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AN ASTROMETRICAL APLANATIC TELESCORT “TTH
A FIGURATED FLAT SECONDAR?Z MToz~n
J. Landi DNessv
(Observatoric Astrondmico e TMAF, Universidacd de Cérdoba)

Ir 1966 (1) (2) the author poirted out the theoretical possibi
lity of ar aplaratic system with a fipurated flat seconcdarv. The Tre
cent construction of a 61" astrometrical parabolic reflector with a
Tlat secondarv at the U.S, MNaval "tservatorv, Flagstaff, Arizona,
has made it possible to observe the practical performance of this
tvpe of optical svstems and has induced the author to investipate
the possibilities of improvine still further the cptice of the
svstem, It waes found that such a svstem could be obtained without
difficulties, e.p. a reflector whose focal lenpth would *¢ enual to
the existine 61" with coma-‘ree field of 1° of diameter. Tris would
alse have the advantace of cobhta‘nine more compact and lumincue irs-
trurents. A model * s calculated e a 71" (180 cm.) reflector wi+h
a focal lenpth of 7800 ew. (f = AC W1).

The first irconveniernces n® a telesc~pe with a paratolic pri-
mary are its third¢ erder errors: coma, astiematisr, and Field cur-
vature. Althouph thecreticaliv i+ has no Fistertier., the secondarv
mirror causes such a l=vpe ohetructior that onlv these ravs form
an iraege that are incident on the orimarv in a rine at a distarce
from tre cptical axis lareer thar RKalf its Z2iameter. ™n accceunt
of the cobstructien caused bv the secondary. the comatic imaece has
no vertex and its baricenter is disonlaced in functien of its dis-
tance ‘rom the optical axis. We should remember that in the parabo-
lics thn ¢~ 18 plazed on the saeittal plane and not on the mean
focal plane. The imape of a paraholic mirror has been studied hv
varicus authors (3). Considerinpg the low luminesitv of this svstem,
a studv with the precision of third order is sufficient if it is
alse controlled by triponometrical tracing of some selected ravs,

I - The Image produced by a parabolic mirror.

T~ fip. 1 the X axis coincides with the optical axis of the
system. The plane YZ is the entrv pupil plane. The plane X7 is the
meridian- plane. The plane -7 is the sapittal plane. u, is the anple
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the principal ray forms with the optical axis on the meridian plane.
The object is considered to be at infinity, so that the incident
beam is paralle]l to the principal ray, 1Ty is the ordinate of an in
cident ray at the entrv pupil (meridial plane),z, is the. abscissa
of an incident ray (sagittal plane).
Eauation (1) gives the meridional and sagittal deviations from the
image computed with the first order optics on a plane perpendicular
to the optical axis in function of the coordirates of the ray at
the entrv pupil

AT = - 172 Y1(7§+Zi);vlv+1/2(3Y§ + 2D e uy ToTTv-

[3 1 3 K 1

(1 - 1/2 7, tolu, VITTy + 1/2 te® uy 19 )

AZ! = -1/2 Zl(Y§+Zi)§v Tvé 7,2, te uy IvITG1/2 2 tp2u, IVIVY
Throughout the whole work, the focal length of the system is taken
as the unitv (f = 1), The sums can be computed either the‘Seidel
(5) or the Burch methed (2). In aparabolic system the entry pupil

lies on the mirror itself,

I Iv=0 (Spherical aberration):;I ~IIv= - 0,500 (Coma)
ZvIIIv= + 2,000 :Ev IVv= 0
EvIIIav= + 1,000 (Astigmatism) ;Zv IVav=+ 1,000 (Field curvatu
re)
L, Vv= 0 (Distortion)
Rt s - 1 = - 0,5 (Radius of curvature of the tangential foc;l
_E:TTTV surfacey
L ZIIV =« (Radius of curvature of the sapittal focal sur-
vov face)
R = - f;_%VE: = - 1,000 (Radius of curvature of the mean focal sur

face)
The tangential and:mean focal surfaces are concave towards the in-
cident lipht; the sapittal focal surface is flat,
If we take polar coordinates

