
Building a 6-Inch
Unobstructed

I harrc destgned an optlcal s1ætem that can be
thought of as-a¡r unobstructed Newtonlan telescope.
Thls-system uses a standard parabolotdal prtmary and
a smafl sccondary mlrror. In thts telescope, however'
the secondary ts ñot flat but ls concave ar¡d cancels the
aberratlons lítroduced by the tilted prtmary the result-
tng lmage quallty ts good as lor-rg as the.prü-nary ls.slow.

itre oÞucrat q¡stem can also be consldered an e¡<treme
case of ä Yolo;-therefore the formulas glven tn "How To
Dcalgn a Yolo Telescope" (Telesæpe Makfne #3? can be
r¡sed to predestgn lt. 

-Because 
the tllt of the secondary

ts qulte iarge, tits necessary to opttmtze the predeslgn
uslng ray tractng software.

Uf aehgn usãs a 6-tnch f/12 parabololdal prtmary.
Ttre-cha¡aõterlstlcs of the system are.glven tn the table
wtth the same notatlon usid ln "How To Destgn a Yolo
Telescope." The fleld perfìcrmance was evaluated ustng
spot dlåÃrans for the on-a:ds tnage, and flve posltlons
air¡und ä semifleld of vtew of Lla degree. The fleld ls
llmlted by about | /2 wave of lfnear astlgmatlsm, and
the lmagè plane ts tilted I degrees. The lmage ¿rnarnor-
phlsm ls I.4 percent.' 

TMs who do not have access to a computer stlll can
deslgn thelr own unobstructed Newtonlans. Thts can be
done-by optlmtztng thetr predeslgns uslng myopttmlzed
deslgn-as a gulde, To do thls,-destgn my s¡¡stem ustng
the iormulas gtven, estlmate the percenta€fe error' ancl
then correct the deslgn.

the correctlon ß fúst appUed to the secondary angle
of tllt, then to the secondary long radtus of cun¡ature'
The correct setting of these-parameters make the scc'
ondary cancel the on'a:ds coma a¡rd asügmatlsm pro-
duccd bv the prtmary. Thls method will work provlded
the sptäms cönstdeied are slmilar to nJy de-slgn, say'
for sristems uslng â 6-!nch prtmary wtth a focal ratlo
betwãen f/lO a¡rã f/14. Scaltng can also be done to
speclfy smaller sYstems.'lt 

rñust be remembered that mlnor adJustments to
correct restdual on-a:cls aberratlons due to fabrication
errors and sllght calculatlon e¡Tors can always be.done
after the optics have been made. These adJustments are
done chanþng the secondary posltion and tilt.

l[¡ttln! tho Sccondary
The ãurface of the sãcondary mi:ror ls a sectlon of a
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concave oblate elltpsold that has two prtrrclpal radll of
cun¡aturc. Ttre fìrsi step to ¡äake ttre mrrror ts to grtnd
a lonÉ radlus of cu¡r¡a[u¡e sphere. Because the dlffer-
ence "tn the radll of cuwaturè, R. and $ ts largc' theence tn the radll of cuwature' R. and R+ l9 lârge' tne
double curyature must be geneäted dürtng the last
stage of flne grlndlng. For thisstaÁe of flne Arlndlng. For trus purpose' þng uruqrrec-
uoñat grlndtri'g strokts are performed wlth the mlrror
on top"of a fill-slzed grtndtng -tool. Thls shortcns theon top"of a fiil-slzed grtndtng tool. Thls shortcns the
mi¡:oi's radtus of cun¡aturc tn the chosen dlrectlon.

Thls process ls very slmllar to tradlttonal -grtndlng
lcept that the.well-known sequence of o¡ents hgnPense(cept tl

unldtrecunldtrecttonally. Namely, a deep excavatlon ln the cen-
ter of the mtirrór ts made ualng a long stroke, and then
the rest of the surface ls madJr:r¡form tn curnature þ
reduclng the stroke leng¡th. In fact, for thls surface
smoothürg, J¡ou can perform normal grtndtng strokcs tn
all dtrecttõns dotng only translatlonal morrcments.

In my article lr.-fiuÍ#17,I suggested a double for¡r-bar
Unkagó to constraln the rotattóá of the gr-tndlng e.¡ Rol-
lshh[ tool, but the entlre proce,ss can be done by. hand.
For tËts optical system thê dtfference ln sag of.the two
prtnclpal Secttoni ls so large that maintalnlng the par-'allellsär 

between tool a¡¡d mtrror to wlthln a few degrees
bccomes tmportant. One can easlly feel the effects of a
small rotattón tn the gdndlng or poltshtng qovegenþ'
and cventually one lãarns tõ dtrect hls or her hands
verv oreclsclv. Because the surface has two perpendtc-
utai ilanes õf symmetry, you can rotate the mlrror I8o
degrees once ln a whlle.

io monltor the generatlon process, I palnted the mlr-
ror su¡face wtth a-China marker, a waxy t¡'pe of pcncll.
After rcmovtng the e:(cess paint by scraPtng tt wtth. a
rzzor blade dägged almqç[ paralle-t to -the blank' the
ãrrtf.c" becameãhtny enougli to reflect ltght-and made
an optlcal test possible. Tñe appeâ:iance -9f a grog1d
surface before and after the scraptng ls illustratcd ln
the photo.

