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DESIGN AND CONSTRUCTION OF A VACUUM.SPECTROGRAPH

by ,
~James Francis Lubzinski

ABSTRACT |

A vacuum spectrograph is designed to cover from the

visible to the far ultraviolet. The general.path‘equation is
expanded as a power series td the fourth power. \Condibidns

for minimizing this path are given to the third power. Zlhere

are two different settings in the visible region -- a grating

of 576 lines per millimetre is used and the slit is set at nor-

mal incidence of 200; in the far‘ultraviolet, a grating of 1152
lines per millimetre is used and the slit is set at glancing
,incidehCe of 80°.
The housing and vacuum. system difficulties are~e§-
,plained and figures are given shoWing how some of these are
overcome. |

The optical parts were designed to facilitate in
fbcuésing, stress being made on designs which are free from
machining difficulties. Although the grating amd plate holders
are different from those previously used, the slit design is
such that it is completely free from mechanical difficulties
usually encountered. A plate diaphragm is used to increase
the number of exposures.

The complete set of drawings used in the. construction
- of this apparatus are given in the appendix.



ABSTRACT

A vacuum spectrograph‘is designed to cover from the visibie'to the

. far ultraviolet. The general path equation is expanded as a p&wér series
to the fourth power. Conditions for minimizing this path are given to

the third power. There are two different.settings in the visiblevregion -
a grating‘of 576 lines per millimetre is used and the slit‘is set at
normalAincidence of 209; in the far ultraviolet a grating of 1152 lines

per millimetre is used and the slit is set at glancing incidence of 809,

The housing and vacuum system difficulties are explained and figures

are given showing how some of these are overcome.

The optical partskwere designed to facilitate-in fécussing, stress
being made on designs which are free from machining difficulties. Although
bthe grating and plate holders are different from those previously used,
the slit design is such that it is completely free from mechmnicel diffic-
ulties usually encountered. A plate diaphragm is used to increase the

number of exposures.

The complete set of drawings used in the construction of this

apparatus are given in the appendix.
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INTRODUCTION

The objective, to measure precisely certain wave lengths in the far-
~ ultra-violet, brought about the need to build a vecuum spectrograph which
is capable of producing results atlleast comparable in accuracy to that of
previous investigators. Beforevdeciding on any design in particular not
only were the instruments of previous workers investigated buﬁ also the
facilities at our disposal were studied. “With thege findings in mind the

plens in some cases had to deviate from the more standard types of design.

The féasons for using a concave diffraction grating vacuum spectro-
graph are rether obvious. To determine waveblength to a greater degree
of accuracy, ﬁhe index of refraction for air must also be known to a
greater degree. With a vacuum spectrograph this can either be determined
or entirely neglecteds The second import;nt factor is the high absorption
of short wave length by air which reduces the intensity. Furthermore, in
order to eliminate the determination of index of refraction of any sub-
stence, it is necessary to have the entire light path in free'space;rwm

This fact sutomatically eliminates the use of prisms and source windows.

This spectrograph wes designed with two alternative positions for a
source, thus giving scope for a wide range helpful in setting up the

instrument by making it possible to start in the visible region.
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CHAPTER 1

THE CONCAVE GRATING THEORY

Since the wave lengths to be measured are very short, end also in
order to get high dispersion, large angles of inc;dence will have to be
“useds To be able té work iﬁ this region a:complete understanding of the
concave grating theory is essentiaml., Various references were consulted .
and checked for the length and Qidth of grating and ?he size of slit to‘be.
used.  Of the many articlés_read and evaluated, Zefﬁke's wag found to be
mathematically complete and etfaightfbrward. Thereforé his theory, being
the most applicabie t0 ﬁhié‘work, is here developed and expanded to the

degree deemed necessary for the size of angles used in this epedtrograph.

Fermat's principle of least time is appliéd to a general path of light
of any order M; that is, the conditions that muét be applied to make a

general path an extremum.

