































































































































































































Dome Geometry:

An Exercise in Compromise

by 0. Richard Norton, Grace H. Flandrau Planetarium, University of Arizona, Tucson

Until quite recently, planetari-
ums have been designed with dome hor-
izon lines somewhere between 8 to 10
feet above the theater floor. There
were good practical reasons for this.
Most building codes required 7 to
7 1/2-foot~high entrance and exit
ways for optimum traffic flow. The
planetarium instrument's latitude
axis, which lies on the same plane as
the horizon line, purposely placed
the projector (and projection dome)
out of reach of the spectators.
Moreover, a high horizon line made
horizon objects much more visible
to the audience, and anyone leaving
the theater during a presentation
could do so without obstructing the
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screen. (Elevators didn't exist in
planetarium designs in the early
days.)

The most obvious drawback of
the high horizon line was the
feeling it produced of being "'in
hole in the ground' and having to
look above the horizontal to see
the horizon. The horizon by defini-
tion should be horizontal to the
observer's line of sight. Historical-
ly, this effect became increasingly
apparent when skylines were introduced
into the planetarium production. It
became intolerable when spherical
motion picture projection (the
atmospherium) was introduced into the
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planetarium theater in 1963. Thus,
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a means had to be found to lower the
horizon line but maintain the
desirable features of the high hori-
zon line.

Three alternative solutions to
the problem exist, each compromising
some of the desirable features of the
high horizon line. I refer to these
solutions as follows: the tilted dome,
the hyperhemisphere, and the minimum
horizon system. Each will be dis-
cussed here as separate entities,
but it will become obvious that each
possesses some of the advantages
of the others.

The Tilted Dome

Although the first tilted dome to
be constructed in the United States
was installed at the Pacific Science
Center in 1960, it was not a true
planetarium, since it primarily
functioned as a motion picture
theater using spherical projection.
The dome is 80 feet in diameter and
is tilted 15°. The first true
planetarium theater using the tilted
dome concept appeared with the
completion of the Reuben Fleet Space
Theater in San Diego. Figure 1
illustrates the geometry of this
76-foot dome theater. The tilt is
about 25°, bringing the dome edge
almost to the floor.

With a tilted dome a number of
modifications of the basic plane-
tarium theater design become necessary.
Since the dome covers nearly one-half
of the wall space below the normal
horizon line, the seating must be
directional as in a standard movie
theater. In this situation, the
screen lies well below the observer's
horizontal line of sight, thus
necessitating the use of steeply
tiered seating for optimum unob-
structed viewing. Only about two-
thirds of the normal number of seats
(circular seating pattern) can be
fit into the theater with this de-
sign. Furthermore, a true astronomi-
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cal horizon no longer exists, gince
that portion of the dome behind the
observer is substantially above his
line of sight, and correspondingly
below his line of sight in fromnt.
Only the Spitz STS projector is
designed to produce a skewed horizon
line. (Actually, any pinhole
projector, such as the Spitz A4 and
512, which uses a horizon cup around
the Xenon arc light source, can
produce a tilted horizon merely by
weighting the cup to balance in the
desired skewed position.) Zeiss-type
instruments such as the Minolta/
Viewlex, Goto, or Zeiss which use
weighted "eyelids' over the projection
lenses cannot produce a tilted hori-
zon without extensive and vather
expensive design changes to the 32
horizon cutoff mechanisms.

Special effects projection is
restricted to points behind the
seated audience, which is the most
desirable projecting position.
Complete 360° horizon scenes as in
conventional theaters are not pos—
sible, however, and generally, not
as many special effects projectors
can be utilized in this geometry due
to space limitations. However, this
limitation is minimal for large
theaters such as the Fleet Space
Theater.

The Hyperhemisphere

The Eugene Cernan Space Center
of Triton College near Chicago uses
the hyperhemisphere concept. Here,
a standard hemispherical projection
screen is extended on one side to the
floor (Figure 2). Since this geo-
metry maintains a horizontal dome
configuration, a true astronomical
horizon is maintained. Thus, a
standard planetarium projector with
the conventional horizon cutoff
system can be used. When using the
planetarium projector as a teaching
instrument, it is desirable to
obstruct the extended part of the
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dome to maintain the integrity of the
dome horizon.

Virtually all planetarium instru-
ments possess horizon cutoff problems.
Zeiss—type instruments have eyelids
that stick at certain instrument
latitudes, while Spitz~type systems
produce a correct horizon cutoff at
only one latitude. A dark wall be-
neath the dome horizon helps to
maintain an apparent horizon even
though star images may be projecting
there due to the above problems. To
cover the extended portion of the
dome with a dark covering under these
circumstances is necessary. To
produce stars within the extended
area for space effects, the horizon
cup surrounding the Xenon arc must be
modified by either weighting the cup
as earlier described, or cutting out
a section of the cup corresponding to
the angle of the extended dome below
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the horizontal. The latter may prove
to be difficult since most Xenon arc
lamps have small fisheye lenses over
the arc that limit the projection
angle to 180°.

