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1.0 INTRODUCTION

1.1 General Discussion

The Mars Atmospheric Water Detection (MAWD) Spectrophotometer is an instrument
package planned for the Viking Orbiter Spacecraft., To perform its radiometric
measurements properly, this spectrophotometer must have high wavelength
resolution and accuracy, and high photometric accuracy while still being

light in weight and having a relatively small volume.

An earlier optical design study of the MAWD Spectrophotometer was conducted
by Beckman Instruments, Inc., under Contract No. 952552 to Jet Propulsion
Laboratory. In that study, a number of candidate spectrophotometer designs
were analyzed and are described in the Preliminary Report(l). The final
optical design resulting from that study is described in the Final Report(z).
A spectrophotometer based on the optical design of the Final Report has since

been built and tested at JPL.

The present optical design study which is detailed in this report is a con-
tinuation of the MAWD Spectrophotometer optical design described in the

Final Report(z), and has been necessitated by the following new requirements:

(1) The frequency range has been increased more than two-fold, and

this requires new entrance slit and detection locations.

(2) The prismatic corner reflector of the early design is to be

changed to two corner mirrors.

(1) (2) See Bibliography at the end of this report.
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(3) The telescope is to be changed from the quartz singlet lens of the

earlier design to a reflecting telescope.
(4) A scanning mirror is to be added.

(5) An optical system is to be added which projects neon wavelength

calibration sources into the monochromator.

(6) An optical system is to be added which projects an intensity

calibration source into the monochromator.

The final optical design described in the Contract No. 952552 Final Reporgz%s a
double-pass monochromator with a single paraboloid collimating mirror, and that
design is essentially monochromator A of this report. The final double-pass
monochromator design resulting from the present design study is monochromator H,
with six other double-pass monochromator variations, B, C, D, E, F, and G, being
studied also. The performance characteristics of all eight double-pass mono-
chromators, A through H, are detailed in this report. It is felt that such data
may be of aid if future design modifications are required. As an added task,
JPL requested an optical analysis of the monochromator H configuration per-
formance when it is used in single=-pass operation. This single-pass mono-

chromator is monochromator J.

This report contains most of the significant engineering information obtained
from the computer ray-trace studies, and many tables and figures with specialized
terminology are used to accomplish this., Most of this terminology is defined in

Section 2, which is a description of the ray trace.

1.2 Final Performance Specifications

The goal of the optical study presented in this report is to arrive at an
optical design for the MAWD Spectrophotometer which satisfies the following
final instrument performance specifications. These specifications include
those defined by JPL, both at the start and during the performance of the

contract.
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The design study is to be based on the optical design presented in

2
the Final Reporg for JPL, Contract No. 952552.
A1l optics shall be reflective where feasible,

The entrance-slit size shall be 0.25 mm wide x 3.0 mm high, and the
center of the 3.0-mm height shall be located at YO = 3.5 mm, or

3.5-mm above the Zo-axis.

Detector sensitive areas shall be 0.25-mm wide x 1.0-mm high, and
the center of the 1.0-mm height shall be located at Y, = 3.5 mm,
or 3.5 mm above the Z,-axis. The detectors are located at the

following monochromator center frequencies:

i, 7223.12 emt
ii.  7226.14 cm™!
iii.  7229.09 em”!
iv.  7232.12 em” !
v.  7234.85 cm t
vi.  7238.54 em™!

A neon reference line whose center frequency is at 14427.14 em™1
shall be used for fréquency calibration., Its spectral image is to
be surrounded by four calibration detectors which indicate any

lateral or vertical movement of the spectral image.

The neon reference source shall have an optical system which fills
both the grating and the entrance slit of the monochromator with its
radiation., It is permissible to use an auxiliary entrance slit for

this source.

The field-of-view defining telescope shall have a focal length of

approximately 125.0 mm.
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10.

11,

12.

13,

14,

15.

16.

A telescope scanning mirror shall rotate through an angle which
causes the field-of-view to scan *1.5°. Nominal position of the
field-of-view is defined as a line parallel to the monochromator

optical center line.

The intensity calibration source shall rotate through as small an
angle as possible, cutting off planet radiation, to reflect radia-

tion from an intensity calibration source into the telescope.

The intensity calibration source shall have an optical system which
uniformly fills both the grating and the entrance slit of the mono-

chromator.

The monochromator collimating mirror shall contain a center hole

sized to mask off the projected image of the grating entrance hole.

Determine the spectral image shift in the image plane due to dis-

placements of each optical element.

Determine the effect of optical and mechanical tolerances of all
optical elements to maintain image quality at the exit slit within

aberrations as evaluated.

Perform an investigation of optical structural stability using

light-weight grating and parabolic mirror assemblies.

Perform instrument radiant transfer calculations, taking into

account losses at each optical surface.

Provide the formulae for wavelength/position in the focal plane.
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2.0 RAY-TRACE DESCRIPTION

The many computer ray-trace analyses which have been performed for this study
are purely mathematical model-building procedures, wherein exact mathematical
equations are used to express each optiéal surface and each light ray. Each
optical surface is matheﬁatically defined in a separate three-dimensional
axis-system which may have any linear or angular orientation to its previous
axis-system, and the light rays may have any orientation to these axis-systems.
All mathematical calculations are exact since no mathematical approximations
are required. The ray-trace computations and the eventual mathematical
analysis of the ray patterns at any optical surface are performed by an

IBM 360 Model 50 computer in double precision. The computed coordinate
accuracy for each ray-surface intercept in its three-dimensional axis=-system
is given to an accuracy of 10~8 mm, and the computed direction cosine accuracy
for each ray in its three-dimensional axis-system is given to an accuracy of

10~8 directional cosine units.

Table 1 defines those dimensional parameters which are necessary to every ray
trace, and which are used to transform axis systems, describe surface shapes,
etc. Table 2 defines the coordinates for the ray-surface intercepts and gives
the terminology used for an image analysis at any surface. Table 3 defines
the ray-direction cosines, and gives the terminology used for an angular image
analysis. The '"mathematical axis systems' which are occasionally used,

facilitate in defining the orientation and location of the next axis system.




The coefficients and terminology listed below are required to discretely
define each optical surface in its own axis system, and to discretely define

its axis system relative to all other axis systems.

I.

Each successive optical surface in any optical system must be defined

by a separate three-dimensional and right-handed axis system (Xn,Yn,Zn)
which carries a progressive set of subscripts which run from O to n,
where n is the number of the surface being ray-traced at a particular
time. The following dimensional parameters define both the linear and
the rotational axis transformations from the (Xn—l,Yn-l,Zn-l) axis system

of the previous optical surface to the (Xn,Yn,zn) axis system:

A, The Xp.1 coordinate for the origin of the (X,,Y,,Z,) axis system

measured in the (Xn-l)Yn—l)Zn—l) axis system.

B, The Yh-1 coordinate for the origin of the (Xn,Yn,Z2,) axis system

measured in the (Xp-1,Y4-1,Zp-1) axis system.

Ch The Z,.y coordinate for the origin of the (Xn,Y,,Z,) axis system

measured in the (Xn-l:Yn—l;Zn-l) axis system.

Qn An angular displacement of .the X, -axis in the X,-Z, plane. This
angular displacement is positive when the positive X, -axis is
moved toward the positive Z,-axis, and negative when the

positive X, -axis is moved toward the negative Z,-axis.

Bn An angular displacement of the X, -axis in the X,-Y, plane. This
angular displacement is positive when the positive X -axis 1is
moved toward the positive Y,-axis, and negative when the

positive X,-axis is moved toward the negative Y -axis.

Table 1 (Sheet 1 of 2). Definitions for Ray-Trace
Dimensional Parameters




II.

[I1.

Iv.

Yn An angular displacement of the Z,-axis in the Y,-Z, plane. This
angular displacement is positive when the positive Z -axis is
moved toward the positive Y,-axis, and negative when the positive

Z,-axis is moved toward the negative Y, -axis.

n

The three angular transformations, Qn, an Yn, are operative only after

the linear transformations, A, B, C

n. Bn have been completed. Each of the
b4 3

Iy
three angular transformations must be taken singly, but they may be taken
in any order, and each of the three angular transformations must be com-
pleted before the next becomes operative. That is, the order of
succession of the three angular transformations, Op, Bn, and vy, is an

input to the computer.

The dimensional parameters Fn, Dn, E and R, are used to define any

n
2
conic surface, since they are the coefficients of the following general

conic equation:

2 2 2 =
FnX n + DnY n + En Z n " 2Rn Xn 0
A plane surface is always the Yn-Zy plane, and requires no descriptive

dimensional parameters.

The index of refraction of the optical medium immediately following the
optical surface which is defined in the (Xn,Yn,Zn) axis system is

described by the dimensional parameter Nj.

Table 1 (Sheet 2 of 2). Definitions for Ray-Trace
Dimensional Parameters
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The X, coordinate of a single ray intercept with the optical

surface in the (Xn,Yn,Zn) axis system.

The Y, coordinate of a single ray intercept with the optical

surface in the (Xn,Yn,Zn> axis system.

The Z, coordinate of a single ray intercept with the optical

surface in the (Xn,Yn,Zn) axis system.

The optical distance a single ray travels from the previous
surface to the surface being ray-traced. This is defined as
the true distance between the ray-intercept value
(Xn-l,Yn—l,Zn-l) and the ray-intercept value (Xn,Yn,Zn)

for a single ray, multiplied by N, _q.

Centroid X, The mathematical centroid for all X, values for a single

family of rays.

Centroid Y, The mathematical centroid for all Y, values for a single

family of rays.

Centroid Z, The mathematical centroid for all Z, values for a single

AX

AY,

family of rays.

The largest mathematical difference among all X, values

for a single family of rays.

The largest mathematical difference among all Y values

for a single family of rays.

Table 2 (Sheet 1 of 2). Definitions for Ray-Surface Intercepts
and Their Image Terminology
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AZn The largest mathematical difference among all Z, values for

a single family of rays.

75% AXp The largest mathematical difference among that 75% of the
Xn values remaining from a single family of rays after the
computer has removed that 25% of the X, values which are
numerically furthest from the central grouping of X,
values. This 75% AX, value is generally a good approxi-
mation for the true half-power spread for all the X, values

of the family of rays.

75% AYh' The largest mathematical difference among that 75% of the Y
values remaining from a single family of rays after the com-
puter has removed that 25% of the Y, values which are
numerically furthest from the central grouping of Y, values.
This 75%15Yn value is generally a good approximation for the
true half-power spread for all the Yn values of the family of

rays.

75% zﬂZn The largest mathematical difference among that 75% of the Z,
values remaining from a single family of rays after the com-
puter has removed that 257 of the Zn values which are
numerically furthest from the central grouping of Zn values.
This 75%zﬁzn value is generally a good approximation for the
true half-power spread for all the Z values of the family of

rays.

Table 2 (Sheet 2 of 2). Definitions for Ray-Surface Intercepts
and Their Image Analysis Terminology
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Eta,

Zetan

Centroid Xip

Centroid Eta,

Centroid Zeta

n

AXig

AEtan

The direction cosine component on the X,-axis for a ray
emerging (after reflection, refraction, diffraction, or
transmission) from the (X,,Y,,Z,) point on the optical

surface of the (Xn,Yn,Zn) axis system.

The direction cosine component on the Y,-axis for a ray
emerging (after reflection, refraction, diffraction, or
transmission) from the (X,,Y,,Z,) point on the optical

surface of the (X,,Y,,Z,) axis system.

The direction cosine component on the Zy-axis for a ray
emerging (after reflection, refraction, diffraction, or
transmission) from the (X,,Yy,Zn) point on the optical

surface of the (Xn,Yn,Zn) axis system.

The mathematical centroid for all Xi, values for a single

family of rays.

The mathématical centroid for all Etay, values for a

single family of rays.

The mathematical centroid for all Zetap values for a

single family of rays.

The largest mathematical difference among all Xi, values

for a single family of rays.

The largest mathematical difference among all Eta,

values for a single family of rays.

Table 3 (Sheet 1 of 2). Definitions for Ray Direction Cosines and

Their Image Terminology
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Zetay, The largest mathematical difference among all Zeta, values

for a single family of rays,

75% AXin The largest mathematical difference among that 75% of the
Xi, values remaining from a single family of rays after the
computer has removed that 25% of the Xi, values which are
numerically furthest from the central grouping of Xi, values.
This 75% AXin value is generally a good approximation of the
true half-power spread for all the Xi, values of the family

of rays.

75% AEtan The largest mathematical difference among that 75% of the
Etan values remaining from a single family of rays after the
computer has removed that 25% of the Eta, values which are
numerically furthest from the central grouping of Eta, values.
This 75% AEta, value is generally a good approximation of the

true half-power spread for all the Eta, values of the family

of rays.

75% AZetay, The largest mathematical difference among the 75% of the
Zetan values remaining from a single family of rays after the
computer has removed that 25% of the Zeta, values which are
numerically furthest from the central grouping of Zeta, values.,
This 75% AZetan value is generally a good approximation of the
true hélf-power spread for all the Zeta  values of the family

of rays.

NOTE: When the direction cosine values are
sufficiently small, they may be directly
dimensioned as radian values.

Table 3 (Sheet 2 of 2). Definitions for Ray Direction Cosines and
Their Image Terminology
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3.0 MONOCHROMATOR DESIGN

3.1 Double-Pass Monochromators

This section describes the detailed optical characteristics of the eight
double-pass monochromators, A through H. Monochromator H is the final

double-pass monochromator design of this study.

