Addendum To: All About Telescopes

The 2nd edition (1975) and 14th edition (1999) were scanned. Only the additional pages
in 14th edition were placed into the last section. Information on the Edmund clock
drive, camera holder and Herschel Wedge were also added to the file.
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THE 200-inch APERTURE REFLECTOR ON
MT. PALOMAR, Calif., WITH FOCAL LENGTH

IN MODERN
TELESCODES ARE

OF 55 FT., and. THE 40 inch YERKES
REFRACTOR AT WILLIAMS BAY, Wis.,
WITH FOCAL LENGTH OF 63 FT.

'.* began in 1608 -}

ALlLEO (1564 1642 ) WAS FIRST TO VIEW THE MANY
WONDERS OF THE NIGHT SKY WITH A TELESCOPE.

NAMED FOR HIM, THE GALILEAN TELESCOPE IS ACTUALLY
THE INVENTION (!N 1608) OF JAN LIPPERSHEY.
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Getting Acquainted

section D

with the Telescope

THE STORY of the telescope begins
in Middelburg, Holland, where spec-
tacle maker Jan Lippershey was
Pl dmad 2amazed to discover that a positive
o 1ens placed some distance from the
eye and a negative lens placed right at the eye,
and the two looked through together, brought the
distant church steeple so near asto appear right
within his shop., The news of the magic glass
spread, eventually in 1609 reaching the ear of
Galileo Galilei of Padua (Padova), Italy, then 45
years of age, teacher, astronomer and scientist,
While Lippershey saw the telescope as being of
aid to the military, Galileo was fascinated with
the idea of putting it to use in revealing the
secrets of the night sky.

"Beyond the stars of the sixth magnitude you
\will behold through the telescope a host of other
stars, so numerous as to be almost beyond
belief,"

Even in his own time, Galileowas given credit
for the instrument which now bears his name--
the Galilean telescope. It had the advantage of an
erect image, but the grave fault of a very small
field of view, Galileo's largest instrument of
1-3/4 inch aperture and 32-power showed less

than one quarter ofthe moon's diameter, A need-
ed step forward was made by Johann Kepler who

- set forth in 1611 the principles of the astronom-

ical refractor, using apositive eyelens, Thatthe
star images were now upside down made no great
difference; the big improvement was in the field
of view, now expanded some four times.

Even in those long gone days, the big attraction
in telescopes was power -- and more power, Even
as today, the direct road to power was obvious:
the magnification of any telescope is the focal
length of the front or objective lens, divided by
the focal length of the rear or eye lens., All you
have to do is make the objective long and the

“eyepiece short, And so there soon bhlossomed

aerial rigs of 200 ft, and more inlength, all quite
shaky and so afflicted with spherical and chro-
matic aberrations as to fall far short of produc-
ing results commensurate with their size.

The famous Isaac Newton (1643-1727) saw a
possible solution, Color faults in a refracting
telescope result when light is bent or refracted
in passing through a glass lens, some colors
being refracted much more than others, On the
other hand, a reflecting objective reflects all
colors the same ~-ithasnochromatic aberration
at all, Of course the spherical aberrationis still
there, and Newton's small model of his reflector
with spherical mirror, built in 1672, was not of
convincing optical quality., The reflector lan-
guished for fifty years until 1723 when English~
man John Hadley presented to the Royal Astro-
nomical Society the first parabolized reflector,
Its performance was excellent, made more
dramatic by direct comparison with a 123-ft,
focal length refractor. Hadley's instrument was
but 5ft. focal length and a scant 6in, aperture,
yet it showed as much as the larger refractor,
and showed it sharper. '

While Hadley's demonstration put a stop to
the aerial circus of refractors, the reflectortoo
had growing pains, capped by Sir William
Herschel's 40 - footer of 48 inches clear aperture
erected in 1789, This would be ranked big even
today, the first of a greatline of modern reflect-
ing telescopes of which the 200-inch on Mt,
Palomar is the current "Mr, Big." The talked-of