Take the origin of a cartesian system at the center of the grating so
that the radius of curveture is at x = R and the ruled lines are parallel
with Z so that a plane parallel with X and Z°cuts the sphere of radius R

at the ruled lines. The co~ordinates of the three points being the
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source A(x,y,z), N point P on the grating P( , , ), end the‘image
B(x',yf,é'). ‘The center of the circle is then (R,0,0). The optical
pétﬁ léngfh for the centfal or.zero order image is equal to AP plus PB.
From grating theory the increase in path between rullngs is (d eine? = nml)
for ;mage of the mth order ismA, Hence increase in path 1ength in
centimeters is Nm where N is number of lines per centimeter. Hence a

general path is

Vi AP + PB + NmAp where

the rulings are equally spaced b.;y P,

. Blxy,2)

: ’_ZV

ALY, 7))
Y -Z
Figure 1 (a)
That is

[?x;s>2+<y-f92 (z-9) Ti" .
T [(X' -2+ (7-A)7 + (z'-9) J . % NmAp

mlH
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Since we are interested in finding’{,he minimum péth for a fixed

greting then the function "V" must be expanded in powers of the variables

of the grating p and q, the; ﬁeight of ‘the slit z, ahd_the image zf.

Let': xS .8 T cosiﬁe ® - y 8 r sineo
x! 2 r' cosine 9! , v' = r! eine P _'v
v end éince P
‘lies on ‘a circle of radius R then the condition. (R -$)2 ¢ p2 + q2 w R2
- may be used; but siﬁce § :'Lsi small then §2 may: be ne'glgcted whereby we
.  " have “ |
§ = (p + ¢
'ingking ;bhis
substitution into the general path equat.iér;'we ha\vré ‘the following

Ve r~[1' + 2?—"-293 - °°5? (p2+q2) _— 2.._2._p -2 2]’5

e

-

' 12 3 1 ‘
+r [1 +p2"' q - °°S: '(p2+q‘2) +— - 2 20E, 2;137 %
e r rt 1ed.

which when expanded
in asce_.nding powers of p, q, 2z, and z' is

V= rar - (siﬂ'? + ein?' + Nm@)P

2 2
1.1, ‘1 . cos @ cos 9 _cosg co
+ 2 (F+5+ =2t _.R_Z ) p?
+ 1 (1 1 cosz coez )
PR a®
l

|2 1
&) () - a2 -z

‘_1_v (sinv coszp + sin@'cos® @' _ sin®cos® _ smq»‘cosp )p3
¥ 2 re rt 2 . rR r'R

l (sm? + 8ing!' _ cos®Psin® . cosp' sine! ) éqz
rtd rR . r'R




Page 4

1l (singo 2 1l  sing! 12
" 2 ( r2 ) p2® + 3 T r'2 ) ba

- (—————5;29’ ) paz - (8122 y pga!

ri2
1( + 1,z cogz¢ N r'cos’p | _cos® _cose' | g sine
0 ri3 . R®- -~ R2 - rR--- r'R - rd
. 6 sinlg cos | 4 sin.ng'cos@ .5 sinl*ga +5 sinbr9 . ) p4
rR . rlR PR r|5 . r|5 s .

- ( L rcoslg + ricos?p! _ cos® . cos 2 ) qbr

S 8r?.  ert. 82 .. ..8RZ . ArR. Ar'R-
-1 2 - E z:.'}'}
8rD ’8r'5
- ( 1 1 +r0052¢' +rcos29b - Ccos® . cosgp!

4> 4r'37 IR L4R= 2rR-  2r'R -

- 6sin29
r'3

_3 s:mg: __2 tnn?('.+ 3 sinzwcos@ +zs‘1n2 'cosp )p2 2
Lo

4 » L - r'3 . - rR . L - r'R
_ > . 1 cose 2,2 _ _lcose 512
('41'5 4 TR ) = (4r'5 4 r'R ) q N
_ 2 "2
1 _ 2sin"e 2,2 . - 5 sincep 2 2
+.( 1. _ ‘1 cos® zsmy )p qz+( 1 -l cos® 3 sinzp
2% 2 rR 3 ¥ C2rt3 oz r'R 2 W

