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John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System



.103M

.5.

1934POMic. .

PUBLICATIONS OF THE OBSERVATORY
OF THE UNIVERSITY OF MICHIGAN.
VOL. V, NO. 8.

PUBLISHED FROM THE LAWTON FUND,

THE SPECTROHELIOKINEMATOGRAPH

By RosertT R. McMata anp Rosert M. PETRIE.

InTRODUCTION.

This paper presents a description of the apparatus and methods employed in
certain solar photographic researches which are being carried out at the McMath-
Hulbert Observatory of the University of Michigan, with particular reference to the
application of the motion picture method in recording phenomena of motion or
change in the solar surface and solar prominences. The application of this method
to other celestial objects has been described in an eatlier number of these publica-
tions (5, §3, 1931), to which reference should be made for additional details.

As with any new type of instrument employed in a hitherto untried field of
work, responsibility for the design and improvement of the spectroheliokinemato-
graph is divided among a number of individuals, to whom the authors extend
grateful acknowledgements.

Following the original suggestion of Francis C. McMath in 1931 that the
solar prominences should prove a fertile field for motion picture record with the
McMath-Hulbert telescope, and his generous offer to assume the cost of all optical
parts, suggestions as to the type of instrument were made by Burns, of Allegheny
Observatory, and detailed drawings were made by Curtis. The instrument, in its
original form, was constructed by Colliau and Smock in the instrument shop of the
University Observatory. Literally months of work have been expended by the
authors in tracking down difficulties as they arose; many changes were found
necessary in the telescope mounting and in the spectroheliokinematograph itself,
carried out, for the greater part, in the shops of the Motors Metal Manufacturing
Company, from designs by Robert R. McMath and under his supervision. Judge
Henry S. Hulbert and Robert R. McMath bore the expenses involved in the tele-
scope alterations. Petrie spent the first semester of the year 1932-33 at Lake
Angelus, and the summers of 1932 and 1933, under grants from the Faculty Re-
search Fund of the University of Michigan and from the Bache Fund of the National
Academy of Sciences, respectively. The instrument can now be pronounced suc-

cessful, all the usual solar phenomena being observable with it, and the writers feel
103
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104 THE OBSERVATORY OF THE UNIVERSITY OF MICHIGAN

sure that with the reappearance of solar activity, motion pictures of the type
desired can be secured.

THE SPECTROHELIOKINEMATOGRAPH.

The spectroheliokinematograph consists of a spectrohelioscope and a 35 mm.
motion picture camera. The spectrohelioscope was especially designed for use on
our equatorial reflector. The camera has been described in the previous paper.

The attachment of the instrument to the telescope necessitated the use of a
spectrohelioscope of short focal length, and hence it was not practicable to use the
form described by Hale.! Ordinarily the use of a longer focus instrument is prefer-
able, since with a short focus instrument inherent optical difficulties are introduced.
Our spectrohelioscope consists of a Littrow type spectroscope, equipped with
Anderson prisms in order to broaden the slit images.

The optical system of the spectroheliokinematograph is shown diagrammati-
cally in Figure 1. In this figure, P, and P, are the Anderson prisms, §,and §. the
first and second slits, M, and M, are plane mirrors, R is the Ross collimating-
telescope lens, and G is the plane grating. Z is a Zeiss Biotar? lens of 50 mm. focal
length working at f 1.4, and is used to transfer the image from the plane of the
second slit up to the film F. The distance of the optical center of this lens from the
plane of the film is twice its focal length plus o”.005, thus securing critical focus
without sensible magnification, in white light. The Ross lens is a very important
part of the instrument. Due to the short focal length, it was thought inadvisable
to use concave mirrors for collimating and focusing the spectroscope, since they
would have to work with beams considerably off the axis. This lens, of 72 inches
focal length and 4 inches aperture, was specially designed by Ross to give good
definition over a wide field, the angle between the incident and diffracted rays
being nearly 1o degrees. The lens is of four piece construction, the glass being
ordered specially from Germany, and gives excellent definition. It was computed
to have the same focal length at Ha and [K].

At first we used a grating with rulings of 15,000 lines per inch. Desiring higher
dispersion, this was replaced by a 20,000 line grating, with material improvement.
The linear dispersion in the plane of the second slit is then 13 A/mm. The first slit,
of course, receives the solar image from the Cassegrainian combination and the
grating is set so that Ha is brought into the second slit which is narrowed to exclude
other wave lengths. - The prisms, being then set in rotation, broaden the slit
images and give an image of the sun in the light of Ha. The mirrors M, M, may
be moved for purposes of collimating and focusing the spectroscope. The grating
mount is equipped with a clamp and slow motion for setting at the proper angle.

1 Mt Wils Contr No. 388 (1929).
2 J Soc Mot Pict Eng 20, 31 (1933).
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106 THE OBSERVATORY OF THE UNIVERSITY OF MICHIGAN

This is shown in Plate 3 (C). The grating is an excellent one, giving very little
diffused light, and the spectroscope as a whole produces exquisite definition.

When Anderson prisms were decided upon as an optical means of broadening
the slits, considerable thought was given to the method of driving them. The use
of a small air turbine was suggested by Robert R. McMath, and has been found
very satisfactory in use. The turbine has one jet and two exhaust ports and runs
without vibration as there are no unbalanced parts. The prisms turn freely and
without image flicker at an air pressure of ten pounds. An air compressor, driven
by a one horse-power motor, pumps into a large storage tank which acts as an
initial water separator. This compressor is installed outside the observatory, the
air being piped through a filter which removes any remaining water and entrained
oil. The pressure is regulated by a reducing valve, and a soft rubber hose takes
the air to the turbine on the head of the spectroscope. This installation has given
complete satisfaction.

During the summer and fall of 1932, Anderson prisms measuring 0’’.500 on a
side were used but these were replaced in 1933 by larger ones measuring o”.750.
The original prisms allowed us to photograph an area on the film measuring 0.65
cms. by 2.25 cms. which gave a field approximately 4'.4 by 15’.5. With our larger
prisms the area photographed on the film measures 1.15 cms. by 2.25 cms. and the
field has consequently been increased to 7'.8 by 15'.5.

