation de scribes 
central-feature hi ghlights of the Display wh ich 
in c lud e Color Display, G rey-Scale Display, 
Gra phi cs and Al ph anum erics, Color Keyboard 
and Cursor an d j oystick. The brochure includes 
a full-page pho tograph of th e Display an d a 

page block diagram which illustrates ma ke-up 
and design componen ts. An in troductory sec­
tion discusses applications and data sou rces re· 
lating to the Display process. 
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Magnetic Shielding 

A 12-page broch ure on magnetic shielding has 
been issued by Allegheny Lud lum S teel Corp., 
Pittsbu rgh, Pa. T he boo klet covers shielding de­
s ign, testing and fab rication. Included are d is· 
cussions on selection of shielding materials, 
e va lua tion of sh ielding effec t iveness and a 
graphic examination of rela t ive permeabil ity 
and attenuation vs. f ie ld s t rength and thickness. 
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Indicator Lights 

Ultra-m iniature indicator ligh ts are the subject 
of a 20-page brochure published by Dialight 
Corp., Brooklyn, N.Y. T he brochu re details 
their complete line of lights including incandes­
cent, neon and light-emitting diode types used 
in com puter and peripheral equipmen t mar ke ts 
as well as othe r areas where miniaturization is 
required. T he catalog includes data on cha rac­
te ristics and performance for each device, thei r 
applications, electrical and mechanical informa­
t ion and d iagrams. Among the light described 
are plug-in Datalamp cartridges, Datalamp hold · 
ers, indi ca tor lights fo r use with cartridges, mi li· 
tary ind icators, pe rmanent lamp indicator lights 
with nonreplaceable neon ligh t sou rces, and 
speed cl ip with cart ridge con nectors. 
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Computers For Bibliograph ic Search 

Donald E. Walker, PhD, from Stanford Re­
search Institute has ed i ted Interactive Biblio­
graphic Search: The User/Computer Interface, a 
375-page volume which examines cu rrent devel · 
opmen ts and trends in the use of computers for 
bibliographic search . The fou r-part work in­
cludes discussions by various experts on gene ral 
design philosoph y, command query and d isplay 
s tructure, user needs, feedback and training, 
evaluation and design cri teria, and the develop­
men t of a func t ion/featu re list fo r interac t ive 
bibl iographi c search ing. The book is pu blished 
by the A merican Fede ration o f Info rmation 
Pro cessing Societies (AF IPS). 
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Optical Storage and Displays 

The first-quarter issue of the RCA Review, pub­
lished by RCA/ David Sarnoff Research Center, 
Princeton, N.]. , summarizes new research into 
the development of im proved lasers and better 
control and storage devices. The issue includes 
technical papers on 13 d ifferent aspects of this 
tech no logy. Among these are two which deal 
with lith ium niobate as a medium for holo· 
graphic recording and s torage, two o thers wh ich 
describe the RCA HoloTape sys tem and one 
which examines li quid crys tals and their display 
applica tion s. Other papers cover the theo retical 
cons iderations in information storage and offer 
a representative number of media fo r holo­
grap hic an d direct·irnage s torage. 
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correspondence 
Nice Going 
Sirs: T he art icle, "A Logic C haracter Generator 
For Use in a CRT Text Display" by A.A.V. 
Thom as and W. E. Mennie , wh ich appeared in 
the Mar/Apr issue, was very well written. 

M.] . Eager 
Oh io Un iversity Computer Center 

Athens, Ohio 

S irs : I particu lar ly enjoyed read ing you r article 
o n "A Logic Character Gene rator." 

. . . And Not So Nice 

L. S utton 
Zenith Radio 

N il es, Ill. 

Sirs: I disliked the firs t two ar ticles of your 
Mar/ A pr issue ("A Logic C haracter Gene rator" 
and " Interactive Graphics"). The content and 
substantiation were far too thin. 

B.B. ]ancowskis 
NAF I 

Indianapolis, Ind. 

Sirs: In the Mar/ Ap r issue most of the technical 
information is several years old . Also, the edito· 
rial w ri ter seemed very con fused , and used 
dou ble-talk to conceal a patent lac k of depth . 

L. Stewart 
Kes ter Associates 
Van Nuys, Cal if . 

Human istic Approach 
Si rs: I would ap preciate ar tic les wh ich more 
thoroughly discuss the human response to dis· 
plays, not simply a description of displays and 
their ph ysical make-up. 

