
Astronomical Panoramic Views from 
a City Observatory*

BY

WILLIAM F. RIGGE

REPRINTED FROM POPULAR ASTRONOMY, VOLUME XXII, NO. 5

MAY, 1914

♦Read at the Atlanta meeting of the Astronomical and Astrophysical Society 
of America, December 30,1913.



F igure  1. Creig hton  U n iv e r sit y  O bservatory  as seen
FROM  ACRO SS T H E  S T R E E T .

F igure  2. T he  O bservatory as se en  from th e  n e a r e st  
Co llege  W in d o w .
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ASTRO N O M ICAL P A N O R AM IC  V IE W S  FR O M  
A  C IT Y  O B SE R V A T O R Y .*

W IL L IA M  F . ItlG G E .

The astronomical panoramic views presented in this article were 
taken for the purpose of teaching students the circles of the celestial 
sphere and the magnitude of circular measure. They consist of a series 
of eight photographs, taken from the dome of the Creighton University 
Observatory, towards the eight principal points of the compass, and 
have drawn upon them the circles of altitude, azimuth, declination and 
hour angle at intervals of five degrees. The diurnal paths of the stars 
and their points of rising and setting, as well as other connected details, 
may thus be studied with reference to fixed terrestrial objects. It is 
the purpose of this article to explain the method used in the construc
tion of the lines on the photographs.

How well the Creighton University Observatory is situated for such 
a series of views, and how exceptionally large is the extent of sky it 
commands in spite of its position in the very heart of a city of 120,000 
inhabitants, is aptly suggested by Figure 1, in which it is seen to 
be placed upon the summit of a hill. The nearest part of the street in 
the foreground is seventy feet from the dome and fifty feet below the 
telescope, while the next street beyond and back of the Observatory is 
seventy-five feet below. There is little or no danger of ever encroach
ing upon this extensive view except between the south and west, as will 
be seen later.

Figure 2, gives a nearer view of the Observatory. Its elevation

* Read at the Atlanta meeting of the Astronomical and Astrophysical Society 
of America, December 30, 1913.



2 Astronomical Panoramic Views From a City Observatory

of ten feet above the lawn is due to the grading necessitated by 
the cutting through of the street to the right or east of it. A retaining 
wall was then built about the Observatory itself, so that its position 
was never disturbed. Although there is a double line of cars on the 
street, the vibrations of the telescope, even with its highest powers, 
are scarcely noticeable.

The photographic camera was placed as far inside the dome as the 
width of the slit allowed. In the first series of views, taken on June 8, 
1913, the camera was exactly on a level with the telescope, that is to 
say, at the height of the intersection of its polar and declination axes. 
In the second series, taken August 22, 1913, the camera was raised 2.8 
feet in order to clear the transit roof and catch the bluffs and river 
towards the east. The information furnished by a study and measur- 
ment of the first set was an enormous help towards the success of the 
second. One preliminary view of the set would have been a necessity 
at all events in order to obtain the scale.

A small Gurley reconnoissance transit having been placed above the 
intersection of the axes of the equatorial, the altitudes and azimuths 
of a number of prominent objects were measured. The meridian was

F igure 3. T oward the W est.
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found from Polaris, which with the facilities afforded by a fixed 3-inch 
transit and a sidereal clock, gave greater accuracy than was needed.

The first attack upon the photographs consisted in finding the effect
ive focal length of the lens. This was determined from the southeast 
view by measuring the horizontal linear distances of about fifteen 
objects from the center of the picture. As the photograph was a plane 
surface, perpendicular at its mid-point to the optical axis of the lens, 
and tangent to the sphere whose center was at the optical center of the 
lens, and whose radius R  was the focal length of this lens, the linear 
distances measured were each equal to R  tan A ; A being the difference 
of azimuth or of bearing of the objects and the midpoint of the photo
graph. The mean of the fifteen measures gave R — 12.01 inches. It 
was taken as evident therefore that the optician had intended to make 
the focal length exactly one foot.

