
THE THREE-PRISM STELLAR SPECTROGRAPH OF THE 

MOUNT WILSON SOLAR OBSERVATORY1 

By WALTER S. ADAMS 

The original design of the 6o-inch reflector provided for the use 

of three stellar spectrographs in connection with the three principal 

mirror combinations. The first of these to be completed was the 

powerful spectrograph of 5.5m focal length used with the coudé 

combination of telescope mirrors at the equivalent focus of 45.7 m. 

This instrument was employed for the investigation of the spectra 

of some of the brighter stars under high dispersion.2 In the fol- 

lowing year a small low-dispersion spectrograph was constructed 

for use at the primary focus of the large mirror. On account of 

the presence of the Newtonian plane mirror it was necessary to 

mount this spectrograph on the side of the tube of the telescope 

and to introduce an auxiliary reflection, between the slit and the 

collimating lens. The instrument proved extremely efficient for 

qualitative work upon the spectra of faint stars, and the radial 

velocity results obtained with it were so promising as to warrant 

the construction of an instrument of similar type mounted directly 

in the axis of the telescope. In this way the loss of light at two 

reflecting surfaces is avoided and much greater mechanical stability 

is insured. This spectrograph is now nearing completion in the 

Observatory instrument shops. 

Intermediate between these two spectrographs, one of very high 

and the other of low dispersion, is the three-prism spectrograph 

mounted at the lower end of the telescope tube and employed with 

the Cassegrain combination of mirrors. At this point the equiva- 

lent focal length of the telescope is 24.4 m, or the ratio of aperture 

to focal length is 1 to 16. This is much the same ratio as that of 

most of the large refracting telescopes used for spectrographic 

work, and accordingly the dimensions of the optical system in the 
1 Contributions from the Mount Wilson Solar Observatory, No. 59. 
2 Contributions from the Mount Wilson Solar Observatory, No. 50; Astrophysical 

Journal, 33, 64-71, 1911. 
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164 WALTER S. ADAMS 

spectrograph are similar to those of some of the larger stellar spec- 

trographs employed in radial velocity determinations. The instru- 

ment was built by William Gaertner & Co. of Chicago in accordance 

with designs provided by the observatory, and has been in regular 

use on Mount Wilson during the past year. 

The very massive character of the telescope mounting and the 

proximity of the spectrograph to the center of rotation of the 

telescope made the consideration of its weight of less importance 

than is usually the case. Accordingly the main frame of the 

instrument consists of a single heavily ribbed iron casting. The 

base of the casting is rectangular in shape and about 84X61 cm in 

size. It is accurately surfaced and is attached directly to a planed 

flange upon the frame of the telescope by means of a number of 

strong studs. The slit of the spectrograph is behind the face of 

the casting and so is well protected from possible injury during the 

process of changing of instruments. The opening in the telescope 

frame through which the light passes from the diagonal plane 

mirror i's about 33 cm in diameter, being made sufficiently large to 

provide for direct photography at this point. The corresponding 

aperture in the spectrograph casting opposite the slit is about 15 cm 

square. 

At right angles to this base and forming a part of the same 

casting is the large plate which constitutes the frame of the spec- 

trograph. It is about three-quarters of an inch in thickness and 

is planed over a large portion of its surface. Fastened directly to 

this plate are the prisms and the tubes carrying the collimating 

and camera lenses. The plate is about 140 cm long and tapers 

slightly from its base toward the prism box. 

The focal length of the collimating lens was determined by two 

considerations: first, the size of the prisms available for use; and, 

second, in a less degree, by the fact that a very long instrument 

would prevent observations of the region of the sky near the pole 

on account of striking the floor of the dome. The difficulty of 

securing optical glass of a quality suitable for prisms of consider- 

able size is very great at the present time, as is fully recognized by 

most spectroscopists. Fortunately, in the case of this spectrograph, 

prisms of good quality were known to be available. At the time 
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STELLAR SPECTROGRAPH AT MT. WILSON 165 

at which the five-foot spectroheliograph was designed four prisms 

210 mm high and with faces 125 mm wide were ordered from Jena. 

Three of these proved to be of excellent quality. They are of 

glass No. 0. 102, with an angle of 63o 29', which provides for a 

deviation of 1800 at when three prisms are employed. Since 

only two prisms are required for the work of the spectroheliograph 

the third prism became available for the stellar spectrograph. 