Ne w Products 

B.]. Gidd ings 
Elliott Flight Automation 

Rochester, England 

Si ~s: The New Products section is a high ly in­
format ive aid to anyone in information d isplay. 

M. C. Volker 
Design Engineer 

V. A. Designs 
T o ronto, Ontario , Canada 

Sirs: The info rmation about New Products is 
very usefu l. 

How About . .. 

C. C. Calvin 
Manager, Real T ime Comput ing 

Computer Technology 
Dallas, Tex. 

Sirs: From the viewpoin t of th e MOS vendor, a 
large revo lu tion is going on in d isplay s. I am 
referring to seven-segment d isplays, and the rev­
olution is in the technology . .. LE Os, liquid 
crystals and gas tubes such as the Panoplex or 
Sperry . T he winner or w inners are in fo r a large 
reward, particu larly in such consume r products 
as calculators and cloc ks. I am su re this woul d 
be an area of extreme inte rest to your readers. 
Not only is the technology and its rap id evo lu­
tion co n fu sing to many , but the application o f 

CATHODE 
RAY TUBES 
WE OFFER YOU TECHNICAL ABILITY FOR 
ANY SPECIAL CRT AND DISPLAY SYSTEM 

CRT 
FIBER OPTIC FACE 
BACK PORTED 
MONOSCOPES 

t hese disp lays to existing circu its and fu ture c ir· 
cuit types is also an area that needs considera· 
ble exposure. 

Go rdon Hoffman 
Mostek Corp. 

Carro ll ton, Tex. 
f Bear with us. An article on this very subject is 
already underway . - Ed. j 

Erratum 
Sirs: Upon readi ng the artic le " A Logic Charac­
ter Generator For Use in a CRT Tex t Display" 
in Mar/Apr 10 , I noticed the foll owing two er­
rors which cou ld cause con fus ion in read ing the 
ar ticle. 

1. T he list of bi t values on page 13 shou ld 
have read: 

Bit 8 = MR1 
Bit 16 = MR2 
Bit32 = MR3 

Note: The comple ment of the MR bi ts 
is used . T his is readily seen in Fig-
ure 13 . 

2. Figure 15 has a d rawing e rror wh ich I 
regre t a lso slipped through in the or iginal thesis. 
The outpu t of the CR-MARGIN gate in the up­
per left of the f igure shou ld onl y go to ga tes 
1 ,2 , .. . 6,7 but not to gates 8 ,9 and 10 . T he 
input line to gates 8,9 and 10 shou ld be labeled 
TAB. T hus gates 5,6 and 7 set the X regis te r on 
a carriage retu rn wh ich uses the margin register 
wh ile gates 8,9 and 10 are used du ring a tabu­
late. 

I apologize for any inconvenience wh ich 
these errors may have caused your readers. 

Will ia m E. Me nnie 
Con trol Da ta 

Mississauga, O n tar io, Canada 

HIGH RESOLUTION 
CUSTOM GEOMETRIES 

PHOSPHOR SCREENS 
ELECTRON OPTICS. 

FREE YOKE SELECTION KIT 

SYSTEMS 
FLYING SPOT SCANNERS, DESIGN - DEVELOPMENT-
MONITORS, FIBER OPTIC PRODUCTION - TUBES AND 
PRINTERS, DATA TERMINALS. SYSTEMS. 

M. SADOWSKY S. CARLISLE P. KEEGAN 

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

Tel. (213) 989-4610 

INFO RMAT IO N DISPL AY, J u ly{August 1972 Circle Reader Service Card No. 19 

Information you need to know about select­
ing and speci fying a precision yoke for your 
CRT d isp lay. Indicates the in te raction 
between circu itry, CRT and yoke. Includes 
an application checklist to simplify your 
work. Send for your kit. 

