IrrOr  Telescope Mimor Making
\ o Basics

Optics, Testing, Mirror Machine, & Figuring

Grinding, polishing, testing, and figuring a parabold]

just a bit of magic in the process! Magic in the way
valleys on the mirrors surface, seemingly&shiemiyngnamgi @l
for and plot a solution to perfect the mirrors surface
the glass to make it so. Magic is there when you Vview
sel f! Magi ddalgeitn dteheids! adiveetnt ure started.

Basic Optics for Mirror Making

The Airrjaddcdkafter a British as SEGURSSIEIEH
the central circle of 1light wher g
focus (F). There is a series of
creasing brightness and together

Because of the vibrational natu
at focus diffract and interfere
converging to .
focus. The result is a small <centr
cal di ameter measured from the ce
The size of this disk Iimits the
Becausdé iptosissirbl e to craft our o
point, we are only required to t
determined central di ameter of
described abPi afilhAadt wanme Iciamiathd @
the maximum resolution possible
fexceobdtenmaaspheric conditions.

The AiypHyskcal size is direc
focal rati o. Fast mirrors and ob]j
at higher angles resulting in | ess
ameter. They also have afebosteang

30" /5, F150 ===
20" f/5, F100
10" /5, F50

Same Sized Airy Disk
: Low Fast flmuo
.000264 dia 4@» In-Focus Distance

Long Slow f/ratio
Long In-Focus Distance

Sl ower mirrors with | onger higher f/r
provide a |l ongedf omaoserfaoagegi ving 1in
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http://www.google.com/imgres?imgurl=http://www.astro.ljmu.ac.uk/courses/phys134/pic/scope/airydisk.jpg&imgrefurl=http://asterisk.apod.com/viewtopic.php?f%3D9%26t%3D15219%26start%3D75&h=225&w=400&sz=8&tbnid=NQ1VCD_uDZxTdM:&tbnh=65&tbnw=116&prev=/search%3F

Miles LaCroix Charting

. : : e 166/ 101600 f Frgurifng

When figuring a mirror, the st AQ ry Disk.ioa)rtﬁérl—b?'eranmt
chart called the Miles LaCr ol ;. E—— - - - S—— ,;I}S
ance horn that directly relaf,, _-_-'_';,.'-J-- D
di splaying the permissible rg | """"""""""""""" cu
fraction Limited optic descriwo " ”% _____ HE W‘ o = e

Each zonal area across an o tone1 | 2T 3 4 5 6 7 h
different f/ratio and therefd k
This diffraction |imited toI( Di ffraction Limited 1/
Lacroix chart as increasing 1§ must be inside the hornlen
cating a more forgiving figurtomog Lu.cs. ah..\,_c ale ﬁllfc I a
es. 020 pherica ef erenfce

lf the maximum and minimum | | 160D/ 2.84.80 |f “,.««""' af
proached acr&ssut e dmmproirotrant| |Al Ty Disk.D08MaBe L~
final curve is smooth with or:: ﬁ»*“‘

Notice the spherical referen'm - ar
rabola departs from a sphere.o:m | & c !iwaCrgiiU
tighter figuring tolerance af,.,| = an
These charts demonstrate why |, ol o N o o e r
hi gher precision figuring. fone : : . > ¢ !

Angul ar Telescope Resolution

A telescApgul ar Resolution is inversely propor:t
it defines the image quality and resol
The Airéy PhHyki cal size variation has very 1|itt
Tel escope angular resolution describes the small est ¢
it is an angle against the sky i n
An excellent example of angul 0 n
ing car headlights with your e
lights are unresolved and wi g ¢
As they approach there wildl s &nce
wi || begin to separate into two headlights.
viewing angle between the headlights can be
. angul ar resolution your eyes are capable of
tinue to increase as thg
angul ar resolution capahb Angul ar
small est angle that wild.l
‘. two distant objects |ikedgl Objective
Rayl eighndibdhwe Liamiet co
Wikipedia l'y used to describe thi

When two telescopic stars are cl ose
physical Airyddibsek ,sptlhegy can
Angul ar resolution describes the t

irror
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l'y with high contrast, showing depth and relief, sharp

details of the Moon and planets, adding a more three d
Saturn's rings amat eug WwWioloiIn show greater detail