The spectroheliokinematograph is ordinarily used with the Cassegrainian
combination with equivalent focal length of 200 inches. At times, however, it is
desirable to use a smaller solar image and so include more of the sun in the picture.
For this purpose a three inch lens of 74 inches focal length was secured. It was
designed by Ross and figured for He and [K]. Its mounting is designed to be inter-
changeable with the usual secondary mirror. This change-over is quickly made; a
cap for the telescope tube excludes the sunlight from the 1034 inch mirror and the
rest of the instrument is used as before.

Our general practice is to photograph prominences in the H« line of hydrogen.
The lens in the spectroscope, however, brings Ha and [K] of ionized calcium to the
same focus on the second slit, so that prominences may be photographed in either
wave length. The longer exposure with the [K] line has induced us to use the red
line of hydrogen as our usual procedure. Photographs of the sun in any wave
length may be quickly secured by setting the grating, focusing the spectrum on
the second slit by moving the plane mirrors M, and M,, Figure 1, and proceeding
as usual. A

The instrument is shown in working position in Plate 1. The new tubular
fork carrying the spectroheliokinematograph is marked 77 the guiding screen is in
position at §; and the camera is shown at R in position on the supplementary
brass tubes. The hand focusing device for the secondary mirror is shown at 4, 4'.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System
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Plate 3 shows the upper end of the instrument in greater detail. The clamp and
slow motion for the grating is shown at C; the eyepiece used for scanning and compo-
sition at F; and the position of the Zeiss reproducing lens at Z. F shows the
secondary mirror hand focusing device. Plate 6 shows the head of the instrument
with the casting removed. The Anderson prisms are shown at P; and the air tur-
bine and feed pipe at J. The slit jaw motion and indicator is marked D; and the
first slit is seen at §. The arm A allows for rotation of the prism axis about its
center. The mechanism for rotating the slits is shown at F.

ALTERATIONS IN THE TELESCOPE.

As soon as the plans for the spectrohelioscope were completed it became evi-
dent that considerable alterations would have to be made in the telescope. Pro-
vision had to be made for changing the Cassegrainian focus from that required for
lunar and planetary work; a means had to be devised for attaching and supporting
the new instrument; and its seventy pounds of additional weight required the
strengthening of the tube if undue flexure was to be avoided. These modifications
were designed by Robert R. McMath and constructed in the shops of the Motors
Metal Manufacturing Company in Detroit.

In order to provide for the shifting of the secondary tube and the use of the
solar lens, a new secondary supporting web was made. It is of welded steel con-
struction and has proven to be very rigid. The secondary mirror cell tube and
solar lens tube are designed so as to be quickly interchangeable. Plates 8 and ¢
show the upper end of the telescope tube under the two conditions. In Plate 8,
the secondary mirror tube is shown at C, and the focusing motion at F. The
counterbalance weights /7, #, are used only in solar work. G is the guiding
telescope objective used in direct photography of the moon and planets. The solar
lens is shown in position at L, Plate 9. The focusing pinion is at F, and the cover
C shields the 104 inch mirror from the direct sunlight.

A new mirror cell tube was made for the primary mirror. It is cast in alumi-
num, the previous aluminum section rings being replaced by steel forgings. New
counterweights were made in both co-ordinates to provide for the difference of
balance between solar and night operation. In designing these parts attention was
given to the problem of easy change-over from solar to planetary or lunar work.
Hence, the counterweights were made removable and the telescope can be com-
pletely changed over by one man in about twenty minutes. (See Plate 8, /7, and
Ws).

From an examination of Plates 2 and 3, it will be seen that the camera changes
its position between solar and night observation. The camera faces the sky for
direct photography and is placed in the optical axis of the reflector, while for solar
work it is reversed and placed off to one side, on two supplementary brass tubes.

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics ¢ Provided by the NASA Astrophysics Data System
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An examination of Plate 1 will show that the spectrohelioscope box is supported
on the two tubes T, which carry the camera in direct photography. These tubes
are of special construction, being of graduated thickness in order to minimize
flexure. A casting, C, which is firmly attached to the slit head, receives the
draw-tube from the telescope, providing additional rigidity. When the clamps on
the supporting cross member, B, are released the instrument can be quickly
racked into the approximate Cassegrainian focus. The camera and the Zeiss lens,
Plate 3, M and Z, fit into a tube in the casting directly above the second prism
and slit.

The problems and methods of guiding for solar work are in general similar to
those outlined previously for lunar and planetary work. The motion of the sun in
declination is generally much less than that of the moon, however. For example:
the hourly rate in declination for the sun, including refraction, is — 28”.2 on July
23, 1933, for hour angle 2 E, whereas the average lunar rate is approximately 600’
per hour. A one to ten reduction was therefore devised for use with the standard
declination drive already described. This is shown in position on the drive carriage
in Plate 4. The one to ten reduction is attained through the chain drive. The
change gears are shown in position on top of the carriage. The lever C allows one
to engage and reverse the drive. With this attachment it becomes possible to use
the lunar declination drive and change gears for solar work. The rates for various
gears are given below in Table 1. The first column gives the rate in seconds of arc
per hour; then follow in order the gears to be used in combination.

Before a subject is photographed we compute the rates to be used in right’
ascension and declination. In observing the moon, for example, the geocentric
rates are taken from the American Ephemeris, and combined with the rates due to
refraction and geocentric parallax, found in Maxwell’s Tables.* The final rates
are evaluated for half hour intervals, and an assistant observer takes care of the
large variations in the declination rate with the change gears, whenever such a
change is indicated. In our previous work the first approximation to the final rates
was secured by the observer at the eyepiece, who varied the speed of the frequency
changer from the telescope control box, shown in Plate 2 B. This procedure has
given good results but is essentially a method of trial and error, and sometimes
consumes valuable time at the beginning of an observation.