SYNTRONIC INSTRUMENTS, INC. 
100 I ndustrlal Road Addison, Ill. 60101 (312) 543-6444 
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ID Products 
Polar ized Axis Finder 

T he Polacoat Polarized axis finder is a scientific 
instrument for detecting and measuring the di­
rection and amount o f polarization . Polacoat 

Inc., Cincinnati, Ohio, claims the unit is a dura­
ble, lam inated glass assemb ly which uses one of 
the basic operational laws of light in a way that 
is simple and fool proof. It can be used for sci­
entific readouts and for detecting birefringence 
and its s ign. 
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Magnetic Shield 
A s ingle layer ligh permeabil ity AD-MU80 
sh ield is now ava il able from Ad -Vance Magnet­
ics Inc., Rochester, Ind. The Shie ld optimizes 
scan converter tube performance by diverting 
external magnetic field~ which might rrevent 
proper tube functioning, Ad-Vance claims. Con­
struction features include four rolled-in beads 
for increasing structural rigidity and enhancing 
concentricity, and hydroform construc tion of 
the associated sections. All necessary joining 
parts and seams are heliarc welded. 
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Intensifier Vidicon 
Ebi tron 9777, an intensifier vidicon, employs 
e lec tro n bombardment induced cond uc t ivity to 
produce televis io n pictures at illumination lev­
els down to half-m oonlight conditions. Em i­
t ronics Inc ., Pla inview, N.Y., says the very wide 
level range over wh ich the tu be operates enables 
it to be used under almost any lighting condi­
tions. A suitable combination of image and 
scanning sec ti ons gives a small sized tube which, 
with coils, is no bigger than a conven tional 26 
mm vidicon, but gives a sensitivity approxi­
mately 300 times greater. 
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Automatic Copy System 
Availab le from W-F Products Inc., Denver, 
Colo., is a camera accessory for use in the pro­
duction of mi crofilm. The system consis ts of a 
camera table-mounted perforated Plate n con­
nected by flexible tubi ng to a vacuum control 
cab inet. Vacuum is terminated immed iately af­
ter the sh utter closes, allowing f ilm pu ll-do wn 
time to be used fo r changing copy. According 
to W-F, th e system paces the operator and re­
su lts in improved production rates and higher 
quality film. 
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LEO Display Panels 
Display Devices Inc., Encinitas, Calif., has made 
available custom fabricated light emitting diode 
display panels up to 30 in. x 40 in. in size. 
Display Devices claims that a multilami nate 
construction technique makes the production 
possible, and allows a c learly visi ble point 
source in high ambient light envi ronments. Pro­
visions for switch holes and other panel acces­
sories can be provided, and visib le graphics may 
be surface or subsurface printed. 
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Visible Character Generator 
Integrated Memories In c., Wilm ington, Mass. , 
has introduced the "See-C-Rom," a character 
generator where the characters are literally visi­
ble to the naked eye on the memory array and 
are the same shape as will appear on the output 
device. According to Integrated Memories, any 
type character or figure can be added, revised 
or eliminated by a non-tech nical person with ­
out having to understand the associated elec­
tronics such as address and decoding networks. 
The Rom has up to 128 standard characters -
plus the optional capacity for up to 128 addi­
tional characters. 
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Digit Counter Display 
Solitron Devices Inc., San Diego, Calif. , an­
nounces the CM4100 3)1'2 Digit Counter Display 
Device , part of its LS I Complementary MOS 
li ne. According to S olitron, the unit is a low 
power complementary MOS/ LS J universal 3Y, 
decade counter with BCD d ata storage and sev­
en segment decoders and drivers. It is ideal for 
DVM, DPM and digital counter applications. 
The device features a typical low operating 
power of 2 mV ; a battery compa t ibili ty of 
V DD = +5.0 V±20%; pro tected inputs; single 
supply voltage; 24 or 28 pin DIL packaging; 
high noise imm u nity; com patibili ty with TTL, 
DTL and CMOS logic; and insignificant zero 
blanking. 
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Graphic Display Systems 
Two systems for interaction between graphic 
disp lays and digital information have been de­
veloped by Science Accessories Corp., South-

po r t , Conn. System 20 05, accord ing to Science 
Accessories, has a memory scope wh ich pre­
sents the operator wi th an immediate graphic 
response - reconst ructing the cu rve from the 
digital in formation to verify its accuracy o r, in 
conjunction with a computer, creat ing a new 
display resul t ing from the graf/pen-traced in for-

