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FOREWORD 

This document has been prepared to form the basis for the operational 

specifications for the Cassegrain instrumentation for the 90 -inch telescope 

of the Steward Observatory. The publication of this document is for the 

purpose of providing guidance to other astronomical groups who may have use 

for the considerations recorded herein. 

The specifications have been assembled by a committee of the Steward 

Observatory consisting of the following: 

B. J. Bok 

61. S. Fitch 

R. L. Hilliard 

A. B. Meinel 

D. J. Taylor 

R. E. White 

A. B. Meinel, Chairman 
Telescope Committee 
February 6, 1967 
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I. INTRODUCTION 

1. GENERAL 

1.1 This set of specifications assumes the responsibility of the con- 

tractor for successful interfacing and operation on the Boller & Chivens 

90 -inch telescope as contracted for by the University of Arizona. 

2. MANUALS 

2.1 The contractor shall provide a brief manual (10 copies) for the 

operation and maintenance of each instrument. The manual will include 

cautions concerning any operations that have any element of risk in damag- 

ing the instrument. The manual will include simple drawings showing rele- 

vant external and internal dimensions and mounting interface dimensions for 

major subsystems of each instrument. 

3. STORAGE BOXES 

3.1 Each instrument shall be provided with a storage box with provision 

for secure lock. Each box shall be such that shrinkage under low or high 

humidity will neither preclude its use nor damage the instrument. 

3.2 Each storage box shall be marked with conspicuous labels indicating 

its contents. The inside of each box (and the cart) shall visually indicate 

the proper pickup orientation for each instrument. 



4. IN STRUMENT CART 

4.1 The contractor shall supply a roll -around instrument cart that will 

handle all of the instruments included in this document, from pickup in 

storage to attachment to the telescope. A manual roll- around and hydraulic 

or screw jack lift will be satisfactory. 
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II. CASSEGRAIN OBSERVING PLATFORM 

1. GENERAL 

1.1 The general guidelines for the design of the Cassegrain observing 

platform are simplicity of operation and maximum safety for both the tele- 

scope and the observer. We interpret simplicity of operation to mean that 

the observer has to make only general correction to the height of the plat- 

form. 

2. HEIGHT FACTORS 

2.1 Height adjustment is of primary importance with respect to ease of 

use. The observer can move his head to adjust to the lateral location of 

the eyepiece by normal body motions or by moving his chair on the platform. 

If the seat or floor level is not finely adjustable, however, he cannot 

adjust to the vertical location of the eyepiece without inconvenience or 

fatigue. It is therefore obvious that a requirement of first priority is 

the astronomer's being able to adjust the platform height. 

2.2 The vertical travel of the observing platform should be great enough 

to cover the range of eyepiece locations for the normally observed portion 

of the sky, both for the observer seated on a chair or the observer stand- 

ing. The height of the chair is assumed to be that for a normal office -type 

swivel armchair. The range of personnel heights is assumed to be from 

5'3" to 6'3 ". 
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3. SKY COVERAGE 

3.1 The portion of the sky which the observer can normally observe from 

a seated position includes zenith distances 5 60 °. Zenith distances of ap- 

proximately 75° can be observed from a standing position. In establishing 

these limits we recognize that the problem of designing the lifting mechanism 

may make it necessary to consider a compromise. The vertical travel re- 

quired to meet the above specifications is approximately 5 feet. 

3.2 When the platform is in the fully -down position, we wish no part of 

the elevating mechanism to stand higher than 3 feet above the platform floor 

level. The fully - down floor position should be one step high off the dome floor. 

4. PLATFORM SIZE 

4.1 The platform should be of minimum size to accommodate two persons, 

seated, with about 6 inches of free "roll- around" space for the swivel 

chairs (office -type, but solid backs preferred). No electronics racks or 

other large equipment is to be carried on the platform; however, it is 

desired that there be provided a place to attach a small chart recorder 

(5 -inch paper type), a writing surface, and space for the plate holder and 

filter storage boxes. 

4.2 The maximum live load on the platform is estimated at 500 lbs. 

5. SIMPLICITY FACTORS 

5.1 The design of a platform for which the observer has to be con- 

cerned only with vertical travel is complicated by the possibility of 
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interference between the observing platform and the telescope fork at large 

hour angles. In the case of the KPNO 84 -inch, this problem was solved by 

allowing the platform to have an east -west degree of freedom of travel. In 

practice, this second degree of freedom results in human decision errors 

that, in the case of a large heavy platform, has contributed to damage to 

the precision of motion of the telescope right ascension drive. 

5.2 If we examine the locus of the Cassegrain focus point as projected 

on the observing floor of the dome (Fig. 1), we note that the path of a star 

of given declination describes an arc concave toward the south. To a 

reasonable degree of approximation, a few inches of residual error, one can 

find a mean center of rotation for the range of usable declination. One 

can therefore imagine a Cassegrain observing platform that is pivoted about 

this point, and which drives west to east at an approximately uniform rate 

of drive. Such a platform would keep roughly in step with the telescope 

eyepiece and require only occasional east -west adjustments of position. 

6. POLAR COORDINATE PLATFORM 

6.1 The hypothetical cycle of operation of a telescope with the above - 

described type of platform is as follows: 

6.1.1 Lower platform to clear telescope. 

6.1.2 Set radial position of platform for next star declination. 

6.1.3 Slew telescope and set. 

6.1.4 Drive azimuth motion of platform to eye locus position. 

6.1.5 Raise platform to observing height. 
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CASS. OBS. PLATF. 

z 

Approx. center of rotation 

Z = 75° limit 

Fig. 1. Locus of Cassegrain focus point projected 
on the observing floor. 