In order to give a quicker approximation, tachometers have been installed on
the frequency changer control motors. These tachometers and the frequency
changers are shown in Plate 7. The control motors are indicated by M, the
tachometers by T, and the frequency changers by F. The upper frequency changer
is for right ascension, G showing the change gears in position. The right ascension

2 These Publications 4, §3 (1932).
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TABLE 1, GEAR CHANGES FOR SOLAR DECLINATION DRIVE.

Seconds of Arc per hour A B C D
24 g6 22 98
30 90 20 100
30 90 22 98
30 90 24 96
40 8o 20 1c0
43 77 20 100
40 8o 24 96
48 72 20 100
43 77 24 96
48 72 22 98
52 68 20 100
40 go 30 92
52 8 24 9
6o 6o 20 100
48 72 30 90
59 61 2% 96
60 6o 24 96
68 52 20 100
43 77 40 8o
68 52 22 98
58 62 30 90
68 52 24 96
48 72 40 8o
77 43 20 100
52 68 40 8o
77 43 22 98
52 68 43 77
68 52 30 90
77 43 24 96
78 42 24 96
80 40 24 96
58 62 43 77
59 61 43 77
60 6o 43 77
61 59 43 77
71 43 3o 90
78 42 30 9
68 52 40 8o
60 60 48 72
61 59 48 72
62 58 48 72
g0 30 24 9
60 6o 52 68
61 59 52 68
96 24 20 100
72 48 43 77
77 43 40 80
78 42 40 8o
77 43 42 78
78 42 43 77
8o 40 42 78
80 40 43 77
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tachometer is equipped with a reverse gear since this frequency changer is used
both to speed up and slow down the telescope.

Under certain conditions, i. e., lunar photography, the telescope will be re-
quired to gain 70 seconds per hour upon the sidereal rate, due to our lunar gear,
while it is sometimes necessary to use a rate 135 seconds per hour slower than the
sidereal. For the sun the average rate will be about 11 seconds per hour slow. To
provide for these variations the change gears are used and the proper tachometer
reading obtained.

Since these instruments were described, the right ascension frequency changer
has been rebuilt. The unit has been made heavier and ball bearings installed
throughout, giving ease of operation and long life.

The declination frequency changer is always driven so as to slow down the
synchronous motor operating the declination drive. The right ascension frequency
changer tachometer, after applying a factor depending upon the change gears,
reads in seconds of time per hour fast or slow. The declination tachometer after
applying the factor one-third, reads in per cent slow. As an example, we find the
following rates for the sun for July 23, 1933:

E.S. T. 1041 A. M.

Hour Angle — 2 oo™

Declination + 20°

Rate in right ascension = + ¢%.94 + .62 = + 10%6 per hour.

Rate in declination = —~ 30”7 + 2.5 = — 28”.2 per hour.

The tachometer would, therefore, read 21.2 (factor 13) in right ascension. In
declination, change gears giving a rate of — 30".0 per hour would be used, and the
tachometer reading in that co-ordinate would therefore be 18.0, which is 6.0%
slow on — 30".0, or a net rate being — 28.2 seconds per hour. Tables giving the
rates due to refraction for solar work have been constructed and are described later
in this paper.

It is well to emphasize here the importance of this equipment for following
celestial bodies, particularly in motion picture photography. In our solar, lunar
and planetary work all the pictures are time exposures, often of the order of one
minute in duration. During an average exposure the moon’s motion upon the
film would amount to at least 0.5 mm. if the telescope were given only the conven-
tional sidereal rate in hour angle. The displacement of the solar image would
similarly be about o.1 mm. This displacement, of course, would make good
definition impossible, especially in motion pictures, where the projection magnifica-
tion is so great. Guiding, no matter how accurately done, gives a series of definite
corrections of an appreciable size and results in an inferior picture. It has, therefore,
been found that the telescope must be made a following rather than a guided in-
strument. That this goal has been attained will be realized from the statement

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics * Provided by the NASA Astrophysics Data System
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that the telescope will remain upon a small guide crater on the moon, using the
frequency changers and declination drive, with deviations usually smaller than the
image fluctuations due to indifferent seeing.

The solar following is equally successful. Photographs in the Hea line of
hydrogen can be secured on any day of average seeing, in which fine filaments in
prominences are visible, with exposures of 45 seconds or more. It is urged that
these refinements have not been devised in order to give easier guiding; they are neces-
sary in order to secure that sharp definition essential in motion picture work. These
remarks apply with equal force to the problem of perfect focus, a matter which
will be discussed later.

ADJUSTMENTS OF THE SPECTROHELIOKINEMATOGRAPH.

The various adjustments of this instrument have been found to be quite
critical in order that good spectroheliograms, free from distortion and ghosts, may
be secured. Due to its short focal length and consequent use of “off axis” rays,
the various parts had to be very carefully aligned. Hale’s description,* of the ad-
justments of his standard spectrohelioscope could not, unfortunately, be followed
entirely, due to differences in construction and the small space in which the
instrument is confined.

After some experiment, we found that the instrument could be well adjusted
on a fine face plate with indicators reading to one one-thousandth of an inch.
The design and construction made provision for adjustment of the prisms, slits,
mirrors, and grating. The axis of rotation of the grating cell was first carefully
levelled on the face plate and used as an axis of reference. The face of the grating
was then brought into this axis, and set by clamped levelling screws in the back of
the cell. The surface of the grating will then rotate so that the spectrum moves
along a line at a right angle to the axis of the second slit, when the grating is ro-
tated. The slits were then brought into the plane perpendicular and parallel to
the center line of the grating (at normal incidence). Due to the type of instrument,
it 1s necessary to incline the slits slightly to this line as a final operation. This
adjustment, which makes the second slit accurately parallel to the spectral lines, is
done when the instrument is on the telescope and producing a solar spectrum.
Each slit is rotated independently about its center by finger screws, Plate 6 F,
while the observer uses high magnification to insure parallelism.