Figure 1 shows two views of the monochromator H optical system which are
plotted directly by computer. The upper view is a ray trace using a family
of ten rays with a single entrance-slit starting point (Xo = 0, Y, = 5.0,

Z, = 3.88), which form a uniform line array on the grating face between .points
(X3 = 0, Y3 = 50.0, Z3 = 0) and(X3 = 0, Y3 = -50.0, Z3 = 0). This particular
line array does not fill the full grating area which has been later outlined
with phantom lines. The lower view uses a different family of ten rays which
start from the same entrance slit point as for the upper view, but these ten
rays form a uniform line array on the grating face between points X5 =0,

Y3 =0, 23 = 90.0), and (X3 = 0, Y3 = 0, Z3 = -90.0). Both of these ray-

1

trace plots are for a frequency of 7213.57 cm ~ for which the boundary rays

have their greatest spread from the monochromator center line.

Figure 2 is a computer generated isometric plot of the monochromator H optical
system. This plot is also for a frequency of 7213.57 cm_l; however, two
families of nine rays each have been used. One family of nine rays which are
printed in red starts from entrance-slit starting point (Xo =0, Y, = 2.0,

Zo = 4.,0), and the other family of nine rays which are printed in black start
from entrance-slit starting point (Xo =0, Y, -~ 5.0, Z, = 3.880). Both
families of nine rays intercept the grating in the same rectangular array

which fills the full 100 x 180 used area of the grating.
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The axis systems shown in Figures 1 and 2 are applicable to all the double-
pass monochromators A through H, and these axis systems are defined in Table 4,
Figures 1 and 2 do not show the (XO’YO’ZO) axis system which has its Y _-axis
offset 1.160° from the Yj-axis only for monochromator H. The (Xo,Yo,Zo) and

(Xl,Yl,Zl) axis systems are identical for all the other double monochromators,

A through G.

Monochromator A is essentially the same as the final monochromator design
presented in the JPL Contract No. 952552 Final Reportgz)lt differs only in

the following ways:

(1) The entrance-slit plane has not been given the corrective tip and
the entrance slit itself has not been given the corrective lateral

tilt in its plane as used in the Final Repor %onochrometor

design.
(2) The corner prism is replaced by two corner mirrors.
(3) A cover plate is not used in front of the detector sensitive area.

The dimensional parameters for monochromator A are given in Table 5.

Monochromator B differs from monochromator A in two ways:
(1) The grating angle @3,4,10,11 is changed from 56 .055° to 56.115°,

(2) The entrance slit is moved laterally from Z,=1.000 mm to

Z,=3.000 mm.
The dimensional parameters for monochromator B are given in Table 6.
In monochromator C, two new changes are added:
1) Th ti 1 i h d to 56.145°.
(1) e grating angle a3,4’10’11 is change o5 5

(2) The entrance slit is moved laterally to Z,=4.000 mm.

The dimensional parameters for monochromator € are given in Table 7,

3-4




(Xg ¥4 Zo)

(X1,¥1,21)

(X2,Y2,22)
(X5,Y5,75)
(X9,Y9,29)
(X12,Y12,212)

(X3,Y3 23)
(X10,Y10,210)

(g, Y4 24)
(X11,Y11,211)

(Xg Y6 2¢)

(X7’Y7,Z7)

(Xg,Yg, 28)

(X13,Y13,213)

X14,Y14,214)

Entrance Slit--The entrance slit lies in the Y,~Z, plane, and
each family of rays used to ray-trace the monochromator starts

from a point on the entrance slit.
Mathematical Axis System

Paraboloid Collimating Mirror--These four axis systems are
identical and may be referred to as the (X Y
y ed to e X2,5,9,12,Y2,5,9,12,
22’5,9’12) axis system. The apex of this paraboloidal
flecti urf i t th igi f th X
reflecting surface is a e origin o e ( 2,5,9,12,
Y2’5,9’12’Zz’5’9)12) axis system, and the focus of the

paraboloid is located on the negative X, 59 1p-axis.
s R |

Diffraction Grating-=-These two axis systems are identical and
may be referred to as the (X3}10,Y3,10,Z3’10) axis system.
Th led £ th ti is in the Y -Z 1

e rule area o e grating 1s 1n e 3,10 3’10 piane,

and the grating rulings are parallel to the Y3’1O-axis.

Mathematical Axis Systems=-These two axis systems are
i ical and b ferred t th
identical and may be referre | o as e (X4’11’Y4’11’Z4’11)

axis system.,

First Surface of Corner Mirrors--~This is a plane-reflecting

surface in the Yg-Zg plane.

Second Surface of Corner Mirror--This is a plane-reflecting

surface in the Y;-Zy plane.
Mathematical Axis System.

Front Face of Detector Cover Glass--This is a refracting

surface in the Yi3-Z13 plane.

Spectral Image Surface=-==The spectral images for the ray
gstarting points on the entrance slit are formed on the

Y14-214 plane.

Table 4. Description of Ray=Trace Axis Systems Used for

Double~Pass Monochromators

3-5
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Axis Optical

Su?— An Bn Cn a B, Y Function Dn En Fn Rn

Script Surface of

(n) (mm) (mm) § (mm)] (deg) [(deg)l (deg) Shape Surface | (mm) |(mm) | (mm) (mm) Nn
1 Plane Transmit 1.0000
2 500.000 ParaboloidjReflect |1.000}1.000 -1000.000 1.0000
3 -420.000 56 .055 Plane Diffract 1.0000
4 -56.055  Plane Transmit 1.0000
5 420,000 Paraboloid|Reflect [1.000{1.000 -1000.000]1.0000
6 -500.000 45,000 Plane Reflect 1.0000
7 -90.,000 Plane Reflect 1.0000
8 45,000 Plane Transmit 1.0000
9 560.000 Paraboloid Reflect [1.000}1.000 -1000.000}1.0000
10 ~-420.000 56.055 Plane Diffract 11.0000
11 -56.055 Plane Transmit 1.0000
12 420,000 ParabolocidjReflect | 1.000{1.000 -1000.000} 1.0000
13 -500.000 Plane Refract 1.0000
14 Plane Transmit 1.0000

Table 5. Dimensional Parameters for MAWD Monochromator A




L=€

g
Axis Optical
Sii?;t An B n Ay Bn n Surface Fug;tlon Dn En Fn Rn
(n) (mm) (mm) | (mm)} (deg) [(deg){ (deg) Shape Surface |(mm) ((mm) |(mm) (mm) Nn
1 Plane Transmit 1.0000
2 500.000 Paraboloid |Reflect {1.000 |1.000 -1000.000|1.0000C
3 -420.000 56.115 Plane Diffract 1.0000
4 -56.115 Plane Transmit 1.0006
5 420.000 Paraboloid|Reflect §1.000}1.000 -1000.000]1.000C
6 -500.000 45,000 Plane Reflect 1.0000
7 -90.000 Plane Reflect 1.0000
8 45,000 Plane Transmit 1.0000
9 500.000 Paraboloid|Reflect }1.000)1.000 -1000.000; 1,0000
10 -420.000 56.115 Plane Diffract 1.0000C
11 -56.115 Plane Transmit 1.0000
12 420.000 Paraboloid|Reflect | 1.000|1.000 -1000.000} 1.0000
13 ~500.000 Plane Refract 1.0000
14 Plane Transmit 1.0000
Table 6. Dimensional Parameters for MAWD Monochromator B




8-¢

Axis Optical
(n) (mm) | () | () | (deg) |(deg) [ (deg) | Shape  [surface | (mm) | (mm) [mm)| (om) | Tn
1 Plane Transmit .0000
2 500.000 Paraboloid|Reflect [1.0001.000 -1000.000}1.0000
3 -420,000 56.145 Plane Diffract .0000
4 ~-56.145 Plane Transmit .0000
5 420,000 Paraboloid|Reflect |[1.000|1.000 -1000.000,1.0000
) -500.000 45.000 Plane Reflect .0000
7 -90.000 Plane Reflect .0G00
8 45.000 Plane Transmit .0000
9 500.000 Paraboloid]Reflect }1.000;1.000 -1000.,000;1.0000
10 -420.000 56 .145 Plane Diffract .0000
11 -56,145 Plane Transmit .0000
12 420.000 Paraboloidj Reflect {1.000}1.000 -1000.0001.0000
i3 -500.000 Plane Refract .0000
14 Plane Transmit .0000
Table 7. Dimensional Parameters for MAWD Monochromator C




In monochromator D, the grating angle @3 4.10,11 is returned to 56.055°, its
3 5

value for monochromator A, and the entramce slit remains at Z,=4.000, as in
monochromator C. The dimensional parameters for monochromator D are given in

Table 8.

Monochromator E is like monochromator D except the grating has been moved
10 mm further from the entrance slit., The dimensional parameters for mono-

chromator E are given in Table 9,

Monochromator F is like monochromator D except it uses a 100-mm diameter
aperture stop which is located at the grating but is normal to the mono-
chromator axis. The dimensional paremeters for monochromator F are given

in Table 8.

Monochromator G is like monochromator E except it uses the same 100-mm-dia.
aperture stop at the grating and normal to the monochromator axis, as in
monochromator F. The dimensional parameters for monochromator G are given

in Table 9.

Monochromator H, the final double-pass monochromator design, is very similar
to monochromator E except for optimal shaping of the entrance slit, addition
of a 0.250-mm~thick quartz cover plate in front of the detectors, and a slight
change in the distance between the collimating mirror and the two corner

mirrors. The dimensional parameters for monochromator H are given in Table 10,

Table 11 summarizes the dimensional differences between the eight double-pass
monochromators A through H. Table 12 gives the four points on the grating
surface which define the monochromator aperture stop for all double-pass
monochromators except monochromators F and G. These two use a 100-mm-diameter
circular aperture stop which is normal to the X;-axis at the origin of the
grating axis. Table 13 lists the seven frequencies which are used in the

ray traces of each of the eight monochromators and gives their wavelength

equivalents. Table 13 also lists the 1ggg values used for each frequency.
The 7213.57 em™L frequency value in Table 13 represents the grating second-

order value for the neon center frequency of 14427.14 em™ 1,

3=-9
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Axis Optical

ﬂSu?- An Bn Cn an Bn Yo Function Dn En Fn Rn

Script Surface of N
(n) (mm) {(mm)| (mm) (deg) i (deg)] (deg) Shape Surface {(mm) |(mm) |(mm) (mm) n
1 Plane Transmit
2 500.000 Paraboloid|Reflect }1.0003§1.000 -1000.000 11.06000
3 -420.000 56.055 Plane Diffract .0000
4 -56.055 Plane Transmit .0000
5 420,000 vParaboloid Reflect |1.000§1.000 -1000.000 /1.0000
6 -500.000 45,000 Plane Reflect .0000
7 -90.000} Plane Reflect .0000
8 45,000 Plane Transmit .0000
9 500.000 Paraboloid]Reflect [1.000|1.000 -1000.000 1.0000
10 -420.000 56.055 Plane Diffract .0000C
11 -56.055 Plane Transmit .0000
12 420.000 Paraboloid|Reflect |1.000|1.000 -1000.000 |1.000C
13 -500.000 Plane Refract .0000
14 Plane Transmit .0000

Table 8.

Dimensional Parameters for MAWD Monochromatoas D and F
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Axis Optical

Si?ggt An Cn %n Bn "n Surface Fungzion Dn En Fn Rn N

(n) (mm) |(mm)! (mm) (deg) {(deg) |(deg) Shape Surface (mm) | (mm) f(mm) (mm) n
1 Plane Transmit 1.0000
2 500.000 Paraboloid|{Reflect {1.000}1.000 -1000.0001.0000C
3 -410.000 56 .055 Plane Diffract 1.0000
4 -56.055 Plane Transmit 1.0000
5 410.000 Paraboloid|Reflect {1,000|1.000 -1000.000;1.0000
) ~-500.000 45.000 Plane Reflect 1,0000
7 -90.000" . Plane Reflect 1.0006
8 45,000 Plane Transmit. 1.0000
9 500,000 Paraboloid|Reflect |1.000]1.000 -1000.000|1,0000
10 ~410.000 56.055 Plane Diffract 1.0600
11 -56.055 Plane Transmit 1.0000
12 410.000 ParaboloidjReflect |1.000{1.000 -1000.000}1.0000
13 -500.000 Plane Refract ) 1.0000
14 Plane Transmit 1.0000

Table 9. Dimensional Parameters for MAWD Monochromators E and G
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Axis Optical
Scszlrﬂz;t An Bn Cn %n Bn "n Surface Funggion Dn En Fn Rn
() (mm) (mm) | (mm) | (deg) | (deg) | (deg) Shape Surface | (mm) | (mm) | (mm) (mm) Np
1 -1.160 Plane Transmit 1.0000
2 500.000 Paraboloid | Reflect 1.000| 1.000 -1000.000 | 1.0000
3 -410.000 56.055 Plane Diffract 1.0000
4 -56.055 Plane Transmit 1.0000
5 410.000 Paraboloid | Reflect 1.000 ] 1.000 -1000.000 | 1.00600
6 -499.918 45.000 Plane Reflect 1.0000
7 -90.000 Plane Reflect 1.0000
8 45.000 Plane Transmit 1.0000
9 499.918 Paraboloid | Reflect 1.000 | 1.000 -1000.000 | 1.0000
10 -410.000 56.055 Plane Diffract 1.0000
11 -56.055 Plane Transmit 1.0000
12 410.000 Paraboloid | Reflect 1.000 | 1.000 -1000.000 | 1.0000
13 -500.000 Plane Refract 1.4460
14 -.250 Plane . Transmit 1.4460
Table 10. Dimensional Parameters for MAWD Monochromator H
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Aperture

