THE MAKSUTOV CLUB,

Circular Nos 60

za’ﬁsﬁ‘aershw List,

Please add to your membership list (Circular Nos 8) the following:

¥rs John T. Yelch

107 Lower Beverly Hills
Vigst Springfielid

Mass,

‘Bichard W. Scott M.D,
38 Schoel St,
Springfiesld

%f&s 3-.

Thess membars shoulsﬁ have baen included in the list zmblisheé in
Daa, 1957 for Mr, Lindberg's group for 6" Maks - apologies for the omission.

Appendix to this Circular,

The appendix to this circular consists of an investigation into the
five designs for 11" Maks which have se far been published in the circulars,
This investigation was undertaken by ¥r, H.B. Gibbons of Dallas, Texas,
and can only be described as monumental, lr, Gibtbons fortunately has access
to one of the large I.B.M. camputers and has run off 200 ray traces on each
of the dosigns, Bofore the advent of the computers, such an investigation
would have bmm impossible, but readers should not bte under the impression
that everything is done by the c anputer: programring the machins for such
en investigation is no light task and involves many heurs of vw}'. Iy sincore
thenks to lr, Gibbons for the time that ho put in on this - wo can now be
quite satisfisd thet our designs havo beon investigated as closely as any
;&mmmisx}a} job,

Tosting the Concave Surfacs of Carrau‘tars‘

lire. B.G, Onions of Bulawmyo, South Rhodesin, has sont me the follovwing
vory interasting sccount of his mothod of testing the concaves

"ag it is quite impossible for me to see the Foucnult shadows o
c~=of=c of .the Mak corrector surfaces, I have adapitod a system of working
at conjugntes, By placing the light source insids ¢-of-c, wo got o novw
focnl peoint at a 2nd conjugate with a much flatter cone anglo (ths positions
given in my disgram, 1/2 size as used for my 7" Mok corrsctors give n cone
angle approximately 45° as agninst 609 at c-of-c). But now, of course, cur
old enemy spherical aberration has tzken & hond and our sphericsl curve is
beginning to look like on oblate sphereid, increasingly so us the conjugates
aro scparsted, %e now place a smell negative lens of suitable diareter and
power in front of tho light source, and the lengtitudinal spherical
aberration at B dm‘wmam, Bhen things are right, this small lens appoars -
to be tho same size, or a bit larger, then the %rfxm undor test. There
is, of courses; an optimunm position for this lens for any ga*r of conjugates
wo wish to usey but I om afraid that tho mothematics of *his ake ’f}s;gw%

me., Thers is no distortion apparont with this setup, Bu‘t if the 45% angle
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is sti11 4o much for my sight, (I hevo found it to be so), I introduce
the double eyepieco viowing idea of J}ir, Cox in § & T, l'arch issue, and
things are fine, I think the distortion found by MNr, Cox mist be duc
to usging giant Brfles at cw~of-c direct - both Foucsult and Ronchi w?rk
well with my sotup, It will be moticed that all compenents in my diagram
r2 in line of sight on the sxis, so if horizéntal supports for the hot
wira are used, a tiny shisld must be attachad to screen it fram direct
visieny if vertical supportd arc used, this is not nocossary as tha
filament i$ hidden by its posterior support’y

Hot wire at 1st conjugate inside of c~of-c,
Position of k-2 ot 2nd cenjugate,

Small negative lens which cancels l.s.a.
at point B,

Eest position for Ronchi scrsen or
yarticsl tost wire cancelling image
‘reversal by optical system,

— o o, MA‘; ;:;.v.mmi : .,»"w..i
[ n N U SR 4G mm. | ﬁ\”“ _
f 4 Cfle (onmthoscopid Y
c-oh.C f% T

The fellowing threc ideas come from lir, Frank VW, Phillips of
Marion, Ohies -

Tropanning Blanks,

I em making two smallor 6" Maks in order to gotmy hand in for the
11" jebe I bought two sguare pisces of slab glass fran Bdpunds and cut
thom circular en & drill press, using o one gollon paint can as tool,
This was ths only thing handy of the correct size, ond whon I bad finished
ench blank thore wers thoo pieces left - it cut right to tho edge of the
Fdrund blank on thres sides, It was nocessary to turm & couple of thick
pisces of plyvoed te fit tho inside disveter of tho can closely and sgeinst
the bottom of the can, The arber was fastoned through a hels in the botiom
of tho can and plywoed, I did not heve an intormedinte pulley te slovw
the spoed of the drill so I mads 2 wocden pulley about a foct in dianmotor,
Used Ne. BO ond it took about 2% or maybs 3 hours to got threugh esmch dlank,
hand feeding woator and obrasive,

Curve Generating.