When using Anderson prisms, it is essential that they be accurately square and
true with each other, and rotate about the same axis. Our second set of prisms
were set upon this axis by Mr. Charles Gunther, in the shops of the Motors Metal
Manufacturing Company in Detroit, so that no perceptible deviation was found

4 Mt. Wils Contr No 388 (1929).
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when they were tested with a specular beam of light. The axis of the prisms was
then placed in the plane of the grating on the face plate axis, and after these ad-
justments, each separate part was dowelled to the top plate of the instrument.

One of the most persistent troubles was that of scattered light. The chief
source seemed to be in the many reflecting surfaces of the Ross lens but other
sources contributed. The grating, of course, supplies a certain amount of scattered
light. The first Anderson prism, exposed to the direct solar image, reflects and
picks up a great deal of diffuse light from the walls of the casting enclosing the slit
head. The various metallic parts and the Zeiss lens add their share, and finally the
use of the Cassegrainian reflector adds sky light to the image.

We found that a fine quality of black felt was the best material to use for
minimizing reflections. Light reflected from the various surfaces of the Ross lens
gives sharply focused slit images at various points inthe optical path. These were
eliminated by attaching small pieces of felt to targets placed to catch the in-focus
images. Diaphragms of felt-covered aluminum were constructed, felt lined tubes
were run between diaphragms and occulting bars devised. A felt bellows was
placed between the grating and Ross lens, and a small felt lined, light tight chamber
built over the second prism and slit. All screw heads were painted black and
covered with felt wherever possible. The various occulting bars and strips used
have undoubtedly reduced the brightness of our image appreciably, but were
found necessary in order to give a properly dark field. At present we have suc-
ceeded in minimizing the scattered light so that a black sky is obtained without
the use of any filter. Exposures of 45 seconds on supersensitive panchromatic
film show no appreciable sky fog nor spurious images.

A day’s photography of the sun consists of about 600 separate spectrohelio-
grams. These are laid down on a strip of motion picture film which later shown in
a projector, becomes a motion picture on the screen. It is obvious that the registra-
tion of these separate photographs should be as perfect as possible. Hence, some
adequate method of guiding must be used to take care of inequalities in refraction,
errors in the gears, and instrumental deflection. The use of a separate guide
telescope has not proved practicable, largely due to differential flexure.

After some experiment an optical flat was used in the casting, above the first
slit, and as close to it as possible. This flat, set at 45° to the optical axis, reflects
about 109, of the incident light. A large negative lens is placed in the reflected
beam and projects a portion of the solar image, about four inches in diameter,
upon a screen rigidly secured to the casting. After the desired composition on the
film has been secured, tangent lines are drawn to the projected solar limbs, should
no sun spot be available, and it is the observer’s task to maintain the lines tangent
to the projected image. Plate 5 shows the casting removed from the head. The
optical flat is indicated at F, and the negative projection lens at N. The screen §
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receives the enlarged guiding image. D indicates the position of an occulting disc
used to produce an artificial eclipse.

While this device eliminates the effects of flexure of the box and telescope as a
whole, another deflection is troublesome. This is the minute shifting of the second
mirror with respect to the second slit. Our usual practice is to use a slit width of
0"".005 on the second slit, so that a change in inclination of the second plane mirror
of a few seconds of arc will shift Ha off the second slit. We usually find it sufficient
to check the centering of Ha at thirty minute intervals.

Our method of focusing requires some description. The light which finally
forms the image upon the film passes through two Anderson prisms and two com-
pound lenses. Inasmuch as the final picture is enlarged 150 diameters on the
standard screen, microscopic definition is essential and ordinary methods of
focusing are inadequate. The method used has given excellent results in lunar
photography and has been modified for solar work.

We employ a small totally reflecting prism, one face of which contains a num-
ber of small pits, produced by fine grinding and polishing. This prism face is
placed accurately in the plane of the film. A microscope is mounted upon the
camera and carefully focused on the prism face by means of the small pits, using
light of wave-length 6550 A. After this is done, the camera is moved by a slow
motion screw until the jaws of the second slit are sharply focused in the plane of
the small prism face. As described in the previous article, we use a focal tester
consisting of a totally reflecting prism and an eyepiece. This is inserted in the
cone of light in the bellows tube for composition and focusing, and withdrawn
while photographing.

The microscope mentioned above is also used in the focal tester. The next
step, therefore, is to remove the microscope from its position on the camera and
place it in the focal tester, where it is focused on the slit jaws and secured. The
camera is now sharply focused on the second slit, and the final step is to focus the
solar image. For this purpose a microscope magnifying twenty diameters, and
giving a flat field with little depth of focus is used. It is placed in the focal tester
and focused upon the second slit. The solar image is then focused by moving the
Cassegrainian secondary. A focusing device, Plate 3, F, allows the observer to
do this while looking through the eyepiece. We have thus been able to focus the
image after the light has traversed the entire optical system, and the results
fully justify this critical method.

The exposures with this instrument are rather long as solar photographs go.
This is not entirely surprising when one recollects that the light suffers thirty-one
reflections in all, and passes through several inches of glass. With our dispersion
the hydrogen line has a total width of approximately o".co5 and we have found
that slits 0’".006 in width enable us to see and photograph prominences and flocculi,
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although the contrast is rather low. For bright prominences, exposures of about
36 seconds are sufficient, but for the fainter variety, unfortunately common at the
present time, exposures of 50 seconds or one minute are necessary. The solar disc
with slit widths of o’.005 photographs in Ha in 28 seconds near the limb, and 20
seconds at the center. Exposure tables have been constructed in order to give a
uniform density over a series of photographs taken at widely different hour angles.
The results are summarized in Table 2. This table takes into account the atmos-
pheric extinction, the absorption coefficient at Ha being secured from Fowle’s
measures.’ For exposures on various parts of the disc, the usual law of darkening
was assumed to be sufficiently accurate. Table 2 gives the extinction at He in