43,5,10,12|| |46,9] | 414 | [93,4,10,11] By §§°gr§§§ig
Monochromator (mm) (mm) (mm) (degrees) | (degrees) N13,14 (mm) Yo “o

A 420.000 | 500.000| O 56.055 0 1.0000 éggtzngig 31888 i:ggg
B 420.000 | 500.000| o0 56.115 0 1.0000 ;thznéﬁg g:ggg §;888
C 420.000 | 500.000|. 0 56.145 0 1.0000 ;zgtznéig ﬁ:ggg nggg
D 420.000 | 500.000 | 0 56.055 0 1.0000 ;22t§n;§2 g:ggg 23338
E 410.000 | 500.000| o 56.055 0 1.0000 éggtznéig 5:888 2:888
F 420.000 | 500.000| o0 56.055 0 1.0000 182r212’ 3:888 2:888
G 410.000 | 500.000| o0 56.055 0 1.0000 lggrEiZ‘ ;:888 2;888
H 410.000 | 499.918 | -.250 56.055 -1.160 | 1.4460 ;ggtznéig g:ggg 3:822

5.000 | 3.880

Table 11. Differences Between Double Pass Monochromators A, B, C, D, E, F, G, and H




s | o | w | s
1 0 50.0 -90.0
2 0 50.0 90.0
3 0 -50.0 90.0
4 0 -50.0 -90.0

Table 12. Coordinates on Grating Surface which
Define Both Tts Used Area and the
Aperture Stop of the Double Pass

Monochromator
/A (em~1) AQw) NAK (1)
1000
7223.12 1.38444 1.66133
7226.14 1.38386 1.66063
7229.09 | 1.38330 1.65996
7232.12 1.38272 1.65926
7234.85 1.38220 1.65864
7238.54 1.38149 1.65779
7213.57 1.38628 1.66354
Grating lines/mm, k = 1200 L/mm

Grating order N = 1

Table 13. The Wavelengths and Their Frequency

NAik
1000

Equivalents, and the Values

Used in This Ray Trace Study
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Tables 14 through 33 describe the spectral image characteristics for the eight
double-pass monochromators for the same seven frequencies. The data in each
table is for a single family of 100 rays starting from a point on the entrance
slit., The terminology used for these tables is given in Tables 1 and 2. The
Ay, values for Tables 14 through 30 were obtained by letting the computer vary
A14 until a best-spectral-image is obtained as represented by all one hundred

214 values.

In Tables 31, 32, and 33, the value of Ay, was fixed at 0.250 mm, which is the
thickness of the quartz cover plate for the detectors. For monochromator H
the entrance-slit plane tilt,lﬁl = 1.160°, and the additional lateral tilt of
the entrance slit in its plane, are designed to make the respective A14 and
Zq4 values equal to one another for the (Hz), (H3.5), and (HS) starting points

and for the same frequencies.

Figure 3 1s a composite plot of data from Tables 14 through 21 and shows the
relative spectral image characteristics of monochromators A, B, C, and D. It
can be seen from Figure 3 how important the location of the entrance slit is

in determining those frequencies which have the best resolution.

Figure 4 is a plot of data from Tables 28, 29,Aand 30, showing the spectral

image characteristics of monochromator H.

Figure 5 is the computer plot and equation for the best fit, second-degree
curve for the seven frequency values versus their corresponding centroid 214

values obtained from Table 32.

In the comparison of the eight different double-pass monochromators, not only
their spectral image characteristics must be considered, but also where their
rays actually intersect the two corner mirrors. Rays must not overlay or fall
too near the corner between the two corner mirrors. Table 34 shows the maximum
range of Z6 values for each of the eight double-pass monochromators and for
three frequencies. Two of these frequencies always come nearest the corner.
The third frequency is always farthest from the corner. The 27 ranges on the

second corner mirror have roughly the values of their Zg counterpart. Tt is
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Ray Starting Point on Entrance Slit is (Aj):

XO = O, Yo = 2.0, ZO = ]..O

Frequency Not Centroid o Centroid | Not o

o A4 | ysed Y12 AYy4 | 75% AY1s 714 Used Az14 | 75% Az1s
7223.12 -.031 2.000 .040 .017 -5.012 .039 .022
7226.14 -.024 2.000 .0266 .0130 -3.727 .027 .015
7229.09 -.019 2.000 .0143 .0064 -2.503 .015 .0082
7232.12 -.016 2.000 .0016 .0008 -1.232 .0022 .0011
7234.85 -.014 2.000 .0115 .0059 -.113 .0101 .0059
7238.54 -.014 2.000 | .0268 .0139 1.414 .025 .017
7213.57 -.068 2.000 .085 .038 -9.118 .076 .043
NOTE:

All dimensions are in mm except as noted.

Table 14,

Spectral Image Characteristics for Monochromator A
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Ray Starting Point on Entrance Slit is (As):

XO=O} YO=5oO’ ZO= 1.0

Frequency | A4 | Not | Centroid | Ay, | 75% AYyy | Centroid Coméiiison Azqy | 75% Azyy
cm~1 Used Y14 Z14 (A2 - As)

7223.12 ~-.106 5.000 .036 .015 -5.139 .127 .040 .021
7226.14 | -.098 5.000 .0245 .0091 -3.853 .126 .027 .016
7229.09 | -.092 5.000 .0134 .0051 -2.629 .126 .014 .008
7232.12 | -.087 5.000 .0122 .0053 -1.357 .125 .0042 .0017
7234.85 | -.085 5.000 .0235 .0083 -.237 .124 .0132 .0079
7238.54 -.083 5.000 .0386 .0172 1.291 .123 .028 .018
7213.57 | ~.146 5.000 .077 .032 ~9.247 .129 .079 .048
NOTE: All dimensions are in mm except as noted.

Table 15. Spectral Tmage Characteristics for Monochromator A
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Ray Starting Point on Entrance Slit is (B2): X, = 0, Yo = 2.0, Zog = 3.0

Frequency Not Centroid | Not Centroid | Not o
cm” Alg Used Y14 Used Z14 Used A214 5% AZ14
7223.12 -.045 2.000 - -4.944 .0170 .0093
7226.14 -.037 - 2.000 -3.653 .0053 .0024
7229.09 -.030 2.000 -2.425 .0108 .0061
7232.12 -.025 2.000 -1.149 .0221 .0145
7234.85 -.023 2.000 -.024 .032 .019
7238.54 | -.021 2.000 1.509 .047 .028
7213.57 -.088 2.000 -9.068 .053 .030
NOTE: All dimensions are in mm except as noted.

Table 16.

Spectral Image Characteristics for Monochromator B
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Ray Starting Point on Entrance Slit is (Bg): Xo =

0, Yo = 5.0, Zo = 3.0

Fradognes | gy |30t | Coperete | toe | oencrotd | woe | | 752z
7223.12 .121 5.000 . ~-5.072 .0195 .0087
7226.14 111 . 5.000 -3.780 .0122 .0050
7229.09 .103 5.000 -2.551 .0165 .0074
7232.12 .097 5.000 -1.274 .027 .016
7234.85 .094 5.000 -.149 .037 .026
7238.54 .091 5.000 1.385 .050 .030
7213.57 167 4.999 -9.198 .058 .031

NOTE: All dimensions are

Table 17.

in mm except as noted.

Spectral Image Characteristics for Monochromator B
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Ray Starting Point on Entrance Slit is (C2): Xo = 0, Yo = 2.0, Zp = 4.0

Frequency Not | Centroidj Not | Centroid| Not o
cm” Al4 Used Y14 Used Z14 Used av 754’A214
7223.12 -.056 2.000 -4.916 .0066 .0024
7226.14 | -.046 . 2.000 -3.622 .0118 .0068
7229.09 -.039 2.000 -2.391 .0223 .0132
7232.12 | -.033 2.000 -1.112 .034 .019
7234.85 | -.030 2.000 .015 044 .026
7238.54 | -.028 2.000 1.551 .058 .035
7213.57 -.101 2.000 -9.049 .042 .023
NOTE: All dimensions are in mm except as noted.

Table 18.

Spectral Image Characteristics for Monochromator C
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Ray Starting Point on Entrance Slit is (C5): Xo = 0, Yo = 5.0, Zo = 4.0

Y| mae || Coperene| e, foenerose x|
7223.12 -.132 4.999 -5.044 .0164 .0055
7226.14 -.121 .5.000‘ ~-3.749 .0190 .0079
7229.09 -.113 5.000 -2.518 .0286 .0146
7232.12 -.106 | 5.000 -1.238 .039 .023
7234.85 -.101 5.000 -.110 .049 .030
7238.54 -.098 5.000 1.427 .062 .037
7213.57 -.181 4.999 -9.180 .047 .023

NOTE: All dimensions are in mm except as mnoted.

Table 19. Spectral Image Characteristics for Monochromator C
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Ray Starting Point on Entrance Slit is (D2): Xo =0, Yo = 2.0, Zo = 4.0
Frequency Not Centroid o Centroid | Not o
- A4 | Yysed Y14 AY14 | 75% AY14 714 Used Az14 | 75% Az1g
7223.12 | -.090 2.000 .044 .016 -8.176 .035 .019
7226.14 | -.074 2.000 .0299 .0110 -6.876 .023 .013
7229.09 | -.062 2.000 .0165 .0062 -5.621 .0124 .0053
7232.12 | -.051 2.000 .0051 .0027 -4.327 .0071 .0030
7234.85 | ~.043 2.000 .0129 .0061 -3.186 .0155 .0081
7238.54 | ~.035 2.000 .0275 .0121 -1.632 .029 .020
7213.57 | -.155 2.000 .091 .038 -12.361 .069 .042

NOTE: All dimensions are in mm except as noted.

Table 20.

Spectral Image Characteristics for Monochromator D




€C=¢

Ray Starting Point on Entrance Slit is (D5): X, =

0, Yo = 5.0, Zo = 4.0

Frequency | A14 | Not | Centroid | AYis4 | 75% AY14 | Centroid Comiiﬁison AZ14 1 75% Az1s
cm-1 Used Y14 Z14 (D - Ds)
7223.12 | -.169 4.999 .037 .014 -8.306 .130 .039 .020
7226.14 | -.152 4.999 .0244 .0089 -6.996 .129 .027 .0113
7229.09 | -.139 4.999 0119 .0057 -5.749 .128 .0181 .0094
7232.12 | -.127 5.000 .0115 .0036 -4 .454 .127 .0156 .0069
7234.85 | -.118 5.000 -0219 .0089 -3.313 .127 .022 .012
7238.54 | -.108 5.000 .0380 .0154 -1.758 .126 .035 .019
7213.57 -.239 4.999 .077 .030 -12.493 .132 .076 .041
NOTE: All dimensions are in mm except as noted.

Table 21.

Spectral Image Characteristics for Monochromator D




7e-¢

Ray Starting Point on Entrance Slit is (Ep): Xo =0, Yo = 2, Zo = 4.0
Frequency Not Centroid o Centroid | Not 5
em-1 Ay Used Y14 AY14 | 75% AY14 714 Used Az14 | 75% AZ14
7223.12 | -.079 2.000 ..046 .017 -8.176 .035 .019
7226.14 | -.066 2.000 .031 .015 -6.867 .024 .012
7229.09 -.056 2.000 .0172 .0065 -5.621 .0157 .0058
7232.12 | -.047 2.000 .0058 .0031 -4.327 .0073 .0031
7234.85 | -.040 2.000 .0131 .0055 -3.186 .0156 .0098
7238.54 | -.033 2.000 0276 .0139 -1.632 .0291 .0187
7213.57 -.134 2.000 .094 .035 -12.360 .070 041

NOTE: All dimensions are

Table 22.

in mm except as noted.

Spectral Image Characteristics for Monochromator E
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Ray Starting Point on Entrance Slit is (E5): Xo =0, Yo = 5.0, Zo = 4.0

Frequency | A14 | Not | Centroid | AYys | 75% AYys | Centroid Comiiﬁison Az141 75% Az1s
cm-1 Used Y14 Z14 (E2 - E5)
7223.12 |} -.156 4.999 .038 .015 -8.306 .130 .040 .017
7226.14 | -.142 4.999 .0253 .0097 -6.996 .129 .0280 .0125
7229.09 | -.130 4.999 .0127 .0064 -5.749 .128 .0189 .0079
7232.12 -.120 5.000 .0120 .0039 ~4.454 .127 .0163 .0061
7234.85 | -.113 5.000 -0223 .0087 -3.313 .127 .0228 .0099
7238.54 | -.105 5.000 .0385 L0148 -1.758 .126 .035 .019
7213.57 | -.215 4.999 .079 .041 -12.493 .133 .077 .044
NOTE: All dimensions are in mm except as noted.

Table 23,

Spectral Image Characteristics for Monochromator E
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Ray Starting Point on Entrance Slit is (F2): Xo =0, Yo = 2.0, Zo = 4.0
Frequency Not Centroid o Centroid | Not o
o Al | ysed Y14 AY14 | 75% AY14 214 Used Az14 | 75% Az14
7223.12 -.091 2.000 -.0236 .0083 -8.172 .0203 .0113
7226.14 -.076 2.000. .0160 .0070 -6.864 .0132 .0071
7229.09 -.064 2.000 .0091 .0038 -5.620 .0063 .0037
7232.12 -.053 2.000 .0035 .0022 -4.327 .0042 .0024
7234.85 -.045 2.000 .0064 .0032 -3.188 .0098 .0049
7238.54 -.037 2.000 .0129 .0068 ~-1.636 .0189 .0098
7213.57 -.158 2.000 0484 .0182 -12.352 0412 .0237

NOTE: All dimensions are

Table 24.

in mm except as noted.