mation being processed in accordance with a 
stored p roblem. In System 2006, the graf/pen 
sensors are mounted directly on the face of the 
scope so that the graf/ pen can be used to direct­
ly provide d igital coordinates correspond ing to 
any location o n the screen . Science Accessories 
says the graf/ pen can operate in either a "single­
shot" mode to p rovide discrete poin t location 
information or in a "continuous" mode to trace 
lines and cu rves. 
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High Temperature Lampholder 
A high temperature lampholder, Se ries 4 385, 
has been introduced by Drake Man ufacturing 
Co., Harwood Heights, Ill. Series 4385 lam p­
holders are doub le contact, bayo net type with 
leads. Some appl ications are in p rojectors and 
copying machines , high in tensity spotlights, 
f loodlights and lighted signs (indoor and out­
door); and illuminated displays fo r t rade sho ws, 
~:xpositions and advertising. According to 
Drake, they may be used in all types of com­
me rcial and industrial equipment and systems 
utilizing high tempe ratu re, high wattage lam ps. 
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Display Unit 
Owens-Illinois Inc., Toledo, O hio, introduces 
the Model 80-33 display unit. T he company 
claims the panel is capable of d isplay ing ill umi-

nated letters, numbers, graphs or ha nd-wri t ten 
signatu res. T he unit measu res 2)1'2 x 8 in. in sur­
face dimension, has a matrix of 80 x 256 lines 
and has a resolution of 33 lines per in . The 
disp lay un i t can be selectively written or erased 
at any point, as well as bu lk erased. Approxi­
mate ly 1,400 5 x 7 dot ch aracters can be writ­
ten each sec in se rial add ress. 
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Digital Graphics Generator 
A digital graphics generator system capable of 
produc ing mu lticolored images up to 40 x 60 
in. on pape r, transparencies and virtually any 
similar material is being marketed by Data 
Corp., a subsidiary of the Mead Corp., Dayton, 
Ohio. From a variety o f in pu t media (analog or 
digi tal ), the Data Digital Graph ics Generator 
converts d igitized images into black and white 
or multicolored images - pictorial, alphanume.[:­
ics, maps, geometries and other graph ic d isp lay 
tech niques, according to the company . The unit 
places digita lly-con t rolled microscop ic ink 
droplets of unifo rm size on the recording me­
diu m. Placement is controlled by electrosta tic 
cha rge. 

Circle Reader Service Card No. 31 

INFORMATI ON D ISPLAY, July/August 1972 I N FORMATION D ISPLAY, July/ August 1972 Circle Reader Service Card No. 37 3 5 



ID Readout 
Electro-Optics Conference 

The Palais Des Expositions in Geneva will be the sight of 
the 1st European Electro-Optics Markets and Technology Con­
ference and Exhibition. Organized by Mack-Brooks Exhibi­
tions Ltd., the conference will convene September 13-15 and 
is expected to attract executives and specialists from every 
sector of the industry and from over 26 different countries. 

Coordinating the conference program is Herb El ion, a world 
authority on electro-optics and a top adviser with consul tants 
Arthur D. Little of Cambridge, Mass. Elion has planned 12 
special ized sessions for the three-day program, with in-depth 
technical papers to be presented during the day and general­
appeal marketing and applications stories to be the early eve­
ning fare. In particular, four discussion sessions are planned on 
optical communications, markets for electro-optical systems, 
video-players , and electro-optics in medicine. 

For information, contact Kevin Smith, 7 Ruvigny Man­
sions, London S.W. 15, England. Telephone: (01-) 242-9286 
or (01-) 788-8432. 

Conference on Display Devices 

The 1972 IEEE Conference on Display Devices will be held 
on October 11-12, 1972, in the Uni ted Engineering Center 
Auditorium, New York City. Sponsored by the Electron De­
vices Group of The Institute of Electrical and Electronics Engi­
neers {IEEE ) and the Advisory Group on Electron Devices, the 
program wi ll cover al l of the discipli nes re levant to the re-
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Make vour own filmstrips! .......................................... 