-6- 



6.1.6 Make fine adjustments of observing platform to suit the 

observer's desires for comfort. 

6.1.7 Set platform azimuth rate drive (needs a range of about 1 :4). 

7. VERTICAL MOTIONS 

7.1 The platform should be provided with a "slow up" and "slow down," 

about 1 to 2 inches per second. In addition, there should be a "fast down," 

about 10 inches per second. The second mode is to facilitate getting off 

the platform or preparing for slewing the telescope. 

7.2 Some designs have been considered that have radial travel of the 

platform along a path curved so as to be approximately concentric with the 

declination axis. While this appears to simplify operation, one notes that 

the platform cannot generally be dropped to floor level since the platform 

"wipes" under the corner of the mirror cell. We do not consider this ap- 

proach worth further study at this time. 

3. ON-OFF ACCESS 

8.1 The fast -down motion means that the platform does not need a ladder 

for ingress or egress from the actual observing height. If the ladder is 

easy to add to the design suggested, it will be welcome. However, it can 

be hazardous if the observer's past experience has been with a platform 

whose height changes are subtile during use, for he will be used to getting 

off without consciously lowering the platform. A platform that may have 

been only a step off the floor at the start of an observation may be five 

feet in the air a couple of hours later. 
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9. PLATFORM CONTROLS 

9.1 The platform controls should be located separately so as to avoid 

accidental operation of the wrong motion. The height adjustment preferably 

should be on the telescope -dome hand control box that was specified to be 

attached to the telescope instrumentation, near the operating eyepiece. 

9.2 The lateral (HA) and radial (g) adjustment controls should be on the 

platform only. Duplicate height controls are also required on the platform, 

but all of these controls should be out of the line of traffic during ob- 

serving. Use of control switches with flip -type switch guards is satis- 

factory. 

9.3 A panic button should be easily accessible but should not be located 

where it can be accidentally actuated during normal observing functions. 

9.4 The telescope slew motion should be interlocked to a platform "down" 

position. A manual depress button should be provided in the platform 

vicinity (possibly on the telescope control box) to enable the observer to 

consciously override the interlock, as may be required for a "set" opera- 

tion of the torque motor control system, or for small slew operations. 

10. AZIMUTH DRIVE 

10.1 In addition to the specifications relating to azimuth travel, the 

means of accomplishing azimuth motion must be "soft" enough to allow the 

platform to be instantly stopped or driven by an impact from the telescope. 

10.2 In storage position, the observing platform should be located to 

the east or west, clear of the telescope cell area. It is desired that the 
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mirror cell carriage be positionable under the telescope so that the cell 

can be removed without disassembling the Cassegrain platform. 

11. PLATFORM DETAILS 

11.1 The platform (Fig. 2) shall have a 1 -inch high rim to prevent inad- 

vertent pushing off of items such as the plateholder box, and also to retain 

the wheels of the observer's swivel chair. There shall be no rim at the 

north central side where normal ingress is made. 

11.2 The platform shall have a rigid railing, solid enough to be climbed 

upon. The railing shall be in four independent sections, each including a 

corner for rigidity. Three of the four sections shall be removable. (See 

Fig. 2.) 

11.3 The platform shall be covered with a durable surface, such as a 

vinyl continuous sheet linoleum. 

11.4 The platform shall have four pairs of 115 VAC outlets, mounted on 

the outer edge of the platform base strip, on a 20 amp circuit. 

11.5 A gooseneck lamp shall be provided in the corner of the fixed rail 

section D (northwest corner), with a variac for up to 60 watts located at 

the base. 

11.6 There shall be a variac at the floor in the northeast corner of the 

platform for use with heated observing suits (two suits, maximum). 

11.7 A small folding leaf table for writing of notes is desired if pos- 

sible. 
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Fig. 2. Cass. Observing Platform. 
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12. ELECTRICAL 

12.1 The electrical cables for platform operation shall be permanently 

suspended off the dome floor. If possible, they can be routed down through 

the hub of the azimuth pivot directly to the electrical room. External 

clips or other devices should be provided so that the astronomer can run 

other cables down to the electrical room as desired. 



III. OFFSET GUIDER MODULE 

1. GENERAL 

1.1 The offset guider module is envisaged as being "permanently" 

attached to the telescope. All auxiliary instruments are then attached to 

the offset guider module. The guider module can, however, be removed from 

the telescope should a special auxiliary instrument not be compatible with 

the guider. 

1.2 The guider module is to accomplish finding and guiding for photo- 

graphic, photoelectric, and spectrographic operations. 

2. GENERAL ARRANGEMENT 

2.1 The guider probes the image plane of the telescope in and out with 

respect to the observer and laterally, utilizing a small prism pickup, 

covering a search area of 6" deep by 10" wide, as shown in Fig. 3. 

2.2 Several interrelationships must be kept in mind in designing the 

offset guider. These are emphasized in Figs. 4 and 5. In Fig. 4, the 

field flattener lens is shown ahead of the guider pickup, to avoid correc- 

tions to the pickup focus for field curvature. The latter is far from 

negligible, and this position is preferred. Preliminary examination of the 

ghost problem from the flattener indicates that it is relatively uninflu- 

enced by separation from the focal plane. 
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Optical Axis 

Fig. 3. Functional layout of offset guider. 
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Fig. 4. Functional layout. 
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Fig. 5. Focus /pickup considerations. 
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3. GUIDER PICKUP 

3.1 The area of the head of the guider pickup prism must be kept small 

and hence as close as possible to the focal plane in order to minimize 

vignetting. For obvious safety reasons, the prism pickup must not protrude 

mechanically below the bottom flange of the guider module, as shown in 

Fig. 5. 