Spectral Image Characteristics for Monochromator F
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Ray Starting Point on Entrance Slit is (Fg5): Xo =

O, YO = 5.0, ZO = 4.0

Frequency | A14 | Not | Centroid | AYis4 75%,AY14 Centroid Comiiﬁison Az14 | 75% Az1e
cm~1 Used Y14 Z14 (F2 - F5)

7223.12 | -.171 5.000 .0183 | .0076 -8.302 .130 .0221 .0119
7226.14 | -.154 5.000 .0133 .0054 -6.993 .129 .0148 .0082
7229.09 | -.142 5.000 .0084 .0035 -5.748 .128 .0102 .0056
7232.12 | -.128 5.000 .0073 .0030 -4.455 .128 .0087 .0040
7234.85 | -.119 5.000 .0117 .0054 -3.315 .127 .0121 .0071
7238.54 | -.109 5.000 .0195 .0081 -1.762 .126 .0207 .0110
7213.57 | -.243 5.000 .0395 .0170 -12.485 .133 .0440 .0226
NOTE: All dimensions are in mm except as noted.

Table 25.

Spectral Image Characteristics for Monochromator F
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Ray Starting Point on Entrance Slit is (Gp): Xo = 0, Yo = 2.0, Zo = 4.0

Frequency Not Centroid o Centroid | Not o
- A1 | yeed Y14 AY14 | 75% AY14 214 Used AZ14 | 75% Az14
7223.12 | -.080 2.000 ..0246 .0091 -8.172 .0205 .0112
7226.14 | -.068 2.000 .0167 .0074 -6.864 .0133 .0075
7229.09 | -.056 2.000 .0098 .0046 -5.620 .0065 .0047
7232.12 | -.046 2.000 .0042 .0027 -4.327 .0042 .0024
7234.85 | -.041 2.000 .0067 .0033 -3.188 .0099 .0049
7238.54 | -.034 2.000 0130 .0070 -1.636 .0188 .0098
7213.57 -.136 2.000 .0506 .0212 -12.352 .0414 .0240
NOTE: All dimensions are in mm except as noted.

Table 26.

Spectral Image Characteristics for Monochromator G
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Ray Starting Point on Entrance Slit is (G3): Xo

=0, Yo = 5.0, Zo = 4.0

Frequency | A14 | Not | Centroid | AYis4 | 75% AY14V Centroid Comié?ison Az14 | 75% Az

cm-1 Used Y14 Z14 G2 - 65) |

7223.12 .158 5.000 .0189 .0074 -8.302 .130 .0225 .0116
7226.14 144 5.000 .0140 .0061 -6.993 .129 .0151 .0112
7229.09 .132 5.000 .0090 .0044 -5.748 .128 .0108 .0055
7232.12 .122 5.000 .0078 .0034 -4.455 .128 .0092 .0044
7234.85 114 5.000 .0120 .0046 -3.315 .127 .0123 L0074
7238.54 .105 5.000 .0199 .0079 -1.762 .126 .0208 .0110
7213.57 .219 5.000 L0412 .0191 -12.485 .133 .0444 .0250
NOTE: All dimensions are

Table 27.

in mm except as noted.

Spectral Image Characteristics for Monochromator G




0€-¢€

Ray Starting Point on Entrance Slit is (Hp): Xo =0, Yo = 2.0, Zo = 4.0
Frequency | A14 in | Not | Centroid o Centroid | Not o
cm” Quartz | Used Yi4 AY14 5% AY14 Z14 Used Azl4 75416214
7223.12 | -.305 1.999 L0441 .0189 -8.176 .0349 .0202
7226.14 ] -.285 1.999 .0297 .0120 -6.867 .0235 .0133
7229.09 | -.268 1.999 .0162 .0059 -5.621 .0125 .0055
7232.12 | -.253 1.999 .0048 .0026 -4.327 .0071 .0032
7234.85 | -.242 1.999 .0129 .0050 -3.187 .0155 .0081
7238.54 | -.231 2.000 0274 .0137 ~1.632 .0290 .0214
7213.57 -.394 1.999 .0911 .0375 -12.361 .0695 .0385
NOTE: All dimensions are in mm except as noted.

Table 28.

Spectral Image Characteristics for Final Double Pass

Monochromator, H




Ray Starting Point on Entrance Slit is (H3,5): Xo = 0, Yo = 3.5, Zo = 3.954

1e-¢

Frquincy A1y in Comﬁéﬁison Centroid Av1s, 75% AYqs, Centroid Comiiﬁison AZ1y 75% AZ14

cm Quartz | (Hp-H3 5) Y14 Z14 (H2-H3 ,5)

7223.12 | -.296 -.009 3.499 | .0396 .0185 -8.178 .002 .0376 .0192
7226.14 | -.276 -.009 3.499 .0268 .0100 -6.868 .001 .0260 .0129
7229.09 | -.260 -.008 3.499 .0145 .0066 -5.623 .002 .0149 .0058
7232.12 | -.245 -.008 ’3.499 .0065 .0032 -4.328 .001 0114 .0049
7234.85 | -.234 -.008 3.499 .0167 .0064 -3.188 .001 .0187 .0090
7238.54 | -.224 -.007 3.499 .0308 .0140 -1.634 .002 .0317 .0197
7213.57 -.384 -.010 3.499 .0867 .0366 -12.362 .001 .0735 .0384

NOTE: All dimensions are in mm except as noted,

Table 29. Spectral Image Characteristics for Final Double Pass Monochromator, H
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Ray Starting Point on Entrance Slit is (Hs):

XO = O, Yo = 5.0, Zo = 3,880

Frequency | A14 in Comﬁiﬁison Centroid | AYi1s4 | 75% AY14 | Centroid Comgéiison AZ14 | 75% Az14

cm- 1 Quartz | (Hp - Hs) Y14 Z14 (Hy - Hs)

7223.12 | -.311 .006 4.998 .0386 .0141 -8.177 .001 .0402 .0177
7226.14 -.291 .006 4,998 .0255 .0130 -6.868 .001 .0283 .0126
7229.09 -.274 .006 4.998 .0128 .0060 -5.622 .001 .0190 .0074
7232.12 -.259 .006 ’4.998 .0119 .0039 -4 .328 .001 .0160 .0069
7234.85 -.248 .006 4.998 .0219 .0087 -3.187 .000 .0224 .0108
7238.54 | -.238 .007 4.999 .0380 .0148 -1.634 .002 .0348 .0196
7213.57 -.399 .005 4.998 .0793 .0352 -12.361 .000 .0769 L0447
NOTE: All dimensions are in mm except as noted.

Table 30.

Spectral Image Characteristics for Final Double Pass Monochromator, H




ge-¢

Ray Starting Point on Entrance Slit is (Hp): Xo =0, Yo = 2.0, Zo = 4.0
Frequency | A14 in| Not | Centroid o Centroid | Not o
cm-1 Quartz | Used Yi4 AY14 /5% AY14 214 Used Azl4 754’A214
7223.12 1.999 .0517 .0176 -8.176 .0389 .0193
]
7226.14 & 1.999 .0345 0114 -6.867 .0261 .0140
1
7229.09 w 1.999 .0186 .0071 -5.621 .0137 .0052
5 ‘
7232.12 g 1.999 .0052 .0027 -4.327 .0070 .0033
—i
m
7234.85 = 1.999 .0129 .0052 -3.187 .0160 .0087
o
]
7238.54 X 2.000 .0284 .0129 ~1.633 .0304 .0190
P
7213.57 1.999 .1109 .0381 -12.360 .0796 .0396
NOTE: All dimensions are in mm except as noted.

Table 31. Spectral Image Characteristics Without Computer Focus

for Final Double Pass Monochromator, H
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Ray Starting Point on Entrance Slit is (H3.,5): Xo =0, Yo = 3.5, Zo = 3.954
214
Frequency | A14 in | Not | Centroid AY14 75% AY14 | Centroid | Comparison| AZis 75%,Azl4
cm-1 Quartz | Used Yi4 Z14 (Hp-H3 . 5)
7223.12 3.499 L0460 | - ,0174 -8.177 .001 .0409 .0203
o
7226.14 3 3.499 -.0288 .0106 -6.868 .001 .0277 .0121
7229.09 ; 3.499 .0145 .0058 -5.623 .002 0154 .0054
O f
7232.12 g 3.499 .0065 .0028 -4.328 .001 .0115 .0041
L)
o
7234.85 = 3.499 .0166 .0060 -3.188 .001 .0197 .0092
ke
V] .
7238.54 x 3.499 L0342 .0185 -1.634 .001 .0336 .0185
P
7213.57 3.498 .1052 .0349 -12.361 .001 .0828 .0404
NOTE: All dimensions are in mm except as noted.

Table 32.

Spectral Image Characteristics Without Computer Focus
for Final Double Pass Monochromator, H
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Ray Starting Point on Entrance Slit is (Hs):

Xo =0, Yo = 5.0, Zo = 3.880

Frequency | Ay in| Not | Centroid| AYqyy | 75% AYj4 | Centroid Comﬁiﬁison Azy4 | 75% AZ1y

cm” Quartz | Used Y14 Z14 (Hy - Hs) '

7223.12 4,998 .O&OS 0158 -8.176 .000 L0442 .0173

7226.14 5 4.998 .0257 .0089 -6.867 .000 .0308 .0123

7229.09 ; 4.998 .0129 .0048 -5.622 .001 .0197 .0064

7232.12 ; 4.998 .0119 .0042 -4.328 .001 .0159 .0066
e

7234.85 S 4.999 .0221 .0082 -3.187 .000 .0225 .0105
- ,

7238.54 é 4.999 .0397 .0216 -1.634 .001 .0356 .0197

7213.57 4.997 .0997 .0331 -12.360 .000 .0873 .0474

NOTE: All dimensions are in mm except as noted.

Table 33.

Spectral Image Characteristics Without Computer Focus
for Final Double Pass Monochromator, H
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X CENTROID (Z 114}
Y FREQUENCY.  (1/CM]

13258 D4
Y
.999998
Y = ao+a1x+02x2
4, = 7242.50
ap = 2.4271
ap = .00699032
71758 oY
-. 1500k 02 .1500E 02
X
Figure 5. Monochromator H--Centroid Zy4 vs Frequency
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Ranée of Zg Values for Ray Filling Area on Surface #6
Monochromator B
Freq. 7213.57 cm™l | 7234.85 em™t | 7238.54 cm}
Min. Zg - 7.98 - .98 .20
Max. Zg - 6.45 - .88 .34
Min. Zg - 9.50 - 2.47 -1.26
Max. Zg - 7.70 - 1.94 - .9
Min. Zg -10.27 - 3.24 -2.02
Max. Zg - 8.33 - 2.55 -1.56
Min. Zg -12.79 - 5.75 -4.,53
Max. z¢ -10.40 - 4,61 -3.61
Min. zg -12.78 - 5.75 -4.,53
Max. Zg -10.39 - 4,61 -3.61
Min, 26 -12.74 - 5.74 -4.,53
Max. Zg -10.40 - 4,62 -3.63
Min. Zg -12.73 - 5.73 -4.52
Max. Zg -10.40 - 4.62 -3.63
Min. Zg -12.68 - 5.65 -4 .43
Max. Zg -10.31 - 4,53 -3.54
NOTE: All dimensions are in mm except as noted.
Table 34. Ray Locations on First Corner Mirror. This

Table gives the maximum difference for all

Z¢ values for two ray families with starting
points (Yo=2.0, Z,=4.0), and(Y,=5.0, Z,=4.0).
An exception is Monochromator H which has
respective ray starting points (Y,22.0, Z,=4.0)
and (Y,=5.0, ZO:3,88).




seen from Table 34 that monochromator H has safe ray clearance-=3.54 mm

minimum, whereas monochromators A, B, and C have less clearance.

3.2 Single-Pass Monochromator

The design goal of this study at its beginning was to design an optimal double-
pass monochromator, and monochromator H is the end result. At this stage of
the study, JPL requested that in addition, an optical study be made of the
front half of monochromator H used as a single-pass monochromator. Only one
such single-pass monochromator has been studied, and it is referred to as

monochromator J.

Figure 6 shows two views of the monochromator J optical system which are
plotted directly by computer. The upper view is a ray trace using a family
of ten rays with a single entrance-slit starting point (Xo =0, Y, =5.0,

Zo= 3.88) which form a uniform line array on the grating face between points
(X3 = 0, Y5 = 50.0, z, = 0) end(X, = 0, Y, = -50.0, Z, = 0). This particular
line array does not fill the full grating area which has been later outlined
with phantom lines. The lower view uses a different family of ten rays which
starts from the same entrance-slit point as for the upper view, but these ten
rays form a uniform line array on the grating face between points (X3 = 0,

Y3 =0, 23 = 90.0) and (X3 = 0, Y4 = 0, Z; = -90.0). Both of these ray-trace
plots are for a frequency of 7213.57 em~l for which the boundary rays have

their greatest spread from the monochromator center line.

The monochromator J axis systems shown in Figure 6 are defined in Table 35,
and the dimensional parameters for monochromator J are given in Table 36. The
distortions in the spectral image of the entrance slit are only half as great
as for monochromator H, so the entrance-slit plame tilt, Bl’ is halved. Now
Bl = 0.580°, and the lateral tilt of the entrance slit in its plane is also
halved.

Tables 37, 38, and 39 show the spectral image characteristics for monochromator
J for three different entrance=-slit starting points, In these three tables,

A7 is varied by the computer until a best-image is obtained for each family
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(Xo,Y0,Z0)

(Xl,Yl,Zl)

(Xy ¥y Zp)
X5 Y5 25)

(X3 Y5 23)

Xy Yy 24)

(X6,Y6,Z6)

(X7,Y7,Z7)

Entrance Slit--The entrance slit lies in the Y4-Z, plane, and
each family of rays used to ray-trace the monochromator starts

from a point on the entrance slit.
Mathematical Axis System.