Yl = p cos g 3 21 = psen ¢

and substitute the values for the sums, the equation are easvly
reduced to: )
A 7' = - 1/4 02(2 + cos 2 p)te ui’ - pcos g te” uy
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(2)

AZ' =z - 1/4 p2

sen 2 ¢ +tg u,

This 1s a complex fipure because an increase of 360° inxy produces
a double inecrease on tﬂe focal plane as can be seen in fip, 2.b
(f z D1/2f). The serius incovenience of this kind of images is
that have no symmetrically defined baricenter and when measuring
their coordinates in a measuring device we obtain images which are
not easily bisected even with an electronic svstem, In practice,
this incovenience is ?artiallv dissimulated bv seeing conditions,
IT - Tmapes produced by an aplanatic system with a flat se-
condarvy

In the aplanatic system we have I, I,= Zv II,= 0 . Substituting

these values and adopting pelar coordinates, we obtain:

ATt =-1/2 7, tg2u1 ,ITT, +1/2 tpu, T v, =-1/2 pcos tte’u,
(3) T, 111 + 1/2 tedu ) v,
A Z' =-1/2 2 tg2u1 $,Iv, =-1/2 psen Ctgzul L,Iv,
whence
87 - 1/2 tedu, T v |2 . Az 2 o
1/2 ptelu, £ TIT, 1/2 pteluy I,IV,

i.e. the equation For an ellipse, aisplaced from its centre on the
meridian plane. (Distortion). As we see it is a completely svmmetri
elliptical image on the tangent focal plane and circular on the mea
focal plane. The distortion is neplipible as we see in practice.
This kind of imape with symmetric baricenter is easv to measure.
Any systematic effect is avoided when measured with electronic mea-
suring desvices,

11T - Cdmggtation of the sum values in an aplanat with flat

secoﬁdarv
In this kind of instruments the values of the non-zero sums are a
function of the obstruction only, and the desired position of the
focal surface pives the obstruction. The positien of the focal sur
face in a system with a flat secondarv (parabolic cor aplanatic) is
given by the eaquation:
§ = (20 - 1) F
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and is measured from the vertex of the primary mirror, It is posi-
tive if the focal plane lies behind the primarv mirror,

Assuming a diameter of the primary mirror of about 71"(180 cm) .o
must be between 0,52 < q < 0,55 in order to obtain reasonable va-
lues for 8 . As all the parameters in this case only depend on aq,
they are calulated in table IT topether with the sum values,
Coefficient of parabolization of the primarv:

1’+q=e2

A = (e = excentricitv of the conic)
1-aq
Coefficient of deformation. of flat mirror:
. _~20
B = 1 -o0
Control Formula: A+ B =1
Astigmatism: I,IITa, = x =1 + o
v
2q
Field curvature: - _
Rm = - q Zv IVav T ——
. =2a . _ 1 Q
R *1 - B3 HIW =5
. =2a
Re ; oIIL, = 230
3 +a a
Distortion: I v = 1 -~ 02 .2
vy o 20? - B?

IV - Spot Diaprams
We have computed spot diagrams for the aplanatic and the para-
bolic svystem. Each imape is produced by 120 spots computed with

equations (2) or (3). Pav tracing was carried out for some beams as
a means of control; accordancé‘ﬁ}th the Seidel theorv was in the
order of 0V01 or better which was to be expected according to the
luminositv of the system. Both systems can be compéred in fip. 2a
ard fip. 2b.

V - Tinal Discussion

The projected instrument can be used simultaneocuslv in various
wavs:
T - In Astrometrv - Putting the plate in a secant plane we obtain

imapes whose diameters are less 0"34 in a field of half a degree of
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diameter. The tanpe~t plane can be also used., Althouph the imapes
are small ellipses, because of seeinp conditions thev appear circu-
lar, the same as occurs with small comatic imapes. Even usinp a
fiel of 40' the imapes are smaller than 0985,

IT - Photographic Reflector - In this case it is sufficient to bend
the plate sliphtly sc that the imapes will be circles of the order
of 1" at the edge of a field of 1°, The sapitta will Pe onlv 1.37
mm.

