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DIRECT DESIGN SOLUTION FOR CASSEGRAIN SHIELDS

Alejandro Cornejo and Daniel Malacara

ABSTRACT

A direct algebraic design of Cassegrain light shields is proposed, using only the assumption that the mirror sur-
faces are flat. 3

Introduction

During the (lesign and construction of a Cassegrain or Ritchey-Chretien telescope, the design of
an adequate shielding is required in order to avoid direct sky light l;llmg on the focal pl‘me A solu-
tion to this problem has been worked out by means ol a gldpllll;cll method, using succesive approxi-
mations!, and later applied to electronic computers? Recently, a different graphical solution has been
explztine(l, based also on succesive approximations®. Therefore, the possibility of a direct solution was
studied. The final goal was reached using in this method only the approximation of considering the
surfaces of the mirrors as plane surfaces.

Paramelers of a Cassegrain system.

The main purpose of the shields in a Cassegrain system is to avoid direct sky light falling on
the image plane. As the field increases the leqlured shlel(lmg introduces two new problems, vignett-
ing and central obscuration. The central obscuration is produced by the large size of the diameter
of the shield at the secondary mirror and the vignetting is due to both shields. (See Fig. 2). Hence as
it is pointed out by Young®', these factors will set the conditions for the solution of the problem
and will establish a compromise between the allowable field size and central obscuration.
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Fig. 1.—Parameters of a Cassegrain System.

This shielding solution was incorporated as a section, of a more general computer program for
the designing of Ritchey-Chrétien and Cassegrain systems in which the equations come from a previous
paper by one of us®. There, it was shown that for the design of a Cassegrain system five initial para-
meters must be known. The selected ones are Dy,f,, F, S and I (or f,/f, instead of f,) as shown in
Fig. 1. From them, the rest of those parameters shown also in Fig. 1 can be calculated. Of course, any
other set of initial parameters could be selected. From the knowledge of all parameters the shielding
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Fig. 2.—Parameters for the Shielding Design.

design can be started as shown in Fig. 2; where the known values are used as the coordinates of
several convenient points,

Shield design

As it was previously mentioned, the shield design must avoid stray light on the image plane
I, and vignetting effects. Once these problems have been solved, the decision for the value to be
allowed for the central obscuration is left to the criteria of the tleslgnu which can be modified by
changing the field.

In Fig. 2, the total angular field 2 a@ produces the image-size fields I" and 1 at the primary and
Cassegrain focus, respectively. The middle point of the image plane 1 will be taken as the origin of
the coordinate system. As a first approximation, the surfaces of the mirrors will be considered as
plane surfaces.

In order to solve at least partially the vigneting problem we will consider an extreme ray, at the
edge of the primary mirror. The ray forms an angle a with respect to the horizontal incident ray. The
ray at the angle a is reflected at the primary and secon(ldr} mirrors as ray 1 and ray 2 respectively of
l~1g 2. This gives us the path at an extreme ray in the optical system. lh{,rt,fore the lower limits for
the diameters of the shields must be along the ray 1 (*»erondclr\ shield) and ray 2 (primary shield);
otherwise such an extreme ray could be stopped and vignetting is produced.

Looking at the problcm of direct light falling on the image plane I, we easily conclude that the
end points of the shields mut be along ray 1 and ray 2. Such points also have to be in alignment with
point H of the image plane I, in order to avoid direct light falling on it; this means that B, F* and
H of Fig. 2 must be .tlignf‘(l Unfortunately, the problem is still unsolved because if we consider a
ray (at an angle a) passing throught the point B, we have the following vignetting effect: the ray in-
cident on the pnm{u} mirror at point E (See blq 2) is reflected toward point D of the image
plane I', intersecting the ray 2 at point F. If point F has been taken as the end of the primary
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shield satislying the alignment condition with points B and H in order to eliminate direct light
falling on plane 1, vignetting will be produced since the reflected ray from E will be stopped, as is
shown in the Fig. 2. This effect must be avoided by having the points F and I to coincide.

The mathematical condition for the coincidence of the points F and F' is that the straight line
HF" and F'B have the same slope. To reach such condition we must find the value of Y (ordinate of
E) that gives the alignment of points H, F' and B. In order to do so, the coordinates of points B and
F* have to be expressed as functions of known parameters.

Algebra

The coordinates of all the points shown in Fig. 2 are known except those ol the points B,F
and the ordinate Y of point E. Therefore, the main task is to relate their coordinates as functions of
the known parameters. In order to do so, mathematically we proceed as [ollows: The equation of the
rays numbered 1, 2, 3 and 4 are going to be written in the general form y — mx - b. It is possible
to write:

Ray 1 (AC):

D, ~D, D, D,—D,
'\uz_(_. _..) x+— _ 5 (])
2 1 2 2.1
Ray 2 (E—(_,)
D,—1 I
2 (s+1) 2
Ray 3 (I?]j)
y=ax— (as—Y) (3)
Ray 4 (DE)
Wiy s r-s
y=— s r{14—) 4 — 4)
fi 1 2 fi