TABLE 2. EXPOSURE FACTORS FOR ATMOSPHERIC ABSORPTION,

(Region of Ha).
H. A,

m obo | obg LX) 18,5 2ho abs | 3ho | 3R 4o | 4B sho shg 6h0
+24 0.96| 0.9g6| 0.96| 0.96| ©.97] 0.98| 1.00| 1.01| 1.04] 1.08]| 1.13 ] 1.23] 1.40
+22 0.96| 0.6 0.96] 0.96| 0.97] 0.98| 100} T1.02| 1.05| r.00| 1.14] 1.26] 1 4%
+20 0.g6] 0.96] 0.96| 0.97| 0.97] 0.99| 1.00| 1.03} 1.06}| r.10] 13I8 | T1.29 | 1.5K
+18 0.96| 0.96| 0.97] 0.97] 0.98| o.99| I1.01 1.03 1.07 1.11 1.19
+16 0.97] 0.97] 0.97| 0.97]| 0.98| 1.00| 101 | 1.04) 1.07| 1.13| 1.26
+14 097]| 097]| 097] 098] 098; 1.00] 1.02| 1.05] 1.09] 1.14] 1.29
+12 0.97] ©0.97] 0.98| 0.98| o0.99 | 1.01 1.03] 1.06| r.1o} 1181 1.32
-+1io o.97] 0.98] 0.98| 0.99| 1.00| 1.01| T.04| l.07| I.1I 1.21 1.40
+ 8 0.98 | 0.98] 0.98| 1.00] 1.00] T.02| 104 Tr.07| T.X12] 1.23]| I.4%

+ 6 0.98] o0.99| 1.00| roo] 1.01] 1.02| T.06| 1.08| r.14] 1.26| 1.57

+ 4 0.g9 | 1.00f 1t.co| roo] 101} 1.03] ro7| rnio| 116} 1.29

+ 2 1.o0| 1.00| 1,00{ 1.01 | 1.02] r.o4{ 1.08{ 1.12| 1.19] 1.32
o 1.o0] 10| 101 To2| 1.03) 106 T.09] 1.13] T.21 1.38

-2 1.01 ] 1,01 1.0o1| 1.03| r.o4| r.oy| 110} 1.16| 1.26

- 4 1ot 102 ro2f r.oa4| r.o6| 1.o8} riz{| 1.139| 1.32

- 6 1,02 r.o3| 1.03) 105 1.07] 1.10) 1.14) T.23]| 1.38

- 8 1,03 1.04] 1.04| 1.06] 1.08| 1.11} 1.16| 1.26 ] I1.4%

- 10 1.04| 1.05| 1.06| 1.08| 1.10] 1.14| I.19| I.29| 1.4I

—12 1.06| 1.07] 1.07| T.o9| 1.1} 1.16] I1.21

—14 1.07 1.08 1.o9g | 1.11 1.13 1.18 1.26

—16 1.0o9) .10 1.I1§| 1.14| 1.18) 1.23] 1.32

—18 1.11 .12 1.13] 1.18f 1.21 1.26 | 1.35

—20 1,131 1.14| 1.16] 1.19| 1.23}| 1.29| 1.4%

terms of declination and hour angle. From an examination of the prominence, the
exposure on the meridian can be estimated after a little experience. The extinction
table then enables us to secure a uniform density throughout the day. The tabu-
lated values are factors which are applied to the exposures estimated for zero
degrees of declination and meridian transit

In order to secure the rates for the sun, due to atmospheric refraction, tables
were constructed giving the values in both co-ordinates with hour angle and
declination as arguments. These were computed for every two degrees of declina-
tion and at half hour intervals in hour angle. The tables are based upon formulae
given by King,® and are evaluated for the adjustment of the polar axis upon the

# AphJ 38, 392 (1913).
¢ Harv Ann 47, 154 (1902).
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refracted pole, rather than the true pole. For work on the sun with summer
temperatures, a coefficient of mean refraction £ = 0’.88 was adopted. The formu-
lae, slightly transformed for ease of computation become

do 1%.084 cos? M  sin (3 + N)

a i : - 1
dt + sin N cos 3 Slnz(a + M) oo tan g COSsS !
as "o [ cost M ]
7 . B e e |
az + 157.08n ¢ oo (3 T M)
_Cotyg

where tan M = cotgcost and tan N = .
cos ¢

Tables 3 and 4 give these rates in right ascension and declination, respectively.
The values in right ascension are always added algebraically; those in declination
are subtracted algebraically for eastern hour angles, and added algebraically when
west of the meridian.

In observing the sun these rates are added to the geocentric variations, tabu-
lated in the Ephemeris, and allow one to pick the proper change gears and set the
tachometers at the correct values. It is easily possible to open the dome, compute
rates and exposures, focus the camera and commence photography in twenty
minutes.

TABLE 3. SOLAR RATES IN RIGHT ASCENSION FROM REFRACTION.

Decl. LA oho | ohg | iho | rhy | 2o | 2hg | 3ho | 3hg | 4ho | 4B | sho | shg | 6ho
° s s s $ s s s s S s s s s
+24 +o0.31 4o0.4 | +o.4] 404} +o.5] +o7| 408|411 ] d1.4] 41.9| F2.6}4+3.9] +6.5
+22 0.4 o.4 0.4 o.5 0.6 0.7 0.9 1.1 1.5 2.0 2.8 4.0 7.8
+20 0.4 0.4 0.5 0.§ 0.6 0.7 0.9 1.2 1.6 2.1 3.1 5.0 9.3
+18 0.5 0.5 0.5 0.6 0.7 0.8 1.0 1.3 1.7 2.3 3-4 6.0 1.3
+16 o.§ 0.5 0.6 0.6 0.7 0.8 1.0 1.3 1.8 2.8 3.8 6.6 | 14.3
+14 0.6 0.6 0.6 0.7 0.8 0.9 1.1 1.4 1.9 2.9 4.2 7.7 1 18.4
+12 0.6 0.6 0.6 0.7 0.8 r.o 1.2 1.5 2.1 3.0 4.8 9.2 | 28.5
-+10 0.6 0.7 0.7 0.8 0.9 1.0 1.3 1.6 2.2 3.3 5.5 i1.3 | 35.0
+ 8 0.7 0.7 0.7 0.8 0.9 1.1 1.4 1.8 2.8 3.7 6.4 14.0} 357.0
+ 6 0.7 0.8 0.8 0.9 1.0 1.2 1.8 1.9 2.7 4.2 7.5 1 18.3 |[+98.6