A complete reseau or network of altitudes and azimuths could now 
be constructed. A horizontal line was drawn on transparent paper, 
and at distances in inches of twelve times the tangent of every degree 
as far as 25°, parallel vertical lines were drawn perpendicular to the 
horizontal line. On every fifth one of the vertical lines, points were

F igure 4. Toward the Northwest.
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marked at distances from the horizon line of R  sec A  tan h ; A and h 
being each taken at intervals of five degrees, but h going only as far as 
20° in altitude. The curves connecting corresponding points were then 
the lines of equal altitudes and are shown on all the panoramic views. 
They are known as almucantars. On the paper mentioned before the 
intermediate curves were added for every degree, so that, when com
pleted, the reseau properly applied to any of the views marked every 
degree of altitude and of difference of azimuth. Taking the horizon 
line and the middle vertical line on any photograph as axes of reference, 
a mathematician would say that the coordinates of any point whatever 
would be R  tan A  and R  sec A tan h, in which h is its altitude and A 
its difference of azimuth from the center of the picture.

The next operation was the longest of all, but as it had been prepared 
in part and used for other purposes before, the labor was considerably 
abridged. It consisted in the computation of the position of the declin
ation and hour circles, without which the motions of the stars cannot 
be understood. To effect this, the declination 8 and the hour angle t 
were taken for every five degrees as far as they were needed, and the 
corresponding azimuth A  and zenith distance £ computed. The formu
lae used were the general ones:

F igure 5. T oward the North.
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tan 5
tan M — 

tan A  =

COS T

tan t cos M
sin (0 — M)

sin t  =
cos 5 sin t

sin A

When the results had been tabulated, each of the panoramic views 
of the first set was taken in turn,—blank sheets of paper would have 
served the purpose—placed face downward upon the reseau and properly 
adjusted, both lying on a glass plate with an electric lamp below it. 
The intersection points of the declination and hour circles were then 
plotted from their computed azimuths and altitudes, and corresponding 
points joined by smooth curves. The declination curves, the same as 
the almucantars, being the projections of small circles of the sphere, 
are hyperbolas when ±  8 <  <f>, parabolas when =*= <S =  4>, and ellipses 
when ±  8 >  <f>. The hour and azimuth circles, however, being great 
circles of the sphere, are projected into straight lines.

When the curves were smoothed, they were drawn in ink on the 
backs of the photographs. It was an easy matter then to transfer

F igure 6. T oward the Northeast.



6 Astronomical Panoramic Views From a City Observatory

them from the first to the second set. Here they were drawn upon the 
faces of the views and properly numbered. They were then mounted 
on cardboard and photographed individually at the same distance. 
From this third series of negatives, the lantern slides shown at Atlanta 
were made and positives printed for the cuts of this article. With the 
exception of the lantern slides the photographic work was all done by 
Alphonse R. Schmitt, my associate professor of physics and director of 
the Creighton Camera Club. The excellence of the work is its own 
commendation.

It may be acceptable to mention briefly some of the more interesting 
landmarks shown on the views.

The western prime vertical passes almost exactly through the middle 
of the south gable of the Sacred Heart Convent, whose whole south 
roof and entire north wing were demolished by the tornado of Easter 
Sunday, March 23, 1913. Behind the convent, the new cathedral may 
possibly be discerned. Its cross was erected the day after the photo
graph was taken. In the northwest, the tornado passed about two 
blocks beyond the building prominently located in azimuth 50°. This 
was three-quarters of a mile from the Observatory, its nearest approach.

F igure 7. Toward the East.
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The hour lines, which are strictly parallel on the west view, show a 
decided convergence on this one, and the declination circles are con
siderably curved.

On the north view, the hour lines converge to the north pole, which 
is at an altitude of R  tan 4», being the latitude of the place, 41° 16'- 
Hidden by the tree in altitude — 0° 2' and azimuth N 0° 54' E is a 
water tank more than two miles away. When the leaves fall, this 
object and the convent gable in altitude + 1 °  36' and azimuth 
N 89° 56' W make superb land marks for the adjustment of the 
equatorial.

In the northeast picture, the line of bluffs is in places the true 
astronomical horizon.

In the east view the bluffs are scarcely a quarter of a degree above 
the true horizon. We here get a glimpse of the Missouri River with 
one of its three bridges.

The southeast photograph looks towards the business center of the 
city. In azimuth 55° to 58° we may possibly see the Union Pacific 
headquarters, the Woodmen of the World building at 47°.5to 50°, while 
the third skyscraper of which Omaha can boast is hidden by the trees

F igure 8. Toward the Southeast.