IIT - Anastigmat - By addinp a parafocal plate the remnant astipma-

tism can be eliminated and the field curvature diminiastzc or elimi-

nated. Fields of 2° of diameter can be obtained with images less
than 1". Distortion is larper in this case than in I and TI. The
field is limited by the diameter of the secondarv mirror to a larger
depree than by the optical errors of the svstems.

IV - Flat-fielded Orthoscopic Anastipmat - With twe parafocal pla-
tes we can cobtain a system practicallv free of third-order errors.
The alternatives III and IV can be resolved riporouslv with values

somewhat different from the coefficients of parabolization of the
primary and secondary. It is however better in this case not to do

it and to tolerate a small spherical aberration caused bv the in-
troduction of the plates. The values of the fipuring strenpgths
seem to be larpe but in view of the low luminosity of the system
the difficulties in the construction are not larper than those in
the construction of a parabolic of f = GDiv(F = 6)2 Combining the
mechanical improvements of the 61" with the improved optics in a
‘new, more luminous instrumente f = 8,6'D1 (F = 8,6) an aplanatiec

reflector of interesting characteristics could be obtained.



Table I
q . 0,52000 . 0,53000 . D,5u4000 . 06,55000 .
[ . 0,0uf . 0,06f . 0,08fF . 0,10fF .
[ (r=10) . 72 em . 108 com « 144 em . 180 com -
§ (F=8,6) . 61,92 em . 92,88 cm . 123,84 cm . 154,80 cm .
A . +3,16667 . +3,25532 ., +3.34783 . +3,4u4uk -
B . -2,16667 . -2,25532 ., -2,34783 . -2,ubikuy .
X =IIIIav . +1,86154 , +1,.44340 , +1,42593 ., +1.40909 .
zIII“ . +3.38u462 . #3.33019 | +3,27778 . +3.22727 .
11V . +0,46154 , +0.u44340 ., +0,42593 ., +0.40909 .
v’ . +0,42604 . +0.39320 . +0.36283 . +0.33u61 )
a' Vv . 17'7INF . 17!82VF . 17193VF . 18losVF .
8'{(r=10) . 56°'0 . 56'4 . 56'7 . 57 .
8'(r=8,6) . 51'9 . 52'2 . 52's . 52'9 .
ao(F=10 u5"') . 0,58283 . 0,59152 . 0.60021 . 0.60890 -
a,(r=10 60') . 0,60378 . 0,61203 . 0,62028 . 0,62854 .
ao,(¥=8,6 45') . 0,57w04 ., 0,58291 . 0.59178 . 0.60056 .
a,(f=8.6 60') . 0,59205 . 0.60055 . 0.60904 . 0.61754 .
L]
g = 21 3035 yF = Diameter of the field in which the diameter of

VX

the stellar imape is ¢ 1"
a = the obstruction ratio when the secondarv is just big enough to

receive the on-axis pencil.
£

ao,= a + (1-a) - © (Obstruction including field)
1

F=F/D (Focal ratio)

1
Table 1T
SEIDEL SUM
) Trv d Iv IIv IXTav IVy
1 -2.0000 +0.2500 -0.5000 +1.0000 0.0000
2 - 0.u4800 0.0000 0.0000 0.0000 0.9000
1% -0.7917 0.0000 0.7000 0.0000
2% +0.5417 +0.5000 +0.4615 +0.4615
b 00000 0.0000 +1.4615 4+0.4615

Ty IVav Vv
+2,.000¢ -#%.0000 0.0000
~0.0000 0.0000 0.0000

0.0000 0.0000 0.0000
+1.3846  +0.9231  +0.4260
+3.3846 +1.9231  +0.4260



Table ?II
Equations for the Mirrors

The equations defining the sections of the mirrors are of the

type: g
L2, Sl 78,
in:fE—l * a.{g—l——+b. —2 ... (A= 1,2)
4 fo, 1 6y r3, 1 512 £5,
hi ol o1l