Paraboloid Collimating Mirror-~These two axis systems are
identical and may be referred to as the (X2’5)Y2’5,22’5) axis
system. The apex of this paraboloidal reflecting surface is at
the origin of the (X2’5,Y2,5’22’5) axis system, and the focus

of the paraboloid is located on the negative X, g-axis.
)

Diffraction Grating-=-The ruled area of the grating is in the
Yq-Z4 plane, and the grating rulings are parallel to the

Y3—axis.
Mathematical Axis System.

Front Face of Detector Cover Glass-=This is a refracting

surface in the Ye=Zg plane.

Spectral Image Surface--The spectral images for the ray
starting points on the entrance slit are formed on the

Y7-Z7 plane.

Table 35. Description of Ray=Trace Axis Systems Used
for Single-Pass Monochromator
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£7-¢

Axis Optical

si??;t o | Pa ] G| o Bo " | girface FuﬁitiOH v Fa | “n

(n) (mm) (mm) | (mm) | (deg) | (deg) |(deg) Shape Surface | (mm) | (mm) |(mm) (mm) Nn
1 -.580 Plane Transmit 1,0000
2 500.000 Paraboloid|Reflect }1.000}1.000 -1000.000{1.0000
3 |-410.000 56.055 Plane Diffract 1.0000
4 -56 .055 Plane Transmit 1.0000
5 410.000 Paraboloid|Reflect }1.000}1,000 ~1000.000|1.0000
6 -499.750 Plane Refract 1.4460
7 .250 Plane Transmit 1.4460

Table 36. Dimensional Parameters for MAWD Single-Pass Monochromator, J




79-¢

Ray Starting Point on Entrance Slit is (J9): Xo =0, Y, = 2.0, Z, = 4

Frequency | A, in | Not Centroid | AY 75% AY Centroid | Az 75% Az
-1 7 7 7 7

cm Quartz Used AY7 Z7

7223.12 -.259 -2.000 .0218 | .0085 -6.051 .0185 .0111
7226 .14 -.256 -2.000 .0150 | .0063 -5.411 .0124 .0073
7229.09 -.253 -2.000 .0085 | .0032 -4.799 .0066 .0032
7232.12 -.250 -2.000 .0033 | .0018 -4.161 .0037 .0015
7234.85 -.249 -2.000 .0072 | .0029 -3.597 .0082 .0052
7238.54 ~.246 -2.000 .0145 | .0071 -2.826 .0154 .0102
7213.57 -.271 -2.000 .0436 | .0171 -8.080 .0375 .0213
Min.Freq.

7193.81 -.309 -2.000 .0901 | .0378 -12.307 .0760 .0439
Max.Freq.

7308.16 -.298 ~-2.000 1686 | .0713 11.201 .1584 1687
NOTE: All dimensions are in mm except as noted.

Table 37.

Spectral Image Characteristics for Single-
Pass Monochromator, J
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Ray Starting Point on Entrance Slit is (J3 5): Xo = 0, Yo = 3.5, Zo = 3.976
A7 Z7
Frequency| A in | Comparison | Centroid | AY 75% AY. | Centroid | Comparison Az 175% Az
cm” ezl (J. - J Y 15 / z J, - J 7 7
Quartz | i~y = Y3 s) 7 7 2 7 73.5)
7223.12 -.256 ~.003 -3.499 ©.0201 | .0094 -6.051 .000 .0196 | .0109
7226.14 ~.253 ~-.003 -3.499 .0136 | .0051 -5.411 .000 .0134 | .0069
7229.09 -.251 -.002 ~-3.499 .0075 )| .0026 -4.799 .000 .0077 ] .0033
7232.12 -.248 -.002 -3.499 .0036 | .0021 -4.161 .000 .0059 | .0023
7234.85 ~.246 -.003 -3.499 ~.0090 | .0033 -3.597 .000 .0100 1 .0045
7238.54 | -.244 | -.002 -3.499 .0164 ] .0065 | -2.826 .000 .0170 ] .0099
7213.57 ~-.269 ~.002 -3.499 .0412 .0169 -8.080 .000 .0389 [ .0211
Min.Freq.
7193.81 | -.306 -.003 ' -3.500 .0878 | .0472 -12.307 .000 L0779 1 .0438
Max.Freq.
7308.16 -.297 -.001 =3.500 .1685 1] .0756 11.201 .000 L1596 .1154
NOTE: All dimensions in mm except as noted.

Table 38. Spectral Image Characteristics for Single-Pass Monochromator, J
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Ray Starting Point on Entrance Slit is (JS): Xo = 0, YO = 5.0, Z = 3.939
A7 27
Frequency A7 in |Comparison | Centroid AY15 75% AY7 Centroid | Comparison AZ7 75% A27
cm Quartz (JZ - JS) Y7 Z7 (JZ - JS)
7223.12 -.261 .002 -4.999. .0194] .0080 | -6.051 .000 .02051 .0107
7226.14 | -.258 .002 -4.,999 .01291 .0046 -5.411 .000 L0144 .0070
7229.09 -.256 .003 ~4.999 L0067} .0034 | -4.799 .000 .0095| .0038
7232.12 -.253 .003 -4.999 .0065) .0023 | -4.161 .000 .0083| .0055
7234.85 -.251 .002 -4.999 .0118] .0043 | -3.597 .000 .0121} .0G53
7238.54 | ~.249 .003 -4.999 .0192} .0073 | -2.826 .000 .0189| .0101
7213.57 -.274 .003 -4.999 .0399} .0167 | -8.080 .000 .03991 .0239
Min.Freq.
7193.81 -.311 .002 -4.999 .0841} .0348 [-12.307 .000 L0796 .0492
Max.Freq.
7308.16 -.302 .004 -5.001 .16841 .0748 11.201 .000 L1611} 1155
Table 39. Spectral Image Characteristics for Single-Pass Monochromator, J




of one hundred Zy values. Tables 40, 41, and 42 show the spectral image
characteristics for monochromator J when A, has a fixed value of 0.250 mm.
Tables 37 through 42 have two new frequencies added, which are not used with
the double~pass monochromators. These represent the maximum and minimum fre=-
quencies which have just the same maximum utilization of the two corner

mirrors as does monochromator H.

Figure 7 is the computer plot and equation for the best fit, second-degree
curve for the nine frequency values versus their corresponding centroid Z7

values obtained from Table 41,

3.3 Error Analysis for Monochromators H and J

The error analysis presented in this section determines the modifications to
the monochromator spectral image characteristics due to component tolerances
and instabilities. This analysis is performed in a fundamental manner in
which only one dimensional parameter is modified at a time. Each dimensional
parameter error has been actually varied through two full decades. As long as
the dimensional parameter errors are relatively small, their individual changes
to the monochromator spectral image characteristics may be added to give the
overall spectral image characteristics for the monochromator with all its

dimensional parameter errors.

Tables 43 through 49 give the results. of single-ray error analyses. For the
particular dimensional parameter errors presented in these tables, one axial
ray is characteristic of a 100-ray family, since the monochromator focus will
be unaffected. The same single ray is used for every dimensional parameter
error change, and that ray has an entrance-slit starting point of (Y =5.0,

ZO=3.88), and a ray intercept at the origin of the (X3,Y3,Z3) axis system.

If a dimensional parameter error modifies the monochromator focal length, then
at least two rays are required for the spectral image analysis. Tables 50 and
51 show such 2-ray error analysis. These two rays have their entrance=-slit
starting points at (Y = 5.0, Z_= 3.88) andrthey strike the grating at two

points (Y3 =0, Z3= 90.0) and (Y3 = 0, z3 = -90.0). The computer then varies

3=47
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X CENTROID Zi7))
Y  FREQUENCY  (1/CM)

L7325 Q4
CC = 1.00000
Y = uo+u]x+azx2
a, = 7252.23
01 = 4,87519
oy = 0104521

Y
LTL75E o4
-.1500E 02 .1500E @2

Figure 7. Monochromator J-=Centroid Zy vs Frequency
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A14 and A7 for monochromator H and J, respectively, until the two rays have

identical 214 or Z7 values.

Figure 8 is a composite plot of the single-ray errors from Tables 43 through
49. One interesting result of this error analysis is that the Y14 error
displacement is zero, or substantially zero, for certain dimensional param-
eter errors, while the corresponding Y7 error displacement is large. This is
because these particular error displacements created in the first monochromator
are cancelled by the second monochromator due to the vertical ray inversion at

the corner mirror.

3.4 Component Dimensions for Monochromator H

This section presents a number of computer spot diagrams which show the maxi-
mum areas of each optical surface which are used by rays in Monochromator H.
Figure 9 is a graph of the final entrance-slit shape in the Yo=Z, plane, with
its final coordinates. Figure 10 is a composite view of surfaces 1, 6, 7, and
14 at a frequency of 7213.57 cm'l. For this plot, nine families of nine rays
each start from the nine entrance-slit starting points shown in Figure 9 for
Monochromator H. The intercepts of these rays with the first corner mirror
(the Yg-z, plane), the second cornmer mirror (the Y;-Z; plane), and the exit-
slit plane (the Y4729, plane) are accurately shown. Figure 11 is a similar
plot, except the frequency is 7238.54 cm'l. Figure 12 is also similar to

Figures 10 and 11, and it is a composite plot of all seven frequencies listed
in Table 13.

Figure 13 is a composite plot of surfaces 2, 5, 9, and 12 for the collimating
mirror, at a frequency of 7213.59 em™ . A 100=ray family is used with an
entrance-slit starting point of (YO - 5.0, zZ.,= 3.88). Four 100-ray points
are seen in Figure 13 since four 100-ray intercepts are shown at respective

surfaces 2, 5, 9, and 12.

It has been necessary to develop a new ray~-frace axis system in order to

determine the hole location in the grating. This new ray-trace axis system
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DIMENSIONAL PARAMETER ERROR (MM OR DEGREES, WHICHEVER APPLIES)
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NOTES: These image errors are smaller than 0.0001 inch: AC7’1O(H) for Centroid Y14 I
Wememnee TriCTemMental }:'Trrors in Centroid Aa3’4’11’12(J) for Centroid Yy AOI729 (H) for Centroid Y4
-:7 or Centim.d Yi4- A‘1'3,,4,11_,12(1'1) for Centroid Yy, AOK7,9 (B) for Centroid Zyy,
v «=wlncremental Errors in Centroid : i
for Centroid Y A H) for Centroid Y
Z7 or Centroid Zy. Aﬂ3’4,11’12(H) or Centroid Yy, 37’9 (H; o ) Zl4
. troi
All curves are for Monochromator A73,4’11’12(H) for Centroid YM AB7,9 ( or Lentrol 14
H unless otherwise noted. A32,3’5,6,10,11’13,14(H) for Centroid Yy, AZy (J) for Centroid Yy
i Z H) £ Centroid Y
AC2,3’5’6’10’11,13,14(J) for Centroid Y7 A o (H) for Centroi 14
Centroid Y
AC3 3,5,6,10,11,13,14(H) for Centroid ¥y,

Figure 8. Result of Error Analyses from
Tables 43 through 49
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Single Pass Monochromator J

Double Pass Monochromator H

Frequency 7213.57 em™! | 7232.12 em™! | 7238.54 cml 7213.57 em™l | 7232.12 em”l | 7238.54 cm!
Desiiigiion ¥7 27 Y7 2 Y7 Z7 | Y | Fu Yo | % | Y |
Zero Error  |=4.9988|-8.0045|-4.9987 |-4.1017 |-4.9986|-2.7718|4.9994 | -12.3346 | 4.9993|-4.3296|4.9993 |-1.6458
ﬁgi,i;_:ggiz ~4.9988 |-7.9868 |-4.9987 |-4.08401-4.9986 |-2.754214.9994 | -12.2977 | 4.9993|-4.293814.9993 |-1.6103
@5 - (D 0 0177 0 0177 0 L0176 0 L0369 0 .0358) 0 L0355
ggi,%;_;g{; ~4.9988|-7.8269 |-4.9986 |-3.9251 | -4.9986 | -2.5056] 4.9994 | -11.9659 | 4.9993|-3.9710]4.9993 |-1.2917
;
®-0 0 .1776| .0001| .1766] © 1762 0 36871 0 .3577| 0 3541
Aoz 117 -1°
0’ p= +1° [4.9987|-6.2301|-4.9986 |-2.3378|-4.9986 | -1.0115[4.9993 | - B.6710 | 4.9993|- .7745|4.9993 | 1.8741
®-0 L0001} 1.7744| .0001] 1.7639] 0 1.7603|-.0001 | 3.6636 | O 3.5551] 0 3.5199
ggz,ﬁj_;gg}: ~4.9891]-8.0044 |-4.9889|-4.1015|-4.9889|-2.7716]4.99% | -12.3343 | 4.9993|-4.3293}4.9993|-1.6455
;
(5) - O .0097{ .0001| .0098| .0002| .0097| .0002] O .0003 | 0 .0003] 0 .0003
Aigi’i;- 8;: ~4.9020]-8.0030 |~4.9012 |-4.1002 | -4.9010|-2.77034.999% | -12.3315 | 4.9993|-4.3266}4.9993|-1.6429
@ -(D .0968] .0015) .0975} .0015] .0976| .0015) O .0031] 0 .0030} 0 .0029
Agzjgz_.iio -4.0302)-7.9912 |-4.0244 | -4 .0884 | -4 .0224| -2 .7586(4.9991 | -12.3070 | 4.9993|-4.3028]4.9993|-1.6193
@ - .9686| .0133| .9743] .0133] .9762) .0132]-.0003 0276 | 0 .0268) 0 .0265

NOTE: All dimensions are in mm except as noted.

