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INTRODUCTION

TELESCOPE BUILDING is a hobby any person
can enjoy regardless of manual skill or work-
shop equipment. The easy way, of course, is to
buy your optics and parts ready-made, thereby
reducing the job to a simple matter of assembly.
The most satisfaction is obtained when you make
some or all of the parts yourself, and the biggest
thrill of all is to grind and polish your own
mirror, With your own hands you can fashion a
glass surface accurate te a millionth of aninch,
In precision work mirror grinding is unique
in that the high degree of accuracy requiredcan
be obtained with the crudest kind of makeshift
equipment. All you need is some kind of solid
support to hold the work at about waist level.
Then if you rub two disks of glass together, one
‘on top of the other withabrasgive grains and water
between, the top disk will automatically become
hollow {concave) while the bottom disk will be-~
come convex, Since you want a ¢concave mirror,
the top disk becomes the mirror, while the lower
convex disk is the "tool". If you walkaround the
work post while rubbing the two disks together,
the glass will wear uniformly all around, pro-
ducing a nearly-perfect segment of a sphere for
the simple reason this is the one and only curve
which can remain in contact when rubbed
together.

Most beginners know the rest of the story. By
uging finer and finer abrasive, you make the sur-
face smoother and smoother until finally with red
rouge it acquires a shining face of gemlike
smoothness. In terms of ordinary accuracy, it
will be a perfect gpherical section, but for the
super-precision required in optical work, the 25
millionths it may be in error becomesanitem of
considerable importance.

Up to this point, any 12-year old can do the
work becausge the job ig a routine procedure re-
quiring only neatness and thoroughness. Young-
sters being what they are, it is not strange that
the most common defect is plain, ordinary lack
of poligh, Providing the mirrorhas a goodpolish,
any shape near a sphere willforma good image.

Most of the actual work in makinga first mir-
ror of top quality comes intesting and correcting.
This is more than just making a stabat parabo-
lizing; it means that you stick with correcting
technique until you acquire the know-how and
skill to correct a glass surface with reasonably
predictable results. This is a skill youdon'tac~
quire by mere reading. Like punching a type-
writer, plastering a wall or hitting a golf ball,
it takes practice, You can expectuptoa hundred
hours of study andpractice before you become an
expert glass pusher.
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EVERYTHING needed to grind a mirror is commeonly
purchased in a mirror grinding kit, Fig. 1.

A few dollars spent for a rubber pitch lap mat (see
page 10) is worthwhile.

The advantages of F’yrex® are that it is tougher,
scratches less easily and has only 1/3 the expansion
of plate glass (expansicon per © Centigrade plale glass
.0000091, Pyrex® ,0000031),

GRINDING STAND, For comfort, this should be fairly
high, about waist level. An old oil drum with water
ballast does nicely. A sturdy box or crate loaded with
a sand bag, concrete block or other weight is satis-
factory. If you must make something, a happy solution
is the pedestal base, Fig, 2, which youwill later use
to mount the telescope. Of course, you have to keep
hopping over the sprawlinglegs, but this isaltogether
a minor matter. Inany case you shouldbe able to walk
completely around the stand since the walk-aroundis
one of the secrets of successful mirror grinding.

GRINDING STROKE, The back and forth stroke used
in mirror grinding has its amplitude measured in
mirror diameter, A full stroke indicates atotaltravel
equal to the mirror diameter; a one-third stroke
means the glass travels 2 inches, Fig. 8. The one~
third stroke is used for about 75%of all grinding and
polishing operations. The full stroke is used rightat
the beginning when you form the curve and again at
the end of the polishing job when yougo from sphere
to parabola, In all cases, one stroke indicates the
combined forward and back movement, The speed
should be about §0 strokes a minute,

GREATEST WEAR. Fig. 9 diagram shows the basic
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principle of mirrer grinding and polishing, The
top glass wears most at the center; the bottom
glass weargs most at the edge. The action will
be rapid with a long stroke; slower but more
uniform with a short stroke, Since the mirror
is to have a concave surface, it becomes ob-
vicus it must be on top to form the curve. Less
obvious is the case shown at right in Fig, @
where with tool on top, the mirror curve will
flatten. By using mirrorortoolontopas needed,
you can control the shape of the surface,

THREE MOVEMENT. The three muovementsused
in mirror grinding are shown separately in Fig.
10, and the combined movements whichform the
grinding cycle are showninFig, 11, Thereare no
strict rules regarding the magnitude of the ro-
tation and walk-around, but if you want some
average figures, it can be said you will make
about 15 steps around the post and the mirror
will turn around twice in your hands during
this period. Once you start actual work your
own personal style of grinding motions will
develop naturally, The mirror's edge normally
gets the least grinding action, You can speed up
the operation by grinding half of the time with the
mirror in top position thenalternating it with the
tool in the top position,

FORMING THE CURVE, The commonest way of
doing this is to use a full stroke, that is, 3-inch

TOTAL TRAVEL

&" MIRROR,
“u

STROKE LENGTH 1s
BASED ON MIRROR DIAMETER
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__MOST AT CENTER CuRvE GETS
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GREATEST WEAR
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overhang at each end of the stroke, Fig. 12, You
can tell the abrasive is working by the harsh,
grating growl it makes when it bites into the
glass. However, you lose this quickly as most of
the abrasive is pushed off over the edge of the
tool. It is not a total loss because it can be sco-
oped up later and used again, The firstfew wets
with No. 80 will last hardly a minute, but by the
time you have gonetwice aroundthe post you will
be getting more mileage outof eachcharge, Do a
couple more turns and then dunkboth mirror and
tool in the water bucket to remove the sludge,
Sure encugh, alittle hollow is beginning to appear
at the center of the mirror!

As soon as you can get about three minutes of
grinding time per wet, the water bottle, Fig. 6
can be discarded. Instead, you washbothmirror
and tool for each new charge of abrasive,
using both disks wet from the water bucket,
Grinding the curve takes about two hours. The

work must be done with a fair amount of pres-
sure of from 15 to 20 ibs. The rolling action of
the abrasive grain builds up pressure on the
sharp cutting edges of the abrasive, This chips
out small pieces of the glass surface. Too much
pressure crushes up the abrasive and yougeino
"chipping out'". It is instructive to press your
hands on the bathroom scalestoregisteratleast
20 ibs., andthen maintain this in the actual grind-
ing. S8everal work periods of 15 or 20 minutes at
20 lbs. will get the job done in the allotted 2
hours time. It will take an extra hour to smooth
the roughly-formed curve toanaccurate sphere,

CHAMFER, The edge of a Pyrex disk is gently
rounded as purchased and needs no attention if
you can obtain the desired surface curve with-
out removing too much of the edge, However, if
the edge starts to wear to a sharp edge liable to
chip, it should be cut back with a 45-degree



chamfer about 1/16 in, wide, using a fine oil-
stone, with water lubricant, Fig. 13, Lacking
the oilstone you can use No, 220-grit abrasive
made up with water to form a paste applied
with a piece of metal or glass. The glass tool
as purchased is already chamfered.

TESTING THE CURVE, All the time you are
grinding the curve you have to watch its shape
and depth, Start usimg a template early, Fig,
14, The cardboard template you get with the
kit is satisfactory for rough testing but youmay
prefer to make something more accurate from
sheet metal, Another useful mechanical check
is to measure the sagitta, Fig, 17. If you are
working a 6-inch, {/8 mirror, the ultimate goal
is 48 in. focal length or 96 in, radius, but a
focal length a couple inches more or less does
no harm. A goodly amount of radius adjustment
can be made during fine grinding, If the mirror
is worked on top (the usual case), the radius
will shorten; if the tool is on top, the radius
will lengthen. Using a one-third stroke through-
out, you can expect a maximum change of about
6 in. radius if you use one position exclusively
during fine grinding,

ALTERNATE FORMING STROKES. Most mir-
ror grinders like to see a hollow form in the
center of the mirror without delay. This im-
patience to get on with the job has popularized
various overhanging strokes, all of which are
aimed at wearing the center of the mirror dir-
ectly overthe edge of the tool. You can use either
a radial stroke, Fig. 15, or atangent stroke, Fig.
16. The radial stroke is very much like one end
of the long stroke already described, The tangent
stroke is a one-third stroke with side overhang
and is worked on 10 or 15 chords spaced around
the edge of the mirror, Use the standard grinding
cycle, Fig, 11, The first walk-around witheither
of these strokes is done with the center of the
mirror almost directly over the edge of the
tool, Following rounds are made with less and
less overhang until the stroke assumes the
normal center-over-center position,

SMOOTHING THE CURVE, As soon as you think
the sag is about right, switch to a one-third or
shorter stroke and continue with No, 80-grit
until good contact is obtained, The commonest
test for contact is merely a matter of watching
the bubbles that form between the disks during
grinding. By manipulating the top disk, you can
move an air bubble from center to edge, and its
changing size will show hollows and ridges if

CLEAR FACE om-rn—-‘

TEST WIRES
GAGE Ndi| DAL
No- 16 | .51
NO.IT | 045
NO.1& | .0480
N0.19 | .026
NO. 2O | 032
Y Brown & Sarpe

FOCAL LENGTH oF 6 MirRROR
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CLEAR FACE DIAMETER

SGMTA I 53, s % | 5% |56 | 6"
038" | 54.38"| 55.57"| 56,17 | 57.98" | 59.21"
039 5298 | 54.14 | S531 | 5649 | 5749
040 | 51.66 | 52,19 | 5353 | 55.08 | 5628
041 5040 51,50 | 52.61 | 5374 | 54.88
042 | 4920 | 5021 | 51.36 | 5246 | 53.57
043 | 48.05 | 49.10 | 50.7 | 51,24 | 52,32
044 | 4696 | 4199 | 49.03 | 50.08 | 51.13
045 | 4592 | 4692 | 4194 | 4896 | 50.00
046 | 4492 | 4590 | 46.69 | 4190 | 4891
D468 48,00
047 | 4396 | 4493 |45.90 [46.88 |471.81
048 | 43.05 | 43.99 | 44.94 | 4590 | 496.87
049 | 42,47 | 43.09 | 4402 | 4497 | 45.92
OSO | 41,33 | 42.23 | 43.14 | 44.07T | 45.00
OS5l | 40.52 | 41.40 | 42.30 | 4320 | 44.12
052 | 39.14 | 4061 | 41.48 | 42.371 | 43.21
0583 3899 | 35.84 | 4010 | 41.57 | 42.45
054 38,27 | 39,10 | 3895 | 40.80 | 41.66
OS85 | 357 | 38,39 | 39.22 | 40.06 | 409!
086 | 3690 | 3T | 38.52 | 39,34 | 40.18
051 36,25 | 37,04 | 31.84 | 38.65 | 39.41
058 | 35.63 | 36.41 | 37.19 | 37.98 | 3879
059 | 3502 35.19 | 36.56 | 37.34 | 38.3
060 | 3444 | 35,19 | 3595 | 26.72 | 3150
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present. Another simple test is done with a
wrinkled and re-smoothed strip of cellophane
pressed between the glass disks--it should press
equally flat all over, Also popular isthetrick of
drawing a line across the face of the mirror with
waterproof ink and then noting if thia wears
evenly when grinding 1s resumed. Perfect contact
means you have a perfect spherical shape.

at the edge of the mirror--use this for at least
two wets per grade. If you like a handle or
push block, the snap-on type shown in Fig, 21
can be fitted or removed instantly, If you get
tired, a 15 1b. weight on top of the glass will
pubstitute for hand pressure.