I ncreased resolution is similar to using a digital c:a
and sharpness. The same goes when comparing the smal/l
Lens Reflex cameras. Phased array telescopes are anot
from the maximum di stance the optics are separated, ju

tronomers al ways want bigger mirrors to gather more |

Interference and Edge Diffraction

Diffraction and Interference Diffraction are al most i
tered after interf Blrnitnegr fweirten ceda chhinfdftrhaiecgthitosns catt er ed af
optical AEplgteh Dadd racti on

InterferenceLDghtfraichi anes | i ke sound and radi o waves
waves is displaced, they react by di mmbegtouctianweehntg
i s descr iFreadu mohyo ftehre Di f fradtfi eameThéghy waves are displ
phase delay, the waves will completely canttafléreiach dlte

Light from a star radiates out in all directions in
tance of even our nearest st arConanlryi ctth ev efedsrsveaartd altibgghcte
Earth as a parallel wavefront with all t@Qecendtirglhdt iwaev eas
structi ve iinst eursfeedr eenoc dd & s ¢ eFirdeesch etlh gorfi ddighdl wave propag

Huygens (1678) proposed star | ight arrives in wavefrc«

ages radiate
directions, |
forward rays
P‘destructive i
________________________________ I~:(:;}a‘of.the|r adj
YL r [points and p:
<> @ |phase, to rei
p | lnext wave fr
e | Jdistance bet\
ra € |wave fronts
“l—i I ffrequency of
vl W It he wave hei
"r\,\f' a|lfines the | i
g V‘ Starlight w
< X e
b4 f reflected fr«
R .
<X r |parabolic tel
S O [mirror are to
% ?into a cone
e s‘wave front, \
/‘\),/ waves travel.i
a7 ‘dlstance_s to
o2, f ocal point.
o Non90deg .
ingelight fwaves are rei
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o
=
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each other by constructive interference, and the focal

ifriodgéfraction pattern. These faint rings are caused
ferent distances to focus, creating destructive interf
plete pattern of rings is called the Airy Pattern.

I f we examine a starlight wavefront reflected from a
from different & onwersf ade twiel Imibre ogpread out from focus
viewed traveling different distances from the mirrors
structive interferenxwet pofobdiulaldsnge yteh ed iffafmialcitairon patter:
similar to -pwue tmagk aovwed ltshe mirror, and vi ewidngs utrhfea cle
zones. I f the mirror has surface errors causing | ight
or outside of focus. This star test information can b
John Dobson woul dofs@ayus fdiafnf oad¢tsii@dre ring i s too bright

needs more poliseayegzondlhephaetvbies indl cecrugre |
Airy disk where all the Ilight comes tog/{

Edgki f fr actciuars any time | ight encounte
circular edges of a objective mount, a |
mirrors and spiders. The outermost angl
their circular pattern with®@uneitdlebadrest P
a flaring or brightening around an obj e ; a
- and Ronchi test ¢ \.«'}_\ r
: ; . S a
stricted rays il ’\\(,’ l
mask edges, knif __,: |
chi screen | ine:¢ S e
of the out of f¢ = |
tern is always i
the inner rings, W
. diffraction froi e
of the mirror, obj ecteadvgee. or the optical e
Edge diffraction from a small objectiywv f
one. Li ke waves in water going through r
waves are diffracted or redirected. L al (@]
all el wavefront to continue straight on ?
S

I the distance between the round edge
tates how much edge diffraction wild.|l ef |
focus diffraction pattern.

Secondary mirrors block incoming |ight
of the Airy Disks |light out into the Airy Pattern. Th
resolution, and contrast. Try to keep the secondary o
visually. Refractors have a big advantage in this are
fraction effects from their smaller objectives.
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http://upload.wikimedia.org/wikipedia/commons/0/0f/Huygens_Fresnel_Principle.gif
http://upload.wikimedia.org/wikipedia/commons/b/b8/Wavelength%3Dslitwidth.gif

Wh a t is this Gizmo Called RoC?

ThRoC (Radius oifs Cumeatadieys from the center point of

matching a spheanirdalc emicurorature, where a single point

A Sphericwewil Mifoous angular |l ight emitted form the Rc
l el infinity starlight viewed at the focal point (half
(different focal points from the center to the edge) w

A Parabolic Mirror lits wixlalctflycwp ppasn alel el star | ight
l enga(exactly half the RoC), but not angular |l ight orig
the RoC will now display the exact same spherical aber
called parabolic aberration.