3.2 The size of the pickup prism should be approximately 1 inch, with a 

1/2" unvignetted field (2 seconds of arc diameter). 

4. VIEWING POWER 

4.1 Excessive power is to be avoided since it compromises the field of 

view and does not afford good visibility for faint stars. We would prefer 

magnifications between 1.5 and 2.0. This means that a 3/4" field fills the 

view of a 1 -1/4" efl Erfle eyepiece. 

5. WIDE -FIELD FINDER 

5.1 The above field of 3 seconds of arc is too small for some identifi- 

cation problems, even though it is quite adequate in terms of the basic 90- 

inch telescope setting accuracy. It is therefore desired that a wide -field 

finder be provided as shown in Fig. 4. A 3 -inch efl Erfle eyepiece 

(nominal) is used to provide a field of view from 15 to 20 seconds of arc. 

The access mirror retracts when not in use. 
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6. BACK FOCUS DISTANCE 

6.1 The focus of the telescope must be several inches outside the offset 

guider unit in order to allow room for filters, etc., in front of the focus 

in the auxiliary instruments. In general the spectrograph requires the 

largest distance because of the usual inclusion of a viewing system to ob- 

serve the star field as reflected off the slit. 

6.2 The exact distance required for the 90 -inch system shall be as 

determined by the auxiliary instruments as actually designed. It is ex- 

pected that this will be approximately 3 inches. The dimension should be 

kept as small as possible, as outlined under "General Arrangement." 

7. RELAY SYSTEM 

7.1 The guide star is relayed to the observer or automatic guider by a 

lens system carried by the coordinate motion. 

7.2 The constant length relay system is simplest in optical terms, using 

a single relay lens as shown in Fig. 6. A field lens is provided close to 

the pickup prism to reimage the telescope objective on the relay lens to 

eliminate vignetting of the field of view. The chief disadvantage of this 

system is that the in- and -out motion of the pickup causes the same motion 

at the eyepiece or guider, resulting in changing gravity moments on the 

assembly. 

7.3 The constant eye position (Fig. 7) relay system is mechanically 

attractive, and uses two lenses, one as a collimator and the other to re- 

image the star. The in- and -out motion of this system simply results in a 

corresponding change of length of the parallel light section. The optical 
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Fig. 6. Constant length arrangement. 

Reimager 
Parallel Light 

l + 

Pupil 

Collimator 

Fig. 7. Constant eye position arrangement. 
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disadvantage of this system is that the pupil (image of the telescope mirror) 

is formed midway between the two lenses; hence both lenses must be consider- 

ably oversized to collect the light for off -axis image points. 

7.4 The relay lenses must also be oversized to collect the bundle of 

rays from different pickup positions in the field of trie telescope, as shown 

in Fig. 8. The angle a is approximately 10 in the case of no field 

flattener. When the field flattener is added, the angle a becomes several 

degrees. This factor may therefore need to be considered in a decision as 

to whether the field curvature is perhaps easier to handle in the design of 

the offset guider. (See Section IV, 1.4.) 

7.5 The contractor should advise us whether he prefers the field 

flattener ahead of the offset guider or incorporated in the plate holders. 

8. EYEPIECE END 

8.1 The eyepiece shall be equipped with an illuminated reticle, with 

the reticle consisting of ruled crosshairs on a glass substrate. The reticle 

illumination shall be equipped with a red filter, and controlled by a 

rheostat near the eyepiece, having an "off" position. 

8.2 The eyepiece assembly shall have a beam splitter, with 90 -10% 

division, to reflect 90% to the offset guider location. The offset guider 

focus position shall be 2 inches outside the flange, as shown in Fig. 9. 



I 1 I 

±+- 

Fig. 8. Angular divergence of field ray 
bundles from telescope. 

2" L Flange for Guider 

O 

Beam Splitter 

Fig. 9. Automatic guider beam splitter. 
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9. COORDINATE SYSTEM 

9.1 The lead screw accuracy shall be that of good lathe -cut threads, 

approximately 30- micron periodic and random error. The accumulative (scale) 

screw error is not critical, but should be as close as feasible to 1.00 mm 

pitch. 

9.2 The position of the pickup prism shall be indicated by counters 

reading to .01 mm. The counters shall be set at 500.00 for both coordinates 

when the pickup is centered. If a + counter is available, this is preferred, 

in which case 000.00 will be the centered reading. 

9.3 The hand knobs shall be reachable by an average person when the 

eyepiece is at the extremities of the travel. 0 -ring bumpers or clutch on 

the handle shall be provided to avoid jamming at the extremities of travel. 

9.4 The hand knobs shall be reasonably large for ease of handling. 

9.5 A spare counter shaft at the counter, or as required, shall be pro- 

vided to later accommodate a shaft angle encoder for remote readout of 

guider position. 

10. SHUTTER 

10.1 The offset guider shall be provided with the telescope camera shut- 

ter, to be located aft of the guider pickup system. In this manner the 

finder and pickup can be used without light entering the plateholder. 

10.2 The shutter should be designed to open with a minimum of vibration, 

and to permit equal exposure at all positions of the plate, as in a 

standard 35 mm focal plane shutter. 
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10.3 Exposure times in the "bulb" range are satisfactory; in other words, 

this shutter is not for very short exposures. 

10.4 A push button and /or cable release is desired. A manual reset 

against spring tension is acceptable. 

11. GUIDER FLEXURE 

11.1 The gravity flexure of the guider system should be kept as small as 

possible since the accuracy of the photographs depends upon this flexure. 

We would like to have the flexural error in the telescope focal plane be 

less than 10 microns for a 2 -hour exposure anywhere in a cone defined by 

the 45° zenith distance. 