IMPORTANT HINT. If mirror and tool "freeze
together'' during grinding use wooden block a~
FINE GRINDING. Fellow the schedule in Table 1. gainst edge of mirrorand drive apart with mallet.
Naturally, you have to clean up thoroughly after
each grade, changing paper and water, etc., to
prevent stray coarse grains from getting into
the act. The one-third stroke is used through-
out, A charge of abrasive should last for
about five minutes or two or three turns
around the barrel. When the water startstodry,
the disks will start to stick together, At this
point you are probably tweo times or more
around the barrel and can call that wet finished,
Alternately, it is practical to add more water
from the squeeze bottle. This prolonged grind-
ing is especially useful for the last wet in
each grade. Your main water supply comes
right from the water bucket where you dunk
and clean both disks before charging with
fresh abrasive, A certain amount of tool-on-top
grinding is recommended to assure equal wear

FINDING EXACT F.L. A simple reflection test
can be used, Fig. 18. The mirror must be wet
with water to make it reflective; a few drops of
glycerin added will keep the surface wet much
longer. The room must be dark. The screen
should be ample size to simplify picking up the
immage, which is faint and elusive in the early
stages of grinding.

if sunlight is available, the test shown in
Fig. 19 can be used. Stand alongside a garage
or porch so that the mirror is in sunlight but
your face is shaded., This test measures the
focal length directly, which can be marked on
a stick held in your hand as shown. The image
of the sun will be alittleunder 1/2 in. diameter.
More glycerin and less water will keep the
mirror reflective for several minutes.
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SILICON CARBIDE ALUMINUM OXIDE GRIT SI1ZE EMERY

IS VERY HARD, SHARP AND VERY TOUGH, BUT NOT AS  TO A ROUGH APPROXIMATION, EMERY IS A NATURAL ABRA-

HARD AS SILICON CARBIOE.
SMOOTH AND UNIFORM

BRITTLE . EXCELLENT FOR
FAST REMOVAL OF GLASS
BUT TOO DRASTIC FOR FINE

THE GRAIN SIZE OR GRIT
INDICATES THE NUMBER OF

SIVE MINED FROM THE GROUND,
(T IS SIMILAR TO ALUM. OXIDE

CUTTING ACTION MAKES |T
IDEAL FOR MIRROR GRINDING
TrapENAMES: CARSILON, TRADENAMES: ALOXITE,
CARBORUNDUM, CRYSTOLON  ALUNDUM, LIONITE
BOTH ALUMINUM OXIDE AND SILICON CARBIDE ARE
ARTIFICIAL ABRASIVES , PRODUCTS OF THE ELECTRIC FURNACE

GRAINS PER INCH. GRITS TO
NO. 220 ARE GRADED BY PASS-
(NG THROUGH WIRE SCREENS 1S A CATALOG NUMBER-NOT
WHILE FINER (FLOUR) SIZES A GRIT SIZE. COMPARATIVELY,
ARE GRADED BY WATER FLATATION  NO.305 EMERY 1S ABOUT tooocmvl

BUT SOFTER. NO. 305 FuR-

OPTICAL WORK NISHED WITH MIRROR KITS




REFLECTION TEST. On grits No. 120 andfiner,
a reflection testis excellentfor checking boththe
shape of the mirror and its surface smocthness.
This is done with a dry mirror, Fig. 20. When
the surface is coarse, you can see the lamp
reflection only at a low angle, as shown. The
shape of the curve is checked by turning the
mirror slightly to cause the reflection to move
across the mirror. Any sudden brightening in-
dicates a ridge: any decrease in brightness
means a low spot. If the reflection remains the
same brightness from center to edge, the surface
is spherical, The most commen fault is a de-
crease in brightness at the edge, This isalways
the last to grind and polish out; hence you see
the dimmer reflection from the ccarser surface
of the previous grade, Test after eachgradeand
continue with each grade until the reflectivity
appears uniform from center to edge of mirror.

You will pick up a secondary reflection from
the back of the mirror. If annoying, this can be
eliminated by spreading a thin coat of vaseline
on the back of the mirror, The test lamp can be
any wattage, filament or frosted. A filament
lamp can be used at close range, as shown, but
a frosted lamp must be viewed from 5or 6 ft, to
kill diffuse reflections.

THE W-STROKE. Toward the end of fine grind-
ing, startlearningthe zig-zagor W-stroke shown
in Fig, 22, The pattern can be any number of
strokes from about 4 to 10--a 5 or 6-stroke
pattern is average, This is a blending stroke and
produces a better surfacethana straight center-
over-center stroke, The side overhang should
be about 1/2 in, each way.

FINAL GRINDING, The final grind with No. 305
emery can be prolonged to advantage, adding
water only, Hand pressure tapers off gradually
with the use of finer grits, and when you get to
the finest grade it is hardly more than the

FILAMENT
Lamp

ZIG-ZAG OR =
W-STROKE  -Z6=24¢

weight of your hands on the glass. It 15 a good
idea to eliminate air bubbles on this and the
previous grade, and this is easily done by slid-
ing the mirror nearly off the tocl andthen slowly
sliding it back to center; do this after you have
made about a half-turn around the barrel.

ARE YOU READY TO POLISH? Do not abandon
grinding until you are sure you have a smooth
surface and a good sphere, The surface is
smooth if you can read a newspaper through
it with the mirror several inches from the
paper, The surface is both smoothand spherical
if it passes the reflection testalready described
at a 45 degree angle. And, of course, the surface
should look smooth and uniform--any kind of
bloom or shading is a sure indication of insuf-
ficient grinding.

Pitc

Most of the optical pitch is obtained from | AMOUNY (Jow NEED
certain pine and spruce trees, that from the

T0 MAKE A LAP
DIA. [THICK |CU.IN.

Norway spruce being rated especially good, The resinous sap
is boiled and refinea to produce a semi-sclid product, which 4&" a® | 4%
i5 further tempered by the addition of pine rosin, turpentine 6" "él' 14
and beeswax. Pitch will burn but it is not explosive in thel ©" | ¥ig | S%
manner of gasoline and only ordinary precautions are needea) &" [ 4" | 13
in melting it. It can be melted in a tin can directly over an <l
electric hot plate; if you use an open flame, put the tin can in

a pan of water. Heat slowly, let cool a half-minute before pour-

ing, and pour slowly on the warm tool. The difficuity of making m
a piteh lap increases with its thickness--beginners take notice! MELTS aT M5°F)
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RUBBER MAT
METHOD

MELT THE PITCH N A
TIN CAM., . IT WILL MELT
IN LESS THAN 10 MINUTES

PAINT THE PITCH wiTH
ROUGE AND WATER, STRIP
THE COLLAR AFTER PAINTING

PRESS WITH WEIGHT i
PITCH GETS TOO HARD FOR
EASY FORMING. REMEAT
THE WHOLE (AP 1F NEEDED
AS SHOWN AT TOP OF PAGE
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" WATERPROOF
PLYWOOoD

RUBBER
BUMPER

POUR THE PITCH OVER THE
DRY, WARM TOOL. COLLAR
(5 ROUGED TO AVOID STKKING

S

PRESS THE MAT INTO THE
WARAM PITCH BY PLACING THE
PAINTED MIRROR OVER IT
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@ ROUGE-AND- WATE R
SOLUTION _

= Making a PITCH LAP

. A \£DM UND
3 RUBBER

THE FASTEST and easiest way to make a pitch
lap is by pressing the channels with a rubber
grid while the pitch is warm. The work equip-
ment--Figs, 1 to 4--will be used throughout the
polishing operation, The rouge-and-water mixture
used to prevent the hot pitch from sticking to the
mat and mirror is made from one level tablespoon
of rouge to four water, If you want to conserve
rouge, you can substitute some or all soap flakes
for the rouge. In either case, the addition of about
10% glycerin helps by retarding the drying speed,
Previous to making the lap you should centermark
the tool and then note how the mat must be placed
te offset the facets, Fig. 6. Acenteredsystem of
facets should be avoided since it tends to polish
rings onthe surface of the mirror, A1/2 1lb. carton
of pitch will be enough for a 6-inch lap, Hit the
carton several times with a hammerand then peel
off the wax paper cover, working over a sheet of
clean newspaper, Funnel the broken lumps into
the melting pot or can,

Hot pitch adheres poorly to cold glass, se you
start the job by warming the glass tool. This is
done by heating a pan of water with the tool in it,
The mirrer can be warmed at the same time, the
idea of this heating being thata cold mirror might
chill the pitch too quickly in the pressing operation,
Fig. 10. After heating the water a little hotter
than your hand can stand, remove the water pan and
start rnelting the pitch, When the pitch is nearly
melted, remove the tool and mirrer from the hot
water and dryboth. Paint the surface of the mirror
with the rouge solution, It is also a good idea to
paint the rubber mat. Put the tool on a level sur-
face. Paint the inside of the cardboard collar and
slip it overthe tool. Youareall set to pour the lap.

After the pitch is fully melted, remove it from
the hotplate, wait about 15 seconds and then pour




onto the tool to the level of the cardboard
collar, Fig., 8. Wait another 15 seconds and
then paint the surface of the pitch, Fig. 4.
Strip off the cardboard collar. Put the rubber
mat in place and press it down with the mirror,
Fig. 10, The mat should sink into the pitch
easily with light hand pressure, Take a peek
to see how it is doing, If a full impression has
not been made, you can use a weight, Fig, 11,
for a few minutes or lenger, After the channels
are formed, remove the mat, Press down light-
ly with the mirror alone. This may cause the
channels to close slightly and if 5o, put the mat
back in place and repress, Repeat pressing with
mat-and-mirror and mirror alone until you get
a perfect impression and good contact.

If you see the pitch is too cold, put the tool
with its pitch coating into the pan of hot waler
and put the pan on the hotplate. Heat for 3 to
8 minutes as may be needed, You can test the
pitch with a screwdriver or stick and so deter-
mine the degree of softness which you think is
needed to complete the pressing. If you heat
the lap too much, the channels aiready more or
less formed will start to run together, This
heating needs water hotter than your hand can
stand, and that's where the glass support and
carrier comes in handy in removing the lap and
transporting it to the bench, Then you go through
the various operations again. Use plenty of
rouge-and-water to prevent sticking, Trim the
lap with a sharp wood chisel or razor blade,

The big 1-5/16 inch facets of the rubber
mat are satisfactory for a G-inch or larger
mirror. If desired you can double-press the
mat to form a second set of channels with
facets about 1/2 inch square. This can be done
at any time andisbest delayedtothe final stages
of polishing where the slightly smoother action
of the small facetscanbeusedtobest advantage,

USING A CHANNELING TOOL. This isidentical
with the rubber mat method except youusea rigid
channeling tool, Fig. 13. Pressall of the channels
one wayandthenthe other. Alternate withmirror
alone until good contact ismade .