8 Astronomical Panoramic Views From a City Observatory

at 40°. The building 25° to 32° is our million-and-a-half dollar high 
school, on the site of the old capitol. The declination circles now reverse 
their curvature and the hour lines converge below the horizon.

In the south and the southwest views the college building, technically 
the Undergraduate Department, or the Arts and Science Building, offers 
the only considerable obstruction. A  special photograph of this building 
in its entirety is shown in another cut. Its interference made itself 
felt last September when the moon at first quarter ran in declination 
—28° and was hidden behind the college just when it was at its best. 
As the photograph enabled me to foresee this, I had to defer visitors 
to other dates. But as this contingency rarely happens, and as the 
view of the sky descends everywhere else to within a couple of degrees 
of the true astronomical horizon, it is really astonishing that a city 
observatory should command such an extensive view.

If the reader is inclined mathematically, he will find the study of 
these panoramic views very interesting. As the college building faces 
the points of the compass accurately, the vanishing point of its east front 
will be found in the south point of the horizon, and that of its north 
side in the west point of the horizon. This latter point will be found

F igure 9. Toward the South.
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at a distance of R  tan 45° =  R  to the right of the middle of the south
west picture. In the photograph of the college building in its entirety, 
the center of the picture is in azimuth S 26° W. The south or left, 
vanishing point is therefore at a distance of R  tan 26° and the west or 
right one at a distance of R  cot 26°.

The point of convergence of the hour lines in the north view has 
already been mentioned. Its coordinates are x  =  0, y =  +  i?sec 0° tan <t> 
In the south view, they are x  — 0, y — — R  sec 0° tan 4>. In the north
east and northwest views, they are respectively x  =  T R  tan 45°, 
y =  +  R  sec 45° tan <£. In the southeast and southwest pictures, 
similarly x  =  ^  R tan 45°, y =  — R sec 45° tan <f>. In the east and west 
views they are both at infinity, the hour lines being strictly parallel 
and making an angle of <£ (the latitude) with the horizon. Their 
distances from the 6-hour line are i?tan (6h ±  t ).

The azimuths, «, of the points where the hour lines intersect the hori
zon, are the same as those of the hour lines on a horizontal sun dial, 
the formula being tan a =  sin tan r. On the north and south 
pictures, the hour lines make angles y with the meridian such that 
tan y =  cos <f> tan t , the same as on a prime vertical sun dial, the east 
and west views being meridian sun dials.

F igure 10. T oward the Southwest.



10 Astronomical Panoramic Views From a City Observatory

A considerable discontinuity may be noticed between the south and 
the southwest pictures when they are compared with the photograph of 
the whole college building. This is due to the fact, observable only in 
this instance, that owing to the narrowness of the slit, the camera could 
not be placed in the very axis of the Observatory dome. It was there
fore carried around in a circle of about 5 or 6 feet radius. This made 
near objects like the college building appear larger, and thus shoved 
their margins off the plate. In addition, there is an hiatus of about two 
degrees between all adjoining views, because their horizontal stretch is 
only 43°.

The original photographs of the second set in which the focal length 
of the lens is exactly one foot, have been mounted on the sides of a 
regular octagon, so that by placing the eye at the center of this octagon 
and on the level of the horizon line, one can have precisely the same 
view that he would have from the dome of the Observatory. In this 
way, besides becoming acquainted with the circles of the celestial 
sphere and the direction and velocity of motion of stars in various parts 
of the sky, the student may also learn something of angular magnitude 
and be able to locate the points of rising and setting of any heavenly 
body and to predict its position at any time, provided its altitude does 
not exceed 20 degrees. In order to remove this last restriction, it

F igure 11. M ain Building, Creighton University.
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occurred to me to extend the planes of the photographs to the altitude 
of 45 degrees and to roof them over with transparent celluloid, so that 
the entire celestial sphere would be represented with its two systems of 
coordinates. However, upon maturer reflection, I think that this math
ematical completeness would bewilder the student. It would make 
the apparatus too cumbersome and prevent its convenient comparison 
with the sky. One great circle and four great semicircles of wire, of 
one foot radius, have however been added, to indicate the horizon, the 
meridian, the prime vertical, the equator and the six hour circle, as 
well as to show that the planes of the photographs are tangent to the 
sphere and are its gnomonic projection. The whole contrivance has 
proved such a success that the construction of a larger one of four foot 
radius has already been begun.