The origin of the coordinates in both cases is taken at the vertex
of the respective mirror. This is verv convenient from a theoreti-
cal point of view but in practice and specially in our case

where f02 = o it is convenient to give the ecuations another form.
In the case of the secondarv, the sinpularitv can be taken awav in

the following manner:

r-d r)
T £ = -2 ang if a, = 1-e2=14+ E3 3B
2 2 = P2
1 a
we obtain
Xg .B__ M2, (E>= )
2 ey o4 e3
0401

In practicey it is convenient to take fi = 1 and to have the vertex

of the primarv mirror E1 as the only oripin of the coordinates: the

c

equations will then have this form:
. 2 b 6 .8
Primary : XEl = AllEl + Bl(Fi + C1(E1 + Di(El o

2 Sl b
Secondarv: Xp, = d + A Tp, + B7p, + Cp Yoy 4+ owe

The coefficients - in the case of a flat secondarv - onlv deosenrd

on the obstruction a

Al =1 B1 = - 1 : C1 = - 1 a [5 - 43
y 32 1 -« 385 (1 —a)Y2 |
D, = - 1 a [ T
A _ 1 - a 1. . - -1
2‘(1-0“1]uq'°'52‘32(1-q a
for a = 0.52 we have
- ”?2 S 46
XEl =+0.,250 {El -0.03385 4166 !El 0.0171¢ 2182 {Fl 0.01086
.,8
1055 {El - e
LU
XE2 = 0.4800 - 0.u4630 1893 68 {EQ -
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TESTING EQUATTONS

Subnormal: , ) .
SN,= BA, - 16B, Tp, + 2(64B; - 12¢,) Tpq
SN2 = —..1_—2—
4B, Tp,
Caustic:
= 1 44 (3 - 1928.) P25 + 3(19282 - 0.5B,-20 C.) 7%,
28, T 1770 RS A
.,3 : 2 Y4
(1 - suBp) 175 — 3(128 BY - 16 C,) 1Ei + ...
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A PRELTMINARY SEARCH OF STARS OF RAPID VARIABILITY
Eduardo Hardy and Eugenio E. Mendoza V.*
Departamento de Astronomfa, Universidad de Chile

*0n leave from the University of Mexico

A T-association in the constellatiomr of the Southern Crown was
first studied by Jov (1945). Known members are R CrA, T CrA, S CrA
and T7 CrA which present high peculiarities in both their spectra
and their colors (for more details see Joy, 19u45; Héndoza, 1968
-and 1969; and Mendoza and the Jaschek's, 1968).
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This work ®ives preliminarv results of a search of stars of
rapid variability in brightness in the neighborhood of NGC 6729,
This program will be extended to other centers of the Southern
Hemisphere.

Six plates were secured wish the Curtis Schmidt Telescope of
the Cerro Tolelo Inter-American Nbservatorv on September 1968. The
plates cover an area of twentyv-five square degrees, We used the
103a-~0 emulsion behind an ultraviolet filter, UG5, Each plate is
composed of several imapes; the first two are 0.14% mm apart and
the remaining are separated only 0,10 mm. The number of images are
from five to seven, each one of <15 minutes exposure.

In these twenty-{ive square deprees are many known variables
(Kukarkin, Parenapo, Efremov, and Kholopcv, 1958): however, we
found two stars not listed as variables which had an increase in
briphtness of ne;rlv two mapnitudes in less than two hours. These
stars are listed in Table 1. The ¢olumns of this Table pive, first
ocur number; second, the 1950.0 coordinates (Boss et al, 1937):
third, an approximate photopraphic maenitude at minimun lieht;
fourth, the date (JD) of the maximum: and last, the total estimate
duration of the event.

TABLE 1
TWO RA?ID VARIABLES

Star a (1950.0) 5 mph J D At (min)
1 18h su™ 08% _36° 38!6 13,6 24u40114,518 30
2 18 57 54 37 00.7 18 2440114.550 69

Identification charts for stars listed in Table 1 are given
Fipures 1 and 2 (North is_at the top, Fast to the left).