11.2 The setting accuracy of + 15 microns (30- micron range) is also 

applicable over this cone. 

11.3 Preloading of the guider should be avoided unless this is the only 

way to accomplish the above tolerances. 

12. ACCESS 

12.1 An access door shall be provided for changing of the guider head, 

or other internal maintenance. 

12.2 Access ports at 90° intervals will be required for the installation 

of later devices. One of the three ports will be used for the wide -field 

finder, described herein. 
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13. MISCELLANEOUS 

13.1 A dust cover shall close off the front of the guider, to detach it 

from the region of the center of the mirror. The other end should have a 

closure, but the shutter probably can accomplish this task, if the exposure 

to the outside does not compromise the maintenance of good operation of the 

shutter. 

13.2 The automatic guider, consisting of photodetector, housing, and 

electronics, is not in this contract, but the flange must take into con- 

sideration the mechanical structure of the Reed guider. 
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IV. PHOTOGRAPHIC PLATEHOLDER SYSTEM 

1. GENERAL 

1.1 The plateholder mount shall attach to the offset guider. 

1.2 Plateholders themselves shall be generally of the type used with 

the 40 -inch reflector at the Siding Spring Station of the Mt. Stromlo Ob- 

servatory, particularly with respect to the following: 

1.2.1 clamping arrangements into plateholder mount, 

1.2.2 clamping mechanism of plateholder back cover, and 

1.2.3 internal springing to keep the photographic emulsion firmly 

in place against the focal plane stops. 

1.3 All plateholders (a total of eight to be made) shall be constructed 

to accommodate Kodak 8" x 10" glass plates, 0.04 (minimum) to 0.09 (maxi- 

mum) inches thick. Allowing for the usual variations in the Kodak 8" x 

10" specification, the plates must be easily accepted into the plateholders, 

but with minimal rattling about once the back cover is clamped into 

place. 

1.4 The field flattener lens required for Ritchey -Chrétien systems may 

be built into each plateholder. (See Section III, 7.4.) The lens is to be 

enclosed by a double -bladed dark slide (see Fig. 10). 

1.5 The filter slides (a total of 12 to be made) shall be inserted as 

required into the body of the plateholder mount and shall be made to accept 

8" x 10" glass filters up to 6 mm thick. Positive means of clamping glass 

filters into the frames (slides) must also be provided, and they should be 

adjustable for filters 2 to 6 mm thick. 
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1.6 Two shock- resistant, covered and latched boxes (with carrying 

handles) shall be provided to store and carry six plateholders in one and 

eight filter slides in the other. All plateholders and filter slides are 

to be in individual slots in their respective boxes. 

1.7 These plateholders differ from what might be called "customary" in 

two main features, which are of prime importance: 

1.7.1 Every plateholder may contain its own field flattener lens 

of 8 -inch circular diameter. 

1.7.2 Since an 3 -inch diameter unvignetted field is available on 

the 8 x 10 plates, the "unused" plate area is subdivided 

into three areas: two "fingerprint edges" each 5/16 -inch 

wide, and one 1 -inch wide (8 -inch long) area available for 

impressment of sensitometric spots upon the photographic 

emulsion during exposure of the plate. 

2. SPECIFIC DETAILS 

2.1 Each of the eight plateholders is to be slotted for the sensito- 

metric spot access port (see Fig. 10), and each is to be equipped with: 

2.1.1 field flattener, if needed, 

2.1.2 double- bladed dark slide, (if flattener is used), and 

2.1.3 cover plate for sensitometric spot access port. 

2.2 Each plateholder is to have a carrying handle, used particularly to 

remove plateholder from the carrying box. 
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2.3 Eight of the fourteen filter frames (slides) should be empty; the 

carry the following A- surface Schott colored glass filters, remaining six 

all 2 mm thick: 

2.3.1 GG 13 (B filter) 

2.3.2 GG 14 (V filter) 

2.3.3 UG 2 (U filter) 

2.3.4 RG 2 (Ha filter) 

2.3.5 RG 9 (IR filter) 

2.3.6 BG 12 (Westerlund's request). 

2.4 One complete set of filters, as above, is to be supplied for re- 

placements. In order to minimize calibration problems, each of the spares 

should come from the same melt as the corresponding filter mounted in the 

frames. 

2.5 Each filter slide containing a filter must show a label specifying 

the type of filter in the frame, and placed so that the label may be read 

while the filter is in the filter carrying box. 

2.6 Two extra cover plates for the sensitometric spot area must also 

be provided. 

2.7 Four dummy plateholders are to be provided. One is to be equipped 

with a knife edge, one with a mounted wide -field ocular (orthoscopic or 

Erfle, at the vendor's discretion), and one with a rack - and -pinion standard 

(1 -1/4 -inch OD) eyepiece holder mounted upon it. The fourth dummy plate - 

holder is to serve as a dust cover when the telescope is not in use. 

2.8 Back cover plates and plateholder bodies must be both visual- and 

touch -coded so that no mixing of backs and holders can occur, especially in 

the dark. 
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2.9 All metal surfaces of aluminum are to be anodized dull black. 

2.10 The attached schematic drawing is to serve only as a guide, with 

the understanding that the manufacturer may wish to modify it. In partic- 

ular, the Stromlo - Siding Spring design of handle and slide proved quite 

satisfactory. 
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V. PHOTOELECTRIC PI-IOTOMETER 

1. GENERAL 

1.1 The general purpose photoelectric photometer for the 90 -inch tele- 

scope shall be a two -cell instrument designed for UBVRI or other passband 

measures in the spectral range 0.29 to 1.1 micron, shall permit alternate 

measures of star and sky by optical switching, and shall be compatible with 

automatic digital data logging. The principal subunits are the photometer, 

the cold boxes, and the standard source. (See Fig. 11.) 