Table 43.

Single Ray Error Analysis for
A"3,4,11,12

Monochromators:

Single- and Double-Pass
and AB3 4, 11, 12
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Single-Pass Monochromator J

Double-Pass Monochromator H

Frequency 7213.57 cm™! [7232.12 cm™1] 7238.54 cm™l 7213.57 et 7232.12 cm™t 7238.54 cm !
Error
Description | 7 Z; Y7 Z7 Yy Zq Y14 214 Y14 2 | Y1 Zys,
Zero Error 44,9994 | -12.3346 ) 4.9993 | -4.3296] 4.9993 | -1.6458
Acy = 01| Do Do Do Do Do Do
Aol - -lor| Mot |Net |wor [wer |wer |wec 4.999 | -12.3558 | 4.9993 | -4.3501 4.9993 | -1.6660
Apply| Apply jApply| Apply| Apply} Apply
-(D 0 - 0212 o - .0205] o - 0202
AC7 = .1
4.999 | -12.5473 | 4.9993 | -4.5348 | 4.9993 | -1.8485
AC10=-.1
ey -] - " L " " " 0 - 2127 o - 2052] o - 2027
Acy 1.0 4.9993 | ~14.4736 { 4.9991 | -6.3929| 4.9992 | -3.6845
AC10=-1.O
@ -Q) -.0001 | - 2.1390 | -.0002 | -2.0633| -.0001 | -2.0387
AO{7 = .01°
4.999 | -12.3346 | 4.9993 | -4.3206 | 4.9993 | -1.6457
Aag = -.01°
- @ " " " 1 " 1" 0 0 0 0 0 ,0001
AQ7 = .1°
4.9992 | -12.3347 | 4.9992 | -4.3295] 4.9992 | -1.6456
A;Q{S_—".lo
@ -@ -.0002 | - .0001 | -.0001| .0001| -.0001| .0002
AO!7= l.0°
4.9973 | -12.3426 | 4.9985 | -4.3309] 4.9990 | ~1.6449
/\a8=—1.0°
@ -0 -.0021| - .0080| -.0008 | - .0013| -.0003 | .0009
Note: All dimensions are in mm except as noted

Table 46.

Monochromators: AC7 10 andIAa7,8

Single Ray Error Analysis for Single- and Double-Pass
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Single~Pass Monochromator J Double-Pass Monochromator H
Frequency 7213.57 em- 1| 7232.12 em | 7238.54 e 1| 7213.57 cml 7232.12 cm”! 7238.54 cm” L
Error Y z Y z Y 7 ¥ z Y z Y z
Description 7 7 7 7 7 7 14 14 14 14 14 14
Zero Error 4.9994 1-12.3346 1 4.9993 | ~4.3296 |4.9993 | -1.6458
Aoy = .01° | Do Do Do Do Do Do
Ay = -.01¢ | Not  |Not |Not |Not |Not |Not 4.999 | -12.3346 | 4.9993 | -4.3296 | 4.9993 | -1.6458
Apply | Apply | Apply | Apply| Apply | Apply
@ - @ 0 0 0 0 0 0
AO!7 = L1°
Aag = -.1° 4.9994 | -12.3346 | 4.9993 | -4.3296 | 4.9993 | -1.6458
@ - @ " T " " T " 0 O 0 0 O O
Aa7 = 1.0°
Ags = -1.0° 4.9994 | -12.3346 | 4.9993 | -4.3296 | 4.9993 | -1.6458
L 9 - =i,
- 0 0 0 0 0 0
ABy = .01°
Afg = -.01° 4.9975 | -12.3358 | 4.9983 | -4.3308 { 4.9986 | -1.6470
- " " " " " n -.0019 | - .0012) -.0010 | - .0012 | -.0007 | - .0012
ABy = 1°
Ag Lo 4.9799 | -12.3469 ] 4.9890 | -4.3419 | 4.9923 | -1.6580
8 ™ .
- -.0195 | - .0123] -.0103 | - .0123 | -.0070 | - .0122
AB7 = 1.0°
ABg = -1.0° 4.8042 | -12.4565] 4.8969 | -4.4513 | 4.9292 | -1.7675
G) - (D -.1952 1 - .1219) -.1024 | - .1217] -.0701 0 - .1217
Note:

VITable 47.

All dimensions are in mm except as noted

Aa7’9 and A'B7,8

Single Ray Error Analysis for Single-

and Double-Pass Monochromators:
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® ©

Single-Pass Monochromator J

Double-Pass Monochromator H

Frequency 7213.57 cm * 7232.12 em™t|  7238.54 cm™! [7213.57 el |7232.12 emt |7238.54 cn!

Error -
Description Yg %7 s 2 s Z7 | Y Ziy | Y14 Zip | Y1a an
Zzero Error | -4.9988]-8.0045|-4.9987|-4.1017| -4.9986 |-2.7718]4.9994 | -12.3346] 4 .9993| -4 .3296]4.9993 | -1.6458
ABy7 = -gi: Do Do Do Do Do Do 4.9995]-12.3346]4.9993|-4.3296]4.9993 |-1.6458
ABg = - Not Not Not Not Not Not

@) - @ Apply | Apply | Apply | Apply | Apply | Apply | 591 0 0 0 0 0
AB'] = '10

T, 4.9997] -12.3345| 4.9992] -4 .32950 4.9991| -1.6457

ABg = -.1

G- .0003]  .0001} -.0001| .0001|-.0002] .0001

= ° " " 1" 1 ]

ABz = 1.0° ' " 15.0032}-12.3339| 4.9997] -4.3291) 4.9992| -1.6454
ABg = 1.0

-(D .0038|  .0007| .0004{ .0005|-.0001f .0004
AY, = .01 |-5.0088-8.0049|-5.0086|-4.1020| -5.0086 |~2.7721f 5.0094] ~12.3352 5.0093| -4.3302| 5.0093] -1.6464

@—@ - .0100} - .0004|- .0099|- .0003]- .0100|- .0003| .0100|- .0006] .0100|- .0006| .0100|- .0006
AY, = .1 -5.0988| -8.0076|-5.0986| -4.1047] -5.0986| -2.7748] 5.0994] -12.3410| 5.0993| -4.3357} 5.0992| -1.6518

-@ - .1000] - .0031|- .0999|- .0040| - .1000|- .0030] .1000{- .0064] .1000|- .0061] .0999|- .0060
AY, = 1.0 | -5.9986| -8.0380 -5.9983]-4.1347| -5.9983| -2.8047] 5.9992] -12.4041} 5.9990f -4.3965] 5.9990| -1.7119

@-@ - .9998l - .0335|- .9996]- .0330| - .9997)- .0329] .9998] - .0695| .9997}- .0669| .9997|- .0661

Note: All dimensions are in mm except as noted

Table 48.

Single Ray Error Analysis for Single and Double Monochromators:
A,87 9 and AYO
L2
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Single-Pass Monochromator J Double~-Pass Monochromator H
Frequency 7213.57 em b | 7232.12 em™l | 7238.54 eml |7213.57 em™l  [7232.12 em™! [7238.54 cm”?
Error
Deeeription Y, Z4 Y, Z5 v, Z; | Yy Zy,, Yy, 2 | Y1 Z,
@ Zero Error -4.99881-8.0045] -4 .9987 1 -4 .1017] -4 .9986|-2.771814.9994 |-12.3346]4.9993 {-4.32964.9993 |-1.6458
Az, = .01 -4.9988(-8.0149|-4.9987|-4.1119] -4.9986(-2.7820{4.9994(-12.3456{4 .9993 |-4.3401]4.9993 |-1.6561
-@ o |- .0t04] o |- .o1020 o |- .0102] o |- .oi0l o |- .ot05 o |- .0103
Az, = .1 -4.9988]-8.1082) -4.9987} -4 .2041) -4.9986| -2.8738] 4.9994|-12 .4448] 4 .9993 | -4 .4346]4.9993 |-1,7492
-@ o |- .1037] o |- .1024] o |- .10200 o |- .1102] o |- .1050] O |- .1034
Az, =1.0 |-4.9989)-9.0439|-4.9987| -5.1287| -4.9986] -3.7947]| 4.9994|-13.442914.9992|-5.3860|4.9992 | -2.6854
—@ - .0001]-1.03% 0 -1.0270} 0 -1.0229] 0 |- 1.1083}-.0001}-1.0564]-.0001}-1.0396
Note: All dimensions are in mm except as noted

Table 49.

Single Ray
Az -

Error Analysis for Single and Double Pass Monochromators:
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> 7
MAX MIN
HALF @XIS LENGTH 10.160 z = 12.944 -~-12.883 SURFACE NO.
HALF AXIS LENGTH 10.160 Y = 5.038 ~5.927 1 6 7 14

MAWD Fixed Double-Pass Littrow Mono-=F/5, 1000 mm TFL,

Figure 10,
Paraboloid==7213.57 H
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> 7

MAX MIN
i HALF AX1S LENGTH 10.160 Fd = 4.6e5 -4.634 SURFACE NO.
Y HALF AXIS LENGTH 10.160 Y = 5.017 -5.31¢ 16 7 14

Figure 11. MAWD Fixed Double-Pass Littrow Mono-=F/5, 1000 mm TFL,
Paraboloid=--7238.54 H
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”ne . - e2s
L14] sse ose
> 7
MAX MIN
z HALF AXIS LENGTH 10.160 Fd = 12.944 -12.883 " SURFACE NO.
Y HALF AXIS LENGTH 10.160 Y = 5,038 -5.927 1 6 7 14

Figure 12. MAWD Fixed Double-Pass Littrow Mono=--F/5, 1000 mm TFL,

Paraboloid==7 frequencies
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e,

MAX MIN
58.709 -55.660 SURFACE NG.
SU.755 -56.656 25 912

7 HALF AXIS LENGTH 101.600 2
Y HALF AXIS LENGTH 101.600 Y

[}

Figure 13. MAWD Fixed Double-Pass Littrow Momo--F/5, 1000 mm TFL,
Paraboloid~-=7213,57 H
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inserts the grating surface into the ray trace each time the rays pass through
its hole. This ray-trace axis system is called monochromator HA, and is
described in Table 52, and its dimensional parameters are defined in Table 53.
Figure 14 is a composite plot of the intercepts for a 100-ray family with
surfaces 2, 5, 8, 13, 16, and 19. For this particular monochromator HA ray-
trace 2, 8, 13, and 19 represent the one hundred rays passing through the
grating face and surfaces 5 and 16 represent the rays filling the full grating
face. Any holes cut through the grating must, of course, include the four

groups of one hundred ray points which represent surfaces 2, 8, 13, and 19.

Figure 15 is Figure 14 with an ellipsoidal ring of points and a second axis
system superimposed. This elliptical ring of points represents the projection
on the grating face of a 45-mm~diameter hole cut through the grating parallel
to the monochromator axis, Xy-axis. The X-axis of this bored hole is located
at ZS= -10,0 mm, wherein the grating face is in the (X5,Y5’ZS) axis system.
Figure 16 shows a family of computer-generated holes for the grating. Each
elliptical ring is the intercept of 40 equally-spaced rays, forming a cylinder
about the Xi=axis, of the mbnochromator. Figure 16 shows bored holes through

the grating having 38-mm through 60-mm diameters.

Figure 17 shows the required hole size and location in the collimating mirror.
This hole dimension was developed by ray-tracing those rayslwhich started from
two entrance-slit starting points (Y = 2.0, Z_ = 4.0) and(YO = 5.0, 2z, = 3.88),
and intercept the 45-mm-diameter bored hole through the grating shown in

Figure 16, The intercepts of these rays with the collimating mirror determine

this hole size. Figure 17 is given in terms of the monochromator H axis system.
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L9-¢

Single Pass Monochromator J Double Pass Monochromator H
Frequency 7213.57 cm™t 7232.12 cm ! 7238.54 cm 7213.57 em” ! 7232.12 em™ 7238.54 cm” "

Error
Description A7 Z7 A7 Zy A7 Z7 A4 214 Aty Z14 A1y Z14
Zero Error -.2191 |-8.0302 |-.1998 |-4.1001 |-.1963 |-2.7606 | -.2743 |-12.3794 |-.1790 |-4.3263 |-.1632 |-1.6243
Ady 1o = .01
a0 C oy |--1984 |-8.0302 [-.1793 |-4.1001 |-.1759 |-2.7606 | -.2296 |-12.3791 |-.1370 |-4.3261 |-.1221 |-1.6242
g 14 T -

- .0207 0 .0205 0 .0204 0 L0447 .0003 | .0420 | .0002 | .0411 | .0001
AA’Z}IO = ‘l 4 1.6
Ang 1 - - -.0118 |[-8.0298 | .0050 |-4.0998 | .0076 |-2.7604 | .1721 |-12.3763 | .2411 |-4.3249 | .2485 |-1.6235

s

- .2073 | .0004 | .2048 | .0003 | .2039 | .0002 | .4464 .0031 | .4201 | .0014 | .4117 | .0008
Ady 1o = 1.0
Ay, = 1.0 |1-8530 |-B.0255 |1.8473 }-4.0970 ]1.8426 |-2.7581 |4.1815 -12.3492 |4.0145 | -4.3139 |3.9474 |-1.6174
Adg 14 = -

- 2.0721 | .0047 |2.0471 | .0031 |2.0389 | .0025 |4.4558 .0302 |4.1935 | .0124 |4.1106 | .0069
/\A6 - O]_

A = - 01 Do Do Do Do Do Do |-.2517 |-12.3792 |-.1580 |-4.3262 | -.1427 |-1.6243

10 Not Not Not Not Not Not

- Apply|  Apply| Apply| Apply| Apply|  APPIYl 0956 | 0002 | .0210 | .0001| .0205| O
Ad, = .1

" " " " " m | -.0489 |-12.3777 | .0310 |-4.3256 | .0418 | -1.6240
Abig = -.1

[6] - .2254 .0017 | .2100 | .0007 | .2050 | .0003
Abg 1.0
As = -1.0 " " " " " m 11.9767 |-12.3629 |1.9180 |-4.3201 | 1.8849 |-1.6213
- 10 - .