¥r. Schumacher, of Tris, Penns., sent nme an sbrasive vhesl that cuts
glass with ease and is net diemond., The vheel is marked Norton 3960 -
JTV 4/3 x 1% x 32 ¥® - 19237, lir, Shumacher tells me that hs used a lathe
setup and was very successful - he tells me that he turnsd the wheel at
4,000 r,pom, I just tricd it on the shaft of a 4 H.P. 1750 r,p.m. noter
and it seemed to cut pyrex just fine - vithoul any coelant,

Painting Comont Teols with Resin,

I am using tile and cercnt tools for grinding and coment (Hydrocal Al1)
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tools painted with fiber-glass resin solution for polishing tools, This
vorked fine on twe toels but net on ancther where the stuff seemed to come
locse and the woter eventually scftened tho cement undemeath, It may bo
that it was not thoroughly coated, but it would be well to make sure that
the toel has 211 thu woter ramnveﬁ first and let the first coat sonk into
the surfnce,.

{Corments, Substitution of o can instend of the usual thin-wnlled brass

or stesl tubing for trepanning is distinctly nevel and will be much cheaper
than the cenventional toel; cutting the can with the usual kliﬁhan con-
epener will result in a snoaﬁh edgo which can be gashed with o puir of

tin shears, A& good standard wheel for glass-cutting has long bﬁ“ﬁ noedaed
and lir, Phillips information on this particular Norten whesl will be
appreciated by rany, The idea of painting corent tools with rosin is
excellent as it will provont contamination by ths provicus grale of abrasive
if it is dens after sach @raéa~ the idea of painting a cement tool with
resin for a polishing tool I will accept with caution until I hawve triod

it out - it appears to me that there may net be sufficient eolasticity in
tho polisher to bring up & gooed surface, in any case ths surface presumably
é ould be finished off with the cmventienal pitch and rougs lap - it is &
fine idea for prepolishing, hewever, and should vork wolle = AJi,)

Hy best wishes for Christmas and the New Ye&r to all mewbers of tho
Club and readers of the circulars,

Yours s&nﬁarm&y ' {,')

1

[
97 lcLougklin 5t | Ly
Glen Ceove N,Y.
Dec 14 1959 Allan lackintesh

\M‘V""’
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Circular No, 60 (Appendix)

Ray Trocing Studies,

By H.B. Gibbons,

This is a progress report of a ray tracing study of the five 11"
Maksutov designs submitted to tho Club since its inception, Tho study
was made to become moro familiar with the detail of ths imagss formed
and to determine the effect of some dimensional tolerances on the image
produced,

Te date the ray tracing has only been carried to the primary fecus,
Skow rays were included, Only rays from objocts at an infinito distance
wers cansidered, Al11 diffraction effects have beon ignored,

v ‘The five designe analyzed werc those submitted *z tho circulars by

Dr, Crooker, Norman, Sjegren, Rasb and Cole., For sach deosign an enitrance
pupil was assumed 1 inch forward of ths pele of the 1st surface of ths
corroctors (The pele being tho intorsection of the surfaco with the optical
axiz,) Sufficient rays were traced to insure 2 good picturs of the imcge,
The rays chosen loy in circular zomes spaced at half inch intervals radially
from tho optical axis to the marginel rey at 53" radius, In sach of these
elevon zenos, nine rays were traced at 221° intervals around tho ovtical axis
from zere to 180° Tho rays were traced for twe colors C and ¥ with irdexocs
of rofraction m=1,51462 and 1,52264 representing the red and blue ends of
the specirum, Seample traces wero made at intermasdiate indexes to insure
that all intermediate values would be coverod by the above twoe extremes,
Obliqus rays woro censidered, Pencils of rays at 0, 1, 2 ard 2} degroos
from the optical axis pomitted comparisons of tho imegoe out 4o 5 degrees
field of ciew, (The offects of vignetting were neglected,) This gave a
total (including the principal rays) of 2(11x941) or 200 rays to const ruct n
picture of the imege aborration at each of four angles of obliquity, The
image of any given pencil of rays was oxamined at any position along the
optical axis by plotting tho intersection of each of the raye with an image
plane normel to the optical axis at the chosen position, -

One way the results can be summarized is by demoting the minimum size
of the rectangle which would contain all 200 rays in sach pencil, The
rectargle is oriented in the imags planoc so that the sides are disposed
radislly and tangentially with respect to tho optical axis, The pesitien
of ths image planes chosen for eomparative purpeses had to be arbitrary,
Twe plines were oxamined, onc, a tangential focus (Dg) being at the inter-
section of the two marginal tengential rays (rays at 0° and 180° and 5%
inchas fran the optical axis at the entrance pupil) for tho index of
refraction 1,51462 and tho other (D) being that imege plane which gave the
smallest total area of rectangle (prosumsbly the highest concentration of
light and therofors the brightest image)., This gonerally occurred when the
tongential dimension was o mininum, The minimum radial dimension occurrad
at tho Dy image plane for throe of the designs (Sjogron, Raab and Porman)
but not for tho other tve,