Accordingly it was cut in our optical shop into three prisms, each 

67 mm high and with faces the same, of course, as those of the 

original prism; that is, 125 mm in width. A prism with faces of 

this size would utilize a beam 59 mm in width at minimum devia- 

tion for i?7. In view of these considerations a diameter of 64 mm 

(2.5 inches) was fixed upon for the aperture of the collimating lens, 

which with a ratio of 1 to 16 gives a focal length of 102 cm (40 

inches). When more than one prism is employed there is an 

appreciable loss of light for wave-lengths other than that at mini- 

mum deviation on account of the spread of the beam, but as the 

spectrograph was designed largely for work with one prism it 

seemed desirable to retain the large aperture. The collimating 

lens is a cemented triplet corrected for the #7 region, made by the 

J. A. Brashear Co., and has proved very satisfactory in use. 

Two camera lenses have been employed with the spectrograph. 

The longer one of these is an uncemented triplet by Brashear of 

88 mm aperture and 102 cm focal length. The other is a Cooke 

lens of the “Astro-photographic” type with an aperture of 102 mm 

and a focal length of 46 cm. Both lenses give excellent definition, 

and the latter, on account of the transparency and the thinness of 

its components, has proved exceptionally efficient photographically. 

For all work with a single prism the longer camera has been used, 

while with two prisms the shorter camera has usually been found 

sufficient. 

An important advantage possessed by the form of construction 

adopted in -the spectrograph is that of adaptability for different 

regions of the spectrum. The prisms are mounted in cast-iron 

cells which rest upon three legs. These pass through slotted 

openings in the main plate of the spectrograph and are clamped 

rigidly with nuts upon the other side of the plate. The slotted 
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166 WALTER S. ADAMS 

openings are provided with scales and the prism mounting has 

upon it an index by which they may be read. The scale-readings 

for each prism were determined when the three prisms were origi- 

nally adjusted for minimum deviation at a definite wave-length, 

and in case it is desired to set the prisms for any other wave-length, 

changes are made in the scale-readings corresponding to the differ- 

ence of deviation. Similarly the camera is mounted on a heavy 

iron plate which swings through an angle corresponding to that of 

the third prism, and is clamped in position by powerful bolts. 

This simple arrangement has proved most satisfactory in use. 

The great length of the camera regularly employed with the 

single-prism arrangement and the difficulty of supporting it with 

sufficient rigidity led to the interposition of a mirror between the 

prism and the camera lens. In this way the camera may be left 

in the same position as that used when three prisms are employed. 

The objections to this proceeding are: first, the loss of light by 

reflection at the mirror; and, second, the difficulty of supporting 

the mirror with sufficient stability. The first objection is not very 

serious, since the mirror is entirely inclosed, and the silver coat 

deteriorates very slowly and may be kept in excellent condition. 

Under these conditions the reflecting power for the region of the 

spectrum usually photographed is not far from 90 per cent. The 

second objection is met by making the mirror exceptionally thick 

and holding it in a strong cell in much the same way as a diffraction 

grating is supported. The photographs obtained with the spec- 

trograph have shown no impairment as regards definition or accu- 

racy of results since the mirror was employed. When two prisms 

are used the mirror cell is moved toward the camera lens along a 

slide provided with a graduated scale and is clamped in position. 

For comparison spectrum purposes the iron arc is used. The 

arc lamp is fastened to the outside of the spectrograph case. The 

light passes through a mica window and falls upon a lens which 

renders it roughly parallel. This throws it upon a piece of opal 

glass which thoroughly diffuses it, and an image of this glass is 

thrown upon the slit by a second lens. The glass, accordingly, 

serves as the effective source of illumination for the spectrograph. 

A totally reflecting prism, which is moved in front of the slit by a 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
12

A
pJ
 

 3
5 

. .
 1

63
A

 

STELLAR SPECTROGRAPH AT MT. WILSON 167 

handle on the outside of the spectrograph, serves to reflect the 

light into the instrument. An occulting screen with small openings 

through which the light from the star or from the arc may fall upoh- 

the slit also is controlled by a rod projecting from the side of the 

spectrograph. 