The Foucault test can be used to measure and polish i
at the RoC, to transform a sphere into a parabol a. Sh
practical. Wh ¢
RoC during testM
is customarily Irror
the mirrors ce o
on the paraboli ..' Two times
sitierent tocall . ool RadrusofCurvature .

RoC, so t héduweer 3 8
sl ioghtor presen
measuring at t E ISpherefocusesangular'

Why is the splfle %"bl,,
focal tengtn tflf "fysmglepomtRoCIrghLatRoC
l ength of a par -
son lies with pl|P
versus angl ed | ?

Ro C. A |light sg

RoC emits |ight]lo :

and is reflecte|y .. Poninleeiontc O RERESEER ..
equidistant fro 4
focus at the Ro .- P bolf ﬁlty “l' <

et parallel inf 'f" arabola focuses nfin paraiiel”

paravela it ool Tolescops™..  [tal'f

at higher angl e fOCal Iength "-.,..“"”...-"

ff ocod ® wn to hal C il C RNYARY]

The more distant an angled Bi dhtghdo breceo mes ,t k@ mdree fj
Focusing light from across the street requires moving
t ween the infinity fobeswaed fbheaRofosi Thesse Wwnll show
ration.

\agic 5



Test Data Reduction Software

Thoillies clhaCrtoiixs designe
fraction Iimited 1/ 4 wave 0
able errors) of a mirrors surface, that mirror makers strive kst eie] L T
to be within. However, t he Excel ir
smooth without severe kinks ‘ e e
Range
; -+ -Minimum Acceptable
N : . _ R
I& very iIimportant to interp B A Fovait Roacis
graph as the mirrors surfag
. . - i Y
meri cal focal point | ocati (. -
face profilel Mirror Zones

A mirror c

. (- |Figure XP
ur e d Wi t h t h vf r(F4) Surface Error Analysis -- Brad-Sept3-2011.fig

mati on, but
tensive surf
tion when de
and where to

1/4 Leubda Wave Front $cale

z z z z I z z z 2
7 H H enter z 3 EH

Figure XP

z z z
H H 7

£
13
c
S
k]
=
o
s

tion. Thi s o ‘
Sixtes@sgureoxe® in. Both fregq¢ e
grams mat hemati cal | y -odnr asw raf na ci T T e

of thes nsurrfoace from Foucaul't Iox 113 ctewe ot mowee e adsuat, 74 th see:

to plot a figuring solution ef| "™S@us =~ Froams
really |ike Figure XP! | espe . <

surface profile in & nathielsi tayn dt anealIrtier, talmed RaC sl i ghtl y
surface ®drmicheeasileér knowing exactly where to remove
rewarding to see the predicted changes in the followin

l maged Open Source Photo Processing Software

| magies] free photo processing software avai able for d
scientific Geopa&mchlouara iptrogr ammi € asj adar
di fferent reqU|remerrretassur|Inrgag)eJ(edxde)IcEZzHaﬁmannPhdtOr—
ror mask zonal i mages and c. ealnti nagye | e
the center of mass for each zones | et
cation of these centers. That cent c a

to calculate the mirror surface pro

File Edit Image Process Analyze Plugins Window Help

Dev | Stk

Point* ar multi-point selections {right click to switch)

irror
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Parabolic Mirror Testing Met hods

The Foucaul' t Test

Leon Foucault, French physicist, 1819
185Proviedght isspedeidi ferent through wate
185UsedFoaucaul t PenmndiuhheunPant heon i n Pa

the rotation of the Earth.
185Ramed the Gyroscope.
185Bi scovaeded® curthatextra force need

Copper disk between magnet s.
1857nventkadudcdaelt pol arizer
185Bnventkadud ael £digeifterstmi rror s.
Foucault Figured the first glass mirr
He revolutionized mitrhreorf itresdt ign g sand
coatimgented by a German chemist Just

fore the Foucault test, by working in

mirror surface defects by a factor of

The Foucault test i s vietr ye nspilnopylse aa nldi gphrte csiosuer,ce at t h
sect the reflected I|e>xthrtermeloyn tseesnns,ir traidviee tlot sih© wan mme a s
caused by touching the surface with a warm finger! It
around valleys and i lelausnyi ntadbiiumggd \hi méassur d tt he diefrfyer en
and compare to predetermined ideal values of a parabol

