








ABSTRACT

A new dynamic volumetric display
technique is described in which a vibra-
ting membrane mirror is used to form a
three-dimensional image of a time-varying
two-dimensional pattern. The technique
offers certain simplifications over existing
volumetric display systems of the electro-
mechanical type. Among its advantages are
reduced costs and increased reliability; two
of its many areas of application are air
traffic control and signal analysis, including

radar signals.

The report describes the operation
and characteristics of the basic device, the
various forms which it can take, and its
possible applications in modern display

technology.































SECTION |

INTRODUCTION

























SECTION |l

PRINCIPLE OF OPERATION










The niuminized plastic membrone (left rear)

when mounted on frome in foreground forms

highly effective mirror surface (right rear).

Assembly of c Membrane Mirror

Figure 1

inspecting the images of room objects in it will see them change size quite
spectacularly, as illustrated in Figure 2. What is less apparent but morc
important is that the images similarly advance and recede during the mirror

excursions,

When the mirror is flat, the image seen in it has a definite location
behind it, the image-to-mirror and object-to-mirror distances being equal.

“Image location” simply refers to the position of the image as seen by the

12



Flexible
when deflected by cir pressure
flat

becomes smaller and lorger (lower left and right)

mirror shows chaonges in magnification

Image is of nor-

mal size when mirror is (right) Image

as mirror is made convex ond concove

Deflection of the 7-inch diameter mirror is 1/ 4-inch
ot center As imoge size is chonged, image ad-
vances ond recedes, moking it necessary fo
refocus the comerc

CCHVEX

CONCAVE

Varifocal Properties of a Membrane Mirror

Figure 2
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The photodetector output signals included the combined frequency
response effects of the mirror and the loudspeaker. Feedback effects in the
waveform generator circuitry were suppressed by use of a current-limiting
resistor in the amplified output. A cadmium sulfide photoconductor served
as the detector in most of the measurements after it was established that the
various mirror responses did not contain any appreciable high-frequency
components beyond the response range of this detector. We checked this by
making a few mirror response measurements with an EG&G Model No. 561
Mike-Lite photodetector which uses a silicon photodiode and has a response

time in the nanosecond range.

Two types of measurement were made. The frequency responses of
the mirrors to sinusoidal speaker inputs were probed over the range from
20 cycles per second to lkilocycle, witha constant input of 1 volt across the

series combination of the speaker coil and an 8-ohm non-inductive resistor,

Then the waveforms developed by the mirrors in response to various speaker
input waveforms were examined at selected frequencies.

The frequency response measurement results appear in Figure 5,
while Figures 6 through 16 show some of the waveform response data. These
results are meant to show trends only, for they are highly variable functions
of the components, equipment and test conditions. They depend upon the choice
and quality of the speaker and the manner in which it is mounted, as well
as upon the mirror material, thickness, tension, and mounting method.
In addition, the mechanical and acoustical properties of nearby equipment
and of the laboratory itself will have their effects, as well as that part of the

mirror being monitored photoelectrically. Even the air cushion between the
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a. 5 msec per large division

b. 20 msec per large division

Response of an 8-inch Speaker-Mirror to a 10-millisecond Pulse
Figure 6
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5 msec per lorge division

Ringing at 225 cps in a 6-inch Speaker-Mirror
Induced by a 10-Millisecond Square Pulse

Figure 7
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| msec per lorge division

Ringing at 800 cps in a 6-inch Speaker-
Mirror Induced by a 250-cps Square Wave
Figure 8
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10 msec per large division

Ringing is ot the fundamental resonant fre-
quency of 130 cps. Upper trace shows terminal
voltage generated in unloaded specker voice coil

Response of B-inch Speaker-Mirror to a Mechanical Impulse
Figure 9

shape if the wave contains many harmonics to which the mirror response is
very low. For example, Figures 10 and 11 show apparently pure sinusoidal
responses of two mirrors driven by triangular waves at somewhat above
their fundamental resonant frequencies. However, in Figure 12a, where the
driving frequency begins to approach a submultiple of the fundamental
resonant frequency, the output sinusoid becomes contaminated with a small
resonant component, This component is stronger in Figure 12b, where the

driving frequency is closer to this submultiple.
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When the input signal is a low-frequency sinuscid, there is good
agreement between the input and output wave shapes, as shown in Figures 13
and 14. Finally, Figures 15 and 16, shown with the same vertical scale as
Figure 14, verify that the 15-inch systemresponse drops to about one-tenth
of its value as the driving frequency is shifted from fundamental resonance
to 100 cycles per second. This canbe seen in the frequency response curve

of Figure 5 as well.