Do -It· Yourself Filmstrip Kit Saves You Money 
A complete kit, "How to Make Professional Quality Filmstrips 
on a Pinch-Penny Budget," is desig·ned for educators, busi­
nessmen, sales executives and amateurs to produce their 
own filmstrips at an extremely low cost. This kit shows how 
to write, photograph and coordinate your script in exactly the 
same efficient procedure used by professional film makers. 
All professional tools are included : complete step-by-step 
instwction book, storyboard pads, script forms, sequence 
sheets, acetate cropping guide for 35mm and 2Y2x2Y2 film, 
and professional field chart. Project: Filmstrip wil l also pro­
vide professional consultation and complete production fa­
cilities if needed. 
Complete kit, $10.00 postpaid (add 5% California sales tax). 
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search, development and design of electronic display devices. 
Among the areas of particular interest are cathode-ray 

tubes, solid-state light emitters, plasmas, liqu id crystals, lasers, 
holography, light valves and projection displays. Related topics 
such as drive address and control techniq ues, phosphors, fiber 
optics, electron optics, photochromics and cathodochromics, 
recording media directly applicable to displays, new phenome­
na, pertinent operational characteristics and measurement 
techniques are to be included. 

The deadline for abstrac ts has past, but late news papers 
will be considered if 75 word abstracts for ten minu te papers 
are received before September 11, 1972. For information, con­
tact Louis N. Heyn ick, Physical Electronics Group, Stanford 
Research Institute, Menlo Park, Calif. 94025. 

Fall Joint Computer Conference 

The 1972 Fall Joint Compu ter Conference, originally slated 
for November 14-16 in Las Vegas, will be held December 5-7 
in Anaheim, Calif. Sponsored by the American Federation of 
Information Societies (AF IPS), the conference wi ll convene in 
the Anaheim Convention Center. 

According to Dr. Robert Spinrad, conference general chair­
man, the fall theme will be The Coming of Age, which empha­
sizes the responsibility of the computer field to stay abreast of 
social issues and user needs in th is, the 21st year of its com­
mercial activity. Accordingly, the sign ificant areas to be cov­
ered include facil ities management, and user applications and 
requirements. 

For further information con tact T.C. Whi te, AFIPS Head­
quarters, 210 Su mmit Ave., Montvale, N. j. 07645, or call 
(201) 391-9810. 

Advertisers 
Arv in Magnetics ..... .... .... .............. 12 

Auto-Trol Corporation ...... . .. . . .. .... . .. .. 39 

Burroughs Corporation ....... . .... ... Back Cover 

Computing Devices of Canada . .. .... .... . .. . . 26 

Conrac Corporation .. . .. . .. . .. ... . . .... .... 8 

Dicomed Corporation .... . ... . .. . . .. ........ 2 

Keuffel & Esser ...... . . .. . .. .. . .. . ... . .. .. 11 

Optical Coating Laboratory Inc . . .. . ........... 32 

Polacoat Incorporated . .. . ... .. ... .. . . .... . . 1 0 

RCA Electronic Components . .... . .. . . . . .... . 5 

SC Electronics Incorporated .... .. . ... .. ...... 7 

Special Purpose T ube Company .... . ... ....... 33 

Syntronic Instruments Incorporated . ... ... . ... 33 

Thomson CSF . . .. . ... . . ... .. . ........... . 35 

Westinghouse Electric Corporation/ 
Tube Division . ......... ..... .... .. . . . ... 17 

INFORMATION DISPLAY, July/ August 1972 

b 

A SUBSIDIARY OF 

[EACJ 

au.to-trol 
corp orat ion. ... ~ ............ , 

Inter-Active graphics is the technical name. What 
it means Is that Auto-Draft, a completely self-con­
tained hardware/ software system, can turn out fin­

ished drawings in a fraction of the time with greater 
accuracy than a whole room full of draftsmen. On top of that 

there's no time lost for runny noses, coffee breaks, or paid vacations. 
Basically, it produces finished drawings from rough sketches, photographs and other input mediums. The 
result is faster turn around t ime, lower costs, drawing standard ization, and easy expansion as the work 
load increases. Auto-Draft can be used for general drafting, architectural drawings, mapping, generation 
of IC and PC artwork, mechanical drawing or just about any type of drafting appl ication. 

The system is modular so you can start small and expand at an economical pace. People such as General 
Motors, Union 0 11, Alcan, Bel l Labs, Motorola, U.S. Navy, Cal iforn ia Highway Department, U.S. Geological 
Survey and hundreds of others· have used Auto-Trol equipment to satisfy their computer graphics needs. 
Call for an Auto-Trol Representative to survey your drafting requirements. 

AUTO-TROL CORPORATION • 6621 West 56th Avenue • Arvada, Colorado 80002 • (303) 421-5670 
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