‘300 - inch is not yet in the story,
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A TELESCOPE is the kind of product where the biggest
DE%WAT'ON is the best. What you have to do is weigh size against
money--and always with an eye on quality. Also you
must keep in mind that while the big scope will let you
see more, it is a bother to lug around and set up, and
is more affected by atmospheric conditions. It is as
sumed that you want your telescope to be portable. In
such case, 6 inches is the accepted maximum size for
a reflector; 4 inches for a refractor. Largertelescopes
upto 10 inches for reflectors and 6 inches for refractors
work well semi-portable, that is you have a permanent
mount outdoors and transport only the telescope. For
serious star-gazing, a 3-inch refractoror a 4-1/4-inch
reflector are generally considered minimum sizes.
However, interesting sky objects can be seen with
smaller telescopes.
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(2} its closed tube means cleaner optics and less air
disturbance within the tube, (3) it can be made nearly
100% glare-proof.

The reflector has two higtalking points: (1) itcosts
only about one-third as much as a refractor of similar
size, (2) it is 100% achromatic. Dollar-for-doliar,
reflectors are considerably superior to refractors.

Convenience of operation should always be con-
sidered. For the most part, a refractor is a neck-
breaker. This trouble can be eliminated by the use of
a star diagonal, Fig. 4, but the introduction of this
extra element causes a slight light loss and may cause
serious image deterioration if not perfectly ground and
polished. For south sky objects, the reflector is very
comfortable to use, the eyepiece being at an approxi-
mate 45 degree angle and near eye level for a person
standing. It is less convenient for north sky objects
unless the tube is rotatable to maintain a horizontal
position of the evepiece tube.

THE MOUNT. If you contemplate serious star-gazing,
there is only one type of mount and that is the equatorial.
There are dozens of variations of the equatorial mount
but all feature two axes at right angles, the commonest
type being the German style shown in Figs. 1 and 2.
The equatorialis easytousefor southsky objects where
the movements are pretty muchstraight up-and-down in
declination and east-and-west in right ascension. The
action is more complex in the north sky, as, for ex-
ample, you sometimes have to move the tube in an east-
west direction in order to move it up or down. Because
of this slight difficulty, many casualstar-gazers prefer
the simpler altazimuth mount where the movements are
up-and-down and right-left for any and all sky or land
objects,

The advantage of the equatorial mount is that it can
follow a star by movement around the polar axis only.
Also, its movements correspond to the grid of co-or-
dinate lines used in plotting star atlas maps, making it
somewhat easier to find sky objects once you become
acquainted with the system. Refinements such as set-
ting circles and manual or clock slow motion are not
essential. However, it is a good idea to purchase a
mount for which these accessory items are available--
once you become an expert observer, you will find
¢circles and slow motion of considerable value. Slow
motion with a clock drive is 2 "must" if you want to do
astro photography.

OPTICAL QUALITY. Thisis where you haveto depend
on the reputation of the manufacturer unless you can

personally inspect and test the telescope. It is best
not to believe everything you read because scope
makers like soap makers can make even the common-
place sound wonderful., The usual tolerance for pre-
cision telescope optics is 1/4-wave, which means the
surface must not depart more than 5-1/2 millionths--
of-an-inch from the required shape. The required
stape is a sphere for lenses; a parabola for concave
mirrors. If the f/number of a mirroris £/10 or higher,
a spherical shape willnot depart from a parabola more
than the 1/4-wave tolerance. In other words, aparabola
can be a sphere and a sphere can be a parabola with no
distinction or difference in image quality, Since the
spherical mirrorcan be machine -polished, it eliminates
the expensive hand-figuring necessary to obtain a per-
fect parabola; hence, it is less expensive. At /8 and
lower f/numbers the sphere departs more than 1/4-
wave from the parabola and the mirror must be para-
bolized for best results.

THE BEST TELESCOPE. All things considered, the
6-inch £/8 reflector on sturdy, simple equatorial mount
is the best telescope for the amateur star-gazer. The
f/8 means that the focal length is 8 times the mirror

-diameter, or 48 inches. The mirror is parabolized.