INDIVIDUAL PITCH SQUARES. This is a long-
time favorite, especially useful for steeply-
curved mirrors difficult to flow-coat touniform
thickness, The wood moldisa simple jobof saw-
ing and nailing; it should be painted with rouge-
and-water to prevent sticking. The pitch strips
are cut into squares, Fig. 15, with a hot knife
or the cutting tip of an electric soldering iron,
Each facet square is heated, Fig, 16, and then
pressed onto the glass tool, After all facets are

INDIVIDUAL [l
PITCH SQUARES

in place, perfect adhesion and contact is ob-
tained by heating the lap in water, Fig. 1 and
then, pressing with the mirror,

CUTTING METHOD. The direct way to make
a lap is to cut the channels with a knife or
saw after the pitch is cold. Soapy water is
used as a lubricant. This is a messy job
because the pitch tends to chip and crack
in all the wrong places, If yourlapis not perfect
don't despair. With care and patience bubble
holes and incorrectly cut facets can be repaired
with hot pitch. However, with much patience and
patching, you can make a fair lap with this method.

1
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POLISHING

POLISHING is very much like grinding except
the abrasive is red rouge and the tool is now
a pitch lap. The mirror is on top thruughout.
The job is simply to get the mirror polishea
"as clear as glass'. This takes some 4 to 6
hours--and kid yourself not that the superficial
polish which shows afterthefirsthouristhe real
thing. The edge will polish out last, so don't

be alarmed if a narrow halo persists after 2 or
3 hours.

THE POLISHING S5TROKE. This can be straight
or zig-zag, with an amplitude no morethanone-
third, or 1 inch overhang at either end of the
stroke for a 6 inch mirror. Long strokes should
be avoided since the increasedoverhangtendsto
turn or flatten the edge of the mirrer. Fig, 2
shows the usual hand position, with the thumbs
applying modest down pressure at the center.
The mirror rotation can be the stop-and-go
method described for grinding, or, you can
impart the turning movement with your fingers
during the strcke, Fig, 3. Both the walk-around
and the rotation shouldbe asuniformas possible;
stick a piece of masking tape on the mirror and
note how smoothly you can make it go around.

The first two hours of polishing can be done
with a normal armaction, 60 strckes per minute,
For the last hour or two, youcanget a smoother
surface if you use a body-action stiroke, Fig. 1.
On a small-top grinding stand such as the one
shown, the body stroke can also be done by
tucking your elbows into your sides. The rouge-
and-water abrasive mix should be thick at the
start when contact may be poor or the lap sur-

ROUGE is A FORM OF
IRON OXIDE. TS A FINE,
RED POWDER, MIYING
FREELY WITH WATER. IT
IS CHEAP AND PRODUCES
A GOOD POLISH...SLOW
ACTION HELPS TC KEEP THE
BEGINNER OUT OF TROUBLE,
MAIN FAULT 1€ THAT IT
STAINS TO SOME EXTENT
.e. IT IS NOT “MESSY"
UNLESS YOU ARE MESSY
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Polishing Materials ERMEEREEIER (ERUM OU0F =onv,

| PART ROUGE POLISHES ABOUT TWICE AS

THICK (4 PARYTS WATER FAST AS RCOUGE. MIXES

USE AS ANTI-STIK]  FAIRLY WELL WITH WATER

MEDIUM| For iviTrAL

6 AND CAN BE COMBINED
WITH RED ROUGE

PELICIIUZE"] BARNESITE. A TRADENAME

THIN GENERAL

8 MATERIAL MADE OF SEVERAL

GanERN. RARE EARTHS. BROWN COLOR,

NON-STAINING, EXTREMELY
FINE, DOES NOT mMix

TWICE AS FAST AS ROUGE




WEIGHT -

HOT PRESSING ASSURES
GOOD CONTACT AND SHOULD
PRECEDE ALL MAJOR WORK
PERIODS . LAP CAN BE HEATED
IX ROTWATER OR wiTtH HEAT LAMP

face sparsely charged, Each wet of rouge should
be worked nearly dry since it is in this state
that the rouge begins to wipe the glass with a
vigorous polishing action. The drying mirror
will become harder to push, and when it starts
to stick and skip, it is time for a new charge of
rouge. Polishing periods should be no less than
30 minutes and better an hour in ordertc obtain
the frictional heat needed to allow the mirror
to bed down snugly on its pitch pad.

HOT PRESSING. Do this with hot water heat in
the manner described for lap making, Start with
cold water, Heat until you see the first wisps
of steam and then give it about 20 seconds more,
Then proceed with the actual pressing, Fig. 5.
An alternate heat treatment employs & heat
lamp, Fig. 4, and this is useful fora fast press
when the contact is already fairly good, Anover-
night cold press without weight is a perfect sub-
stitute for hot pressing; cover the work with a
damp towel to retard evaporation, Various megh
materials such asonion sacking or nylennetcan
be hot pressed into the lap, producing numerous
subfacets which facilitate making contact while
giving the lap a good ''bite",

TRIMMING THE LAP. After you have been
polishing some 80 minutes, you will note the
channels in the lap are beginning to close, Open
them up with a sharp knife or chisel, Fig. 6,
using a firm, bold stroke. Best results are ob-
tained if the lap is mildly warm, as it will be
immediately after pelishing. An alternate here
is to heat the lap and repress the rubber grid,
This takes more time but in the long run it is
probably the fastest method, Certainly, it is the
neatest, Don't forget to trim around the edge of
the lap, always keeping the lap about 1/186 inch
less diameter than the mirror. It can be seen
that the mirror must cover the lap completely

15-20 LBS. (m;_muma:
.

GROUND S‘I.IRFME

TRIMMING
THE LAP
THE CHANNELS MusT

BE KEPT OPEN-THE 'LOT OF WORK I$
LAP MUST BE LESS  TO REMOVE

DIAMETER THAN MIRROR

all around to avoid forming a ridge ai the edge
of the lap during hot pressing. It is also easy
to see that a turned edge results when the
mirror plows into this ridge when pelishing
is resumed. Use a thinner rcuge solution as
polishing nears completion, and slow downthe
stroke for maximum smoothness. The jobisdone
when the polish extends right ocut to the edge.

You can stop here!

IF YOU like, you can call
your polished mirror fin~
ished--8 times out of 10
the surface willbe accurate
enough to produce a good
lmege. U you want proofbe-
fore gettingthe mirroralu-
minized, you can assemble
and test abare glasstelescope, Abars 8-inch /8 will
plck upasmuchlightasa small, 1-1/4-inch refractor
==plenty of light to look at the moon or any daytime
object,

As a fineltouch before getting the glasm aluminized,
it {a worthwhile to grind the face, as ahown below, 20
or 30 meconda work will put a neat flat rim around
your glasa.

In caae youare not satiafied withthe imagery of the
bare glaes telescope, try masking to 5 in, diameter.,
If the only fault of the mirror is a turned edge,
masking will cure it completely.

IS EALY TO OBTAIN
B0
FINAL P17




{RADIUS OF CURVATURE CENTER OF
_______ /CURVATURE
F oo T
OPTICAL
AXIS

——— RADIUS = 2 FiLe——— =

[I] GENERAL CASE -ALL MIRRORS:: THE FOCAL
LENGTH OF A MIRROR = /5 THE RADIUS OF CURVATURE

LIGHT RAYS FROM A SMALL OBJECT AT THE CENTER OF
CURVATURE WILL BE REFLECTED OVER THE SAME PATHS
T0 FORM AN IMAGE COINCIDING WITH THE OBJECT

(AK!S

1/;/' e

(&) 'F THE OBJECT IS DISPLACED TO ONE SIDE OF THE AXIS,
E IMAGE WILL FORM AT SAME DIS'I'MCEGCOPPOSHE SIDE

OBIECT, "i

X
_k//—-——-‘/::’/""ﬂ_‘. ’%?f%uv

(] IF THE OBJECT 1S MOVED A SHORT DISTANCE TOWARD MIRROR,
THE IMAGE WILL MOVE A SHORT DISTANCE AWAY FROM MIRROR

N INHOLE —1 - MITOVER 3"
] \:‘_———h—-____l A~ LIGHTHOUSE
W _F "
_‘_//’/ - fz OVER 3
- _— IMAGE OF
|| — PINHOLE
————RADIUS {AZ4R APPROX)

(5] USUAL SETUP FOR TESTING. PiNuHOLE WAAGE AT REAR
OF LIGHT 1S CONVENIENTLY PLACED FOR OBSERVATION. ZHE SMALL
A REMENTS

T\‘ — S LINE A HOLE IN a OLE (N
- K“h‘h"“-s 5
J—/ _— —
QNgSS Yoo

THE IMAGE OF ANY APERTURE 1S AS THRY THE

AL, OPTICALLY, AS THE APERTURE ITSELF PIHNE AGE

— M
7 \ Eﬂ
| —

— EYE
[T] A LONG EYE POSITION MAKES IT EASY TO 2"10 ra

SEE.THE PINHOLE \IMAGE ... 8UT... (s£s nexTomk.}
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PINHOLE
IMAGE
-~ >

[8] wiTh LoNG EYE POSITION, YOU SEE
ONLY A SMALL PART OF THE MIRROR ILLUMINATED

CLOSE EYE POSITION
LETS YOU SEE ALL OF MIRROR

Asut
IS EASIER TO FIND, OFFERS A
BIGGER TARGET AND PROVIDES
THE MOST EVEN LLUMINAT I ON

ALL TESTING SHOULO BE DONE
1] SENEDARKVESS 10 GETIN BT

SOME m LIGHT fS‘ DESIRABLE

Diffraction ShadovIs e

[[] A STRAIGHT EDGE
CLOSE TO YOUR EYE
YOUR EYE CAN'T FOCUS AT
SUCH SHORT RANGE, YOU SEE
THE EDGE AS A DARK SHADOW
BOROERED WITH A GRAY FRINGE

REALSLIT
OR IMAGE

[2) TWO STRAIGHT EDGES OR UAAGE

CLOSE TOGETHER-A SLIT

YOU SEE AN EXPANDED

SLIT OPENING FILLED WITH
FINE VERTICAL LINES —»
THE SHADING 18 COARSER
WITH A LONG EYE POSITION,
AND IS VERY COARSE AND
I1RREGULAR IF THE STRAVGHT EDGES ARE ROUGH

3] KNIFE-EDGE AND
SLIT COMBINED

MIRROR
-——

THE TWO DIFFRACTION
PATTERNS ARE SEEN WITH

A LONG EYE POSITION. THEY JENIFE 1OR2"
SHOULD BE ADJUSTED EYACTLY {NSIDE EOCUS

PARALLEL FOR MAXIMUM SENSITIWITY

REAL PINHOLE(OR IMAGE)

@] A SMmALL PINHOLE

P
e

A PINHOLE SPOTLIGHTS THE TINY ARTICLE
paRTicLe  PARTICLES INSIDE YOUR EYE AND YOU INSIDE
sHppow  SEEB THE SHADOWS ON THE MIRROR. YOUR EYE

THE EFFECT 1S LWORST WHTH LONG EYE
POSITION.L.VERY FAINT WHEN EYE 1 CLOSE



TESTING EQUIPHENT

AFTER you have ground and polished your mir-
ror, its surface will be a sphere or some shape
very close to a sphere, The rest of the job con-
sists of testing and correcting to an exact spher-
ical surface, and then changing the sphere 10 a
paraboleid. In testing the paraboloid, itisneces-
sary to measure the exact radius of various
zones, and for this delicate work a micrometer
test rig isa convenience, Testing the sphere dees
not require zonal measurements andcanbe done
with very simple equipment,

TESTING EQUIPMENT, Only two items are
needed. One is the mirror rack, Fig. 1, and the
other is the knife-edge tester itself, Fig. 3.
The knife block isnotfastenedand canbe manip-
ulated either by hand or with the screw
feed shown, The knife itself isfastened

MOVE rae meiRipm B4 LNT I YO

BUICK 7P IMAGE OF LG
ON THE WHITE CARDEOARD SCREEN.