- 2.2510 .0165 |2.0970 | .0062 |2.0481 | .0040

Note: All dimensions are in mm except as noted
Table 50. Two-Ray Error Analysis for Single- and Double-Pass

Monochromators: ZSA2,6’10’14 and AA
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Monochromators:

ARy 5 10,13

and AX
o

Single Pass Monochromator J Double Pass Monochromator H
Frequency 7213.57 em b | 7232.12 em™! | 7238.54 em™l | 7213.57 em! 7232.12 em b | 7238.54 em-!
Error A7 Zy Ay Z7 A7 7 A4 214 A14 214 A4 214
Description ___ N
Zero Error - .2191}-8.0302|- .1998]-4.1001}- .1963|-2.7606]|- .2743|-12.3794|- .1790| -4.3263| - .1632|-1.6243
AR2,5,10,13= .01y - .2295}-8.0303]- .2100|-4.1001}|- .2065}-2.7606|- .2966}-12.3796 - .2000] -4.3263] - .1838]|-1.6243
- - .0104f- .0001}- .0102) O |- .0102) O |- .0223|- .0002|- .0210} O |- .0206] O
'AR2’5)10’13= .1 - ,32271-8.0309 - .3022)-4.1002|- .2983]-2.7606|~- .49741-12.38171- .3891} -4.3269] - .3692, -1.6244
@ - m - .1036]- .0007}- .10243- ,0001|- .1020 0 - .2231)- .0023)- .2101}- .0006| - .2060}- .0001
AR2,5,10,13=1'0 -1.2555}-8.0365}-1.2238-4.1017}-1.2162}-2.7606}-2.5076 |~12.4031}-2.2813}| -4.3332| -2.2241-1.,6258
- m -1.0364}- .0063}-1.0240]- .0016]-1.0199 0 -2.23331- ,0237{-2.,1023} - .0069} -2.0609 -~ .0015
AXO = ,01 - .22981-8.0303}~ .2103(-4.1001{- .20671-2.7607|- .2864}-12,3796}- .1900f -4.3264] - .1739]|-1.6244
- - .01071- .0001|- .0105 0 - .0104}- .0001}j- .0121}- .0002}{- .0110}j- .0001}- .0107}- .0001
AXO = .1 - .3264]-8.0308|- .30461-4.1005]- .3003}-2.7609]~ .3954)-12.38101- .2892}-4.3271} - .2700|-1.6249
- m - .1073}- .0006)- .1048}- .0004}- .1040}- .0003)- .1211(- .0016|- .1102}- .0008}~- .1068{- .0006
_’S,XO = 1.0 -1.29301-8.0358}-1.2487-4.,10400-1.23701-2.76407-1.4872}-12.39521-1.2827} -4.3345] -1.2328]-1.6302
- m -1.0739|- .0056)-1.0489]~ .0039}|-1.0407)- .0034}-1.2129}- .0158|-1.1037)- .0082)-1.0696|~ .0049
Note: All dimensions are in mm except as noted
Table 51. Two-Ray Error Analysis for Single- and Double-Pass



(Xo,Y0,Z0) Entrance Slit==The entrance slit lies in the Yo-Z, plane, and
each family of rays used to ray~trace the monochromator starts
from a point on the entrance slit.

Xy Y Z1) Mathematical Axis System.,

J b

(X4,Y4,Z4) Paraboloid Collimating Mirror--These four axis systems are

(X7}Y7’Z7) identical and may be referred to as the (X4,7,15,18,

(X15,Y15,215) Y4,7,15,18,ZA,7,15’18) axis system. The apex of this

(X]S,Y18,Zl8) paraboloidal reflecting surface is at the origin of the
(X4,7,15,18,Y4,7,15,18,24,7,15,18) axis system, and the
focus of the paraboloid is located on the negative
X4,7,15,18=axis.

(XZ,Y2,22> Diffraction Grating--These six axis systems are identical and

(X5,Y5’25) may be referred to as the <X2,5,8,13,16,19,Y2,5,8,13,16519,

. ) 1 .

(Xg)Yg}Zg) 22,5,8,13,16,19) axis system. The ruled area of the grating

(XlB}YlS,Z]_S) is in the Y2,5}8,13,16,19~22’5,8,13’16’19 plane, and the

(X16,Y16,Zl6) grating rulings are parallel to the Y2,5,8,13’16’19-ax1s.

(X19,Y19,219)

(X3’Y3,Z3) Mathematical Axis Systems--These six axis systems are
i tical b t t X

(X6,Y6,Z6> identical and may be referred to as the ( 3,6,9,14,17,20,

i t .

(Xg Y9 29) Y3 6,9,14,17,20,%3,6,9,14,17,20) axis system

(X14,Y14 ,214)

(X17,Y17,217)

(X20,Y20,220)

(X10.Y10.210) First surface of Corner Mirror--This is a plane-reflecting

J 3
surface in the Yqg-Z1g plane.
(Xll,Yll 211) Second Surface of Corner Mirror--This is a plane-reflecting
2
surface in the Yii-Z71 plane.
Table 52 (Sheet 1 of 2). Description of Special Ray-Trace Axis Systems

Used fo Define the Hole Size in the Grating for the Double-Pass
Monochromator, HA
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(XIZ,Y12,212) Mathematical Axis System.

X Z F t F f Detect C Gl =w=Thi i i
( 21’Y21’ 21) ront Face of Detector Cover Glass=-~This is a refracting
surface in the Y91-Zp7 plane.

(X22,Y22,222) Spectral Image Surface--The spectral images for the ray
starting points on the entrance slit are formed on the

Y22“222 plane .

Table 52 (Sheet 2 of 2). Description of Special Ray=-Trace Axis Systems
Used to Define the Hole Size in the Grating for the Double=Pass
Monochromator, HA
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T.-¢€

Axis Optical
SiSS;t An Bny Cn “n [3n Yh Surface Fuzgtion Dn En Fn Rn

(n) (mm) {(mm) [(mm) | (deg) |(deg) |(deg) Shape Surface (mm) | (mm) {(mm) (mm) Nn
1 |-1.160 Plane Transmit 1.0000
2 90.000 56.055 Plane Transmit 1.0000
3 -56.055 Plane Transmit 1.0000
4 410,000 _ Paraboloid] Reflect |[1.0001.000 -1000.000 |1.0000
5 -410.000 56.055 Plane Diffract 1.0000
6 -56.055 Plane Transmit 1.0000
7 410,000 1Paraboloid| Reflect }1.000/1.000 -1000.000|1.0000
8 -410,000 56 .055 Plane Transmit 1.0000
9 -56.055 Plane Transmit 1.0000
10 - 89.918 45.000 Plane Reflect 1.0000
11 -90.000 Plane Reflect 1.0000
12 45,000 Plane Transmit 1.00600
13 89.918 56 .055 Plane Transmit 1.0000
14 -56.055 Plane Transmit 1.0000
15 410.000 Paraboloid] Reflect |1.000;1.000 -1000.000}1.0000
16 -410.000 56.055 Plane Diffract 1.0000
17 -56.055' Plane Transmit 1.0000
18 410.000 Paraboloid] Reflect |1.000|1.000 -1000.000]1.0000
19 -410.000 56.055 Plane Transmit 1.0000
20 -56.055 Plane Transmit 1.0000
21 - 90.000 Plane Transmit 1.4560
4 22 - .250 Plane Transmit 1.0000

NOTE: All dimensions are in mm except as noted.

Table 53.

Dimensional Parameters for MAWD Monochromator, HA
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HALF AXIS LENGTH 101.600
HALF AXIS LENGTH 101.600

Figure 14. MAWD Fixed Double-Pass Littrow Mono--F/5,
1000 mm TFL, Paraboloid--7213.57 Hy
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MAWD FIXED DOUBLE PASS LITTROW MBNO-F/S5-1000 MM TFL-PARABOLBIN--7213.57 HAG-3-70

Y Y
J &
i 00 9o
. @'@;O‘O" N |
O+ + ~ <« oilit
SRRETIE A,
IR EAREE Sk >Z> 2
o, I THEEHLY :
RIS I . )
) o0 ¢ o
z HALF AXIS LENGTH 101.600 SURFACE NO.
Y HALF AXIS LENGTH 101.600 25 8 1316189

Figure 15. MAWD Grating Hole Size and Location
for Double-Pass Monochromator Hp
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HALF AXIS LENGTH
HALF AXIS LENGTH

Figure 16,

101.600 . SURFACE NO.
101.600 L

MAWD Grating Hole Projection. Grating Angle--56,055
Degrees. 38,45,50, and 60 MM Dia Holes
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2
IDEAL HOLE DIA AND CENTER i
REQUIRED FOR RAY STARTING
POINT

(Y,=5.0, Z,=4.005)
CENTER AT (Y2=4.0, Zz=-2.3)

50.0 MM DIA HOLE
TO BE DRILLED WITH
CENTER AT

AN

\ (Y,=2.8, Z,=-2.3)

‘ / IDEAL HOLE DIA AND
N 7 CENTER REQUIRED FOR
X ‘ Z RAY STARTING POINT

— (Y, =2.0, z_=4.125)
CENTER AT
(Y,=1.6, z

2=-2.3)

Figure 17. MAWD Collimating Mirror Hole Size and Location
for Double-Pass Monochromator, H
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4.0 TELESCOPE

The telescope must be reflective and have an effective focal length of roughly
125 mm. JPL requested further that several different beam deviation angles be
studied for the telescope. Since the beam deviation angle affects both the
image quality of the telescope as well as its compactness, three different
beam deviation angles of 45°, 67.5° and 90° were eventually ray traced, and

the 45° beam deviation was selected as the final design.

Figure 18 is a computer plot of the 45° telescope. Table 54 describes its
axis systems and these axis systems apply as well as for the 67.5° and 90°
telescopes. Table 55 gives the dimensional parameters for the 45° teleécope.
Figure 19 is an angular image spot diagram for the nine starting points on the
monochromator H entrance slit shown in Figure 9. The one hundred ray families
which are used from each of these nine starting points were used to ray trace

the monochromator.

Figure 20 is a computer plot of the 67.5° telescope. 1Its dimensional para-
meters are given in Table 56, and its- angular image spot diagram is given in

Figure 21.

Figure 22 is a computer plot of the 90° telescope. 1Its dimensional parameters

are given in Table 57, and its angular image spot diagram is given in Figure 23.

Figure 24 shows an angular image spot diagram for the 90° telescope when the
paraboloid primary mirror is changed to a spherical mirror with a 250.0 mm

radius while all other things remain unchanged.




s Y7 Y3 ﬁYs,s 471,24
X1,2,3,4,5,6,7 22,35
100.0
Z3 ENTRANCE SLIT
7
/
X3
/
PARABOLOID ’
MIRROR 214
ENTRANCE SLIT
Z3
-0.0 -
X1,4
Xp
©
Lt
-
1]
=2
|
=
2
SCANNING MIRROR
-100.0 y 1
-200.0 (MILLIMETER) -100.0 0.0

Figure 18. MAWD Telescope--45° with Paraboloid Mirror snd Scan
Mirror
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(Xo,Yo,Zo)

(Xq,¥1,29)

(X Yy Z5)

(X3 Y3 23)

(XQ’Y4’Z4)

(Xs5,¥5,25)

(Xg Y Zg)

(X7’Y7,Z7)

Monochromator Entrance Slit--The monochromator entrance slit
lies in the Y -Z, plane, and each family of rays used to ray-
trace the telescope starts from a point on the monochromator
entrance slit. All rays have been traced through the telescope
to object space. In this manner, the telescope is ray-traced
using precisely the same ray families that are used for the

monochromator.

Telescope Optical Axis-~The telescope optical axis at the
monochromator entrance slit is defined by the telescope's
X,-axis which is parallel to the monochromator's Xj-axis, but

laterally off-set to the center of the entrance-slit area.
Mathematical Axis System.

Paraboloid Primary Mirror--This mirror has a paraboloid
reflecting surface with its apex at the origin of the

(X3 Y53 Z3) axis system, and its focus on the positive X3-axis.
b b ’
Mathematical Axis System.