The entire spectrograph is inclosed in a wooden case, the walls 

around the prism-box being of double construction. For purposes 

of automatic temperature control the convenient device first 

employed by Professor Campbell has been adopted, a pair of 

Draper thermostat strips with platinum contacts acting through 

a relay to throw the heating current on and off. The heating coils 

are placed outside of the first wall of the prism-box and are dis- 

tributed as symmetrically as possible about it. A small fan placed 

inside of the outer cover serves to distribute the air around the 

outside of the prism-box and prevents stratification. When the 

instrument is under temperature control, readings of a thermometer 

placed inside the prism-box indicate ranges of temperature rarely 

greater than o°.i to o°.2 C. throughout an entire night. 

For guiding purposes we have used the customary device of a 

reflecting slit, the jaws being inclined at an angle of about 2?5 to 

the normal. The reflected light is first collimated by a small lens 

and then reflected by diagonal prisms through a long tube to a 

point beneath the spectrograph where it is observed through a 

telescope. The arrangement is very similar to that employed by 

Professor Frost on the Bruce spectrograph. A finder of 4 m focal 

length attached to the tube of the large reflector is used to bring 

the star within the field of view. The observer keeps the star upon 

the slit by means of slow-motion motors controlled by switch 

buttons arranged upon a fiber bar held in his hand. Similar 

buttons control a motor at the upper end of the telescope tube 

which moves the convex mirror inward or outward and thus enables 

the observer to correct for changes of focus during the night. If 

the large mirror has been protected throughout the day by the 

canopy, as is regularly the case, these changes are rarely of large 

amount unless there is a marked change of temperature during the 

night. 

This brief description of the general features of the spectrograph 
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168 WALTER S. ADAMS 

/ 
is perhaps sufficient to give a satisfactory conception of the instru- 

ment as a whole. Plate X shows the spectrograph attached to the 

6o-inch reflector. A part of the outer cover has been removed as 

well as both covers to the prism-box, so that the arrangement of 

the prisms and of the camera and collimating tubes is well shown. 

The tube through which the light reflected from the slit is observed 

is seen beneath the spectrograph in the lower right-hand corner 

of the photograph. 

PROGRAM OP WORK AND EXPOSURE TIMES 

A large part of the time of the spectrograph during the year it 

has been in operation has been devoted to a determination of the 

radial velocities of some selected lists of stars, mainly of types A 

and B, whose proper motions have been measured by Boss and 

whose velocities are of especial importance in studies of star streams. 

The lists have been prepared by Professor Kapteyn and consist of 

stars which for the most part lie between magnitudes 5.5 and 6.5,1 

although a few are brighter. The experience of numerous observers 

of stellar spectra has shown that by far the greater number of stars 

with spectra of types A or B can be studied to better advantage 

with moderate dispersion and linear scale than with high dispersion, 

on account of the diffuse and broad character of their lines. Some 

experiments with our spectrograph showed that an optical system 

consisting of two prisms and the 46 cm camera, or a single prism 

and the 102 cm camera, gave the most satisfactory results for the 

majority of the stars. Both combinations have been used and as 

between the two it is largely a question of the type of spectrum and 

conditions of seeing. For stars with numerous lines in their 

spectra the greater resolving power of the two-prism arrangement 

is preferable. For stars with few lines, however, the single prism 

is adequate, and the greater width of spectrum obtained with the 

long camera is an important advantage. In fact, under good con- 

ditions of seeing the time occupied in running the star’s image 

along the slit sufficiently to obtain a measurable width of spectrum 

1 The magnitudes used in this article are those given in the a Preliminary General 
Catalogue of 6188 Stars lor the Epoch 1900,” by Lewis Boss, Carnegie -Institution of 
Washington Publication No. 115. A comparison of these magnitudes with those of 
the Potsdam and the Harvard Photometry is given in the a Catalogue.” 
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STELLAR SPECTROGRAPH AT MT. WILSON 169 

is a considérable drawback to the use of the short camera. The 

linear scale at of the photographs obtained with the two arrange- 

ments is as follows: 
  o 
Two prisms and short camera, 1 mm =18.0 Angstroms 

o 
One prism and long camera, 1 mm= 15.7 Angstroms 

The three prisms and long camera as used for the spectra of the 0 

brighter stars give a linear scale at 277 of 1 mm = 5.2 Angstroms. 