MIRROR
MIRROR ‘j
RACK ~ %n
b Y

OUSE o™ OOy

SLIT-.020" (maxs
EROM B4R NADE

“Wff}’m

KNIEE TABLE © o

y

NN Y
: POST
X % “||é_“sQ_

'/.////// )

to the knife block with a single screw to permit
a slight tilt adjustment when needed. The lightis
10-watt, candelabra base, white or clear. If
clear, tracing paper shculd be taped inside the
can behindg the slit window. The other window is
used for setting up the equipmentandisleft open
for maximum light output, A slit is recom-
mended, and is easily made from razoer blade
pieces, spaced about ,020" apart {five sheets of
this paper). The tin can lighthouse rotateson the
lighthouse post to put either window in position.

You will spend a good kit of time testing, and
the idea is to be comfortable. This means the
equipment should be set up at eye level for a
person seated, Fig., 2. The setup should be in a

. SHIELD 6F BiAck CARDBOARD
KEEPS THE LIGHT OUT

2, £

"
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LEFT SIDE
CARK~

BY KNIFE —»
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KNIFR~
EDGE

SLIT
FocaL XANE
{ £
PINHOLE —LIGHT

KNIFE-EDGE INSIDE FOCUS

KNIFE-EDGE OUTSIOE FOCUS

[€] oF oerecn l‘
Y

b
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KNIFE-EDGE AT FOCUS RO

(5) SHADOW APPEARANCE OF A SPHERICAL MIRROR

locatign where it can remain undisturbed until
the mirror is finished, A setupnearthe grinding
stand is preferable {n order to avoid temper-
ature changes, Vibrations and cold air drafis
must be aveided.

SETTING~UP. Fig. 4 shows the equipmentbeing
adjusted for use. The roeoem must be completely
dark, Even so, it may take you a few minutes to
pick up the faint reflection of the lighthouse
window on the cardboard screen, Once you get
the image on the screen, it isbroughtto a sharp
focus by moving the mirror rack backandforth;
final adjustments locate the irnage level withthe
window and about 3/4" from the lighthouse. Now,
seat yourself behindthe tester, Remove the card-
board screen, You will see the lighthouse window
reflected in the mirror, Then, rotate the light-
house until the slit image comes into view, You
are ready to test.

TESTING A SPHERE, Although it is not likely
your mirror is a good sphere at this stage, you
can probably make it perform somewhat like a
spherical mirror, Fig. 5. You will not be able
to make the mirror an even gray all over, as at
C, since this occurs only when the surface is a
perfect sphere. The general idea in testing is
that your mirror is an unlimited number of con-
centric mirrers or zones. You can gray any zone,
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and when you gray any specific zone the knife
is cutting-in at the exact radius of that zone.
Zones of longer radius will show dark on left
eide; zones of shorter radius will darken on right
gide, Fig. D is an example, By moving the knife
forward, youcould graythe center of this mirror,
and the outer zone of longer radius would then
show dark on the left-hand side.

Practice a little on your own mirror, Cut
the knife-edge into the light beam well inaide
focus (toward the mirror), to form a shadow
on left side of mirror. Insert the knife-edge
ocutside focus {away from the mirror) to darken
the right side. Somewhere between these two
extreme knife settings, you will findan "average”
knife setting where the shadows on the mirror
are about evenly divided right and left., If you
measure the distance from this knife position
te the mirror, you will get the radius of
the mirror--and, of course, half of this is
the focal length, It will shrink another quarter-
inch or so during correcting and parabelizing.

If your mirror shows moving clouds, you
will know that the test rig is located in a cur-
rent of cold air, It is possible to see through
these clouds, but you will have trouble encugh
trying to interpret shadows without this extra
complication. The trouble usually comes from
& basement window and can often be cured by
sealing the window with cardboard and tape.
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Micrometer Knife-edge Tester

If you plan to parabolize your mirror, a tester with micrometer scale is
a convenience, worth making for even a single mirror. This one is all-wood
construction except the monorail bed on which the carriage slides, this part
being a length of polished aluminum or steel tubing. The carriage is moved
by a 1/4-20 screw, giving a feed of fifty thousandths per rev. The scale reads
two revs, allowing you to read the whole correction for the average mirror.
Lathe-turn the feed wheeltoanexact diameterto accept the paper scale. Make
the wheel a free fit on the feed screw to permit setting to a zero position,

A pivoting action is usedto cutinthe knife edge, contreolled by the knife feed
screw. A single screw holds the knife and permits tilting to a position parallel
with the slit image. Afine
adjustment for knife par-

allelism

means of the screw at
right side of the carriage.

The slit

.030-inch;
on a track and can bhe re-
moved when you need the
big window for setting-up.

is obtained by

can be ,01% to
it is mounted
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SLIT or Pinhole?

The fluid in & normal eye ig fairly clear in much
the game manner as the average room contains clear
air, Yet a beam of sunlight will show the clear gir
contains dust particles...and a cone of light from a
small pinhole will show the normal eye contains
many tiny particles, ranging in density from trans-
parent to opague.

Eyes vary greatly in this respect, but few pergons
can use a pinhole without seeing some tracesof "eye
bumps' on the mirror. Eye bumps move when you
move your head, and in thie way are distinguished

from a similar 'dog biscuit' surface which resuits
fromm faulty polishing. The dog biscuit stands still.

Eye bumps can be practically eliminated with a
close eye position, 1/2 inch or less from the pinhole
image. However, this position is difficult to obtain if
you wear glasses. There is a simple solution to the
whole problem: Use a glit! Then the diffraction effect
from eye particles is converted to a faint vertical
streaking which causes no confusion at all in inter-

Pretin the normal mirroer shadows.
JRME TTECONTALCT FOR PRICES ON ALUMINIZING YOUR MIRRCR

East—DENTON YACUUM INC., 1255 N. Ghurch St _ Modresiown, M DBDST, Phane: 1606} 435-9100
Mid West—P.A. CLAUSING, INC., BD3E Monnceln Ave., Skowe, IL 60676, Phone: (312} 267-33%9
Wesl—KEIM PRECISKON MIRRORS, 2117 Emprra Ave., Burbank, CA 91504, Fhone: (318) Ba2-4543
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TESTING and CORRECTING

SHADOWS secn in knife-edge testing areeasyto
interpret by imagining the mirror to be side-
lighted from the right, Fig. 1. Under this circum-
stance, a dark area on the right side means a
down-slope or hole, Fig, 3; a light areaon right
side means a rising slope orhill, Fig, 4. Putting
this bit of khow-how to work, itiseasy to make a
rough sketch of the apparent section shape. The
apparent shape is thencorrectedby suitable pol-
ishing strokes and technics. This methoa of
working with entirely imaginary shapes works
out very well., However, you may gain a better
concept of the work if you keep in mind the
actual glass shape; a hill, Fig, 4, is actually
a flat zone of long radius; a turned edge, Fig,
5, is not an actual turning-over of the glass
except possibly at the extreme edge; the para-
bola, Fig. 7, is not a fancy reverse curve, but
simply a single smooth curve, less and less
curved toward the edge.

THE BEST SHAPE. At any stage of testing, the
mirror will show a variety of shadow faces,
changing as the knife is moved back and forth.
The general behavior of the mirror shape is
that it mimics the knife, as can be seen in Fig,
8--if you move the knife toward the mirror, the
mirror will bulge out toward the knife. Any of
the shapes you see can be used as a basis for
polishing work. Since the shape variation is
caused by moving the knife, each change in
shape also means a slight change in radius.

The best shape for correction is the one re-
guiring the least work,Consider the oblate sphe-
roid in Fig, 8. Inside average focus, you see a
big hill--lots of work, Outside focus it lockslike

less glass, but it is very tricky working right
out at the edge., The middle diagram at average
focus shows a moderate hill, whichyou canplane
down with long strokes, andthereisenoughglass
at the rim to permit long strokes without any
danger of turning the edge,

In most cases, the bestapparent shape for cor-
rection is seen when the knife isat the "average"
focal plane. This positionislocatedbybalancing
the shadows, looking mainly at the outer 1/3
of the mirror. If the left side seemstioc be darker
than the right, you know you areinside focus, so
you pull the knife back a little, If the right side
is the darker, you push the knife forward until
the two sides look about the same shadow depth,

There is rarely any need to interpret a com-
plicated shadow for the simple reason younever
try to doctor a complicated shape--it's back to
the rouge pol forat least 30 minutes of ordinary
pelishing. With anything approaching smooth,
systematic stroking, you should get a fairly
smooth, concentric figure. Maybe it will be an
oblate spheroid or show a hill, hole or turned
edge, but it will be an easily recognizable face
and one you can work on,

TURNED EDGE TESTS, While you can see a hill
or hole easily enough, the turned edge isnot al-
ways so obvicous. The onebesttestisthe appear-
ance of the diffraction ring at the edge of the mir-
ror, Fig. 9A, Thereisalwaysabrightring on the
right side. If this is a narrow hairline of light
on right side and nearly as bright on the left
side, the edge is good, although itmaybe turned
slightly, When the diffraction ring is broad and
flaring on the right side and the left side is dark

millionths of an inch.