As with the tilted dome geometry,
the seating arrangement in the hyper-
hemisphere must be directional and
tiered. To prevent the back row of
seats from being within the star-
field, the horizon line must be
placed quite high. This produces the
"hole in the ground"” feeling mentioned
earlier when using the planetarium
in the conventional manner.

Both the tilted dome and hyper—
hemisphere concepts present dome
maintenance problems, since the
eéxtended portion of the dome is
subject to the hands of the public.
To avoid this problem an "off limits"
section of the theater must be
established that limits public access
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to this area.

Spherical projection in the
hyperhemisphere can be a true 180°
using a circular film format. To
cover the extended dome, however, the
projector must be tilted in a forward
direction by an amount equivalent
to the angle of the extended dome
(28° for Triton College). Of course,
filming with spherical lenses must
be done at the same angle as that of
projection to maintain horizontal
horizons. It is interesting to note
that the spherical projector does not
have to be positioned in the center
of the dome theater. Though it is
true that distortionless pictures
can be obtained only from projection
at the geometrical center of the
dome, it ig likewise true that the
viewer must be positioned at the

point of projection to see a dis-
tortionless picture. This, of course,
is impossible. It is therefore point-
less to project at the geometrical
center of the dome. Projecting from
a point removed from the center by

as much as 257 of the dome radius

does not noticeably affect the image
quality. Since the planetarium
projector must be used in the central
position, the logistical advantage

of an off-center spherical projector
position is obvious.

The Minimum Horizon

The third alternative geometry,
adopted at the Grace H. Flandrau
Planetarium of the University of
Arizona, utilizes the lowest horizon
line possible, consistent with

FIG. 3
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optimum visibility of the projected
images, ease of ingress and egress,
optimum projection geometry for the
planetarium, atmospherium and auxili-
ary projectors, and maintenance of
the astronomical horizon. Figure 3
illustrates the geometry of the
minimum horizon system. Ideally,

the viewing plane of the "seated"

eye should be coincident with the
horizon plane. Though in practice
this is not possible, it can be very
closely approximated. The average
observer's eye level when seated is
about 42 inches above the floor level.
The minimum height of the dome hor-
izon is dictated by this value. The
observer’'s head, supported by a high-
backed chair, is about 48 inches
above the floor.

At the Flandrau Planetarium a
projection gallery immediately
behind the last row of seats, houses
the auxiliary projectors and projects
through an opening one foot wide.
One foot above the top of this
opening, or a total of 6 feet above
the floor level, is the minimum
horizon level. A seated observer
viewing the horizon from 50 feet
1lifts his eye level only 3° above
true horizontal. This angle closely
approximates a true horizon. If the
horizon is viewed by a standing
observer (as it will be in the
University of Arizona's academic
program), the true horizon level to
the viewer is essentially 0°. By
alternating the seat positions in
each row, visibility of the horizon,
though not perfect, is possible.

The problem of tiered seating is
therefore avoided in this design.

To enter the theater, it is
necessary to pass through the dome
at the 7-foot level and climb a
sloping ramp to the 6-foot level of
the theater floor. Thus, ingress
and egress, as in the preceding two
geometries, is somewhat awkward in
that the audience must move to the
center of the theater to exit down
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the ramps. An alternative approach
would be to provide sloping passage-
ways behind the last row of seats
leading to the exits. This results,
however, in a loss of seats to make
room for the passageway and places
the dome screen within easy "touch-
ing" access of the public. Moreover,
anyone leaving the theater before
the program ends could obstruct
images projected from the projection
gallery.

The minimum horizon geometry
places the planetarium projector
in a vulnerable position since the
latitude axis can be no higher than
the dome horizon (6 feet). The
instrument obscures less sky in this
position, however, and if on an
elevator, it can be raised or lowered
out of reach of probing hands before
and after the program.

The atmospherium projector
is placed about 6 feet off center
toward the console side of the
theater. Off-center distortions
are minimized by tilting the
projector such that the optical axis
of the projection lens passes through
the center of the dome.

These are the options with
which one is confronted when selecting
a dome geometry best suited to his
program. In all cases, there is
really no '"best way'". All three
represent exercises in compromise.

In the final analysis, the choice
must be tailored to the total program
philosophy and the equipment
available.

(End)

For more information on dome geometry,
see "Let's Not Jilt The Tilt", in The
Planetarian, Vol. 2, No. 1, March 21,

1973,

THE PLANETARIAN



Planetarium Literature Review

conducted by George Reed, West Chester State College, Pennsylvania

Since the advent of ISPE and the
publication of its journal, planetarium
articles in other journals have prac-
tically ceased to exist. This situa-
tion could be attributed to the plane-
tarium community's embracement of their
new organization and journal.

The majority of the articles that
appeared this past year (1973) were
of a research nature. The research
articles continue to show a need for a
conceptual framework within which to
develop purposeful instructional
strategies. They also show a need for
planetarium researchers who will carry
on continuing research projects.

The following planetarium related
articles appeared during the academic
year 1973~1974:

Akey, James Miles, '"The Behavioral
Selection of Planetarium Concepts
Appropriate for Second Grade Stu-
dents ." Unpublished doctoral dis-
sertation, University of Northern
Colorado, 1973.