1.2 The photometer shall mount on the offset guider. At any one wave- 

length with no filters in the beams, the optical path lengths from 

photometer -guider interface to either photometer -cold box interface shall 

be equal, within + 1/16 -inch. The photometer shall be designed to permit 

mounting of a box containing electronic control switches, two Steward Ob- 

servatory pulse preamplifiers, and two Hewlett -Packard D -2212A voltage -to- 

frequency converters. 

2. DIAPHRAGM ASSEMBLY 

2.1 The diaphragm assembly shall be a removable box containing a re- 

movable diaphragm slide operated by a push rod. The diaphragm assemblies 

of the stellar photometers of the Kitt Peak National Observatory are 

recommended as models. 

2.2 The diaphragm slide, spring loaded from the edge, shall have six 

positions, firmly fixed by positive detent stops and accurately repeatable. 

The six positions, in order, are (a) a 1/2 -inch clear opening and (b) -(f) 

pairs of circular apertures with diameters in the order (b) 20" = 2.0 mm, 
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(c) 14" = 1.4 mm, (d) 10" = 1.0 mm, (e) 7" = 0.7 mm, and (f) 5" = 0.5 mm. 

The external push rod is all the way out in position (a) and all the way in, 

in position (f). 

2.3 The areas of the two apertures in each pair (b) -(f) are to be equal, 

within 1 %, and circular. In each pair the centers are to be spaced 3.0 mm 

apart. 

2.4 The upper side (telescope side) of the diaphragm slide shall be so 

arranged that the central strip containing the apertures is not wiped by any 

other surface, in order to minimize deposition of dust in the apertures. 

2.5 Apertures (b) through (f) are to be defined by the upper metal sur- 

face of a three -layer sandwich inserted in the solid metal rim of the 

diaphragm slide. The intermediate plastic layer of the sandwich and the 

lower metal retaining plate will have large clear openings around the paired 

apertures in the upper plate, to provide illumination on the photocell side 

of the diaphragm. The paired apertures are to be relieved on the lower side 

so as to form knife edges. 

2.6 Two additional diaphragm slides shall be provided, identical to the 

first except that they will be blank (no apertures drilled in the sandwich). 

3. DIAPHRAGM ILLUMINATION 

3.1 Illumination of the paired apertures will be accomplished by piping 

in light from a "grain -of- wheat" incandescent lamp easily replaceable from 

the outside. Power for this lamp (5 or 6 VAC) shall come from one of the 

Cassegrain power outlets through a flexible cord and shall be controlled in 

a continuous fashion from completely off to maximum power by means of a 
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combination off -on switch and dimming potentiometer. Power for this lamp 

shall be interlocked through a microswitch actuated by the inspection 

mirror (5), so that the lamp is on only when the diaphragms are visible 

through the inspection eyepiece (6). 

4. OPTICAL SWITCH ASSEMBLY 

4.1 When in use, this chopper shall switch alternately through 90° at 

10 cps by successive interposition of front surface mirrors and clear aper- 

tures the two light beams coming from one of the pairs of identical 

diaphragm openings which pass, respectively, light of (1) sky and (2) star 

+ sky. In the first half cycle (state A) of 50 ms. duration, (1) is 

directed toward photocell (1), and (2) is directed toward photocell (2). In 

the second half cycle (state B), the reverse is true. When not in use, the 

chopper may be manually set to remain in either state A or state B, or it 

may be removed entirely and replaced by some other mirror arrangement. 

4.2 Optical switching time between states A and B shall be constant 

within 10% for any one pair of diaphragms and shall not exceed 5 ms. dura- 

tion. 

4.3 Each photocell output will be fed to its own measuring system (not 

part of this contract), consisting of either a pulse preamplifier or a 

voltage -to- frequency converter, followed by an up- down counter to subtract 

sky from star + sky. Since positive optical switching (manual hold, as 

described above) as well as synchronous electrical switching is required, 

the two preferred chopper mechanisms are either a small mirror driven 

laterally by a solenoid, or a disk consisting of alternate open and 
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reflecting areas, driven by a stepping motor such as Sigma Instruments 

Cyclonome motors (13° /step). 

4.4 Power (and phasing ?) leads to this assembly shall terminate in a 

cable connector on the external face plate by which the assembly is mounted 

to the photometer, thus permitting easy removal of the assembly. The 

assembly shall be designed to permit easy adjustment with respect to 

optical paths in the system. 

5. INSPECTION MIRROR 

5.1 The inspection mirror shall have two positively located operating 

positions, either IN or OUT of the optical beam. These two positions shall 

be fixed by detents and shall be achieved by lateral motion of an external 

pull -rod (the mirror being IN the beam when the rod is pushed in). 

5.2 The mirror motion shall operate a microswitch (3) that is on when 

the mirror is IN the optical beam and off otherwise, so that the diaphragm 

illumination is not on when the inspection mirror is not in use. 

5.3 The inspection mirror shall be a front surface aluminized mirror 

mounted at 45° to the optical axis by means of a three -point, spring - 

loaded, adjustable suspension, and the mirror tilt shall be screwdriver 

adjustable from outside the photometer when an inspection port cover has 

been removed. 

5.4 The inspection mirror assembly (5) and inspection eyepiece (6) are 

to be so arranged as to constitute a closed optical train, so that scattered 

light from the diaphragm cannot enter either photocell when the mirror is 

IN the optical beam, nor can external light coming through the inspection 
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eyepiece enter either photocell when the mirror is OUT of the optical 

beam. 