( 1 - 1 cosp ) Pz ¢ (. 1. _1 cosr?") q5z;'
2.}5 22 rR: 215 2 I‘_‘R‘

+

1 13
S r5 ) 9z + (21-}5 )qz.:

Applying Fermat's principle, the points A and B' lie on conjugate rays if

the function of the distance is a minimum with respect to the variables

p and g. That is .av = 9V = o Since here we are interested

op aq

)p2qz!
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in the action of the grating - the variation of the path given by the
function "V" with respect to the variables p and q of the grating - so the
object and image points A and B are taken in the plane of symmetry XOY

(z =2'=0). Therefore the two partiel differentisl equations are :

AU - (- sinp- sing! 4 NaX) +( +1 +

0P A - i
00329 ¥ cosg‘2¢ll . cos@ . cO8 9' ) P
..r .. ot oL R . R .
+ 3 (sing cos’g 4 sing 1cos2@ . sing cos@ - sing! cos¥ p2
E S r2 B . r|2 ) . “yR ..‘r!R .
+l-(sin? ¢ Bing'! - cos@sing - cos g'sin g:‘ ) q
2 re - r'2 . - -rR : TR )
1 ( 1 s 1 + rcosz¢ $ T coszgp - cog® ._cos@ -&!Sinz? - 6s-in25>'
2 1 '5 .. R -~ R® - rR - r'R- 7
s 2 D il ! 1 Cai 4 4
6 _S_J-p_y"ﬂs_ﬂ. 6 8in @ _cos@ + 5 gin * 5 s:.n 2 ) P5
- rR : -+ riR- - o

( 1 .1 + ' 00529' +2 cosS@ . COBP cosy'

2r> oyt 2 R2. 2 R TR r'R-
_ 3 sine _ 2 gin®e ! + 3 sin@cos @ 4 3 sing 'cos @’ )
2 . 2 yi3 . 2 . rR . 2 'R 2q°
s 0

v | .
@___(%1.1_0059 ..cos9)q

dg r’ R . R

sing sing ! . cosgsing - cos?‘slnp' )

+ +
( re rie rR r'R aw

- ( ¢ 1 + I cosgp + T coezy" - cos® _ cos ! ) q‘5
2ro ort? 2R= oR2 - rR r'R

- 1 ¢ 1 4 ! coszsb' + I CO82@ . cOSP - cos @ !
2r3 ‘ 2rl5 . 2R2 2R2 rR r'R

-3 sinp _ 2 8inl g 3 s:.n%pcos? - 2 8ine' cos 'y p2q

2 r 2 r'> 2 rR - 2 ~ r'R

rto
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To further simplify the problem consider a ray where P is at the

origin (x = 0)

3V = ging - sin@! + Nm A
ap .

éK' =‘ 0

dq '

Thus the first condition is that
sing ¢ sing! = MmA
thch gives the relation between the angle
of incidence and the angle of diffraction (the well-known diffraction '
grating formula). If the above condition is to be fulfilled, focussing
(all rays from A pass through to B') is only possible by varying r and r'.
Therefore the condition for all points along p (horizoﬁtal focussing)

v . :
which.satisfyjjgg = 0 is found by letting the coefficient of p vanish

cose _ cosp + cos? ' _ cose' .o
. r R_—-; r' ) . R o
that is, if . _
: r = R cos
r' = R cos p!

the conditions of the Rowlend circle,

a5 shown by the diagram, and likewise the conditions for all points along

q (vertical focussing) which satisfy fz = Q0 are found by letting the
q
coefficient of q vanish. ‘

1 - ! -
(-];+'1—7" _co;y co;? ).q. = 0

For a stigmatic image, both the horizontel and the vertical conditions,
coefficients of p and g, must be simultaneously satisfied, This 1s only

possible if . r = 5<and P'= 0; known as the Wadsworth collimator mount .
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Since we are intercsted in resolving distences in the horizontal
direction it is not a serious disadvantage if the image of a po'iﬁt source
is a vertical line. However, if the defocussing is too great, a serious
loss of intensity may result. To examine this matter the simplification.
of taking the points A and B on the plane of symmétry will not suffice