Variable 1 is located approximatelv half a depree to the West
of the plobular cluster NGC 6723, Thus, it is probablv tco far and
too bright to be a part of this cluster. Nn the other.hand, the
known T Tauri-like objects of the association are not close enough
to affirm that star 1 belones to the T-association. However, an in
‘rared plate (IM + WB89b), taken on Septemher 15.15, 1968 (UT), in-

dicates a celor index ¥ +vpe-like star. Mag* gstars cleser thar are
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minute of arc are much bluer than variablé 1. Some of these stars
(see Fipg.1) very nicely shape a horseshoe. The area in peneral does
not seem much affected by interstellar extinction.

Variable 2 is located verv close to S CrA; thus, it appears
likelv that it belongs to the association. The infrared color-index
seems bluer than that of variable 1. Therefore, the specfral tvpe
probably is earlier than of star 1. Star 2 maybe affected by inters
tellar extinction,

The telescope was used according to an apreement between AURA,
Inc. and the University of Chile. We express our thanks to Dr.

V.M. Blanco for all the facilities granted to us in Tololo.
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ERRORES SISTEMATICOS- DE LOS CATALOGOS FK4 vy N30
G..Carragsgco v ?. Lovola
(Departamento de Astronomia, Uniyersidad de Chile)

Se presentan los resultados de 147 series de observaciones de
estrellas fundamentales efectuadas entre las declinaciones -40° vy
-90° en culminacidén superior v -90° a -69° en culminacién inferior,
con el Circulo Meridiano Repsold del Observatorio Astrondémico Na-
cional.

Las reducciones de las observaciones se realizaron con el com

putador IBM 360 de la Universidad de Chile v en los resultados se

incluyen 535 valores de Aq y 1494 valores de j mn.
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Los resultados de las observaciéres demuestran que el 9oistema
del instruménto estd mds de acuerds con el catdlogo FKi, aue con el
N3o.

El artiqulo serd publicado 'in extenso' en las Publicaciones

del Departamednto de Astronomia de la Universidad de Chile.

EFECTO DE NUBES DSCURAS ARTITICIALES SOBRE
RECUENTNS ESTELARES 2ROMEDIOS
H. Wilkens

(Observatorio Astrondmico de La Plata:

Justamente hace 10 afos, en la la., Reunidn de la Asociacién’
Astronémica Argentina, aqufi en San Juan en 1958, el autor hablé
‘sobre el ler, capitulec de sus investigpaciones basadas sobre el
andlisis de los recuentos estelares oromedios en todas ias latitu-
des galdcticas, observados y publicados en 1925 por Seares, van
Rhijn, Joyner v Richmond. Estos andlisis se efectuaron aplicandc
el método de Bok (1931) cuva base €5 el Fsauema Kaptevn. De esta
manera, como resultado fundamental, habian sido per:eccionados cin
cc Esquemas Kapteyn, es decir cinco curvas Wolf de recuento= este-
lares promedios, simultdneamente para las cinco latitude: saldcti-
cas tipicas:lBl = 0°; 198: 527 1824 : 90°.

Este,material enorme de cifras, auedando ahora a nuestr . 3
posicién y preparado éptimamente sepdn nuevos puntos a» 18T, Te-
sulté un reto para aprovechar aleoc mis este material. aanac origen
asf para el 2do. capitulo de nuestras investipaciones de esta indo
le. Nada fue mds fdcil ahora aque deiar imprimir sus efectos una

serie de nubes absorbentes artificiales sepdn un determinade plan,
para ver como se modificardn enténces las curvas Wolf. Tal colec-

cién sistemdtica de curvas de.recuentos estelares promediados sin

vy con influencia de det;;minadas pantalias de absorcidén intereste-
lar deberfa ser capaz de dar también en el Ffuturo indicios valio-

sos del posible poder v distancia de tales nuhes absorbentes en ca-
sos formados especialmente en la realidad.