6. INSPECTION EYEPIECE 

6.1 The inspection eyepiece is not in the optical train unless the in- 

spection mirror (5) is in the IN position. 

6.2 This eyepiece shall be a standard achromatic 10X microscope eye- 

piece and shall be focusable by loosening a knurl -head thumb -screw on a 

split -ring clamp and pulling the eyepiece tube in or out. 

6.3 It shall be possible to perform a Foucault knife -edge focus of the 

photometer using one of the diaphragms as a knife edge, either by defocus- 

ing the eyepiece sufficiently or by removing it. 

6.4 As in (5), stray light from outside the photometer must not be able 

to enter the photocells by passage through this eyepiece. 

6.5 The back side of both members of each pair (taken in succession) of 

diaphragms shall be clearly visible in the inspection eyepiece when it is 

properly focused. 

6.6 The illumination control (3) shall provide continuous and even ad- 

justment of illumination on the back side of the diaphragm apertures, from 

completely dark when viewed in a dark room to easily visible when viewed 

with the photometer in normal room light. 
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7. COLLIMATOR LENSES (ALTERNATE) 

7.1 A simple quartz collimator lens shall be inserted, in an adjustably 

positioned mount, in the optical path to each photocell. The only function 

of these lenses is to provide reasonably well collimated beams incident on 

O 

narrow passband (10 A or so) filters in the filter tray so as to minimize 

variation of bandwidth and central wavelength with variable angle of inci- 

dence. If these functions cannot be achieved without serious deterioration 

in other performance characteristics, such as field lens operation, they 

are to be omitted. 

3. FILTER SUBASSEMBLIES 

8.1 Intersecting each of the two optical beams shall be a removable 

filter box containing a removable tray with room for eight filters, each 

1 + 1/16 -inch square or round and not more than 1/2 -inch thick. The filters 

shall be held in place by an easily opened, padded, hinged cover, similar to 

the ones in use at Steward Observatory. The filter boxes shall be inter- 

changeable, and five interchangeable filter trays shall be provided. 

8.2 The eight positions of the filter tray in the filter box shall be 

fixed by a positive detent stop and selected by means of an external push 

rod. At each position of each tray, a separate microswitch will be actuated, 

to indicate the filter position in use. 

8.3 The electrical leads of the microswitches shall terminate in connec- 

tors attached to an externally exposed portion of the filter box, so that 

the whole filter box with electrical connections may be removed without 

interrupting the electrical hookup. 
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8.4 The initial filter sets to be provided shall be (a) U, B, V, and red 

leak (U +V), (b) Strb'mgren UVBY 4- color, (c) R and I, and (d) Hß photometry 

filters. Specifications on these filters will be provided when required. 

Other filters may be added. 

9. COLD BOXES (GENERAL) 

9.1 Ten cold boxes for dry ice refrigeration, without photocells, shall 

be provided, all identical and interchangeable except for their internal 

tube sockets. Construction details such as those outlined by Johnson 

(Astronomical Techniques, ed. by W. A. Hiltner, Univ. of Chicago Press, 

p. 157 ff, Figs. 3 and 4) are recommended unless superior techniques are 

available. In particular, the inner insulated chamber should be mechanically 

attached to the outer shell only with two pieces of thin -wall (0.006 -inch) 

Inconel tubing. "Santocel" or an equivalent insulating material should be 

used. The photocell chamber should be vapor sealed with 0- rings. The 

boxes should be so designed as to contain some residual dry ice 12 hours 

after loading, when in a room at 70° F. 

9.2 All electrical feedthroughs from the photocell chamber shall be of 

the glass -bead variety. A defrosting heater (commercial unit, 115 VAC, 10- 

20 W) shall be attached to the inner surface of the outer shell near the 

field lens mount. 

9.3 The photocell chamber shall be large enough to easily accommodate 

an EMI photomultiplier (2 inches in diameter, 5.5 inches long) enclosed in 

a cathode potential mu -metal shield, together with tube socket mounted 

rigidly on support posts and sufficient space for wiring a voltage- divider 
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resistance net directly to the socket pins. The support post lengths are 

to be varied from one box to another so as to position the photocathodes of 

the various tubes all at the same distance in from the photometer -cold box 

interface (+ 1/32- inch). 

9.4 The optical path into each cold box will be through a quartz field 

lens mounted in a heavy brass lens cell, which forms, with an 0 -ring, a 

vapor seal for the inner chamber. Each (identical) field lens (in each box) 

is positioned so as to form an image of the objective on the photocathode. 

9.5 Coaxial connectors for high voltage and signal leads, and a power 

connector for the heater, shall be mounted on the outer surface of each 

cold box. 

9.6 The inner photocell chamber shall be completely dark when a cover 

or slide, operable with cold box mounted on photometer, is pushed over the 

field lens. 

9.7 When photocells are in place, the photocathode end wall is to be in 

padded contact with the photocell chamber end wall, with sufficient clear- 

ance for the cathode potential electrostatic shield and insulation. 

10. S -llc COLD BOX (A) 

10.1 This cold box (four required) shall have tube socket and mounting 

posts arranged for use with an EMI 6256B photomultiplier, and shall be 

delivered ready to use (electrical connections completed, including voltage 

divider on tube socket), less the photomultiplier. 
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11. S -1 COLD BOX (B) 

11.1 This box (three required) is identical to the above, except that it 

is arranged for an RCA 7102. 

12. S -20 COLD BOX (C) 

12.1 This box (three required) is identical to the above, except that it 

is arranged for an EMI 9558B or 9558Q. 