It the coordinates ol the point B, in Eqs. 1 and 3, and those of point F in equations 2 and 4,
are introduced, we obtain:

D, — D, D, ( § D, s
g — ———— X — | —) —aEEs E e i}
’ oo iy T 2 ®)
Y = a k, —as + Y (6)
D,—1 I
p e ———— Ky, e T)
Y T - (
114 X, 5 y L
2 f1) [ 2f,
Solving for x, y,, x,, v, in function of the known parameters we have:
Dy D,
—as 4+ Y) — -
: 2(45) 2s
X, — (9)
D, — D,
— —al
9
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Ys = a Xy —as 4 Y (IU)

X, = (5 + 1) ] TV ; (11)
B f1+(—+ Y) s+ D J
DT !
Y s g (12)
2 (51 2

where the only unknown parameter is the ordinate Y of the point E on the mirror and which we will
[ind.

Now, the mathematical expression for the alignment of H, B and F’; which insures no stray
light at the image plane I and unvignetted fieldwill be:
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Fig. 3. —Curve for the Solution of the Shield Design.

Therefore, if the values of the coordinates x,, y;; x,, y, are included into Eq. 13, a quadratic
equation for Y can be obtained. Fig. 8 shows the type of curve obtained by the method of succesive
approximations. After some algebraic work the following equation results:

A, Y2 4+ A, Y 4+ 4, = o (14)
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where the coelficient 4,, A, and 4, given by:

B T e
A2:(f1+s)-[(a—2(s+f)) -+ > —aI]—!Z (15)
t=(a- 2) (SR G (S - )

N (ng;n]_al) ‘ ( - )(i_m) . 1'52—1;1)

—( :;!, ) ( ”:2_1 hx +; ¢+ f)) =t (DE;DI s —1-;—' I— a!s) (16)
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As in Ref. 4, it is convenient to write everything in terms of five parameters: Dy, I, f,, s and [
by using the following four equations:

I — _]f.l. I (18)
F
1

a=— (19)
2F

F—s
1= fy (20)
5w

s B (:; 2) : ( Tl - D,)

obtaining in this way the following coefficients:

Ae= =Dy G DG+ + 10 (f s+ Lo F ) 22)
Alzﬂ%ﬂ+1=(f)[—%+ +(1+_) (_ﬁf_}iﬁ_)]
—1).11f1-(%+;+l9+;+f1) (23)

AG:(D_?I (f;+-¢)f1)_(%+])+lh Ilff (3?_?_?) o
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Once Eq. 14 is solved, the positive solution of Y is substituted into the equaliuns foreeg, g
and y,. With the values ol these coordinates known, the dimensions of the shields can be obtained.

The lengths L, and L, of the primary and secondary shield respectively will be taken using the
vertex of each mirror as a reference and will be equal to:

Ly= %, —s (25)
and
Li=145s—x; (26)

The diameters D, and D, of the primary and secondary shields respectively are given by:

D, =22 % (27)

D, =2 x, (28)
where x, and x,, from Eqs. 9 and 11 are given by:

2]

x,=fi +5s——0 Y 29)
B,
TABLE |
Dimension of the Shields in cm. Central Obscuration
Primary Secondary

Field Size Length Diameter Length Diameter |Without Shield | With Shield
20.0 91.04 21.31 49.14 36.24 7.84% 20.25 %
15.0' 94.4| 18.91 38.15 32.40 7.29 % 16.40 %
8.0 9787 15.66 21.81 26.61 6.25 % 11.40 %
4.0 98.68 13.70 11.58 22.94 5.90 % 8.88 %
2.0 98.50 12.85 6.0 20.95 5.71 % 6.86 %
1.0 98.18 12.35 3.09 19.89 5.62 % 6.20 %
0.5 97.95 12.10 1.56 19.35 5.57% 5.86 %
0.l 97.72 .89 0.32 18.91 5.22% 5.57 %
0.0 97.66 .84 0.0 18.80 5.29% 5.29 %
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and

OVF (fs I (—F
(fi+9) + [l (s—F) ) (30)

x, — F 1 5 d
Sy (2Yf-‘= () 4+ ADIF (fit5) + ful ([F—Fs—f,s—F)

Final analysis

An analysis ol Eq. 13 and graph 3 show how the difference in the slopes of HF’, and F'B
change as function of the ordinate Y; where the exact solution of Y will be the crossing point of the
curve with the x axis, which is the solution of Eq. 14. g

From Fig. 2 we can see how as the usable [ield increases, the slopes of the lines HF' and F'B
become bigger, implying that the diameters of the shield increase, and with them the value of the
central obscuration (due mainly to the diameter of the secondary shield).

As an example of our program, in Table I the results for the dimensions of the shields for a
Ritchey-Chretien telescope are shown where field 1 has been given several values, and the values of
the parameters of the telescope are: Dy, = 80; F — 1200; f, — 264.0 f, — 79.53; s — 80; 1 = 201.97
(all units are centimeters). In the last two columns of Table I the values for the central obscuration
are shown for the cases where shields are included, and where no shields are used. Central obscura-
tions in the last case is due only to the size of the secondary mirror.
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