+ 4 0.8 0.8 0.8 0.9 1.1 1.3 1.6 2.1 3.0 4.7 8.9 24.4
“+ 2 0.9 0.9 0.9 1.0 1.2 1.4 1.7 2.3 3.3 5.4 11.0 1 34.%

o 0.9 0.9 1.0 1.1 1.2 1.§ 1.8 2.51 3.7 6.3 13.8 |[+353.2
— 2 1.0 1.0 1.0 1.1 1.3 1.6 2.0 2.8 4.2 7.4 1.8
-4 1.1 1.1 1.1 1.2 1.4 X.7 2.2 3.0 4.8 8.9 24.2
— 6 1.1 1.1 1.2 1.4 1.5 1.9 2.4 3.4 5.5 11.0] 35.2
- 8 1.2 1.2 1.3 1.4 1.7 2.0 2.71 3.8 6.4 14.0 |+354.3
-~ 10 1.3 1.3 1.4 1.6 1.8 2.2 3.0 4.4 7.8 18.%
—12 1.4 1.4 I.§ 1.7 2.0 2.5 3-3 5.1 9.5 26.0
—14 1.4 1.6 1.6 1.8 2.2 2.7 3.8 6.0] 11.9| 37.9
—16 1.6 1.7 1.8 2.0 2.4 3.0 4.3 7.2 ] 15.6 |-+64.0
—18 1.8 1.8 1.9 2.2 2.6 3.4 5.0 8.9 21.7
- 120 1.9 2.0 2.1 2.4 2.9 4.0 6.0 11.3| 31.8
~-22 2.1 2.2 2.3 2.7 3.2 4.6 7.4 15.2 |4352.6
-2 +2.3] +2.41 426 +3.0]43.7] 4+5.5] +9.3 +21.3
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TABLE 4. SOLAR RATES IN DECLINATION FROM REFRACTION,

Decl. H.4. obo | ohg o g abo b5 ko | 33 PLE N LN sho shg 6o

124 oo -—0”.9 -y 8 |- 21(5__ ln.g__ ;H'Z— 1"?; O”’Zi gn'oiligu'iiisn“* 133"'; +52".6
22 0o .0|~0 .g|=I 7= 2 4]~ 2 6/— 2 .5~ 1. c .3 gl410 . 1 .4]+43 .

+20 o .0|—0 .9|~1 7]|—2 .3—2 .5}~ 2 .2/— 1 .2}4+ o 8|4+ 4 .7[412 .0|425 .¥|4+30 .8

+18 o .0|—0 8|-1 .6]|—2 .1]—2 3— 1 .9]— o .7+ 1 .64 6 .1]414 .0ol+29 .2/+60 .2

+16 o .0|—0 8 |~1 .5§|{— 2 .o— 2 .1|— 1 .6|— o .4+ 2 4|+ 7 .5]+16 6]+34 .2

-+ X4 o.0|-0 8|~1 4|~ 1 .9|]— 1 .9~ 1 .2|4 0 .3]4+ 3 .4+ 9 .2]-+19 .5]440 .1

+12 o .0]|=0 . 7]=1 .4]=1 .7~ 1 .5]— 0 .84+ o .g|4+ 4 .4/+10 .B8|422 .8i+47 .8

+10 0 .0|~0 .7|~1 2|~ 1 .§{— 1 .3~ o 4f+ 1 .6/4+ 5 .6/413 .o|+27 .1|+57 .0

+ 8 0 .0 |—0 .6 |—~1 .1|—1 .3(— 0 .9]4+ o .1{+ 2 .4{+ 6 .9{415 .6/431 .q|+61 .9

+ 6 o .00 5|-1 .o]— 1 .0of— o .5i4+ o .84 3 .34+ 8 .6]4+18 4437 .9

+ 4 o .0 =0 .5—=0 8|~ o0 .7|— o .3+ 1 .54+ 4 .4j+10 .5]421 gl+45 2

+ 2 0 .0|—0 .4|~0 6]— 0 .4+ o .4+ 2 3]+ 5 .6]+12 71426 1[454 .4
o} o .0|—0 .3[-0 .31+ o .14+ 1 .0+ 3 .2]+ 7 .o|+15 .5/431 .1j+66 .4

-2 o .0j—0o .2|—0 1|+ o0 4+ 1 .7+ 4 .3+ 8 .6+18 .5+37 .5

— 4 o .0|=0 .0 +0 .2 |+ o .9+ 2 .5l4+ 5 .5i410 7422 .4]+45 .4

- 6 o .0l|4o .1 4o s+ 1 4+ 3 4]+ 7 3F13 2p4+27 1455 .4

- 8 o .0|+o 3140 9|+ 2 .1+ 4 5|+ 8 .8]4+16 .o/+32 .8+69 .3

—10 o .al|+o .5 |4+1 .4 |+ 2 .94+ 5 .8]411 .o|+19 .o/440 .4

—12 o .ol+o .8 41 9+ 3 .8+ 7 .4|413 .71+24 .o+50 .3

—14 o .0|+1 1 l+2 6+ 5 o+ g9 31416 .8+29 .6/+62 .7

—16 o .ol+1 .4 {+3 .31+ 6 .3+ 6l420 .g9|436 .0

—18 o .0l+1 g |+4 .41+ 8 .1j+14 3426 1+46 .2

—20 o .0l+2 .4 |45 .6 |[+10 .2/4+18 .2|432 .8|+60 .0

-—22 o .0|+3 .1 |47 .0 {412 .8423 .of+41 .8

—24 o .0 |+3 .9 48 .9 |+16 .1|429 44354 .9

DESCRIPTION OF SPECTROHELIOKINEMATOGRAMS,

The summer of 1933 has shown remarkably little solar activity. Many small,
faint prominences have been seen, but, as yet, no bright, active eruption nor active
spot has been observed. Consequently, a motion picture lshowing actual promi-
nence movement has not been secured. Numerous faint prominences and bright
and dark flocculi have been photographed—a few being reproduced in Plate 10,
indicating the possibiliiies of the instrument. Since we ordinarily use a second slit
considerably wider than is usual in spectroheliographs, the contrast on the disk is
not high. A short description of the various pictures follows.