13. STANDARD LIGHT SOURCE 

13.1 This source is to be mounted on (or in) the photometer and is to 

provide a sensitivity calibration for both photocells, when switched into 

the optical beam. Short -term and long -term drift of this source intensity, 

including the optical coupling to the photomultipliers, shall not exceed 

0.5% (0.1% preferred). H. L. Johnson has achieved satisfactory standard 

sources by using closed -loop control of the color temperature of an incan- 

descent lamp. 
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VI. SPECTROGRAPH 

1. GENERAL 

1.1 The spectrograph (Fig. 12) shall be a reflection grating, off -axis 

parabolic collimator, multi- camera system, adapting to the offset guider 

module, and constructed with sufficient structural rigidity to carry image 

tube devices with transfer optics. 

1.2 All major spectrograph subsystems, such as slit complex, grating 

and tilt complex, reflection guider, exposure meter, comparison, filter 

slides, etc., are to be removable from the spectrograph case as complete, 

working subsystem assemblies. 

1.3 A camera -mounting flange shall be compatible with all camera sub- 

systems, both photographic and image tube. 

1.4 Subsystem specifications are as follows. 

2. SLIT 

2.1 A biparting slit is preferred, with total opening of 5 mm. 

2.2 The slit shall be constructed so as to avoid the possibility of jam- 

ming the slit jaws together. 

2.3 The slit shall be polished over a 1 -inch diameter (minimum) 

circle, with sharp jaw edges; the edges parallel to the optic axis shall 

be less than 5 microns in depth. 

Fig. 13. 

T 

< 5 microns 

/7"V 
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2.4 Slit adjustment shall be by means of a micrometer screw that shall 

be externally mounted, or accessible and visible to night operation without 

affecting an exposure in the camera. 

2.5 Slit adjustment shall be protected from accidental changes during 

operation of the spectrograph. 

2.6 The entire slit subsystem shall be readily removable from the 

spectrograph for maintenance and such functions as changing the decker leaf, 

but the subsystem assembly shall be so attached to the spectrograph case to 

minimize flexural or thermal motion relative to camera focal plane. 

2.7 A slit decker leaf shall be provided, having aperture slots for star 

and comparison. 

Fig. 14. 

2.8 The contractor shall submit for approval the proposed decker design, 

with a table of length, in mm, of the decker in the focal plane of the 

cameras to be supplied with the spectrograph. The approximate lengths 

desired for an f /1.5 camera would be 0.15, 0.3, 0.6, 1.2, and 2.4 mm. 

2.9 Comparison slots should be separated from the star slot by approxi- 

mately +30, -10 microns on the above -projected sizes. 

2.10 The slit decker shall be easily removed and replaced from the sub- 

assembly. 

2.11 Slit decker operation shall be by means of an external lever with 

detents at the proper step positions. A decker pattern (standard one) shall 

be located for easy reference at the decker lever. 
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2.12 The front face of the decker shall be a white diffusing finish to 

give star visibility when the star falls on the decker. 

2.13 The decker shall be as close as feasible to the slit jaw surface to 

minimize defocus at the ends of the slit. 

2.14 The slit face shall be inclined to permit viewing of the reflected 

image. 

2.15 The viewing eyepiece shall have a field of approximately 1 -inch 

diameter at the slit, with sufficient power to fill the apparent field of a 

small Erfle eyepiece, even though the field from the far side of the slit 

may be vignetted by the angle prism. This power approximates 3. 

2.16 The eyepiece end of the viewing telescope shall be removable, and 

the tailstock shall be sufficiently rigid to permit attachment of a small 

camera. 

2.17 Comparison spectra are introduced to the slit via a white diffusing 

surface, such as ground fused silica, the diffuser mounted ahead of the slit. 

For safety, the diffuser should intercept the star and viewer field, so as 

to be obvious when in place. 

3. COMPARISON SPECTRUM 

3.1 The comparison source shall be a hollow cathode glow tube with a 

standard base Westinghouse (Beckman). 

3.2 The tube shall be easily replaceable. 

3.3 Heat generated by the tube shall not be close to the structure of 

the spectrograph. 
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3.4 The hollow cathode power (approximately 230 to 275 VDC) shall be 

provided through the telescope wiring system. 

3.5 A lens in the hollow cathode system shall be used to define a spot 

on the diffuser of sufficient size (if a lens is used) such that the colli- 

mator will be fully illuminated for all of the comparison decker slots. 

3.6 A lever shutter shall be provided in the comparison spectrum light 

path to control the exposure after tube warmup. 

3.7 The spectrograph is to be grounded through the telescope. 

4. MOONLIGHT ELIMINATOR 

4.1 As a bid alternate, a moonlight eliminator is desired which can 

function over the 1 -inch length of the slit. It can be incorporated as a 

special driven slide, as for a decker. 

5. EXPOSURE METER 

5.1 An exposure meter shall be supplied, picking up the beam behind the 

slit but ahead of the filters or shutter. 

5.2 An integrating counter amplifier subsystem shall be used. 

5.3 Optical pickup shall be via a chopping mirror located behind the 

slit. 

5.4 Five percent of the light shall be used (nominal). 

5.5 A port shall be provided so that one can position the chopper either 

open or closed when inoperative. 
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5.6 A nonrefrigerated EMI 6094 or 9502 (S -11 surface) shall be used. 

5.7 Amplifier shall be phase tied to chopper to eliminate integration 

of dark current when no light is incident on the EMI. 

5.8 Indication shall be on the console or immediate area, using a pre- 

set type scaler. 

5.9 A filter slide with four positions shall be supplied, with (1) 

clear, (2) 2.5 mag neutral evaporated filter, (3) U- passband filter, and 

(4) UG-1, 1 mm or equivalent deep orange sharp -cut glass filter. 