Foucault Magic Light Shadowgram

Because a parabola has an infinite number of focal po
circular null S(’haslowfaoethermtheoradlus in focus at th
contract across the surf.g
moved along the opty
shadow is magic .
appears to orig _ Mag\CUghtMag
angles from onl{|Knifea> — =
side opposite t
il luminates the ‘
shadows around hills

ic L\th

face deformati ons, and shadows of
» the various surface profil es. The | ight is mag
\Way that would normally block the | ow angle 1lig
. t hem. When the Foucault knife is inserted in t
/ bolic zone as a magic circul ar shadow dar kened
right side. The overalll |l eft shadow pattern ap
agine the magic |ight from the right i1l luminating the
a shadow on the downsi de. It is very important to not
pret high and | ow areas.
\agic 7



Testing and Figuring the Parabola from a Sphere

A sphere will f odaunsg ual astisrdgilrgeghep dirmtm t he RoC, a parabol
A parabol afwadadl If@lcodstoan liingfhitni ty, a sphere willdo not.

First, we create a sphere because it happenfThematWwlkena
ing at the RoC we will figure or change the surface pr
tion errors that would be present in Bhephesel twihreq pare
parall el starlight fromri bhieniCewnt @ltchee If fooc@dds dppoda Inrtt, e ng

When testingi ahsphkerght source originating from the F
exact focal point, it will cut off (null) all the 1igh
knife will first block or null the Iight coming from t
side knife will block the Iight crossing over focus fr
focus, the sphere will display a straight wvertical sha
side with a | ateral knife adjustment. This side to si
Ronchi screen test. I f major astigmatism is present,

When the spherical surface s nal tleormmgdke rt awari chg | ppa If alcal
of different focal points (nulls), one for each differ
are no |l onger straight, they become circular in shape
the one on the other side. Remember the magic | ight.
cate the different focal points or zonal null s, the sh
tions on the mirror. Adjust the shadow position to an
or Couder screen mask, balance the shadow on the | eft
compare with the predetermined ideal focal points of a
perfect parabola shape.

Foucault Test for 10” f/6

F-60” ROC-120”
Zone
Zone Target Range Radius
1 .000 .028 1.350
2 .023 + .014 2.719
3 .044 +-.011 3.527
4 .065 +-.009 4.178
5 .086 +-.008 4.740

Airy Disk Dia= .000316
Sagitta = .0104

DO—=DO>TWY

Parabolrc NuII WAeiE LIGHE

.."-> e

O—0QT V=T

irror
agic 8



Experiences with Foucaul't

Leon Faductaaslttsi mply geni us.
bled countless fine mirrors
and professionals alike. I
whol e concept and construct
Stell afane plans, t b6fb/eSs tmiar
turned out fantastic! I ha
show my modest side, but in
thing went smoothly as | br
la from a polished sphere,
difficult testing became.
shadows is difficult at bes
ings, all/l averaged together
needed accuracy. Some of t
out of whack, so | would di
seemed to follow the trendi
urge to customize the readi
be! I had a particularly d
narrow edge zone and the ce
l ong focus f/ ratios. Each

s
0

S OO0 WmOoO ~w MQ ©

—_

mi nutes behind the knife,
hour!! Then another 30mi n

rrso to enter all those nu
and analyze the results in my computer. All this test

=

i shing on the offending zone to correct! Before testi
equalize temperature after figuring and adjust to its
up, and youahlawte ZI.pemthours for each tMNostwonmgd erndt Hii ggumi
takes so much patience!

The Foucault shadows are fuzzgndndahhbhydoholreadl azete

sharp |Iine at the shadows edge that seemed to indicate
that-ldgmk | ine in the center space between the zone ms
center figured as an area rather than a radius. I soo
erest Pin zone | ocater rather than a Couder screen mas
the whole mirror behind the Everest pins, which all owe
critiqgue the entire surface condition a
curved horn zonal mar kers with a more p
fore and aft on the optical axis. So f
t est series, I used the zone closest to
row® ilmportant to note any changes when
center o6 edgéeo abjust the side to side
and | eft shadows, as the test progresse
shadow balance stage adjustment was min
introduce a second potential serious er
ments accordingly. One single, very ac
axis, and centering of the right and | e
side to side adjustments for the whole

irror
agic 9



It
hot

was very
weat her with
where that can be
ature changes!
had equalized
i nner zones,
testing this

i n
t hen
way!