A Family of Curves icoe Tmnr o
AT INFINITY | A NTER
y FIGURE INE! TobNTER
QBLATE
You may meet the whole family of | SPHEROID uNDER UNDER
regular curves while working a | SPHERE UNDER NONE
single mirror. There are many [ELLIPSOIO
variations of the ellipse and hy- (mmgf's%m uroer oveR
v perbola, but only one shape for |PARABOLOID| NONE OVER
&l the circle and parabola. Allof the | yyPERBOLDID OVER
MIRROR
TO SOALE

curves have about the same shape E0SE DAY
over the span of a 6-inch mirror % %ﬁ
...differences are measured in CENTER RAY

UNDEQ‘CORREC“ON OVERRREEI’ION
"' F'f‘f“"u ."_!' AT




AN IMAGINARY SIDE LIGHT REVEALS
THE APPARENT SHAPE OF THE MIRROR

THE LIGHT DOES MOT CAST A SHADOW.
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DIFFRACTION
RIMNG
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SPHERE
THE KNIFE-EDGE TEST AT CENTER OF
CURVATURE (S A NULL TEST FOR
THE SPHERE -THERE ARE NO
SHADOWS. THE MIRROR. LOOKS
FLAT, GRAYS GRADUALLY TO
BLACK WITH NO MOVING SHADOWS

TURNEDR EDGE
THIS COMMON DEFECT GETS (TS
NAME FROM THE TURNED-OVER
E'OF THE EDGE IN KNIFE
TEST. THE ACTUAL GLASS SHAPE IS
SIMPLY A FLATTENING OF THE CURVE

1"—,\-—
o . unomf LiNe
WORK
N (&Y RADIKS )
I SETAT <o DS
| THIS RADIUS
1
. =
K LING R LIN

HOLE AT CENTER
WORK LINE SHOWS GLASS TO BE
REMOVED IF ORIGINAL RADIUS IS
TO BE MAINTAINED. NORMALLY A
SLIGHT CHANGE IN RADIUS IS PER-
MISSIBLE ... WORK LINE 1S THEN
AS SHOWN IN RIGHT HALF OF DIAGRAM

T Kok Line
QBLATE SPHERDID

FAST, SHORT, STRAIGHT STROKE
POLISHING ON A HARD LAP WiLL
USUALLY PRODUCE THIS KIND OF
FIGURE. ITIS CORRECTED WITH A
LONGER STROKE IN A WIDE ZIG-ZAG

WORK LINE/

JKNIFE SET AT !
/THIS RADIUS | LONG RADIUS

1
1

WORK LINE

HILL AT CENTER
GOING BY THE APPARENT SECTION,
YOU PLANE DOWN A HILLTO A
FLAT SURFACE . Bur...KEEP THE
ACTUAL SITUATION IN MIND: A
HILL IS A ZONE OF LONG RADIUS ...
YOU CORRECT BY DEEPENING THE CENTER

ELLIPSOID, PARABOLOID, HYPERBOLOID

« ALL HAVE SAME APPARENT SHAPE
AND DIFFER ONLY IN APPARENT

DEPTH, THE HYPERBOLDID SHOWING THE
DA SHADOW. DIAGRAMS SHOW
CORRECTION TO RETURN TO A SPHERE
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R.
SPHERE t ' - |
™
KNIEE IS
LOCATED AT
THE MIRROR Labius oF
MIMICS THE KNIFE THLS NE T
£ 2u e |
LS MOVED , |
MIRROR, THE | |
(RRQR SURFACE | I
GEL I | THE LDSE £ TURNED
KNIFE AT |
i ERAS Conparative DNFFRACTION
R I P nar - LROM THE AMIREAA, @ﬂw A STRAGHT E06E AT CENTER
| THE MIRAROR SURFACE . AlGiT c06s S cuurt
v 7l N MOVES AWAY FRGM
¥ Zd& KNIEE

APPARENT MIRROR SECTIONS AT

THREE DIFFERENT KNIFE POSITIONS

CORRECTION
A MILD DEFECT MAY BE CORRECTED
WITH SHORT Y4 STROKE. MAINTAIN
GOOD CONTACT. FOR MORE ACTION
USE NO.6 ON OPPOSITE PAGE

USE A '3 OR ¥4 STROKE IN A WIDE 216~
ZAG PATTERN. POLISH 5 M. AND
COLD-PRESS 5 miN., REPEATING 30k

4 TIMES. SHORTEN STROKE IF TEST
SHOWS EITHER CENTRAL HOLE ORTURNED EDGE

Y4 STROKE IN A NARROW Z216-2AG, PRESS
C MiN. WITH WEIGHT AFTER § Min. WORK
AND REPEAT 3 TIMES, FOR MORE

POSITIVE TREATMENT, NO.5 ON OPP.PAGE

USE A RADIAL OR TANGENT QVERHANGING
STROKE, NO.4 ON OPP, PAGE, DO TWO
ROTATIONS (NOT WALKS), COLD PRESS §
MIN. AND REPEAT

METHOD NO.1 1S GOOD. MAKE WAX
PAPER STAR OR DISK ABOUT SAME SIZE
AS HOLE. USE Y4 STRAIGHT STROKE OR

WARNING., Mirror must be at room temperature for polishing and testing, otherwise errors will
be introduced. Every time it heats up allow it to drop to room temperature before further work,

with no light at all, you have a real-for-sure
turned edge. Fig. 9B shows one of the more
popular tests; it works only when the light
source is a elit, In applying Fig. 9C test, you
must hold your head steady, eyes straight a-
head, avoiding any tendency to sneak your gaze
around the edge of the knife,

A turned edge is not all bad, A perfect para-
bola has a turned edge. A spherical mirror with
a turned edge not exceeding the turned edgeof a
parabola is a bettertelescope mirrorthana per-
fect sphere. The bad kind of turned edge is a
gross fault inherited from fine grinding. If you
are critical about the edge during grinding, you
will not have this trouble.

CORRECTING TECHNIQUES. The first thing to
try for most defects is simply more polishing,
varying only the stroke length. For more posi-
tive action, all of the methods on opposite page
are useful. They can also get you into a lot of

20

trouble; first attempts at local retouching in-
variably make your mirror worse instead of bet-
ter. For a hole at center, the deformed lap, No,
1 onopposite page, isusually effective, The over-
hanging stroke, No. 4, will reduce a central hill,
while accented pressure, No. 5, is a goodway to
correct a turned edge. Work periods are short,
ranging from 3 to 15 minutes, All work should be
done with a whole number of walks or rotations,
counting the mirror rotations if the mirrorison
top, andthe walks-around-the-post if the lap ison
top. You can keep track of rotations by sticking a
piece of masking tape on back of mirror; start
with this between your index fingers and stop
when the tape is under right index finger.

Keep a log book of your efforts. Youcan expect
several hours of holes and hills before getting the
flat, velvety moon indicating a perfect sphere.
Some ''dog biscuit' is permissible since you can
see defects to nearly 1/100 wave, far finer than
the 1/4~wave accuracy required.

VERY NARROW ZIG-ZAG. WORK ISMN., THENTEST




Correcting Techniqes

[ DEPRESSING CENTER OF LAP =
APPLICATION: HOLE AT CENTER

WEIGHT

> MIRROR
NN\
Gz *

gml{ WAX PAPER STAR INTO
HEATED LAP. REMOVE WHEN
COOL. RESUME POLISHING WITH
I3 STROKE. -

Iy e
WaRM LAP WITH 250-W),
HEAT LAMP {Y2 Mia. KEEP
LAP WET WiTH ROUGE

PALTERNATE: scRaTcHing, SanDING
SHAVING OR FILING AT
CENTER OF LAP, MO HEAT

[Z) OePRESSING EDGE OF LAP

APPUCATION: TURNED EOGE or
HILL AT CENTER

%00 CAN DO THIS WITH EITHER HOT

OR COLD PRESS, DEPENDING ON
ACTION DESIRED. £000 /¥suddnce

7

" THE NYLON NET RAISES
TINY FACETS ONTHE LAP

[3) raISING
APPLICATION: HILL AT CENTER

WHEN COOL, COLD -PRESS ZMIN.., RESUME  NYLON NET
POUISHING . CAUTION: THIS CUTS FAST 008" THicK)

CDONIT. WORK UWHTH A \WARM LAP.
 WHENEVER YOU HOT PRESS, ALLOW
20 win OR MORE 'COOL-OFE"TIME

OVERHANGING MIRROR
Aprucarion: HILL AT CENTER

RPHE GENERAL IDEA 15 TO WEAR THE
HILL OVER THE EDGE OF THE LAP -

-r'"""'u.\
A B m el /l ,‘ ,"II '.‘.
STROKE YA
‘@%’ LIMITS R,
~ e
- ZIG-LAG
LtMITS K

TANGENT STROKE ~ RADIAL STROKE  CIRCULAR STROKS
RIG-2RG 4 AL DIA,  STROKE VA Miid DIA,
gou CAN USE ANY OF THE THREE STROKES SHOWN

WATCH THE TAPE! any oveERHANGING

STROKE WITH MIRROR ONTOP MuUsT
BE PACED BY THE MIRROR ROTATION
=NOT THE WWALK-AROUND, Auudyy oo
A GHOLE NUMBER OF ROTATIONS. . TRe)

ROTATIONS torel LEVEL A SMALLE HiLL

ACCENTED PRESSURE
APPLLATION! TURNED EDGE

?HIS TECHNIC USES THE LAP

ON TOP. THE IDEA IS TO USE
THE EDGE OF THE LAP AS A
TOOL. THE RIGHT HAND IS THE
PRESSURE HAND ~THE LEFT
HAND GUIDES AND ROTATES
THE LAP, NO PRESSURE

NOTE: s &5 av overuane e

STROKE, BUT WITH (AP ON TOF,
[
Aroyno

ROTATE THE gmnnon.mm
ALY, ARDPUND THE POST AND

¥ REDUCING HYPERBOLA

S ABOVE EXCEPT ZIG-ZAG IS
CENTERED ON APPARENT
CRGST. [ETHE QURVE /9 SMOOTH,

RING DBfOGfS...ARE SOMETIMES CAUSED BY LAP FAULTS.
DIRT OR ABRASIVE ON A FACET UNLL WEAR A DEPRESSED
RING ON THE MIRROR SURFACE

J &Y

£
NEEDED 0 Ay goop| R DEPRESSED
CONTACT aND GlumiE | RING CAUSED BYA HIGH
GLAZING. PATCH mistis
CORNEAS OF FACETS

EXCEPT AT EDGE WHERE

Lo/ M. YSE
A 2IG-ZAE STROKE TO 7 Nl
BLEND OUT ANY MINOR| V07 oiirs V/
LEFECTY iN THE (AP

CAUSED BY A LOW FACET OR A
GLALED AREA OF THE LAP

LAP FAULTS PERSISTING FOR

A B0 B S R IR RDR v



Fieuring the PARABOLOLD

‘AS YOU may already know, the paraboloid is a defective sur-
face when looking at a near object, suffering from a consider-
able amount of spherical aberration. If the near object is loc-
ated at two focal lengths, as it is in the knife-edge test, the
spherical aberration is easily calculated or can be obtained
directly from Table 3, This particular amount of spherical
aberration is known as the Mirror Correction. When your
mirror shows the exact amount of '"correction” specified
in the table, the surface is a paraboleid, and it will have no
S.A. at all when used for its intended purpose of looking at
distant objects. Any departure from the mirror correction
given is, of course, real spherical aberration and will affect
the performance of your telescope.

ZONE TESTING. Testing involves measuring the difference in
radii of three different zones of the mirror, or, as already ex-
plained, you measure the amount of spherical aberration. The
zone to be tested is isolated with a thin cardboard mask. If you
are using a simple tester, the procedure is as shown in Figs.
1, 2 and 3. After marking the position of the center zone, you
move the knife back until a position is found where both edge
zone openings in the mask show equally gray as the knife is
cut into the light beam. Another mark Is made on the paper.
The operation is repeated for the 70% zone, and the result is
a set of three marks, Fig. 4. They are close together and you
will need a magnifier and fine scale or a direct-reading scale
magnifier to measure exactly. If the marks measure within
the values given in Table 3, you have a parabecla or a near-
parabola.