2

z
T and T' are missing. Adding these

since the first degree terms in g,

two terms to the above equation we have:

|
"y
]
(o]

1 _cos®p . cos@! ) q -
rr R R

1
=¥
_(r:

R

Simplifying this ,equation, since each point of the slit produces a vertical
image, the inverse is here considered - or that each.point of the image is
produced by a part of the length of the slit. Thus, for the relation

. between the slit, the grating rulings and the imege length, we have

r
z. = hqg =~ z!
Pt =

where h = cos @ _('sin @ tang 4+ sine! | tégy')

_ és h denotes the verticel
spread here it serves as 2 measure of astigmatj:sn;. The foilo‘,-.'ing figure
sl’;.ows the relation between the angles of incidenéé and diffraction and the

degree of astigmatism.

Figure 1 (b) ¢ Elot,of tagy
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From the foregoing diagram it is seen that for large angles. where Th>I,
to keep verticai astigmétism to a minimum, h = I The anglé of diff-
raction should not be greater tﬂan 459;  hence from first order cénsider—

ations, it appears that the slit length should be about @he same length

as the rulings on the grating.

In consideration of the high power terms in p and g, if gz # 0
P
av.
and 5& # O then the normal to the wave front, V = const is at an
angle to the line AB which was determined by the foregoing conditions.

The vertical displacement is given by

vZ’n r'éz
dq
The horizontal displacement is given by
cos @' Ip

Y At cos-¢'= r%‘—,;

Figure 1 (e¢)

Since the vertical displacements here are much smaller than those
discussed before, seeing that all factcrs are of e higher order will

therefore be negligible.

The teriis which will produce shifts in the horizontal direction are
proportional to p2 and q2 and hence lop-sided comas. The coefficient

of the first is called the horizontal coma as in analogy to the vertical
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coma, the coefficient of second.

The horizontal coma is given by

At = r! 3 (sinp cos2p + sinrf“ cos?@ ! _ sin cosP — s:.n.?' cosp')p
- cos - \I 2 r4 copr2. 0 L . .rR . .. lR

- _>or! cosp (8in® sin ¢! ) (So22 _1_)
2cos - ! r’ rto- R’

and venishes
for the entire spectrom if the slit is placed on the Rowland éircle;
r= R cos @ | |
Before proceeding to investigdte the verticel coma difectly, since the
variables q, z, and a_' are related, so all the terms of the 2nd order must

be considered together.

[(s:m¢ + gin@' _ cosgsing - cos® 's'»n?' ) q2

At =
.t2 S il . rR . r'R

20059"
. 8ing - 22) o BIn@' (o500 L :.'2 J
=2 (292~ 22) ‘;ng' (2‘12_ = ),

Take the case, z:>hq s Where the slit length is longer than that which is
required by that length of grating rulings; hence z'may be eliminated.
In order that the condition for eliminating the horizontal coma be

preserved substitute the values r = Ricosv and r' ®= R cose'!

/

At = 2R (51n9'tan29 4 sin®e ‘tane sin® - sine tan,p'81n29-81n59)q2
1-
- = , (tang! + sinp'tang'sine-  sin °% )qz!
co8

8o the first term is that which defines the vertical coma and when written as .
At - £ g2
: 2R
one can see that this may be reduced

by masking the grating but, due to loss of intensity, the degree of masking
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has to be considered from the plot of the function £

f = siné _';c;an2¢ ! 4+ 8in‘p "tan2g> sing - sing ‘tan® 'sin%e - sinés

¢ -

40 : ' 1 ] i
.2 N
I y o S R Ry I

20 : N ." o | -~ 0% . Q.'._.: B ;

I (S S TR IS Sl EES

[ -0t VAT

AT 203 o oS WA

2N I Y IR B gt/ ? i 2
@l -40 20 0 20 40

Figure 1 (d) : Plot of the function "£

Hence it is easily seen that the angle of diffraction should be kept small.