5.10 A 5- decade preset scaler shall be used, unless operations with a 

4- decade can be demonstrated as meeting the dynamic range required by 

various cameras and total exposure time. A vary in the precounting stage 

of integration can be proposed. 

5.11 The exposure meter preamplifier shall be attached, but shall be 

removable to the spectrograph body or photomultiplier housing. 

5.12 The scaler shall be manually resettable, such as at the beginning 

of an exposure. 

6. FILTERS 

6.1 The filter slide shall be located behind the chopper and ahead of 

the shutter. 

6.2 Four positions shall be provided: 

6.2.1 clear, 

6.2.2 UV cutoff, approximately 3800 A, 
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6.2.3 blue cutoff, less than about 4600 A, and 

6.2.4 field lens to cover 1 -inch slit, lens to be coated, and 

made of SiO 
2' 

6.3 Filter stop positions shall be detented, and the field lens stop 

position to + ':015. 

6.4 Filter code shall be indicated externally close to the external 

operating lever or push rod. 

7. SHUTTER 

7.1 Shutter control shall be by means of a lever -type valve with ex- 

ternal operating lever. 

7.2 Shutter shall be interlocked with an indicator light mounted ex- 

ternally on the spectrograph where it is reasonably conspicuous, but not so 

as to affect dark adaptation. We prefer light where it constitutes an aid 

in avoiding collision of collimator or image tube section with platform 

during slewing operations. 

8. COLLIMATOR 

8.1 The camera shall be focused by moving the collimator. 

8.2 External focus knob is required, but with a safety clamp. 

8.3 A travel of l':0 is required for the focus. 

8.4 Great care should be taken to avoid gravitational flexure or slop 

in the moving barrel of the collimator. 
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8.5 Off -axis collimator (supplied by the University of Arizona) and 

mount shall have an index mark at the low point (in radial line to the 

optic axis). 

Fig. 16. 

8.6 Off -axis collimator back surface will be supplied normal to the 

optical axis. 

311 

8.7 Spectrograph beam size shall be nominally 3 inches. 

9. GRATING ASSEMBLY 

9.1 Three gratings shall be provided in a quick- change turret. 

9.2 Each grating shall be easily removable from the turret. 

Fig. 17. 

9.3 Gratings supplied shall be of the Bausch & Lomb replica type, or 

equivalent in quality and blaze efficiency, and of the number of lines 1 mm 

and blaze wavelength as to be later specified by the University of Arizona. 

All gratings selected will be standard catalog items. 

9.4 Grating change and tilt adjustments shall be readily accessible to 

the astronomer, compatible with the requirement for removal of an operating 

grating -tilt subsystem. 
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9.5 General layout and beam deviation as indicated in drawings already 

supplied shall be used as guidelines. 

10. SOLID SCHMIDT CAMERA, APPROXIMATELY f /0.6 

10.1 This camera shall be substantially identical to the present Boller 

& Chivens design, except in aspects of the optical design reoptimization as 

will be mutually agreed upon. 

Fig. 18. 

10.2 Design shall be optimized to the Boller & Chivens physical boundary 

conditions of the mechanical design, but optical materials as indicated 

above may be used. 

10.3 The optics shall be part of the Boller & Chivens task. 

10.4 Plateholders shall use a piece of photographic plate cut from a 

standard EK 1" x 3" x '.040 photographic plate. 

10.5 Lateral motion of approximately 1/4" shall be provided in the 

plateholder assembly to permit multiple spectrá to be obtained on each 

plate. 
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11. SCHMIDT CAMERA, APPROXIMATELY f /1.4 

11.1 This camera shall be of a flat -field Meinel type, substantially 

identical to the present Boller & Chivens design, except in aspects as will 

be mutually agreed upon. 
je/eSi02 

cc 

SiO 
2 

Aluminum /Kanigen 

Fig. 19. 

11.2 The design shall be optimized to the Boller & Chivens physical 

boundary conditions of mechanical design, but the air - spaced flattener is to 

be part of the camera structure, not in the plateholder. Spacing is about 

0'2120. 

11.3 The optics shall be part of the Boller & Chivens task. 

11.4 Plateholders shall use a piece of photographic plate cut from a 

standard EK 1" x 3" size. 

11.5 Lateral motion of approximately 3/8" shall be provided in the plate- 

holder assembly to permit multiple spectra to be obtained on each plate. 

12. IMAGE TUBE CAMERA 

12.1 This camera shall be built about (a) the Carnegie RCA tube and (b) 

the English Electric Valve tube and magnets. 

12.2 The Carnegie transfer lens shall be used. 

12.3 Drawings and photographs of these items will be supplied by the 

University of Arizona. 
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12.4 The camera will be a solid Cassegrain Schmidt or the equivalent. 

12.5 The plateholder shall use EK 1" x 3" x ':040 plates. 

12.6 The plateholder shall have a linear drive with a speed range from 

1 min to 15 min per inch of travel, in 3 or 4 steps. 

12.7 Drive ways shall be as good as practicable to facilitate accurate 

wavelength measurements. 

12.8 A focusing dummy plateholder with ground glass shall be provided. 

12.9 A dummy plateholder with 1 -1/4" nominal focal length wide -field 

eyepiece shall be provided. 

12.10 The University of Arizona will provide Boller & Chivens in Los 

Angeles with power supply and technical assistance in checkout of the image 

tube camera assembly. 

12.11 The similarity of dimension with the EEV tube indicates that the EEV 

tube and magnet and power supply can be interchanged with minor permanent 

shims attached to one magnet or the other. 

12.12 The transfer lens assembly should be removable at a flange near the 

rear of the magnet to permit addition of experimental transfer lens modules. 
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