If you are using a micrometer tester, the center zone is
tested first, after which the micrometer scale is set at zero,
Fig. 6. The edge and 70% zones are then direct readings from
the scale.

After each zonal measurement, you should remove the mask
and get acquainted with the full-mirror shadow at that particular
knife setting, Fig. 7. Of greatest interest is the shadow with

Vare A

PIECE OF
PAPER TO THE
KNIFE TABLE

RAY THE
CENTER !

ZONE
TESTING

<y, ‘Frankly, i Don't Get !

The parabola is commonly
shown in relationtoacircle
| of the same radius, as shown
§ at left. What actually hap-
pens Iin making a mirror is
that you form a smaller para-
bola--it isabout 1/16" shorter
radius and is more sharply
curved at the vertex than the

original sphere.

lLuce THE CIRCLE,
THE PARABOLA HAS
ONLY ONE SHAPE
AND VARIES ONLY
IN SIZE (Raoys}
THE Rao1us oF

A AGRAPOLA &
MEASURED AT
THE VERTEX

WHEN CIRCLE AND
PARABOLA HAVE THE
SAME RADIUS, THE
IS LESS
CURVED == 1T 1S
OUTSIDE THE SPRERE,
HOWEVER, A SMALL
PARABOLA FITS RSIDE
A BIGGER CIRCLE
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¥ace| X
e o avens TABLE 3 | MIRROR CORRECTION ® ,Q%
275 | 2 Nare EDGE 2ONE | 70% 20NE D |3
DIAZ| 9/ | F-L-| R [Jn.10EAL|MWAY. N, [IDEAL A S
t/6 | 18" | 36" | .0287.046" .064"| .018"[.030"| .042*[*4uund
§/11 21 [42 |04 .09 064 .00 [.026 |.082] %5
u | §/8 (24 |48 |.002|.034 | 066 | .000].023].045] Va
3 f/9 | 21 | 54 [-ont [.030( .07t [-007|.020 047 Vs
fllo | 30 | 60 [-024].027 | 078 |-016].08 |.052| Y
Av.CL. /11 | 33 | 66 |-031].026 | 087 |~024}.016 [,056 [ Yo
2| fi | 36 | 72 |-052(.023 | 098 [-034[.015 | 064 | V12
$11 [ 29%a(59% | .0%2].057 | 082 020[.037 |.054| o
o f/8! 34 | 68 |.016|.050 | 084 00|02 [.054] i
ALORDIG 70 CcLEAR L | $79 [ 30% [ 16%2 | .002| 0aa | 086 .00t ].029 | 057| 14
£ OF 44 /10 | 42'%| as [-013|.040 | 093 [-008,025 | p58| V&
T £/106) 45 | 90 |-022/,038 |,098(-014(,024 | 062. | Y%
Face X Av.cL.| §/|1 |46¥4 | 93% |-m8[.037 (.02 [-018].023 | 06| VA
e S Verss £/t20 51 | 102 [<043.033 [ 109 [-021|.021 | 069 |
Diamerer (4% [ va | | 278 A2 000 1109 =04 . 9
(4% | /s f/s| 30 [ 60 |06 |.120 [134 | 063 |.072 |.081 | 2%}
%ﬁ"%‘% 4%is | e f/6 | 36 | 72 | .080[.100 [ .20 | .048].060 [ o2 | 114
MERR T 1 | 42 | 84 | 059].086| 113 | 035|.051 | 067 | s
F?,.E T £/13 44 | 85 | 051].082].113 | 031 [.049 [ 067 {2
5% 9/'; $17) a6 [ 92 | 04a].078 | .02 | 027|041 | 067 { s
5% [va I | 6" [$/8] a8 |96 | 099|015 .11 [.023] 045 [061 | %
E’—M Simestsoows 5V f/03) 50 [100 | .03[.012 .10 | .00|.043 | 086 | V2
f/6:1] 52 [ 104 [ 0z3].069 .11 | 06 .04l [ 066 | T
fo | 5a |08 | .01 |.067 | .13 ] .02 | 040 .068] /3
Y +/10| 60 | 120 | .004].060] .16 | .003|.0%36 {069 Y4
‘ kD Av-cl. £/11] 66 | 122 |~014|.055 | 124 |-008[.033 | 074 | V5
5%’ | 2| 12 | 144 [-030].050 [ 120 [-018|.0%0 [ 018 ] %
7o°/o'zoﬂs fla | 2 | 64 |.196 | 205 | 214 .16 |2 |426 5%
fi5| a0 | 80 [.149|.164 |.79 | .088] 09T | 106 [2%
fle | 48 [ 96 .71 |37 {157 | 069 [.081 [.093 1 %4
— K" [$7 156 |12 [oo9|.17 [1a5 | 052 (.00 | 086 | |
Face | X fla | 64 | 126].066].103 | 140 | .038{.060 |.082] 24
e /9 [ 12 [ 144 [ 0341091 [ .38 | 028 054 | 082| V5
TV | e | |M&k | $/10] 80 | 160 [.025|.082 439 | 04 [048 08|
7% %3 | | 1% [$/01] 88 [ 176 [005].075 [ 145 | 003 [ 044 [08S | 4
[I] THE MIRROR CORRECTION 1S THE 4
20% 20%% ps v coER s 0 Focks Bcrueny Mﬁ;m < e'€lo
LULECB INTO 10 PARTS O A FIXED Lo 00kt e | £EOM TABLE, READ:

”

THE MASKS SHOWN. THE TOLERANCE
1S ¥4 WAVE UNDER AND OVER-CORRECTED

THE ACTUAL CLEAR FACE IS A
LITTLE LESS THAN NAME-SILE

DOUBLE THE VALUES AT 70% ZONE
WILL GIVE THE FULL CORRECTION
AND TOLERANCE AT EXTREME.
EDGE OF AVERAGE-SIZE MIRROR

THIS COLUMN GINES LWAVE-RATING
OF MIRROR IF GROUND TO A
SPHERICAL SHAPE. MIRRORS
RATED Y4 WAVE OR LESS wiLL
BE SATISFALTORY, PROVIDING THE
SURFACE 1S A SMOOTH CURVE

CORRELTION BETWEEN EDGE

AND CENTER ZONES: -
IDEAL(BS&&BM)-.O‘!S
MIN. MM)

CoRREC.TmN BETWEEN T0%
TOMNE ANC CENTER ZONE!
'DE:L mmm{!:.g;.s;
MI .
X. (Lo HAVE OVER) = 06T

Mécz&m&mm

NUNIMUM-AA XAV VALUES
15 A GOOD AIRRDR, FROVIDING
S TME SURRACE ST R
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MAS
MIRROR

(3) THE THREE COMMON FACES OF THE PARABOLOID

THE SLIT IMAGE MUST
BE EXACTLY PARALLEL
' TO THE KNIFE

- | ! ek L
WN(FE AT RADIUS OF KNIFE AT RADILS OF

EDGE ZONE 10%

KNIFE AT RA;mus OF
CENTER TONE

|W&_ _

knife graying the 70% zone; this is the face of
the mirror you analyze and study for proof of
the paraboloid, It is alightly-shadedfigure when
first tested, barely visible, but becoming strong-
er and more contrasty as you approachfull cor-
rection. The first shadow to appear is at the
left edge, followed immediately by a second
shadow which originates well inside the right
edge, Both shadows advance to the right as the
knife is pushed more Into the light beam, and
it is this mdvancing shadow which you try to
equalize in zone testing, Instead of judging
equal grayness when using the mask, you will
find it easler to watch for the first wisp of
shadows in the magk openings--when they ap-
pear at the same instant, you have the Kknife

NORMAL STROKE

(8) PARABOLIZING

in the proper location,

Taking zone measurements is a delicate
operation, Beginners are often mystified when
successive measurements at the same zone vary
as much as .030 inch, Did something slip? Not
at all--it's just a case where youhaveto sharpen
your eye and be super critical. With practice,
you can reduce your obgerving error tc about
.015 inch, and if you take theaverage of three or
four readings, you will be in error no more than
about .010 inch. The center is especially difficult
because the light beam is verynarrow. This zone
has no moving shadow atall--it simply goes gray
gradually all over and if you can detectthe lenst
shadow movement from either side,youare notin
the proper position,

WITH LONG STROKES

WEARING THE EDGE

/ WEARING THE CENTER

gl -.-ll"

USEAWSKEDO#*‘O CONCENTRATE STROKES IN

TE MOSTOFTHE
svmm

DOUBLE

1L

STAND CLOSE WITH HEAD
FORWARD TO OBTAIN DOWN
VIEW OF LAP NEEDED TO 24
CONTROL STROKE LIMITS

R

CONCENTRA
ms N cmrew.am OVERHANGING S ZHS



LONG STROKE PARABOLIZING. The actual
work of parabolizing from a sphere or near-
sphere is done with a stroke of maximum length
and sidewise zig-zag, Fig. 8. Under good con-
ditions you can parabolize a 6-inch /8 in as
little as five minutes. However, it is best to
streteh the work over a longer period of about
20 minutes, using a slightly shorter stroke and
less side overhang. Long stroke parabolizing
works beautifully when the lap is of the proper
temper, which is medium soft, The actual
situation is that your much-used lap isnow very
thin and hard as a rock. Unless the lap deforms
under the long stroke, the paraboloid will not
develop~-you will only make a hole at the center.
The best way out is to make a new lap, adding
about a half-teaspconful of turpentine to the
heated pitch and stirring gently for at least
five minutes. Alternately, you can hot press
and then start work while there is a trace of
heat in the lap. This requires fine judgement
but it is worth trying.

JOB PROCEDURE. Hot press for contact. A
S5~min, dip in warm water {about 110 deg.) is
satisfactory. Press with weight, about 10 lbs,
for 5 min, and then let standabout 15 min. with-
cut weight, Use rouge about 1:5. Do two ro-
tations (not walks), using a piece of masgking
tape on back of mirror as an index marker.
Another piece of tape at center of mirror will
be found useful; put your right thumb.over this
and then think in terms of pushing your thumb
over the lap to the limits shown, Fig, 8.

Place mirror on test rack and let stand at
least 10 min. before testing in order to nor-
malize, Make zone measurements and analyze,
The general idea is tc deepen the sphere, Fig, 9,
staying as close as possible to the paraboloidal
shape according to Normal Wear values given
alongside Fig, 11, Normal Wear is a function of
the mask shown in Table 3, and the values given
apply to any 6~inch mirror tested with the masgk
shown,

A sketch diagram should be made ateach
stage of the work based on the knife readings,
The scale is the apparent section shape of
the perfect parabola, Fig. 10, with 45 units
for the center depth and 30 units for the edge
depth, both measuring the same distance. Typ-
ical work examples covering most common
situations are shown in Fig. 11, After the
first cut, the schedule is hot press, one ro-
tation, test. The action is fast, usually re-
quiring no more than four single turns to
shade the doughnut just right.