Ronchi Screen

This test 1is
applied in
that start
on mylar or
of the RoC.
prefer 1line

very

out
gl as s,

't is
count s

The
The

closer the
parabolic

Asphewiel ]l focus
to the origination
the RoC, the
RoC. As the
and gives the
ends hooked
return skewed or
The Ronchi test
progression
mat i sm. 't is im
smooth curved | in
edges, indicating
smooth and zone f
t est resulfigsiaadrn & a
because they don'
cian hard data fo
profile. For fin
results provide t
mat ifgaant idsautrifvaec ¢
measurement s.
Using a Ronchi s
escope eyepiece while viewing paral

| el starlight, Wi
calli ke lines from
because the entir
cus to the same p
l ight .

di sappointing
he
effected
The
temperature.
reset

Testi

S i mi
much&t heksamsei wgymulttple
straight
usually
suggested
bet ween

gr@tzongal sfoocua, mtheotines
surface

an
poi
center

grating
i mpressi
out ward
defl e
i s
towards

ay
r:
a:
b:
%
3 p

each ti me | returned to t he
bea& i @it dddvns bad) hpagaepge omalsl
by thermo expansi on. The f
and most consistent testing w
Ot herwise, the only sol
and test the outer zone
better way to test mirro

sun

best

at 75%
needed a

ng

Foucaul t with r
doubl e e

lar to espect to
dged kni f
sphere and begin to cur
to 250 | ines per inch, a
to use higher |l ine count

and 100, di ffraction art

wi t h a
80

80

become wi (

patterns are opposite inside
from the RoC,
et pfadcald ed RNRiom

pushing the Ro

angled light source
nt, and pdirsaphodlys
zones focus shorter
is moved closer to focus it inter
on of magnifying and expanding t
cause the edge focuses |l ong, the
cted |'ines around the defect s, a
especially wuseful during polish ar

a parabola, and a great visual tes

Ronchi Testing
openanes OUtSIdE ROC

Wder Edge Bands Image Reversed
s Inside ROC

~
~ I

.F;

7’
/” /
,” Screenl

" Zones focusing closer
to the Ronchi screen present;
wider spaced, fewer, & thicker lines.

be

Eye - Camera
View Plane

’

irror
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SI'it I mage Test

Several years ago a f>I2 dgwab dmiapped thhyatwiwahs Hpiod i shed

that needed to be finished. We proceeded to figure to
scribed conditions. Everything went well considering,
been working on the ATM effort with Bill Thomas from a
new!|l it I mage Test (Sl Ti)mmegdibatgell yd.tctoaught t he SI T was
It captures a single digital camera photo of projected
ries of holes cut in a mask across the mirror. The re
heli x marker s, and | | e _ _

cnown exact mirror med SIT Mirror DNA Photo

the ROC, and the pixel

2L;EW;T:968 on the pho ‘ ‘ - | ‘ ‘ . . . . ' . "

We r et esdlt2ebiot her wi t
test, and it barely pa
Lacroix tolerance! The areas | mentioned earl i -

er that | found hard to read with Foucault, were the a
no experience with the SIT and after al/l Foucault had
The SI'T camera captures a single image of mask hol e |
rear its wugly head. The camera is recording the i mage
small er zones for a given size mirror, producing a muc
|l ocated much closer to the outer edge than with Foucau
bet we-ef@ 58, I believe the SI T 0a0c2c'ulr acTyh eirse daorwen naor ohuunnga n+
where the shadow |lies from test to test, or with diffe
occasional |l ate nights before with little sl eep. The
ne test run was needed! Once the tester is |l aser al:i
il all the zone slit images fill the entire CCD.1/ 8&dhe
ol erance. Di d & meeend ito;n drhtadr It e dinest number s manua
r Photo Shop and paste them in Excel. No more potent
i xel |l ocation information and plots the curve on a Mi
or me it was an absolute no brain&eopbvliobhadatdwanhagep
ef i gur2enmditoheor using the SIT test. After waiting an h
tand, testing took about 15 minutes from start to fin
bout 15 minutes for a total of Iless than 1.75 hours!!
asily get in 4 deasdieond hiamstFoad aumfl t3 4@ dr éafrl moaebhast
ontinuity between testing and figuring, quickIly getti