A One-Group Pretest-Posttest Design

was used to test the appropriateness

of 56 behavioral objectives used in
three planetarium programs presented
to second graders. The programs

dealt with an "introduction to the sky"

and the "sun's family." A pretest was

administered immediately following each
program and again two weeks later as

a test of retention. The second

graders understood 39 of the 56 con-

cepts in the pretest. An increased

understanding was indicated for 39

concepts in the posttest analysis.

The retention test showed that 52 of

the 56 concepts were significantly

retained. A correlation was reported
between the concepts retained and the
time spent postteaching the concepts.

Bondurant, R. L. "Planetarium Art:
Using the Sky to Motivate Works of
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Art." Arts and Activities, 74 (Sep-
tember 1973), pp. 32-34.
The planetarium can be used to motivate
pieces of art.

Reed, George. "The Planetarium Versus
the Classroom--An Inquiry into
Earlier Implications.” School Sci-
ence and Mathematics, 73 (October
1973), pp. 553-555.

This is a report of the follow-up of

a study that was reported in the May

1972 issue of the same journal. The

Posttest~Only Control Group Design

with the Randomized-Group Technique

was used with 82 college freshman
receiving the classroom chalkboard-~

celestial globe treatment and 77

college freshman receiving the "lights

up-lights down" classroom planetarium
treatment.

The results showed no difference
in the attainment or retention of the
cognitive behavioral objectives between
the two teaching situations. No dif-
ferences were found in the attainment
of the affective behavioral objectives.
The conclusion of this study is that
the planetarium is most effective when
it is used in a classroom learning
situation.

Ridkey, Robert W. "A Study of Plane-
tarium Effectiveness on Student
Achievement, Perceptions and Reten-
tion." Unpublished doctoral dis-
sertation, Syracuse University, 1973.

The purpose of the study was to deter-

mine the effect of planetarium instruc-

tion on junior high and college stu-
dents in terms of their immediate
attainment, retention and attitude
toward presented concepts. Three
groups were used: an all planetarium
instruction group, an all activity
instruction group, and a group that
experienced a combination of activity
and planetarium instruction. The con-
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clusions were: (1) content learning in
the planetarium is enhanced by an orie-
tation session, (2) the combined activ-
ity and planetarium approach proved

to be the most effective teaching ap~
proach at the junior high level, and
(3) the planetarium groups were the
only groups to show positive per-
ception changes. These findings are
supported by past research.

Ridkey, Robert W. "A Study of Plane-
tarium Effectiveness on Student
Achievement, Perceptions and Reten-
tion." Abstracts of Selected
Papers. National Association for
Research in Science Teaching. Chi-
cago, Illinois, 1974, pp. 158-159.

This is a summary presentation of the

above dissertation. "These findings

further suggest that it would be of
greater benefit to develop planetar-
ium experiences that deal primarily

in the affective domain."

Schade, Herbert C. and Richard Boyt.
"Construction of an Inexpensive
Planetarium." Physics Teacher, 11
(September 1973), pp. 341-345.

Details are presented for the con-

struction of a 12-foot diameter geo-

desic dome that can be used with a

Spitz Junior Projector.

Sunal, Dennis W. 'The Planetarium in
Education: An Experimental Study
of the Attainment of Perceived
Goals." Unpublished doctoral dis-
sertation, University of Michigan,
1973.
The main purpose of this study was "to
determine the relative effectiveness
of the planetarium, through analysis
of changes among second grade children,
in attaining the perceived goals of
planetarium educators.'" A total of 986
second graders were divided into three
groups: a classroom astronomy unit
group, a classroom astronomy unit and
planetarium group, and a group that
received no astronomy instruction or
planetarium experience. Each group
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was given a posttest of 30 multiple
choice and drawing items related to

the goal areas. The findings were

that the two instructed groups at-
tained the goals of the planetarium
educators. It was also found that
increased performance took place when
the planetarium visit took place during
the last part of an astronomy unit.

Sunal, Dennis W. "Analysis of the
Role of the Planetarium in Educa-
tion." Abstracts of Selected
Papers. National Association for
Research in Science Teaching. Chi~-
cago, Illinois, 1974, pp. 160-161.

An attempt was made to "evaluate what

is known through research as to the

actual role of the school and college
associated planetarium in education’
in the areas of perceived goals and
the attainment of those goals. The
conclusion was that "in general, the
planetarium session as typically ex-
perienced in present schools and uni-
versities does not produce changes
significantly greater than that which
can be obtained in ordinary classrooms
without the planetarium projector."”

Wall, Charles A. "A Review of Research
Related to Astronomy Education.'
School Science and Mathematics, 73
(November 1973), pp. 653-669.

An extensive review of research liter-

ature from 1922 to 1972 is given for

elementary, secondary and college level
studies. Many planetarium studies are
mentioned. With regard to the plane-
tarium studies, it is recommended that
research be carried out to develop
instructional strategies for planetar-
ium presentations. A large bibliography
is included with the article.

(End)
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