Such instruments cost $200 or more. This may be more
money than you care to spend, in which case, a 4-1/4
inch £/10.5 reflector at about $75 would be a sensible
choice. The £/10.5 spherical mirror has a focal length
of about 45 inches, giving the scope approximately the
same magnification range as the 6-inch but only halfthe
light grasp. The cheapest reflector you can buy with
any claim to quality is the 3-inch size at about $30.
You can have a lot of fun with this smallinstrument but
it is not a telescope for serious star study. Good qual-
ity refractors of 3-inch or more aperture are excellent
but their higher price range usually puts them beyond
the beginner's consideration.

In all cases, light grasp is the key feature--oh-
jective diameter is what you pay for in any telescope,
and is also the yardstick usedto measure telescope
performance. If you wish merely to view the moonand
bright planets, then the smallest refractor or reflector
will give nice views at 50 to 100x. Most other sky ob-
jects are dim, and what you need to see them is not
magnifying power but light power. The situation is
sometimes compared to hunting for a lost object in a
dark bagsement, where it is obvious that a light is what
you need rather than a magnifying glass.

ONE WAVE (A} = .000022" (22 millionths)
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The usual tolerance for high-precision optics is one-quarter
of the wavelength of light--no partof the glass surface must depart
morethan1/4-wave or 5-1/2 millionths -of -an-inch from the speci-
fied shape. Cormpare this with a sheet of paper which has a thick-
ness of about 200 waves! In the case of a telescope tirror where
light traverses the distance twice, a 1/4-wave defect on the mirror
will result in a 1/2-wave error at the image plane as shown. This
gives nearly perfectimagery and further narrowing of the tolerance
to 1/8-wave, 1/10-wave, etc., is more in the nature of advertising
than any appreciable gain in definition.
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MAGNIFICATION. The top useful power is about 60x per
inch of objective aperture. No additional detail in an ex-
tended object (moon, planets, etc.) can be obtained with
higher powers; the diffraction pattern itself begins toshow
at about 50x per inch and further magnification tends to
destroy definition rather than improve it.

LIGHT. The comparative scale can be compared with the
eye; a 1 inch objective equals 9 eyes. Also one value can
be compared with another, as, for example, a 3 inch ob-
jective picks up four times as much light as a 1-1/2 inch
objective (81 to 20). Fainteststar figures canbe increased
by one magnitude if "seeing" is excellent, especially with
averted vision.

RESOLUTION. A staris a mathematical point, subtending

an angle of 1/20 of 1 second of arc or less. No telescope

can show such a tiny object as it really is but instead ex-
pands the angle to form a small disk of light, known as a
diffraction disk or pattern. The smaller the diffraction
pattern, the better the resolution. Resolution means
simply the ability to show fine detail, and an exact measure
of this is offered by close double stars. It should be noted
that the common standard--Dawes Limit--does not call for
actual separation; the values in right column above are
approximate minimums for complete separation. Dawes
Limit recognizes only the bright center of the star image,
and the angular and linear diameters given in table below
are for this part of the diffraction pattern.

DOUBLE STAR- ANGULAR DIA.

1.5 SECONDS OF OF IMAGE~- LINEAR DIA.OF IMAGE
ARC SEPARATION 9 SEC’.‘G_, .00066" (ABouUT ’4000 INCH. )

00066"
4

ANGULAR DIA. | | LINEAR DIA.
OByeeTive| or are. | | F/VALUE | INCHES
% 9.0 fla .00011
2" 4.5 fle .00026
3" 3.0 f/e .00035
4" 29 flio .00044
5% 1.8 £/i15 00066
6" 1.5 f/20 .00088
8" 1.1 f/25 .00l
IG U2 INE T¢ LMQR DIAMETER
DEPENDS QNLYON | DREDPENDS ONLY ON
THE DIAMETER OF | | £/VALUE AND IS -
ORIV, DAmEs | TUE SAMESORARY | THE STAR IMAGE IS
/ SCOPE QFA
LT IS Ve SNGLE | e acoe | A DIFFRACTION DISK

2®

BARELY RESOLVED
(1.5 SEC. IS DAWES LIMIT
EOR _3-/NCH OBJECTIVE)