Scanning Mirror--This is a reflecting plane surface in the

X5-Zg plane.
Mathematical Axis System,

Image Surface--This is a plane transmitting surface in object

space which is in the Y;-Z; plane. -

Table 54. Description of Ray-Trace Axis Systems
Used for Telescopes
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Axis Optical

Si:?;t n Bn Cn “n Bn Yn Surface Fugztion Dn En Fn Rn

(n) (mm) | (mm) (mm) (deg) (deg) |(deg) Shape Surface | (mm) |(mm) |(mm) (mm) Nn
1 3.500 3.954 -1.160 Plane Transmit 1.0000
2 -90.000 Plane Transmit 1.0000
3 ~62.500 Paraboloid|Reflect |1.00011.000 125.000 11.0000
4 62.500 -125.000 Plane Transmit 1.0000
5 50,000 45.600 Plane Reflect 1.0000
6 45.000 Plane Trapsmit 1.0000
7 ~50.000 Plane Transmit 1.0000

NOTE: All dimensions are in mm except as noted
Table 57. Dimensional Parameters for MAWD Telescope With 90° Beam Deviation




ETA

> 7ETA
MAX MIN
ZETA HALF AXIS LENGTH 0.01% ZETR = 0.002 -0.002 SURFACE NO.-
HALF AXIS LENGTH 0.015 ETA = 0.012 ~-0.012 3

ETA

Figure 19. MAWD Telescope-<45-Degree with Paraboloid Mirror
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ENTRANCE
SLIT
F\. X1,2,3,4,5,6,7 22,35

A Yy T Y56 I Y3 Yi,2,4

100.0 e

/23
-7 Ay
e \
e X3
, z
PARABOLOID MIRROR s ENTRANCE SLIT .. T 1.4

-0.01
A Zy /!
I /
=
1Y)
=
g o
5 X7
=
b
“~ SCANNING MIRROR
]
-100.0-1 [ -_—
-200.0 (MILLIMETER) -100.0 0.0

MAWD Telescope==67.50° with Paraboloid Mirror and
Scan Mirror

Figure 20.
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> ZETR
MAX MIN
ZETA HALF AXIS LENGTH 0.015 ZETR = 0.002 -0.002 SURFACE NO.
HALF AXIS LENGTH 0.015 ETA = 0.013 -0.013 3

ETA

Figure 21.

MAWD Telescope=-67.5-Degree with Paraboloid Mirror
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A Y, A Vs ¥1,2,3,4
ENTRANCE SLIT
X1,5,6,7:22,3,4,5
100.0- —
= - 23
/ \
//////// X3
. ENTRANCE SLIT
PARABOLOID MIRROR .
-0.0- —— X;3Zy,
/] ——‘:;TS‘
4 2, ya 4 Z6 v
Zs X2,4

™

i

[

]

S ————% Xg

3 X7

=

=

Xg
SCANNING MIRROR

-100.0 . -

-200.0 -100.0 {MILLIMETER) 0.0

Filgure 22, MAWD Telescope--90° with Paraboloid Mirror and
Scan Mirror
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8—1—@ » ZETA

MAX MIN
ZETA HALF AXIS LENGTH 0.015 ZETA = 0.003 -0.003 SURFACE NO.
ETA HALF AXIS LENGTH 0.01S ETR = 0.013 -0.013 3

Filgure 23, MAWD Telescope=-90-Degree with Paraboloid Mirror
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ETA

- +: FETR
Max -MIN
ZETA HALF aXIS LENGTH 0.0S0 ZETR = 0.05% ~-{(.035 SURFACE NG.
ETA HALF AXIS LENGTH 0.0S0 ETE = 0.043 -0.0ui 3

Figure 24,
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MAWD Telescope-=90 Degree with Spherical Mirror




5.0 OPTICS FOR NEON CALIBRATION SOURCE

The optical system which has been designed for neon calibration sources is
able to image the arcs of two in-series neon sources into the monochromator.
Figure 25 is a computer plot of this optical system without including a beam-
splitter. Table 58 is a description of the axis systems used for the ray

trace, and Table 59 is a definition of the dimensional parameters used.

For the ray trace shown in Figure 25, three families of 4-rays each start from

the following three points on the monochromator H entrance slit:

(1) Yo = 2.0, Zg = 4.000
(2) Yo = 3.5, Zo = 3.954

(3) Yo = 5.0, Zo = 3.880

Each of the three families of four rays are such that they will intercept the

four corners of the monochromator grating.

The two neon sources are at the origins of the (X4,Y4,Z4) and (X7,Y7,Z7) axis
systems, respectively. Only an X-Y view is seen in Figure 25, but the maximum
spread of all Z, or Zy values are never greater than +#1.5 mm from the center-
line. Therefore, the neon arc need be no greater than 3 mm in diameter about

the Y4 or Yy-axis.




4V 4 Y6 a5 A4 AV AV2 AVl
100
VERTICAL AXIS OF
SECOND NEOH LAMP
VERTICAL AXIS OF
FIRST NEON LAMP MONGCHROMATOR
ENTRANCE
SLIT HEIGHT
. A
|
X1,2.3.458.7
0.0 e -
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_ FIRST LENS !
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(-
£
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=
E
SECOND LENS
00 H MILLIMETERS I T T T T T T !
-80.0 -80.0 ( ETERS) -10.0 -60.0 -50.0 400 -30.0 -20.0 -10.0 0.0

Figure 25. MAWD Neon Calibration Lens
System




(XO’YO,ZO) Monochromator Entrance Slit--The monochromator entrance slit
lies in the Y, -Z, plane, and each family of rays used to ray-
trace the neon source optical system starts from a point on the
monochromator entrance slit. All rays have been traced through
the neon source optical system to fwo neon sources in series.
In this manner, the neon source optical system is ray-traced,
using precisely the same ray families that are used for the

monochromator.

(Xl,Yl,Zl) Optical Axis of Neon Source Optics=--The optical axis of the
neon source optics at the monochromator entrance slit is
defined by this Xj-axis, which is parallel to the monochrom-
ator's Xq-axis, but laterally offset to the center of the

entrance-slit area.

(X2 Y2 22) First Surface of First Lens--This is a spherical refracting
bl b
surface with its apex at the origin of the (Xp Y, 22) axis
2 2

system, and its center is on the negative Xj;-axis.

(X3 Y3 23) Second Surface of First Lens--This is a spherical refracting
2 )
surface with its apex at the origin of the (X3’Y3’Z3) axis

system, and its center is on the positive Xj-axis.

Xy Yy Z4) First Neon Source--The origin of the (X, Y, Z,) axis system is
2 2 2 b4
at the center of the neon arc. The ray-trace image formed in

this arc is defined on the transmitting Y,-Z, plane.

(X5 Yg ZS) First Surface of Second Lens-~This is a spherical refracting
2 2
surface with its apex at the origin of the (X5,Y5’25) axis

system, and its center is on the negative Xs-axis.

(X6,Y6,Z6) Second Surface of Second Lens--This is a spherical refracting
surface with its apex at the origin of the (X6 Y6 Z6) axis
3 s

system, and its center is on the positive Xg-axis.

(X7’Y7,Z7) Second Neon Source-=-The origin of the (X7’Y7’Z7) axis system
is at the center of the neon arc. The ray-trace image formed

in this arc is defined on the transmitting Y,-7, plane.

Table 58. Description of Ray=Trace Axis Systems Used for
Neon Source Optical System
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6.0 INTENSITY CALIBRATION SOURCE

The intensity calibration source is to be a small reflective integrating
sphere containing several small tungsten lamps. The monochromator is to view
uniformly illuminated walls within this integrating sphere during intensity
calibration cycles. This integrating sphere is viewed by the monochromator
whenever a small paraboloid mirror is moved into the telescope field of view

at a location beyond the scanning mirror.

Figure 26 is a computer plot of the intensity calibration optical system.
Figure 26 includes the 45° paraboloid telescope mirror and the scan mirror,
and is precisely the same as Figure 18 up through the (Xg,Yg,Zq) axis system.
Table 60 describes the ray trace axis systems used for the intensity calibra-

tion optical system, and Table 61 defines its dimensional parameters.

The upper view of Figure 26 uses two families of ten rays starting from
entrance slit points (Y, = 2.00, Zg = 4.00) and (Yo = 5.00, Zo = 3.88). The
ten rays of each family will strike the grating in a line array between the

points (Y3 = 50.0, Z3 = 0) and (Y3 = -50.0, z3 = 0).

The lower view of Figure 26 uses two families of nine rays each having the
same two entrance slit starting points, but which will intercept the gratings

full 100 mm x 180 mm rectangular area.
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Figure 26. MAWD 45° Paraboloid Telescope Mirror, Scanning Mirror, and
Paraboloid Intensity Calibration Mirror
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(XO’YO’ZO)

(X ¥y 7))

(X ¥y Z))

(X3,Y3,23)

X4 Y4, 24)
(X5 Y5 25)
(Xg Yo Zg)

(X7’Y Z5)

(Xg Yg Zg)

Monochromator Entrance Slit--The monochromator entrance slit
lies in the Y,-Z, plane, and each family of rays used to ray-
trace the telescope starts from a point on the monochromator
entrance slit. All rays have been traced through the tele-
scope to object space. In this manner, the telescope is
ray-traced using precisely the same ray families that are

used for the monochromator.

Telescope Optical Axis--The telescope optical axis at the
monochromator entrance slit is defined by the telescope's
Xl—axis which is parallel to the monochromator's X;-axis,

but laterally off-set to the center of the entrance-slit area.
Mathematical Axis System.

Paraboloid Primary Mirror--This mirror has a paraboloid
reflecting surface with its apex at the origin of the

(X3 Y3 23) axis system, and its focus on the positive X3-axis.
s 2
Mathematical Axis System.

Scanning Mirror~~This is a reflecting plane surface in the

Ys-Zg plane.
Mathematical Axis System.,

Paraboloid Calibration Mirror--This mirror has a paraboloid
reflecting surface with its apex at the origin of the

(X9 Y7 Z7) axis system, and its focus on the positive X,-axis.
7.,Y7,27 , 7

Image Surface--This is a plane transmitting surface in the

Y8—28 plane.

Table 60. Description of Ray-Trace Axis Systems Used for

45° Telescope and Calibration Source Optical
Systems
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7.0 SPECTRAL RADIANT FLUX TRANSFER

The spectral radiant flux transferred from a uniform extended source through
the MAWD telescope, scanning mirror, and monochromator and imaged on each

detector is given by:

Ny(Av) TyAgAg (cos i) T

P, = (F)2 (watts)
where: Ny = spectral radiancy of a uniform extended source in
watt/cm2/cm~ L-str.
Av) = the monochromator spectral bandpass in em™ L
= 1.21 cm~l for monochromator J
= .599 em~! for monochromator H
Ty = the spectral transmittance of all the optics from the
source to the detector sensitive surface
Ag = effective area of the entrance slit in cm?
= .0025 cm?
Ag = area of the grating ruled area in cm?
= 180 cm2
i = grating incident angle in degrees
= 56.055°, and cos 1 = .558
F = focal length of monochromator collimator mirror in cm
= 50 cm
T = fractional chopper dwell time
= .5

The spectral transmittance of all optics T, can be expressed as follows:

8
(R (E%)2 Tg, for monochromator H

SN

Ty

ES 1d, for monochromator J

1t




where: R@ = the spectral reflectance of each mirror surface

= .98
E% = the spectral efficiency of the grating
= .65
Tg = the spectral transmittance of the detector cover plate
= .9
s0: T, = (.98)8 x (.65)2 x .94
. V . . .
= .338 for monochromator H
and: T, = (.98)% x .65 x .9

.563 for monochromator J

Finally, for monochromator H

Ny (.599 x .338 x .0025 x 180 x .558 x .5)
(50)°

Py, =

10.2 x 107° N,, (watts)

and for monochromator J

N, (1.21 x .563 x .0025 x 180 x .558 x .5)
(50)2

Py

34.1 x 106 N, (watts)




8.0 CONSTRUCTION TECHNIQUES FOR COLLIMATING MIRROR AND GRATING

When component weight is not a problem, the ideal material from which to
construct both the grating blank and the collimating mirror is generally one
of the low expansion glasses such as Cer-Vit of Owens-Illinois, #7971 glass of
Corning Glass Works, or Zerosil by Amersil, Inc., etc. These low expansion
glasses already have a low specific gravity which is roughly equal to that of
aluminum. The low expansion glasses also are easy to cut, figure, and polish,
and they can provide super high quality reflective surfaces. They are also
very stable materials, usually holding their surface shape for life. They
also have been used successfully in many long duration space flights through

high radiation in space.

In recent years, the need to build special light weight optics have created
many design studies and new approaches to manufacturing optical mirrors. Some

of the new approaches have been:

(1) Polished Beryllium

(2) Nickel coated Beryllium
(3) Nickel coated aluminum
(4) Thin electroformed parts
(5) Cored glass

(6) Built up glass

(7) Special thinned shapes of glass or nickel coated metal

Beryllium metal has about 73 percent the density of the low expansion glasses.
It has good thermal conductivity and high strength, and high stability which
make it a good candidate for the light weight grating blank and collimating
mirror. Beryllium mirrors have been used successfully both with a nickel

overcoat and uncoated<3)’<4)J(5)>(6). Beryllium does have a major disadvantage




when used as a grating blank. Its thermal coefficient of expansion is similar
in magnitude to optical glass, so thermal changes will cause wavelength errors
produced by changes in the groove spacing of the grating on the substrate.

This error can be several decades greater than for a near-zero expansion glass

substrate.

Light weight aluminum structures with nickel coating are finding many applica-
tions (®),(6),(7), (), The aluminum mirror approach is economical for massive
optics, but its density, thermal expansion, and long term stability charac-

teristics are inferior to those of beryllium.

Electroforming of the optical surfaces in thin nickel sheets O) is still
another possible approach. It would, however, be necessary to prove first
that one could manufacture parts to the required accuracy, and second that
the parts are mechanically stable to fractions of a fringe of light. Nickel

also has too high a thermal expansion coefficient for the grating blank.

The best approach to a light weight collimating mirror and grating seems to

be the cored or built up structures of low-expansion glass(lo)’(11)’(12>’(13).
These structures are now beihg manufactured with only 25 percent to 30 percent
of the weight of the solid blank, with apparentiy the same high optical quality
obtained with the solid blank.
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