In the case where z:( hg here the slit is the re.stric_ting element and
each iaoint of the image réceives light from ‘the whole slit length: thus

| q may be neglected.

t‘= fr! ( ain 2) 22 - | r! (sino.") 12
re 2cos @'  r'e -

2 co s?_'

The first term being proportional to z<, this equation may be written as:

1 » f' 2. 1 singsin @ v . s 1
= = z22 - ~ (sing + sine!')2z
2 2Rh< Rh2. cos® ! . )

£3:
....... g ;
40 —
o T ‘i
3 =~ N .
20 —== = ~
. i p S 2 =L
R ) N S L
o | : P e
- 9' -40 -20 [~4 20 40

' Figure 1 (e) : Plot of the function "_i‘;_'z' f

So for large angles of incidence a short slit should be used. The error
proportional to zz' is the tilt error and is zero in the middle of a

spectral line.
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FOCUSSING TEST

8ince the image is éstigmatic, a horizontal slit is used in front
of the focal plane and short spectral lines are then produced in the
focal plane. Because of different angles of inclination the light
rays must come from a definite paert of the slit =~ the short spectral
lines are then automatically stigmatic. If the source slit image is
then reduced to ebout 1/50 vertically and, being the seme’ in the horiz-
ontal poeition,'thé errdrs are then magnified to about 50 times (as in
the case where eithér the grating or the slit is not perpendiculér to
the plane of the Rowland circle) go the reduction is helpful in lining

up this apparatus.

Since the verticsl coma which produces & horizontal shift pro-
portional to z2 appears in the focal plane in the same‘manner as
curvature of the slit, therefore the vertical coma may be reduced by

the right slit curvature.

Now as the horizontal slit is moved‘perpendicular to the plane (Z'-)
then the tilt error proportional to zz' appears as the inclination of

the spectrai lines,
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CHAPTER I1I

SPECTROGRAPH DESIGN

To cover =a wide.range, from the visible to the far ultra—yiolet, two
gratiﬁgs were avaiiable. An ultra-violet érating of 1152 lines per
millimetre and, in the visible région, 8 grating of 576 lines per milli-
metre. To make the.most use of these, i.e. to get e high dispersion, 

two sourd¢e or slit positions are used.

In these two cases the angle of incidence is in the ultra-violet at
glancing incidence, and in the visible at normal incidence. The two

grating equations are

mA = b(sing] - sin p!)
for glancing incidence
mX = b(sing, ¢ sin ¢?!)

for normal incidence.

-The major problem in selecting these two angles of incidence is to
- determine the minimum angle of diffraction that will be reguired in order
. that some spectral lines will occur in both settings. The selection of

this minimum diffraction will determine the size of apparatus necessary.
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Teking 80° as the largest permissible angle of incidence, and using

the 1152 lines per millimetre and 2000 mm diemeter grating, we consider

m A for five different angles of diffraction:

@' = ko mA= 2970 A.

50 1900
60 1025
70 392
80 0

mA increases as % ' decreases.

Then teking an angle 20° from the normal and using the 576 lines per
millimetre and 2000 mm diameter grating, m is given for the same five
angles:

' = 4o mA= 5200 A

- 50 7250
60 9100
70 10580
80 11150

0 ' »
m 2 increasges as ¥ 1increases.

The spectral lines considered are the H, D and He lines which occur
in the vacuum grating region with “their higher'orders in the region

24005000

H D He
1215.7 1085.0
1641 1215.1 1025.6

1636.5 ‘ 921.6
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The reciprocal dispersion, or plate factor, in A per millimetre

dd = b cos@ where ds = Rde
ds - mR .
= bd whefe d = R cos}? is the
mR? - »

distance from the pole of the grating, is given for the above selection of

diffraction engles.

. . . (e] . N -
When incident angle is 80 ‘dispersion is :

1152 lines/mm 576 lines/mm
grating grating
P= 40 6.650 13.300
50 5.580 11.160
60 k340 8.680
70 2.969 5.9%8
80 0.0 0.0

When incident ahgle is 200 dispersion is ¢

1152 lines/mm 576 linés/mm

grating grating

g = 40 6.650 13,300
50 5.580 11,160

60 4.340 8.680

70 2.969 _ 5.958

80 1.507 3.015
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In the following diegram are marked : the two angles, the two slit
pole iengths, the plate iength and the angle which was selected between

the common normal to the grating and the center line of the appératus.