N
FULLY RESOLVED

R APPEARANCE OF TYPICAL
ESO ON DOUBLE STAR AT /IMAGE PLANE
= LUT‘ OF THREE DIFFERENT TELESCOPES



What to Bvpect in TELESCOPE

IF YOUR telescope has good optics in good align-
ment and if seeing conditions are good, then you
can expect performance to the values given in the
table on opposite page, the critical item being re-
solving power. So far as light grasp and magnifi-
cation are concerned, even the cheapest, poorest
telescope will measure up to standard. The catch,
of course, is that light power and magnifying pow-
er mean nothing if the telescope image lacks
clarity and sharpness.

LIGHT POWER. Objective diameter alone deter-
mines the light power of your telescope--the big-
ger the lens or mirror, the more light it will pick
up. If the diameter of the eye is taken as about
one-third inch and given a value of 1, the compara-
tive light power of objectives will be as given in
the table. The base for the ''faintest star' is the
magnitude the eye can see unaided, which is gen-
erally taken as 6.2 magnitude. Any departure
from this base should be added or subtracted. For
example, if you see stars to only 5th magnitude
naked-eye, you are 1.2 magnitude under the base
figure and must deduct this amount from the values
given. .

The telescope lets you see all stars brighter.
With a 3-inch telescope, you will see 11th magni-
tude stars as bright as 6th magnitude viewed with
the eyes alone; 6th magnitude will look like 1st
magnitude, and a 1st magnitude star will be a real
sparkler at an apparent minus 4 magnitude. Since
stars look big in direct proportion to their bright-
ness, a considerable amount of apparent magnifi-
cation is gained in this manner. Y ou getincreased
light only with point objects (stars) where all of the
extra light picked up by the telescope goes into a
retinal image about the same size as seen naked-
eye. All extended objects--moon, planets, neb-
ulae--are seen less bright in the telescope than
with eyes alone. You have the same amount of
light as before but now itis diluted by being spread
over the much greater area of the magnified image.

STARS ARE NOT MAGNIFIED. A starisvery tiny
in angular diameter. Even the giants and super-
giants subtend at most a mere .05 second, which
is 1/20 of one second of arc. Just how small an
angle this is may be realized from the fact that the
type you are reading subtends an angle of about
1600 seconds of arc at your eye--try to imagine
32,000 stars piled one on top of the other to make
a stack as high as this type! As a matter of fact,
such tiny objects are invisible.

Although stars are too small in angular size
to be seen, they are also too bright to be ignored.
The light-receiving cones and rods in your eyes
are actuated by any light beam, even though the
beam itself may be so small as tolight only a small
portion of one cone, Hence, one star can "trigger"

PERFORMANCE

OINT
OBJIECT (A STAR)

@ THE IMAGE OF A STAR
IS A DIFFRACTION DISK

A goop
JMAGE 15
PERLECILY
ROUND
£ STAR /IMAGE . AND ER  LOOR QPTICS. DR POOR
/5 8Bl IN A IN A LARGER SEEING CRUSE DIS TORTIQN
MABLL TELESCOPE, .. TELESCOPE D ENLARGEMEN T~
SAmE.

® ° ®
THE TRAPEZIUM FuLty
NOT RESOLVED RESOLVED

a light cone, and the brain gets the same impres-
sion as if the cone were fully illuminated. But the
telescope hasto magnify a star 13x per inch of ob-
jective diameter to fully illuminate one <cone.
Hence, even at the top magnification of 50x per
inch, stars are magnified only about four times
the naked-eye view.

THE DIFFRACTION PATTERN. Diffraction is an
optical effect caused by the interference of light
waves in passing around or through any opening,
such as a lens or your eye. Why it happens is not
explained here, but what it does can be seen in
Fig. 1--a point object is seen as a tiny disk, sur-
rounded by one or more faint rings of light. About
85% of the lightis in the centraldisk and this is the
part you see. The diffraction disk is still very
small but it is substantially bigger thanthe angular
diameter of the point object itself. By optical laws,
the angular diameter of the diffraction disk be-
comes smalleras the size of the lensis increased.
The smaller the diffraction disk, the better the re-
solving power. If you have a 1-inch telescope with
just fair opiics, you may not be able to split the
Trapezium, Fig. 5. The smaller diffraction pat-
tern of a 3-inch telescope allows a clean split,
Fig. 6.