; The data results ars given in tho enclosod tables and are alse plottad
up for convenionce in visualization, Please note a chang s in scelo anong
the graphs, The position of the image planes Dy and D, is given as the
distance of the planes from the conter of curvature of *he prirary mirror,
The distance of the image plane from the centreid of tha rectangle to the
optical axis is alse given, 411 dinensions aro in inches, y
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Some gensral coemment can be made which is not obvious from the
date, The separation of the C end F principal reys at the image planes
is noarly constant for all designs and amounts approximately to 1,7x107
inches per degres of obliquity of the pencil. This is of some consequence
for tho dosigns having relatively small aborrations, Te illustrate this
e plot of the imege of the tangontial focus (Di) for tho Cele design for
a pencil of rays at 29 obliquity is given, The separation of the C and F
rays and the distortion of ths zones that wers circular at the entrance
pupil is apparent,

The datn submitted in the tables can bo used to determine the shape
of tho imago surface at the privary focus, Using the Dy image lecations
a roasonably constant radius of curvature will result, If, howaver, the
D, image location is considorad more desirabls o constant radius of
curvature will not suffico, It ceuld easily result that a lack eof accuracy
in censtructing the imege surfaco ot the prine focus could nullify an
extroms areount of care in producing c¢lose telerancs optics in the rest of
the syster, ‘

H,B. Gibbens

11/5/59
CROOKER
Image at Prime Fecus
{211 dimensions in inchss)
Re@i:m\fla Dimensions &0 Position of Distonce of
Obliquity Tangential Radial Arot Irece Plane Centroid to
’ Optinsl Axis
Dy 0 4.x207%  a.axac”t 1ex107® 44,4387 0
1 4.4 5o 1 25 44425571 . 770388
2 4.7 9.2 43 44 ,406666 1.540495
2k 6.4 11.2. 72 | aa,3?24?€ 1.925410
D, 0 3.2 3.2 10 44432530 0
1 3.3 5,0 17 44,426200 770363
2 4,2. 10.5 44 44,406450 1.540450
2k 4,6 T 12,1 56 44,391670 1.925429

@¢ Distance of tho imege plane from the centor of curvaturs of the
primary nirror,
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NORMAN

Image at Prime Focus,
(211 dimensions in inchos)

Rectangls Dimensions €& Position of Distance of
Chliquity Tengential Radial argn Inage Plane Centroid te
: Optical Axis
Dy 0 5.5x10°F  S.sxa0™ 30x1070 464296900 0
1 9.4 12.5 117 36,292218 805745
2 24,3 2448 603 46,278163 1,61138
3§ 33.8 3045 1030 46.267612 2,01413
Dy © 3.2 3.2 10 46,2?826 0
1 - B2 13.5 111 46,29146 805785
2 14.5 32,2 466 46.é?2&0 1,61168
2% 17.5 43.9 768 46;25819 2,01456
§ JOGREN
Dy © 4,9 2.9 2 45,635254 0
1 11,4 14.5 165 45.,630991 « 795263
2 29,0 29,0 840 45,618196 159055
2% 40,0 3640 1440 45,608585 1.98809
D, © 2,7 2,7 743 45,63624 0
1 942 1642 150 45,62975 . 759294
2 17.0 38,0 650 45,61125 1.59092
23 21,0 52,0 1090 45459735 1,9R864

e¢ Distancoe of the image planc frem the center ef curvaturs of ths primary
nirroer,
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RAAB

Imsgoe at Primo Focus
(all dimensiens in inches)
Distance of

BRectangle Dimonsions @ Position of

Obliquity Thngﬁﬁfz&l Radial Aren Inege Plane Centroid te
’ Optical axis
by © 7.5x107%  T.5x107%  s6x1070 44300540 0
1 18,7 2243 417 44,298326 « 774840
2 4842 44,4 2140 44,291673 1.54962
22 615 55,2 3730 44,286670 1.93696
b, O© 4,4 444 19 44,30230 0
1 14,5 26,0 377 44,29600 « 774970
2 2744 61.2 1670 44,28000 1;55029
2% 34,0 82,0 2790 44,26790 1.93800
COLE,
Dy O 1.4 1.4 2,0 43,145263 0
1 2¢% 447 1le3 434138659 « 747209
2 2.8 8.1 22.7 43,120142 1.494198
22 4.0 §.8 39.2 43,106257 1,867768
D, O 1o 1.4 2.0 43,145263 0
1 1.7 4% 7e5 434139040 < 747186
2 2.2 8.2 18,0 43,119950 14494207
24 2.5 10,5 26,2 434105610 1.867790

€6 Distance of the imago plane fra the center of curvature of the primary

nirror,
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