Yóu can null test the mtrror at lts con1ugate focll, but
I tested the secondary using the aluminlzed prtmary

Thls nouel optlcal desþn on tts ttoæl mountÛtg nukes Jæ
a ærg uruisuallækng telesæp. Tle Yolo'Newtonløt
ojføian u¡'tobsttttcted. apøfire attd. art opt1cal rystent
consústfng oJJrtst tt rc elcmrl.tts.
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The optlcat ænfigwatlon oJ ttle tt¡tobstnrcted YoIe
Newtóntøn prduces gd' tmages oY ?-Ig$'degrf

tleld Spot dtagrams shot¡s a¡ctat and. O.25-dqree-oJl''o* 
piolrmo:rrce at Jhse posftf'tns arouttd tte feld'

Oeneratlng Strokes
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mlrror. I prefer the test tn whtch the secondary.ts-"Ëõ"¿ 
at ispectflc angle wlth respect to the a:ds of the

ãiumlntzed p'rrmary ml-rror because of the reduced test
dlstances.

The puroose of these tests ts to verL$ that no astlg-
mãu""i ls'present when the secondary ls tllted by +e
ãø" .,, as calculated ustng the formula gtveg ln l|e
abõve-menttoned artlcle. These tests lnsure that ttre
àpproprtate dlfference ln curr¡ature has been generated'
firã åug*atlsm can be detected by looklng at. the
lmage of"a potnt source wlth an eyeptece or by proJect-
rng [tre tmale on a flne ground glass.- 

öñãe theäouble curåture lJgenerated, make a full-
slzed pollshtng lap and pollsh the secondary ln a ma¡r-
n"" 

"ûnil.r 
t; thè po[shing of a standard miror but

àotnS only kanslational poitstrtng movements' Elther
;; ;f thãmet¡ods mentlóned can be used for the flnal
test of the secondary. The second method ustng the-prl-
-"ty f" not a null täst' and some- resldual coma wtll be
obsãr.¡ed. However, a smooth surface must be obtalned'

The blank for my secondary ts 3 lnches In dlameter'
conitderably oversized to allow for a turned-down edge'
thts problem could easlly rest¡lt lf stgnlflcant move'
ñ;ti of ¡otatlon happeñ durtng the pollshtng' The
clear aoerture of the secondary ls elliptlcal as ln a regu-
f.t nlilto"ftn. ttr" smaller dtameter, that ts, Õ"' þ Be
one used ln the calculatlons. The large dlameter' wlth-
ãüi õnsraedng the fleld slze, ls gtverappro>dmately by
.J2.O^.

ThÈ curvature of the startlng long radius sphere was
measured with a two-leg spherometer' Th9 sag to ry:as-
;;"." so small, aboùt o.ool inches, that a verlJlca-
uon was necessar5¡. Thls was done durlng the test.ln
whlch the prlmarywas used. I{nowlng the radlus of the
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Typlcat genøatlng artd untJormlltng s.tr'okes, Jor-

"ói*rr¿"íg 
mtnor: ztg'zng lfnes shot¡ tlæ porth of.

tl:æ mtnõr cetúq ouer ttle tooL OnLg translaüonal
¡¡auensnts are allowed-
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prlmary Rn, üu power of the secondary,

the prtmary to secondary test dlstance q, and the sec-
ondary to test potnt dtstance s, you can flnd out the
short radlus of the secondary from the relatlon:

Ps = 2.cos(c)/Rs ,

P" = (l/s) - (t/$ - q)) ,
q¡htch ts the well-known lens formula.

To rtcâp. then, here are the steps you should follow
tn maldng the elltpsoldal seconda4r:

l. Use an overslze blank (3 tnches) and flne-grlnd lt
to a sphere of radlus R1.

2. Grlnd tn the shorÈ radtus by dotng long, unldtrec-
ttonal grlndlng strokes for 30 mlnutes. wtth the miror
on top. Occaslonally rotate the mlnor or tool a full
1800.

3. Untformtze the surface by dotng normal-length
unldlrectlonal strokes for 2O mfnutes.

4. Determlne the dlfference tn radll ustng etther
method. Method l: Measuring the sag tn the two prtnct-
pal merldlans ustng a two-leg spherometer. Method 2:
Coat the fìne-ground surface wlth a wæry pencll, scrape
off the erccess wlth a raeor blade. and determlne the
angle a atwhlch you see no astlgmatlsm.

5. Proceed toward the correct düference ln radtl. by
repeatlng steps 2 through 4, untll you see the corect
sag tn both mertdtans or trntll you see no astlgmatism
at the an$e a speclfled by the destgn. Make sure the
surface ls unlform before proceedlng.

6. Poltsh wlth a full-size poltshlng lap usfng transla-
tlonal strokes only; do not rotate the tool or mirror.
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Ll8ht lourcr ¿nd tlst poltt lñ

A stmple test cordlgwatlonJor chæklttg the radlloJ
the ellþsold.al secondary ml¡¡or, The long radÛ.ls
møldlan of the secondary must lIe n üE plane of
sgmmetry oJtle test systenu