DAWES LIMIT. The common way of rating the re-
solving power of a telescope is by giving the min-

1



imum separation between two stars which yet al-
lows the two stars to be seen as separate points.
This is Dawes Limit. It does not mean that you
will see the stars cleanly separated but only that
you can tell there are two stars. The general
theory is that you can tell there are two stars: if
the edge of one diffraction disk does not extend be-
yond the center of the other. In other words,
Dawes limit is one-half the diameter of the dif-
fraction disk; or, the diffraction disk is two times
Dawes limit. Dawes limit is definitely a "limit",
and you will get more fun out of double stars by
making your minimum double star twice Dawes
limit. This will show the two stars just touching.

To test the resolution of your telescope, se-
lect a double star with a separationof twice Dawes
limit. Both stars must be about the same magni-
tude and not too bright (mag. 5 or 6), the stars to
be located near the zenith. Further, seeing con-
ditions must be good. You will need at least 30x
per inch magnification and you can use as much
additional power as you like. Then, if you can see
the two stars just touching, the resolution of your
scope is equal to Dawes limit, and this in turn
means the optics are excellent. If the stars over-
lap but yet are recognizable as a pair, you are do-
ing very well although not to Dawes limit. If you
see only one star, then the seeing is bad or vour
optics are under par.

DETAIL IN EXTENDED OBJECTS. When youlook
at any extended object, the telescope image is
made up of an arrangement of many diffraction
disks of a size and spacing determined by the di-
ameter of the objective. The smaller the disks,
the more detail you can see, just as more detail is
visible in a f{ine-screen magazine halftone than in
a coarse newspaper halftone. When the telescope
image is magnified 13x per inchof objective diam-
eter, the diffraction pattern becomes equal to the
resolving power of the eve. This is equivalent to
a 150-line halftone screen. Such a pattern or
screen readily allows about 2-1/2x magnification
in order to produce a larger picture and yet not
make the screen pattern too prominent. The pat-
tern or screen is then 60-line, the same as used in

newspaper halftones. This is the approximate ef-

fect you get at 32x per inch magnification. This is
ideal high power. Definition remains good to about
50x per inch and then deteriorates sharply; at 60x
per inch, the diffraction pattern has a structure of
about 25 lines per inch. Being a picture painted
with light disks, you can't view a telescope image
and actually count off the lines-per-inch structure.
However, the effect of the too-coarse screen is
readily apparent, the picture becoming soft and
woolly like a photograph with too much enlarge-
ment. Remember: You can use all the power you
‘like when looking at single stars or double stars or
open clusters, because what you are looking at is
a single diffraction disk or a pair of disks or an
open cluster of disks. However, when you look at
an extended object, yvou want to see the picture as
a whole without making the disks of light which
comprise it too prominent.

GOOD SEEING. High power magnifies--but every-
thing! You have already seen how it magnifies the
diffraction pattern to the point of producinga fuzzy
image. 1t also magnifies heat waves, dust, clouds
and air currents, All of these things cause poor
imagery, and air currents most of all. You have
to slice vour way through ten miles or more of
swirls, eddies, updrafts and downdrafts, cold air
and hot spots. When the air is quiet and steady,
then "seeing is good' and star images shrink to
tiny points. A steady breeze is often helpful; good
seeing often occurs when the sky is dull and hazy.
When you pick up star images three or four times
normal size and maybe wandering allover the field
of the eyepiece, then you know seeing is bad. Since
the average backyard astronomer uses modest
equipment at 50x to 150x, good seeing is not quite
the problem it is to the professional observer, al-
though there aretimes when even a 50x image gets
the shakes and shivers. You will not be long at ob-
scrving the moon uniil you notice this. Like the
weather, vothing can be done about it although re-
ducing power and aperture makes the commotion
To distinguish between "secing"
test vour scope on a near oh-
ject in quiet air in davlight. A clear, sharp image
proves you have good optics--the "good seeing" is
something vou have to wait for,

less disturhing.
and optical quality,
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LEVEL THE TRIPOD HEAD FIRST...THEN SET POLAR AXi$ TO YOUR LATITUDE