Response of 6-inch Speaker-Mirror to a 250-cps Triangular Wave
Figure 10

Response of 15-inch Speaker-Mirror to @ 60-cps Triangular Wave
Figure 11
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a. Response to o 50-cps triongulor wave. 5 msec pe large division.

b. Response to o 44-cps triongular wave. 10 msec per large division,

Evidence of Ringing in an 8-inch Speaker-Mirror
Driven at Slightly More Than One-Third the
Fundamental Resonant Frequency of 130 cps

Figure 12
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Response of 8-inch Speaker-Mirror to a 25-cps Sinusoid
Figure 13

Response of 15-inch Speaker-Mirror to a 60-cps Sinusoid
Figure 14
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Response of 15-inch Speaker-Mirror to o 100-cps Sinusoid
Figure 15

Response of 15-inch Speaker-Mirror to a 100-cps Triangular Wave
Figure 16
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Surface ripples are revealed by irregularities in imoge of rectangular grid.
Photograph wos mode by double-flosh exposure ot extremes of mirror cycle.

15-inch Diameter Mirror Undergoing Breakup at 720 cps
Figure 17
What is of interest is that this speaker-mirror was capable of single-
mode oscillation up to about 400 cycles per second, beyond which breakup
began to occur as a nodal contour formed just inside the rim and moved in-
ward. In similar tests, it was determined that the 6-inch combination cited
previously was usable up to about 600 cycles per second, while the 15-inch

system exhibited breakup beyond 200 cycles per second.

65

cstian o denis




_

1050 cps 1180 cps

Nodal contours are revealed by sugar granules. Breokup begins ot
400 cps when o nodal circumference appeors just inside of mirror rim.

Several Vibrational Modes in an 8-inch Mirror
Figure 18
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Experimental 3-D Oscilloscope Adapter
Figure 19

into the membrane mirror in the direction of the CRO axis. A housing with
appropriate viewing ports and with alow-voltage 60-cycle per second power
supply for the speaker completes the model. External speaker connections

are provided in the event that other driving signals are to be used.

The simple nature of the CRO-generated patterns most often used
during this program is such that anomalous perspective has not been a prob-
lem. In the case of the more complicated patterns which might result when

a 3-D CROisused as an analytical tool, some means of correcting anomalous
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Proiection Flash Lamp

Lens

Author odjusts 15.inch diameter speaker-mirror.

Rear of projection screen is viewed in mirror.

Mark | Experimental Display System
Figure 21
order during the return of the mirror. Although a greater image brightness
would result, the problem of exactly registering a slide image upon a dupli-
cate of itself would be quite severe because of mechanical vibrations and
because of critical requirements concerning the positioning of the slides and
the tiining of the flashes. As will be seen later, exact superposition of dupli-
cate images during mirror flyback also was a problem with computer-

generated displays; thus, blanking was the desirable alternative,

In actuality, the Mark I disc contains two separate sets of ten slides

each to permit double use. The sets can be activated independently so that
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Computer programmer odjusts specker-mirror ot DD-13 disploy console.

A Computer-Driven Display System
Figure 24

The mathematical function selected, the ambiguity function, is
familiar to radar waveform designers. It was the subject of a similar
study by Galvin (Reference 6), who used a CRT to generate a 2-D photograph

of the mathematical surface in perspective projection,

Simulation of a Mathematical Surface

In the present study, the function was displayed as a family of
vertical profiles in 25 planes equally spaced along the depth axis of the
display. Each profile comprised a slightly different curve; collectively,
the family provided a visual impression of a contoured ambiguity surface.

Each curve was synthesized as a connected sequence of 81 vectors displayed
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Conceptual Model of a 3-D Blackboard
Figure 31

until erased. A sketch of one possible form of the system is shown in
Figure 31. Such a system is well within the realm of modern electro-
optical technology because it simply extends, to three dimensions, the
already existing man/machine graphical communications systems which
permit one to draw figures with a light-pen directly on the f ce of a
computer-driven CRO display screen (References 9 and 10). What is re-
quired for implementation is an optical, 3-D position-sensor which feeds
a data processing and storage system to generate an appropriate 2-D pattern
sequence. This sequence is converted to a virtual volumetric image via a
membrane mirror, and an optical relay system transforms this into a

real volumetric image coincident with the stylus positions traced out by the
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