The exposure times with the spectrograph vary widely, of course, 

with the conditions of seeing. Under good conditions, when the 

silver surfaces of the telescope are bright, a fully timed negative of 

a star of type A or B of magnitude 6. o on Boss’s system may be 

obtained in one hour, when one prism and the long camera are 

employed. The exposure times with two prisms and the shorter 

camera are slightly less. Under average conditions the exposure 

times are-somewhat longer, and under the poorest conditions of 

the winter season may be several times as long. Usually an expo- 

sure about one-fourth longer is given to stars of types F, G, K, 

and M than to stars of types A and B. The difference would be 

greater but for the fact that the density of negative required for 

satisfactory measurement is less in the case of spectra containing 

numerous lines than for those of types A and B. Under very good 

conditions of seeing, a fully timed negative of Groombridge 1830 

(Mag. 6.5, Spectrum G) has been obtained in 75 minutes with a 

slit-width of 0.050 mm. A narrower slit has been employed upon 

some nights of exceptionally fine seeing, but this width has been 

used for a majority of the photographs. 

METHOD OF REDUCTION 

The range of spectrum in good focus upon the negatives and 

upon which measures may be made extends from about A 4250 to 

A 4900. As a rule in the case of stars of types A and B the measures 

are limited to the portion between Hy and 77/3. Within this region 

fall several of the most important helium hues, the magnesium line 

A 4481, and a large number of enhanced metallic lines whose appear- 

ance is so characteristic of a portion of the A-type stars. The 

fact that 277 and 27/3 are almost without exception measurable Hues 

in the spectra of A- and B-type stars has led us to the use of auxiliary 
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tables which have enabled us to save much time in the reduction 

of the photographs. 

The method employed is that used by Professor Frost and several 

^ other observers, in accordance with which each negative is reduced 

independently from measures of three standard lines in the com- 

parison spectrum. It has the marked advantage of requiring no 

adjustment of the measures on account of changes of focus of the 

camera or collimator or variation in the scale of the spectrum due 

to the different temperatures of the prism-train. The chief objec- 

tion to it is the amount of time required to compute the constants 

of the Comu-Hartmann formula for each plate. For the reduction 

of our spectrograms we have constructed tables giving the values 

of these constants for the entire range of variation of scale which 

may occur. This is accomplished in the following way. Two 

suitable comparison lines are selected at the extremities of the 

region measured and another line intermediate between them, and 

these lines are measured upon all of the photographs. The lines 

selected for our purposes are A 4337.216 near Hy, A 4859.928 

near Hß, and the intermediate line A 4531.327. Let us indicate 

these lines by A", A, and A', and the corresponding readings of the 

comparator by S", 5+S, and S', as follows: 

4859.928 A. 

4531 *327 S' 
4337.216 V' 5" 

The solution of the Hartmann formula gives for the values of 

the constants: 

0 aS'-bS"-SS'(\-\,)+SS"^-V') 
So a_6+8(V--A") 

C=(A"-A0)(5"-5o), 

where a=(A-A/) (S"-S) and &=(A-A") (S'-S). 

If we develop the values A0 and S0 into series we obtain: 

\> = A — a(i — ßS-^-ß2^2— . . . .) 

So^c-dS+d^- .... 

in which a, ß, c, and d are constants. Both series are rapidly con- 

vergent for small values of S. It is, of course, a simple matter to 
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STELLAR SPECTROGRAPH AT MT. WILSON 171 

adjust all of the spectrograms under the comparator in such a way 

that the reading upon A 4337 shall always be the same, or S" con- 

stant. Then for any value of S'—S" we may obtain the values of 

A0 and S0 corresponding to a set of readings S+S from the series 

given above. Since S never exceeds 0.025 mm for our photographs 

the term & is negligible, and if extreme values of A0 and S0 are 

known, all intermediate values may be obtained by simple inter- 

polation in which the second differences are constant. To illustrate 

the construction of a page of the tables we may consider a specific 

case. Let the readings be: 

4859-928 56.500+8 

453I-327 41.317 
4337-216 30.000 

A range in 8 of 0.025 wiU readily take care of all the differences 

which may arise in the reading upon A 4859 for a given reading 

upon A 4531. Accordingly three Hartmann formulae are solved 

for readings of 56.500, 56.512, and 56.525. With these values 

of A0, S0, and C we derive the values of the first and second differ- 

ences for purposes of interpolation, and are enabled to compute 

rapidly the values of A0, S0, and C corresponding to 56.501, 56.502, 

etc. This page of the table corresponds to the argument S'—S" = 

ii .317. For the value 5/—11.318 a second page is computed, 

and the process is repeated throughout the range of scale which 

may occur. The measurement of a few photographs taken at 

different temperatures gives sufficient knowledge of the mean values 

about which the table should be constructed. In the case of our 

own photographs a table consisting of forty pages has been found 

sufficient to care for the entire range of variation of scale observed, 

and a table of this size was completed by a single computer with 

the aid of a calculating machine in about six days. 