R=98"

PARABOLA

ORIGINAL
YOU WANT HE

R=95%" SPHERE
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O] | et e oaen
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heflecting: TELESCOPE CONSTRUCTION

COMPARED to mirrer-making, the mechanical
construction of a telescope is a simple project,
especially if you are building a stock designfrom
existing plans. Further simplification can be oh-
tained by buying some or all ready-made parts.
The one part whichmoestbuilders purchase isthe
focusing rack-and-pinion eyepiece holder, Other
parts including the mount can be homemade with
ordinary home workshep equipment, Most expen~
sive of the needed partis isthe main tube and you
may be able te purchase this cheaper loeally,

Booklets and our catalog listed on outside back
cover provide detailed information on colli-
mation, finders, and various types of diagonal
Bupports,

exactly where the diagonal must be placed to
center under the focusing tube, The cementing
job should be done with a piece of glazed paper
{magazine cover) at the joint. This provides a
slight cushion and also makes it easy to re-
move the mirror from the plate should this
become necessary. For a cement, you can use
any kind of ordinary glue, A rubber band or
two snapped arcund the assembly makes a con-
venient clamp. Needless to say, you handle
the mirror only at the edges to avoid finger-
printg on the aluminized surface. However, if
the mirror gets dirty, it can be cleaned by
any method used to clean eyeglasses,

The equatorial mount shown is a completely
finished product and requires only minor assem-

bily. The tilt of the polar axis should be the
STANDARD SI1X REFLECTOR. The popular same as your latitude (the drawing is 40
6-inch f/8 reflector with all purchased parts is degrees). Adjustment is made by loosening

shown on the cpposite page, When youbuyall the
parts, the work reduces to a few miner jobs, the
maost difficult being the cutting of the hole at the
eyepiece end of main tube. Actually this is not
difficult at all if you have either a hole saw or a
sabre saw, but it is more work if you have to do it
by the makeshift method of drilling many small
holes around the opening and then filing smooth.

The only other "hard" jobiscementing the flat
mirror diagonal to the metal base plate, this one
being difficult because it must be exact, Before
you cement, make a dry run, asshown, to locate

TABLE 4

the single nut at cap lug, and then tightening
securely after the proper setting has been
made, Only approximate accuracy is needed
unless you are making use of setting circles
or deing star photography.

OPTICAL LAYOUT. Many builders want tc know
the technical side of telescope design. As a
matter of fact, this is something you have to
know if you plan to build something other than
published plans. Making an optical layout is a
simple process, shown in sequence by the num-

LINEAR FiELD OF TELESCOPE IMAGE WITH VARIOUS EYEPIECES

APPARENT FIELD FOCAL LENGTH OF EYEPIECE
OF EYEPIECEN Y| X[ B[ % [ e 1" Vs 18] 1% 1% 1% | 175 2
65° ( 19"| 23°| 28| 42’ 57 WY |85t 99" |37 | Laef] Lar 142 ] 158 190 | L9atfaar”
AVERAGE ERFLE | 60° [ 47 |21 [.26 [ 39 | .52 | .66'] 79 | 92 [1os |11l (148 (132 144|157 [ 104|209
§5° [16 |19 [ 24|36 (48|60 |2 | 84| 96 | 102|108 (120130 | 144 | 168192
| R ESEE [50° |14 | |21 |32 |44 | 54 |65 | 36 | 57| 92| 56| 108 [1.26[1.31 | 152 194
| AL SOSIRETRA [ 45° | 03 |6 | 20 |29 |39 | A9 |59 | 68| 18 | B3 | .88 9B | 107 | 1T 138|157
LMITor HUYGENS | @40O° | 02 (14 | U7 | 26 |25 |44 | 52 |61 |J0 | 74| 739 ] .88] 96 |1.05 2l Le0
LT for RAMSOEN| 35° | 10 (42 (U5 |23 |31 |38 (46 |53 | 61 | 65 | 69| 76 | .8a] 92 | 107 [122]
TR RiaL soopts | 30° | o910 {3 [0 [26 [ 23320 [ @6 |52 [ 55 [ | 65|72 | 78 | o1 |108
25° |.ovfool (e (22 [ 21 (| d |4 a1 a0 s5 60661 M| .07
SINGLE ACHRomAT | 20° | 06 |07 .05 |3 [0 (22 |26 (31 |35 1] 39| 44| a8 52| & | 70
SINGLE SimPLELENS| 1Q° | 03103 |04 o1 (o9 | (U3 [us .o [uea 9] 2 | 23] 26 30 | 35
YOU PLAN YO USE A 50°EYEPIECE OF I"F.L.  WHAT IS IMAGE DIX.? & ATANDARD [ EYELIECE
: SOE.UTION'. IN LEFT COL., LOCATE SO°A.F. ON SAME LINE UNDER AREA YOU ANICT MAKE OVERSIZE.
1" F.L, READ 87" (Yo"} DIA.OF FIELD AT IMAGE PLANE EDLUSING EYECIECE #LDER
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bered operations in diagram on opposite page.
You will need a 5-ft. length of 12-in, wide shelf
paper tacked or taped toa smoothboardof simi-
lar size. A 6-ft. length of extruded aluminum
storm sash molding makes a fine straight edge,
but you can use any straight length of wood or
metal. Operations 1 to 5 are obvious, as shown.
Operation B requires the selection of some de-
sirable and practical image size. When youlock
at most optical diagrams, the impressionisthat
the objective lens or mirrorautomatically forms
an image of a certain linear size, Thisis not the
case atall. By itself, the mirror willform an im-
age over a large area of severalfeet. The image
is sharp at the center, becoming less and less
sharp at increasing distances from the center,

How much of this big picture you areactually
going to see is solely dependent onthe size of the
eyepiece. Approximately, you will see a linear
field about 10% less diameter thanthe cleardia-
meter of the field lens of the eyepiece. In ob-
serving with anytelescope, you willuse one med-
ium-power eyepiece about 80% of the time. The
linear field of this eyepiece ig, therefore, the
logical choice as a suitable image diameter. For
most portable telescopes, this medium-power
eyepiece will be 1 inch or a little more in focal
length. Assuming linchF. L. and 55 degree field,
the linear field will be .96 inch, as given in Table
4, Mark this image sgize at the image plane,
Operation 6.

Agsuming a 7-inchoutside diameteraluminum
tube, the eyepiece centerline can be drawn,
Operation 7. You decide thatal-1/4inchellipti-
cal diagonal is about right, proceeding with
Operation 8. Now, you must determine if the
image diameter size, diagonal width and tube
diameter are actually workable. Operation No. 9
is the drawing of the cone of light rays for a
point at the center of the field. The bottleneck
is the diagonal, but for our §-inch 5/8 example,

the 1-1/4 inch flat covers the light cone com-
pletely. The incoming bundle of light rays will be
concentric with the centerline and will have a
diameter eqgual to the clear face of the mirror,
Since the tube is larger than the mirror, the in-
coming light clears with room to spare.

The light cone for a point object at edge of field
is commonly shown for one side only to avoid a
confusion of lines, The diagram is for a point
object at the fop of the field, preducing a point
image at the bottom. Todraw this light cone, you
merely draw straightlines from the mirrortothe
edge of image, Operation 10, Having done this,
you see immediately that a portion of the light
cone misses the diagonal. The question is: Can
you tolerate this? Operation 11 reveals how much
of the mirror face is working for the edge-of-
field image point, Inthe case shown, about 70% of
the light cone gets through. The permissible
tolerance limit for edge-of-field lighting is 50%
of the objective diameter, In the example, the
edge-of-field lighting is 70%--hence satisfac-
tory. The tolerance itself is based on the fact
that the human eye is self-compensating for a

light loss at edge

of field, that is, your eye is

more sensitive to light for an object at the edge
of field. Hence, if youlose some light at the edge
of field, the loss will not be noticed, With 70%
edge~of-field illumination, the light loss is un-
detectable even under close scrutiny. However,
youwill want to know what size of image gets full
100% lighting, and this is revealed by Operation
12. The accepted tolerance here is that the fully
illuminated field should be nolessthanthe image
diameter of the full moon, Applying the simple
formula given, you find the moon image for a
6 inch {/8 reflector is 7/18 inch. Since you have
full lighting over a 5/8 inch circle, the design
more than satisfies this requirement,

Assured that your design is okay, younow ro-
tate the image to its actual position, Operation

Telescope Arithmetic
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14, From diagonal to image, the maximum use-
ful light cone for the whole image is bounded
by straight lines drawn from the edges of the
diagonal to the edges of the.image. The hole in
main tube must pass this bundle as must also
the focusing tube itself or other mechanical
apertures,

One point remains to be checked: Does the
incoming light from edge of field get through
the main tube? Operations 15, 16 and 17 show
that it does, just grazing the tube atthe position
of the original image plane., Failure to get this
ray through can be serious because you are al-
ready working with a reduced cone on one side,
and this ray is the other side--if both are re-
duced the edge-of-field lighting may fall below
the minimum 50% of aperture, You decide to end
the tube 3-1/2 in. ahead of eyepiece centerline
to gain a little extra clearance for the incoming
light from edge of field.

DIAGONAL, OBSTRUCTION. Some light is lost
by the diagonal obstruction, Reference to Table
5 shows that the 1-1/4-inch elliptical diagonal
commonly used in a 6-inch /8 reflector blocks
off 4-1/2 percent of the main mirror area. Thig
is permissible. The tolerance for diagenal ch-
struction is about 6% and may be as highas
10% for visual astro use. If you want to use
your reflector for daytime viewing, it is best to
restrict the diagonal obstruction to 6% or less,
For photo use, an 8% or even larger diagonal is
essential for full-film lighting, and inthis usage

the large flat is perfectly satisfactory. For
visual use, it is not the mere loss of light that
sets the tolerance, but the fact that the diagonal
is a real obstruction, a blind spot in your vision.
If the obstruction is 6% or less of the area of
main mirror, you will not be awarethatit exists
at all. A larger blind spot becomes more notice~
able, especiallyin daytime viewing when the pupil
of your eye is strongly contracted.