70 e0°

50°

stit2 A2

Figure 2 (a)



PLATE 1

The Vacuum Spectrograph showing opening
for loading plate and setting up
apparatus in general '
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CHAPTER IITI

DESIGN OF THE SPECTROGRAPH HOUSING

To illustrate the main points to be considered in designing the
housihg for the vecuum spectrograph, 'the following diagram is a schematic
illﬁstrééidn showing the three principal parts : the slit, the grating and

the plate.

- SoURCE Room

. Sovrce Noll
Sovrce Not__

DARK RooM

Figure 3 (a) : Spectrograph plan
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Since it is desirable to getAas much as posasible of tﬂe periﬁeter of
the ngland circle on the photographic plates that ere ts.be glacédvinside
~the vacuum, the plane of the Rowland circle is therefore placed in the
cenﬁer of the tubular gousing. A tubular housing is used to avoid rein-
forcing which_would be necessary to wifhstand;the outside.préssure if a
flat chamber were used. ‘ It is readily seen from the diégram that thig
. factor determines the.vbluﬁe and‘ﬁénce tﬁe size of»the punping equipment

that is necessary to maintain a vacuum.

The second major problem is to provide access to the vacuum chember
to sef ﬁp the spectrographic apparetus without impairing the rigidity of

the spectrograph mounting.

P

CENTRE OF GRAVITY

THE ALUMINUM BEAM

—

METAL
BASE

WOOPDEN TABLE

\

-~

Figure 3 (b) : Spectrograph elevation
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Cutting the tank horizontally would provide an excellent mounting bese

for the spectrograph but the sealing flanges would have to be faced on a
milling mechine and such an oval seal is very difficult to do. Splitting

the tank in any other direction, except in the circular cross section,
involves difficult and costly mechining of the sealing flanges. Manholes
L is very di

ficult to set up epparatus through these

unless the manholes are large enough, in which case only more seals are

above is the more locical choice, one

mentioned et first are of a conflicting

m 4 .

nature. That is, to get as much of the plate holder outside as possible

does not allow enough cross sectional area of the base for a very rigid
mount. Likewise, the inverse - or using a very large base -~ does not

1

permit the plate holder to be suffic

(=

ently out in the open.




In deciding where the cut should be made the first consideration is
to avoid interference with the two side tubes which support the s
the sources: these should obviously be rigid with the main part of the
system. The ring is therefore cut just in front of these, so the size
of base wes calculated by finding where the center of gravity is for the
this be the central position of

the metal base. In this way, the load on the wooden teble is then only

in s downward direction and hence eliminates any side stress in the

wooden table below.

1\ ~ 1

L PR = A\ Dynavad 2wme s - Al £ o T
igure 3 (d) : Operating position of the Spectrograph
4 . I I
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each side of the afore-mentioned bearing. The rear axle, having no such
get screws, is free to swivel about the mounting bearing and allows the

tank to ride as if on a three point suspension.

MouNYING BEARINGS

T WHEEL

Figure 3 (g) : Under carriage plan




PLATE I1

The Vacuum Pump showing sylphon connections
end anti-vibration mountings
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CHAPTER IV

THE VACUUM SYSTEM

“A very high pumping speed is desirable for this type of apﬁarétus

- where the vacuum s&stem hes to be opened rather frequently to adjust and
lgad new plates. Besides using fairly large pumps, & by-pass §ystem,
using two modified steem valves and a trap valve, has been incorporated to 
eliminate the need of shutting off the pumping system when a vacuun seal

has to be broken.

FORE - PUMP

M

_STEA VALVE SYLPHON DIFFuUsSIoNP. BAFFLE TRAPYV.