O O®O 9 »w - MT O T O
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EZ Hart mann Test

n
c
r

[

r
a
I
e
d
i
S
0
m
k
g
t
n
e
h
I

O OS> —35S 5T T D X oS TS C o0 T o

t
J
h
t

>
D

mi r
tio
per
me n
I n
Tel
Ma k
Cuf
He

and
scr
sou
usi
pho
i n

mu |
of

t o

ma n
F.

suc
A

use, the Foucault test was extremely difficult to
uracy, ‘repeatability, and ease of use. However, I
n data for the whole&mjursaor afmaamnag $iomwg Imecmhaotso mi sis

ed with some success using the SIT by rotating and
at four different axis posi: AXiS'3 ti
t was problematic because it d
ts of each axis. This met ho ti
sh setup and test for each a: AX X AXlS'4rr
i vi dual setups. However, it al
S test, exposing unknown err: n
S great mirrors have been su: F
ugh it only returns dat a forAxis_1 MRS L I
es the rest of t I&e psousrsfiacee,i AX]SL’@[[O"S

ely, to accurately figure a | o ., a X
machine procedures, and end] Range'a : Raugee I o
ire surface ' :

my ongoing quest for an all Range7 a
Hart mann test invented aroul st
annes Franz Hart mann. I't employed an all mirror ma
es of known | ocations, used two photographs, one in
Il ight source. This test used the triangulation of
rors curve and compared it to a perfect mirror. It
nal telescopesrvioedkterrmhed mnhrror accuracy and ad
ceived by the amateur only for use on | arge operati
t with two photographs. The dhe baereen |uiskeedl ywitdheel ymaijno rt
about 2010, I came across a great articl e Adneastceruirb i
escopkncluded in the periodical was an article tit]l
ing), and includbad HarthmanhnaMet bbd whsTestwmigt t &m obr
fy. The article began by describing how the amateu

then described a-sshionppltiefsite d hthar tomanyn rienqui res one pl

substituted the customary second photo with known
i bed from the mask hole size and | ocations, camer a
rce at the RoC, how to measure the photo | ight i mag
ng equal triangl es. Years before digital <cameras,
tograph of light positions along |l ong strips of pap
the workshop with angled | ight from a pinhole | ight
as employed with Foucault testing. He went on to s
mirror making. Currently, there are several applic
the one described by Dr. Cuffy in 1940; Amateur Tel
n by Burrows, Spot Testing by Sherman, Slit I mage T
Caris Mirror Lab, Hart mann Test by Micro, and proba
cessfully test theafo/dptmicalors urnf achee odo etthhee Li nk Obse
maj or technological advance that greatly improved :

DTS 12



was cumbersome at best requiring the optician to physi
from different mirror | ocations. Digital capture allo
X & Y pixel | ocations®&® wfidat aa/radIeamtlreemmlfywaacroeuratte. O
l'izing a CCD camera instead of g ducted on t
200 inch Hale telescope mirr Por
Mirror testing was never t EZHartmann t he
are many mirror tests usi ‘Tr ~. Telescope Mirror Testing
dominate one is called Sf oy By Lonnie Robinson
ble Optical Test Syst em)|Miror 71 e Focusdy

N . L ~ 2 Camera
of Ar@ zRinahard F. Ca@r icsa l ____d_____:..z____<_1_
reverse Hartmann because ' 1 e as -
jected from a computer moni Dr‘m}fmcwa:g:?mg@\ﬂ 0
using a mask, and a single ca : 21+32 re
They claim its accuracy rivals Interfterometry and is f
easier to conduct.

I was totally i&sprtied dyamd .de&€Cauifdeggd t o i mpl ement hi s
back to early 1900, create my own Excel worksheet, and
di ffercdenitghatxidsi fferent ranges, and returns all that dat
Cuf&f yformul a for locating the focal points of each zon
addition of a few standard Foucault formulas for findi
1/4 wave mirror tolerance completed the process. The
cault data is extracted for import into FigureXP. Bei
EZ Hart mann has significantly increased the Iikelihood