Plate 10 (#)—A prominence near the east limb, photographed June 16, 1933.
The first and second slits were respectively 0”.006 and o’’.007 in width. The
exposure was 36.4 seconds at hour angle 2» West. The prominence can be seen
partly in projection on the solar surface and extending partly beyond the limb.
The total length of this object is 67,000 kms., the extension beyond the limb
measuring 28,000 kms. At its greatest width it measures 20,000 kms. Some little
distance from this prominence another extremely small one is visible. This latter
is little more than a “hump” in the chromosphere, having a height of not more than
6,000 kms. It is clearly visible in the original negative.

Plate 10 (4)—A faint prominence observed near the west limb on June 29,
1933. The exposure is again 36.4 seconds, the sun on the meridian. This promi-
nence consists of a cloud connected with the chromosphere by two “legs” forming an
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arch. The total height is 50,000 kms. and the maximum width across the base is
55,000 kms. The left branch of the arch is 10,000 kms. wide and the right 24,000
kms. The dark space is roughly circular, measuring 12,000 by 14,000 kms.

Plate 10 (¢)—Bright flocculus on July 13, 1933, near eastern limb of the sun.
The first and second slits were respectively o’".005 and 0'.004 in width. The ex-
posure was 24.2 seconds at hour angle 2 hours East. The flocculus is made up of
two long bright filaments joined near their centers by a “bridge.” These filaments
are 60,000 kms. and 40,000 kms. long, the separation being 10,000 kms. The
eastern edge of this cloud shows a strip of dark hydrogen gas.

Plate 10 (4)—This photograph shows a group of prominences on the north-
east solar limb on July 15, 1933. The slit widths were 0”.006 and 0".0055 respec-
tively, and the exposure was 45.4 seconds at hour angle 2* west. Five separate
outbursts are visible in the original negative but all are small and faint. The
largest shows considerable structure, being joined to the chromosphere by two
extensions. At its highest point it measures 28,000 kms. and its greatest width,
where it joins the chromosphere is 32,000 kms.

These photographs were taken on supersensitive panchromatic motion picture
film, without the use of any filter. The subjects shown are small in most cases, and
the emulsion used has rather low contrast. The instrument can be seen, therefore,
to give excellent definition and resolution, faint detail being usually discernible in
the prominences. The results secured to date leave the authors confident that
solar prominence phenomena of motion and change can now be recorded with the
spectroheliokinematograph as soon as a large prominence of the eruptive type
may appear.

Tue McMatu-Huisert OBSERVATORY
OF THE
UN1vERsITY OF MICHIGAN,
Lake Ancerus, Micrigan,
August, 1933,
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PROMINENCES OF THE ACTIVE AND
SUN-SPOT TYPES COMPARED*

ROBERT R. McMATH* AND EDISON PETTIT

ABSTRACT

The tower telescope.—The so0-foot tower telescope at Lake Angelus, Pontiac, Michi-
gan, records solar phenomena by means of the motion-picture camera. All instru-
mental motions are electrically driven; the coelostat flat and camera are operated by
the McMath-Hulbert controlled frequency drive and declination control.

The scout camera and spectral-line control.—Both H and K are used, K for the motion-
picture camera; the H line, thrown to one side, enters a plate camera so that a promi-
nence under observation can be photographed and developed for inspection at any time.
To set the H and K lines on the slits of the spectroheliograph and to check their posi-
tions an auxiliary fixed slit fed by a mercury arc is used.

Observing and measuring.—For the bulk of the work a focal length of 40 feet was
used for the solar image. Exposure is determined by a photronic photometer and is
usually of the order of 2025 seconds on prominences with 27 seconds between expo-
sures. The films are measured by projecting the frames upon a milk-glass screen; the
position of a knot or streamer along its trajectory is determined with a flexible celluloid
scale or, in some cases where the motion is small, by a cathetometer.

Activity within a sun-spot group.—The ejection of bright flocculi has been observed.
The velocity is about 100 km/sec, and the phenomenon occurs at intervals of about an
hour.

Prominences of the sun-spot type.—Detailed measurements of the motions of knots
and loop ends along their trajectories show that class III prominences obey the first
law of motion of eruptive prominences and, when the projection factor is small, the sec-
ond law as well. Many streamers have their origin high above the chromosphere, and
the appearance cannot be accounted for by Doppler effect. The simplest explanation
requires the presence of a chromospheric atmosphere in the corona.

Surges.—These rise from and sink back into the chromosphere in the vicinity of
sun-spots, forming class IIId. They are mostly small, but one was observed which
reached a height of 80,000 km with a velocity of 240 km/ sec. The first law of motion
seems to prevail in this type also.

Quasi-eruptions.—A case where an active prominence rose to a great height, nearly
reaching the eruptive stage, before being drawn back to the center of attraction is cited.
This forms a connecting link between active and eruptive prominences and sub-
stantiates the idea that eruptions are extreme cases of the active or class ITI¢ stages.

Active prominences.—Detailed measurements on these prominences show that the
streamers and knots move along their trajectories, obeying both laws of motion of
eruptive prominences.