S ()3

D -

Figure 4 (ay; : Pumping system diagrem
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The schematic -diagram on thé preVious page'shows the elements of the
of”thé two channels. The direct fore-pump connection or thevﬁyepass has
first a flgxible sylphén link so that the‘ﬁibratory motion of the fdfe-pump
is not transmitted to the spectrograph and, Second, a modified 260 crane
steam valve. The dther'path starts off.with a trap valve: the reason for )
such a valﬁe will be eiplained later; Next there is'a wafef baffle‘to
condense o0il vapor that might tend to enter the spectrograph chaﬁber.
Directly below this 1s the 250 Cenco diffusion pump; the path_tﬁen.éoes'

. ﬁhrough a gimilar flexiﬁle'connection and valve as the by-pé;s to-the?fbre—.

pﬁmp.

With‘ihe above s&stem, it is hot only possible ﬁgiieave'ﬁhe pumping
system operating when the tank is‘open but also péééible to cut ih eitﬁer the
. fore—pum§ or the diffusion pump at will. It should_be:understoodxfhat ﬁhen
the fore~pump alone is hooked ﬁp, the vélvéfbetwaen fhe fore-pump and tﬁe
diffusion pump is éhut off as there ﬁould be back pressure on the diffusion
pump. Also it should be understood that when the-difoSion pump is hooked
_in, this valve is opened before the trap valve,Adtherwise bacﬁ pressure in
-the diffusion pump would‘build up very fast, This eliminafes the time
' neededvfér cooling off and heating up;aggin when shutting down and starting

upe. If 811 the air had to pass through the diffusion pump this would be
’ negessary; A
Thus, after reloading the plates, it is éasily pumped down by means of

the by-pass to where the diffusion pﬁmp can take over.

The trap valve was designed to stay closed or close itseif, due to its
weight, if conditions requirevit, even though it has to be opened manually:

e worm gear is used so that any desired. opening may be set.



+ v
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DIFFUSION

BAFFLE wA ren]:mw:ﬂa.l ¢

VACCUM SYSTEM - I[[[[ﬂﬂ] - I

Pump

é

DIFFusion Pump
INTERLoCK PIN

A
)

Y

Figure & (e)

Wiring diagram of interlock

system
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'heating coil. The émmeter measures the curfent through the fiiament. The
red pilot iight :is £he indication whether the heating coil is on the high
or low range as seti by @he lower left switch,'or if the heater coii has been
.turned én withgut turning on the baffle wétef. In the latter case, not

" only is the pilot light red'but, aléo, the heéter'does not go on till the
water has been turned on. If the baffle water is not ‘turned on,'neitger
will the diffusion'pump’valvé open; The fourth sectibn is the preséure
.gauge. The two £op knébé éré the'zerofsetfing‘and the sensitivity; the
center is the voltage control; while the bottom two are the off and on
switch and‘tﬁé high and low éwitch. The top meter is thé'gupply volgdge _
while the bottom metér is ihe pressure'gaugé. The following are a circuit

diagram and calibratioﬁ charts for the high and low renges.

+ ' .
e ‘
" «
1 -
2
™
g o< . I v
Q- PRSSURE GAVGE !
f’) b ¥ wl 0 N H1& B N
e 3.z G 2 \‘1/ : <E€>
TSNS w 2 ' ,
C} b4 ~ . Lo <
S C A &
& A s SENS- poT N
: 3 b
o I » S
g @
>

Figure 4 (g) : Pressure gauge circuit diagrem
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Low

SEWS
x10) |

-z

. Figu:re 4 (n)

Pressure gauge calibration
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The fifth and last section is for adjusting the plate diaphragm which

Cwill ﬁe discussed later,

The fore-pump mounting had to be slightly different from that used in
otherncases, due to the fact that the openings are' in a horizontal direct-
ion. There is & net torque of about 95 foot-pounds tending to tip the
punmp o&ér. This is overcome by éetting the pump back a sufficient
disténcé from'the front.shéck abéorbers,.in this way producing a counter

acting torgue. This is analytically shown in the diagram below.

e

] Fo Fce

.A.__'_l_

26— s

/

Figure 4 (1) : Fore-pump mounting

o

To absorb aémmuch'of the vibration és possible a double shock system
was uéed. The major Qibration is absorbed in the ruﬁber suspension, but
its natural frequency wPich is transmitted is absqrbgd By a 1ayer of kem-
pack, To prevent the‘pump being draggéd across the floor, a socket fit

is employed as illustrated below.