In any case, a rectangular diagonal can be a
little smaller than an elliptical che, A 1-1/8 or
even a l-inch rectangular diagonal can be used
for a 6-inch f/8 reflector. While the l-inch size
is a little small by the ''cover the moon' speci-
fication, it will provide 100% illumination ocvera
5/16 inch diameter image, with 70%lighting at the
edge of a 3/4 inch image--all of which is to say
the little 1-inch flat is not too little,

MAKING YOUR OWN PARTS, Ahomemade mir-
ror mount, such as shownonopposite page, is an
easy project, requiring only drilling a few holes
and cutting to shape on the band saw. The two
wood parts should be nailed together for drilling
the holes in order to obtaln perfect alignment,
The assembly should support a weight of 12 to
18 1lbs. without further compression when the
springs are compressed to normal working
position. Mirror clipsare usually fashionedfrom
small angle brackets of steel or brass; contact
points can be wrappedwithplastic tape or mask-
ing tape to avoid metal-to-glass contact. The
clips should not press heavily on the mirror,
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which might cause distortion,

The eyepiece holder is the most difficult part
to make, Even a simple slide focus device as
shown at A belew requires the use of a lathe,
drill press, circular saw and band saw, Using
the same base block, it is only a little more
work to make a real rack-and-pinion eyepiece
mount, as shown at B,

The diagonal mount is commonly made a part
of the eyepiece holder although it can be made up
as a separate unitand mounted independent of the
eyepiece holder, The simplest way to attach the
mirror to the diagonal support is by gluing, but
this has the obvious fault of possible distortion.
Taping is slightly better because thishas encugh

ake-your-own EYEPIECE HOLDER and DIAGONAL MOUNT
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RROR MOUNT

"give" to relieve strains caused by warping or
expansion. Mechanical fastenings are probably
the best but they are always a fussy job to make
and fit; like the clips on main mirror, they must
support and held the glass without pressure. A
diagonal with a longitudinal adjustmentis some-
times useful, and is easily made in the manner
shown. If youuse a wood support for the diagonal,
it shouldbe some stable, easily worked wood such
as mahogany, Mounting by any method is sim-
piified if the supportismade the same exact size
as the mirror, This means that for an elliptical
diagonal, you must turn a cylinder of wood the
same diameter as the width of the diagonal, and
then slice this and cut at 45 deprees as shown.
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OQUT MACHINING . ﬂOTlTlON
- MOVEMENT IS OBTAINED BY
+ UETTING THE PIPE FITFINGS TURN
0N THEIR OWN THREADS., THE
| SINPLE ALTAZIMUTH 1S A
m

SR

£ PEDESTAL
Bl 2" PIPE,
32" LONG FOR
ALTAZ IMUTH
il 28" LONG FOR
EQUATORIAL

i i

YOU MAY eventually make something much
fancier, but for a starter there is no better
telescope mount than the turn-on-threads va-
riety made of pipe fittings, With this kind of
mount you get the needed mechanical move-
ments by simply leaving the pipe fitting a lit-
tle loose, free to turn, Much the same construct-
ion is used for both altazimuth and equatorial
mounts. Both have two axes at right angles, but
the primary axis of the altazimuth standserect,
Fig. 1, while the equatorial is tilted, Fig. 2.

Pipe and pipe fittings for a turn-on-threads
mount suitable for a 6-inch reflector should he
the 2-inch size, although in a pinch you can use
1-1/2-inch, Fig. 5-A shows the basic altazimuth
made withthe fewestnumberof parts. If you can't
locate a street elbow, an ordinary elbow with a
close nipple can be used, Fig. 5-B. It {s always
a good idea to start with the simpler altazimuth
mount, but if you have your eye onan equatorial,
then construction like 5-C lets you move right
along to the equatorial, Fig. 5-D. All of these
mounts have the center of gravity considerably
off-center, but this is not an item of great im-
portance, Scmetimes you will see a turn-on-
threads equatorial fitted with a gooseneck, Fig.
5-E, to put the weight directly overthe pedestal,
but on the whole this is over-building.

32

j..%mfl
n 98 INCH-LBS, :(04 L= L.
@ GQUATORIAL-VIEW FROM SOUTH

g Fr ey

The free threads should be lapped-in for a
smooth turning fit, this operation being done by
applying a mixture of oil and fine abrasive (400~
grit) and then applying your muscle to screwing
and unscrewing the joint many timesg until you
gain at leasgt two full threads. The sludge ig then
removed with paint thinner, but youdon't have to
be too thorough since a little abragive left in the
joint is helpful for its mild braking action,

Ten years ago, the favored bage foraportable
telescope was the familiar woodtripod, but today
90% of all small reflectors are supported by a
pedestal bage, The homemade version, Fig.4, has
three wood legs fastenedto the pipe pedestal with
machine screws, If you work this one leg ata
time, spotting holes, drilling and tapping, you will
get a tight assembly which needs no other
fastenings. How high to make the pedestal isal-
ways a problem. A pedestal 32 in. high for an
altazimuth or 28 in. for an equatorialisabout av-
erage, but since people come inassortedlengths
it is not possible to suit everybody. Inany case,
you favor staying fairly close to the ground for
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best stability. One good solutionto the >
Z' SIZE FOR 6" REFLECTOR. THE FREE PIPE THREADS

height problemisthe all-purpose base
shown in Fig, 4 detail--youcan switch
pedestals without tearing the whole
assembly apart,

The equatorial shown in Fig. 2 is
the popular German-iype with pri-
mary polar axis providing a single

cutboard support for the secondary
declination axis, which in turn pro-
vides a single outboard support for
the telescope cradle, The other pop-
ular type of mounting is the fork type

SHOULD BE LAPPED FOR SMOOTH TURNING ACTION

E]
EQUATORIAL

which provides a double support for LY
the secondary axis. The fork princi- %
ple canbeappliedtoaturn-on-threads ADJUSTMENT
mount in the manner shown in Fig. ‘a5
5-F. In use, the free threadon one side .
of the central tee unscrews while the Vel
opposite end tightens, A carriage bolt q
passing through the tee to a threaded 4§ém
knob allows putting a little squeeze \
on the threads to provide a tension ] - = o
adjustment, Although it requires a ' LLLZ
counterweight, this mount is nicely e
balanced and can be used success- 3 '
fully on a lightweight pedestal. ‘Eé&v
SHAFT EQUATORIALS. Mcere con- e A MODIFIED
ventional mounts are made with rota- \!ﬁ-‘PIPE)' 1" TO 34" FORK-TYPE
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of metal, plastic or wood. Minimum specifi-
cations are about 1 in, dia shafts in bearings
spanning at least 4 inches. The simplest con-
struction makesuse of sclid wood bearing blocks,
Fig. 8. For shafts, you have a choice of steel,
brass or aluminum bar stock, which is truly
round, but you mu:t cut the pipe thread, or, you
can use pipe shaftg which are already threaded
but you must machine round, Fig, 6 design shows
both, The holes through the bearing blocks canbe
worked on the drillpress, preferably followedby
hand reaming to exact size. You can improve a
wood bearing block considerably by using bear-
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ings of Devcon plastic steel or aluminum, Fig, 7.

The most common type of construction makes
use of pipe andpipe fittings. Dozensg of variations
are possible, Tees are used as bearing housings
and reducing bushings make the bearings. These
parts are assembled permanently and bored
straight through from one endtothe other. Ream
or grind if youhave the equipment; otherwise you
can get a fair fit by lapping with 400 or 600-grit
abrasive grains with oil lubricant. Fig. 8 design
departs fromthe construction mentioned by using
a pipe cap as the endbearingfor the polar shaft.
This is fitted permanently in place and then
bored. Fig. 9 is a medium-duty design recom-
mended if youwant fair stability without too much
weight,

(B PLastic BearnGs VARIATIONS
QNNTER-BORED . OF MOUNT SHOWN
- - IN F16.6

AN STE.
m) i<
KNIFED INTO
THE RECESS

Ei

TO suUT You
LATITUDE

34" FLOOR FLANGE

110 "
REDUCING
BUSHING

2. FIR AL/
REDUCING TE

I"eLose
NIPPLE

H_e I

LIGHT-DUTY, 45°
EQUATORIAL
4 MOUNT with

© - U000 BEARINGS

s MOUT
L UWT.- Baes, WTOUT

"To 3"
BUSHING

EXTENDED
SHAFT




MEiaRe A
D)
BPORED V'
16257 SHAFT—

SHAFT- ELBOW

14" PIpE WITH EXTENDED

TURNED BEARINGS /
' 15" PIPE > Lok

Lo, t5TO 15"

Hxlx v

REDUCING TEE BUSHING

— 1 \ﬂ

14" FLOOR -
FLANGE / /BIIESRF!' :uF_GE
) FExid x i

The only difficult part of making a pipe eq-
uatorial is the boring job, the 4 or 5-inch depth
being near maximum feraverage home workshop
equipment. An alternate is to rough-bore the
bearings separately .015 inch undersize, after
which the assembly is made and the bearings
hand reamed straight through to exact fit. A-
nother seolution is to use short sections of pipe
as bearings, Fig. 10. You stillhavethe straight-
through boring job but it is easier to chuck and
easier to bore. Athirdmethodistouse cemented
bushings, Fig., 1l1. In this construction, the
threads are partially removed from both the
bushings and pipe tee with straight cuts to make
a loose joint, The bushings are bored and fitted

REDUCING
TEE

o\ 1L PIPE

PIPE MOUNT

COLLAR
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le-2" pipe

separately to fit the shaft, andthe final assembly
is made with adhesive ¢cement, suchas DEVCON
plastic steel or aluminum. It is also practical
to eliminate the bushings entirely, using bearings
of plastic steel or aluminum in somewhat the
same manner as Fig. 7. If the plastic bearings
are thin-wall, the more liquid F-2 grade of
Devcon plastic aluminum is preferable,

Avoid anything heavier than 2-in. pipe fit-
tings if you expect to transport your mount from
basement to backyard for each observing ses-
sion. Cast iron legs canbe purchased separately
from Edmund; fit them to a stub pedestal of
2-1/2-in. pipe, and then extend to any desired
height with reducing coupling and 2-in, pipe,
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ADDENDUM

Throughout this book, we have discussed primarily
6-inch reflecting telescopes. They are the size most
commonly made and used by amateur astronomers
because of their relative lightweight,
ease-of-construction, and portability. However, some
of the more experienced readers may wish to try their
hand in making 8, 10 or even 12 inch mirrors.

These mirrors have increased surface areas with
similar f/ratios and will take additicnal time to
excavate. Surface area is not as important, however,
as change in f/number. The sagitta is really the same

as the correction: 2
r

2R
The amount of glass removed is a function of
abrasive, manpower and time. The following chart
provides average times for grinding f/8 mirrors of

various diameters.
In grinding a mirror, almost any method you can

dream up is an old, tried system. The professionals
use diamond grit generators that are costly, but
produce mirrors with wvery little labor expense.
Manufacturers of mirrors with numbers of similar
curves often sag the curved shapes with heat.

Cast iron tools, preformed to curve, will also
reduce grinding time. Adding a motor eliminates
more hand work, Note, however, that these methods
are not for amateurs,

There are rougher grades of abrasives, crushed steel
for example, that will produce a curve faster. But it
takes initiative and experience to efficiently profit by
them. The sand blasting equipment used by glass
engravers and tombstone manufacturers can heip save
time and is useful in making short radius mirrors.

Only experience in using the techniques described
in this book, as well as the methods you develop in
grinding, will make each new surface you work an
increasingly pleasant exercise,

AVERAGE GRINDING AND POLISHING TIMES

Diameter | Surface Area Grinding Time {Hrs.) Polishing Figuring
{ Inches ) | ( Sq. Inches) Rouge * Rouge Total
Rough #80 Fine #120—#305 | (Hrs.} {Hrs.) {Hrs.)
6 27 4 6 10 10 30
8 54 6 8 12 10 36
10 81 B8 10 14 10 42
12 108 10 12 16 10 48

* NOTE: Barnsite or Cerium Oxide will polish much faster than rouge.