The constants of reduction for a given spectrogram being 

obtained by inspection from this table, the wave-lengths of the 

stellar and comparison lines are computed in the usual way from 

the constants, and the stellar wave-lengths are corrected according 

to the deviations of the comparison lines. The complete reduction 

of a spectrogram containing fifteen stellar and comparison fines 

occupies about twenty minutes. 
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SOME RESULTS 

A list of fifty spectroscopic binaries.—We have found the above 

50 stars mainly of types A and B to have variable velocities 

in the line of sight. The initial given in the column headed 

“Observer” refers to Messrs. Adams, Babcock, Kohlschütter, and 

Pease, and in the column “Measured by” to Miss Lasby, Miss 

Ensign, Miss Waterman, and Messrs. Kohlschütter and Adams. 

The type of spectrum given is in most cases from our own observa- 

tions. The column in the table preceding “Remarks” indicates 

roughly the general character of the spectrum for purposes of 

measurement. There is evidence of complexity of the hydrogen 

lines in the spectra of many of these stars, and no doubt more 

would be found were the density of the negatives made somewhat 

less. As a rule, however, considerable density of the continuous 

spectrum aids in the measurement of the broad hazy lines character- 

istic of the spectra of most of these stars. 

In addition to the stars given in Table Ewe have secured observa- 

tions which agree in confirming the variability of velocity of the 

following stars announced from other observatories: 

Name R. A. iQio Mag. Observatory 

25 Serpentis 
X Ophiuchi. 
t' Lyrae. . . 
ô1 Lyrae. .. 
0 Aquilae. . 
6 Lacertae. 

16 21.8 
18 41.7 
18 50.6 
20 '6.7 
22 20.6 

- 
-I80I4' 
+37V 
+36°52' 
- i° 5' 
+42°4o' 

Yerkes 
Lick 
Lick 
Yerkes 
Meudon 
Yerkes 

Stars with bright hydrogen lines.—The stars 20 Vulpeculae, 25 

Pegasi, and 8 Lacertae in Table I have one or more hydrogen lines 

bright. In % Ophiuchi, as has been announced by Professor 

Campbell, both Hy and Hß are bright. The following stars also 

have bright hydrogen lines : 

Name R. A.1910 Dec. 1910 Mag. Bright Lines 

it Camelopardalis . 
165 G Canis Majoris 

25. Vulpeculae  

4hs8m3 
7 20.6 

20 18.2 

+58°5i' 
—160 1' 
+ 240io' 

5-3 
5-3 
5-7 

Hy and Hß 
Hy and Hß 
Hß 
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182 WALTER S. ADAMS 

Some stars with great radial velocities.—In the course of our 

observations of some stars of large proper motions with known 

parallaxes we have found a few stars with very great radial veloci- 

ties. Most of these had previously been observed with the small 

focal plane spectrograph and approximate velocities determined. 

Accordingly in Table II the spectrograms obtained with the focal 

plane instrument are indicated by the series letter ß and those 

with the large spectrograph by 7. The values obtained with the 

small spectrograph are of course subject to considerable uncertainty. 

With the exception of Groombridge 1830, for which Professor 

Campbell has published a value of --95 km, no other observations 

are available for these stars. The star Lalande 28607 is °f especial 

interest because of its type of spectrum. No star of type A with 

a constant velocity approaching this in magnitude has been 

observed heretofore. 

Since the parallaxes and the proper motions of these stars are 

known, a computation of their velocities and directions of motion 

in space becomes of interest. These are given in the last two 

columns of Table II, the requisite data being taken from the list 

of parallax determinations compiled by Kapteyn and Weersma.1 

I am indebted for much assistance in connection with the 

results referred to in this communication. In particular I wish to 

express my appreciation to Mr. Pease for his great aid in the design 

of the spectrograph, many important features of which are due to 

his suggestions; to Mr. Babcock and Dr. Kohlschütter for observa- 

tions with the instrument; and to Miss Lasby, Miss Ensign, and 

Miss Waterman for the difficult work involved in the measurement 

of the spectra. 

Mount Wilson Solar Observatory 
February 1912 

1 Publications of the Astronomical Laboratory of Groningen, No. 24. 
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