Making the EZ Hartmann mask requires great precision,
be highly accudédatelt tRlisesapeedodonsi on sca edoaohul eawaryd wa rt

use .060 ABS sheets for the mask
the one suggested by Bill Thomas.
|l evel , | added a brass router cut
and a guide ball bearing on the r
bushing. This arrangement removVve
sl op, and enabled cutti ng O0nm®ass.k hTo
mask& jagcuracy was again improved
tion3@&dbi gai t al read out scale (a D
base pl ate. Balrilay dmdli clasteod ,a bu:
ting after each hole increasing t
mask is made by using a square sh
row of holes and then rotating it
axis. When all the holes are fin
it he rodtermr gjeirg,t han the mirror, b\
Icenter hole whil e aldvadnuctienrg sittr aiin
l'y three mask holder mounts on th
larms over the mask face help keep
near the center can be shimmed to
keep the mask flat, and covered w
mirrors surface. The ultimate ma

which is on my bucket | ist!
The EZ Hart mann offers many adyv:
gt 13



~ J|One of the most important iastt lg
matiamywhere on the mirror. - Bes
averaged Miles LaCroix charts f
‘lprendent ranges, it compares the
Mzones. Any difference in neight
‘Mlcates different focal points, tI

The four Miles LaCroix charts,

down the curve evenly across t he
dshow up as you progress are cofr:
and figuring positions as you pr
rors are unavoidable when figuri
ability to figure a surface of 1
but only if wused properly. It
of control. EZ Hartmann output ¢
eight ranges, each axis average,
making it possible to chart the
the mirror with FigureXP.

There is a very rewarding | ear

and ending with Hartmann or per!l
teaches the necessary basics of
pl ored before progressing to ot/

gqused with all tests showing pr of

surface condition. Each test vy
knowl edge to apply to the next test. Phot odsr aipshsiue st,e s
to produci ng-jnuudngenreindall moemults for the entire mirror.
next | evel, and challenges the mirror maker

You can only make a mirror as

Temperature Changes & Testing

Remember all t he &srtsortieesst ianbgo u
|l e basements with enclosed tu
ndeed temperature changes wi l
ssed test stand creep with F
i minate it. We stildl need t
ed out in long exposures. T
mperature equalization in th

n

u

c

c

ure very slowly from the ce
all ow the overall temperat

- T T o9 ® 0 T T

ed issues wil/l al so effe
ool down, cleaning soluti
right before testing, tou
or hot water heater runni
u
0]

7 ~
74
7

re period! My first ide
air circulation between

_ = Mirror XYZ Test Stage
sed unequal stabilization, : > & Camera

O Y DD ®Y Y 53 DdD O T DO KQ —

0O sDT 5
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centered behind t hée hmavecoamd iatiSr onnceedfft,

or a basement, my solution for con

fan | ocated in&fcenteof bl oswi mgr oar § 1 ; g
front fan i d8kbwant efilambenbugh for f”_Q ? ; ”‘ e X
over the mirrors diameter for even : I
cific area on the glass, it can co en

supply with the 12v fans to reduce

even mor e. The mirror test stand i ub
al around the sides to duct the airf]I rv
arrangement has produced very consistent Is
half hour of cool down, regardless of ro r e
by comparing fan results #fa@anedrlsy smarn ic i _P Ip @&
tures, and achieving rep&8atableeinesulkchal aehgeagekt ohgg
head around the extremely small tolerances of mirror n
Trust but Verify AlIl Test Results! Remember the Hubl
Hubble nearly failed because the mirror test results
guick visual view would have exposed the error. I use
accurate than EZ Har t manmebbtal Vepiafrikes 1On a regul ar ba
overall figuring progress by moving the stage to zO0, t
expands to a single |Iine which then becomes a doubl e e
ing pie |Ilike shape as the
optical axis away from t he
at the outer z7 null, I i ke
z0 to z7 gives the overal
| a. I't also provides ast.i
the round zonal null shape

shadow ends complete to tFh
endé&dshape indicates astig

any |l ean in the verticaut|

of fucus.
I also tried with great success, a suggestion from E\
the mirror is finalized. Set the stage di al indicator
the shadow | ocations. This can be done with the Hartm

Surprisingly accurate and refreshing viewpoint for ver
star test for absolute conformation.

Star Testing, the Final Mi rror Test

Star Testing is the cold hearted critical critique of
defocused diffraction patterns both inside and outside
sensitive, so the trick is to |earn just how much perf
before testing!

Thifosut o fodif foffuascti on pattern wild/ expose the telltale
may be focusing |l ong or short, a |l ong zone focus wil
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