Previous observations on prominences have been obtained prin-
cipally with spectroheliographs of the ordinary kind such as those of
the Yerkes and Mount Wilson observatories. In following the rapid
motions of prominences and their changes of form it has long been

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Wash-
ington, No. 568.
* Director of the McMath-Hulbert Observatory of the University of Michigan.
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seen that an automatic instrument which would take the pictures on

film at regular intervals would be very desirable. This has been

realized in the new tower telescope of the McMath-Hulbert Observa-
tory of the University of Michigan, as a logical development of the
pioneering work with the spectroheliokinematograph at the same
observatory.

This equipment has already been described? elsewhere, but for the
sake of completeness a short description is given here. The tower is
situated at Lake Angelus, Pontiac, Michigan, near the 1o}-inch
telescope, which is equipped with the spectroheliokinematograph
and underground control room of the McMath-Hulbert electric
drive.’ Plate VIII is a perspective drawing of the tower telescope by
Dr. Russell W. Porter illustrating its salient features. The 5o-foot
tower, of steel throughout, stands over a spectrograph well 30 feet
deep. The 22-inch coelostat and 18-inch flat mountings are modeled
after those of the Astrophysical Laboratory of the California In-
stitute of Technology.4 The flat mounting of the Porter type enables
the observer to move the solar image in right ascension and declina-
tion at any season of the year. The coelostat is driven by the con-
trolled frequency A.C. current from the underground control
room (lower right in P1. VIIT), and all slow and fast motions of both
coelostat and flat are controlled by push buttons.

The image-forming system of the tower consists of two off-axis
concave mirrors of 16 inches diameter, 40 feet focal length, and 12
inches diameter, 20 feet focal length, respectively. From one of these
mirrors light returns up the inner tower to a flat which can be moved
vertically, on rails, either electrically or by hand from the spectro-
graph head. After leaving the flat the light comes to a focus at the
spectrograph head upon a centrally placed slit. A 6-inch lens
mounted on the mirror carriage can easily be substituted for the
mirror. For guiding purposes a 4-inch lens and enlarging mirror
form a 16-inch solar image which is maintained within a circle,
drawn on a screen, by the slow-motion and rate buttons of the
coelostat and flat.

2 Pub. Obs. U. Mich., 7, No. 1, 1937.
3 Ibid., 5, No. 10, 1934, and 5, No. 8, 1933. 4G. E. Hale, 4p. J.; 82, 111,.1935.
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THE SPECTROGRAPH

The spectrograph is of the Littrow type. The combined 6-inch
plane grating and 6-inch collimator lens-mounting can be moved
electrically to any level desired in the 3o-foot pit. A 15-foot and a
3o-foot focus collimator lens are provided, the former for spectro-
heliographic work. The spectrograph may be rotated through a
complete circle for orientation purposes, and its head carries an
index for reading position angle (Pl. VIII).

For the motion-picture spectroheliographic work here discussed
the arrangement of the spectrograph head is as follows: The first
and second slits, 1 inch long, are attached by links to the opposite
ends of an equal-arm, first-class lever. This slit linkage is given a
continuously oscillating motion by a motor-driven cam. The motion
of the slits is uniform during the 1-inch stroke of a half-second dura-
tion. Thus, if the K line is passed through the second slit, it will
continue to pass through for any position of the slit in the stroke,
thus fulfilling the conditions of the spectroheliograph.

Above the second slit is the motion-picture camera box, containing
a Bell and Howell 35-mm precision film gate driven by a selsyn motor
operated by a selsyn generator on the timing drive in the control
room. The shutter, operated by the camera, is located beneath the
second slit. A remote-control board near the spectrograph head (not
shown in Pl. VIII) is provided with an electric tachometer which
enables the observer to set the timer to any desired exposure for
each frame of the motion-picture film. The interval between the end
of one exposure and the beginning of the next may be varied from
2% seconds, normally used, to more than 1 minute.

THE SCOUT CAMERA

In all studies of prominence motions it is important to follow the
motion and the changes of form as they take place. To accomplish
this, the H line of Ca™ is thrown to one side by a right-angle prism,
just beneath one jaw of the K slit, and passed through a third or H
slit whose jaws are in a plane perpendicular to those of the K slit;
thence horizontally to a second right-angle prism; and then vertically
through a transfer lens to a plate camera box which we have called
the “scout camera.” The prisms, H and K slits, and camera transfer
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lens are all mounted together on a slide and partake of the oscillatory
motion of the slit drive.

The scout camera is a metal box 28 inches long containing a plate-
holder for plates 2 X 12 inches. Exposures are made by a hand-
operated shutter and developed at any time to enable the observer
to follow the motion of the prominence without interfering in any
way with the exposures being made on the motion-picture film
through the K slit.

Ordinarily exposures are made with the scout camera at intervals
of s—10 minutes, and plates are developed at the end of each hour or
half-hour. If interesting developments appear, the number of ex-
posures is increased and the plate cut off for development at 15- or
20-minute intervals.

THE SPECTRAL-LINE POSITION CONTROL

In any spectroheliograph where exposures are carried over a
number of hours, it is very desirable to be able to check the setting of
the chromospheric line upon the camera slit (second slit) without
disturbing the exposure which is in progress. In this case the solar
spectrum itself cannot be used, as in the Rumford spectroheliograph
at Yerkes, since it is in continuous oscillation. A fixed slit and mer-
cury arc are therefore used. By setting this slit in the solar spectrum
band about 9.5 inches toward the red from the mean position of the
K slit, the yellow line X 5790 appears in line with the fixed slit and
in the same direction and distance (4 in.) as the first slit from the K
slit. A microscope, which can be clamped in position with a single
field thread upon the line, serves to check any movement of the
spectrum with reference to the slits. If at any time the line shifts
from the microscope field thread, it can be returned by the grating
hand slow-motion.

In a similar equipment for Ha neon is used with the same guide
microscope, but with the neon arc and slit on the opposite side of the
K slit and 11 inches away, beneath the spectrograph head.

METHODS OF OBSERVING
The methods of observing are, in great measure, adapted from
those in use at the 1oi-inch telescope already described.’ It was
5 Pub. Obs. U. Mick., 5, No. 8, 1933.
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