@ must be greator thon L0

Figure 4 (3j) -: Shock ebsorbing system
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Figure 4 (k) : PRate of pumping



PLATE 1I1ITI

' The Spectrograph Slit
removed from its housing
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design a slit, the éccuracy of which would be independent of the accuracy
»of machining. The type of mechanism that will probably give absolute
accuracy and stiil be relatively eaéy to produce is shown in deteil in the
-~ photograph on the previous page, and is explained by the schematic diagrem

below.

\

Figure 5 (b) : Schematic diagrem of slit mechanism

;Pivcts'Aland Af are fixed to t%e outer frame, while pivots-B‘and Bf‘
are. fixed té the'inﬂer cam which ié?free to rotate with resbect to the '
outer.frame. The tWo‘semicircles C and C' are held together‘by means of a
garter spring D which exerts a force in tﬁe direction as indicated by
arrows: on.thése two semicircles are mounted the shutters E and E'. The
knife edge X and X' . is adjusted to Be perpendicular to the plane of the
Rﬁwlaﬁd circle and is at a very small engle to the line Y and Y! which
just passes tﬁe two pivots A and A'.  Now, as.the inner cam wifh pivots
B and'Bf rotates with respect to A and A', the semicircles C and C' move
pafallei ﬁo the line Y and Y', while the»slit opens as the siée of“the

engle XOY. One can easily see that the accuracy is independent of the

accuracy of the bearing on which the inner cam rotates andbon the position
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PLATE 1V

The Spectrograph Grating Hblder
in operating position
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THE GRATING HOLDER

The main purpose of the grating holder is to be able to line the
gratiﬁg so that it is at the focal point which makes the image and object
distance s minimun. Four degrees of free&om are necessary - two trans-
lational and two rotetional. The grating center has to be rasised up to
the plane of the Rowland circle and it has to be moved elong a radius so
that it is set on the perimeter. Rotation in the horizontal plane is
necessary to face the grating to the center of the circle,while rotation
in the vertical pléne is necessary to bring the ruledvlines perpendicular
to the plane. Actually more adjustments are necessary than just those
to accomplish the above movements. In the cases of rotation the central

point of the grating has to be brought to the axis of rotation.

Just as in the case of the slit there is the advantage of having
indepéndent control. In the following discussion reference will be made
to plate IV showing the-grating holder as in operating condition and the

following figure where the component parts are shown dismantled.

The three thumb screws A raise -the main base in such a way thet the
central point of the grating is in the plane of the Rowland circle, More-;
over, since it is & three pcint mounting, it is possible to level the base
80 that the axis of rotation of the horizontel motion is perpendicular to
thé plane. Thumb screw B moves the grating along a radius of the circle,
hence is locked in position by means of lock screws B'.  Thumb screw C!
rotates the grating in ﬁhe plang of the circle and is locked in position
. by lock screw C'.  Thumb screw D rotates the grating in a vertical plane

%

-and is locked in position by lock nut D', All the above movements are
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PLATE V

'The Spectrograph Plate Holder shown
from the side from which plates are
ingerted
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PLATE VI

The Plate Diephregm
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APFENDIX A

LIST OF WORKING DRAWINGS

Spectrograph assembly drawing.
Spectfograph head.

Spectrograph housing

S81lit tube; vacuum connections; sylphon fittings;

beam support.

‘Bean.

Levelling screws; wheels and axle.
Mount and track.
Table.

Panel.

Recoil mechanism; cover plate; +track levelling

blocks; lead pads.
Trep valve mecﬁanism; bell cranks.
Diffusion pump locking pin.
Assembly drawing of slit.
S1it housing.
S1lit cover and source cénnection.
Detail slit mechenism, .
Assembly drawing of grating holder.
vDetail base plate; sides and bearing.

Detail of screws.

Assembly and detail of plate adjusting blocks.

Asgembly of plate diephragm.
Detail of diaphragm bearing.

Torsion bars.

v
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APPENDIX B

WORKING DRAWINGS USED IN THE CONSTRUCTION

OF THE SPECTROGRAFH
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