I towean 5T

BQUATORIAL MOUNT [z

THE TELESCOPE MOUNTING most familiar to amateur star-
gazers is the German-type equatorial shown in Fig. 1. Inits
simple form it consists merely of two axes at right angles,
with the polar axis adjusted to the same angle as the latitude
of the observer's location. Refinements include setting circles,
slow motion and clock drive--all features which can be added
at any time to the original mount.

SPIRIT
LEVEL

TIGHTEN NUT
AFTER ADJUST-
MENT IS MADE

ADJUSTING POLAR AXIS. The first thing you do with an
equatorial mount is to adjust the polar axis to your latitude.
This is done indcors. First, level the tripod head, Fig. 2.
Then loosen the nut at top of triped head so that the polar axis
can be tilted to an angle equal to your latitude. Fig. 3 shows

ApjusTING
PoLAR AX1S

the adjustment being checked with the use of a floating plumb (ALTERNATE

bob level. Another common tool used for jobs like this is the METHOD)

level protractor head of a combination square. Still another

way of checking the angle is shown in Fig. 4, which makes

use of a circular saw miter gage in combination with a spirit ZENITH MERIDIAN "

level. With the miter gage in place as shown, the polaraxis i IYORTH-SOUTH LINE
N SKY

‘-)oa £RO POLE T £o
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R
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.
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/ kS
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CELESTIAL A
EQUATOR

SETTING UP 1S SIMPLY A MATTER OF POINTING THE
TELESCOPE AT POLARIS...EXACT ACCURACY 1S NOT NEEDED
EXCEPT FOR EQUATORIALS FITTED WITH SETTING CIRCLES
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is tilted until a spirit level applied to miter gage
guide bar shows level. Accuracy to the nearest
degree is good enough.

SETTING UP OUTDOORS. If youspread the tripod
legs to make the tripod head approximately level,
the telescope will point to the same altitude as
Polaris, Fig. 5. The other part of the setup calls
for rotationof the whole tripod a little eastor west
as needed inorder to center on Polaris in a cross-
wise or east-west position. Rough-sighting along
the telescope tube can be followed by a peek in the
finder, which should show Polaris near the center
of the field. No great accuracy is needed--even a
rough setup will put vou within five degrees of the
pole and this is all the accuracy needed for the
short movements normal to either following or
finding.

EQUATORIAL MOVEMENTS. By sighting on Po-
laris, you make the polar axis parallel with the
imaginary shaft on which the earth turns, Fig. 7.
Hence, as the earth turns to the east, you make a
corresponding movement to the west, and in this
way you can track a star across the sky with a
movement of the polar axis only. An equally im-
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EQuaTOoRIAL ACTION
IN SOUTH SKY

portant feature is that any movement oneither axis
corresponds to the grid of plotting lines used onall
star atlas maps.

Any movement on the declination axis is a
movement in declination. This means that your
telescope will move directly toward or away from
the North Pole, as shown in Figs. 8 and 2, approx-
imately parallel to the nearest hour circle. Any
movement on the polar axis is a movement in right
ascension, commonly referred to as R. A, A
movement in R. A. is always a circle around the
pole, exactly parallelto the parallels of declination.
Once you become familiar with this system, you
can use it to advantage in finding sky objects.
Three examples of "finding' are shown in the draw-
ings (Figs. 8, 9 and 10) and the subject is covered
in more detail on other pages.

It will be ohvious that the south sky is by far
the easiest to work, Here, despite the tilted po-
sition of the mount, the action is pretty much a
plain up-down, east-west movemeni very nearly
like a simple altazimuth mount. The north sky is
a radical departure; both declination and R. A. can
run in any direction. However, if you keep the
basic movements in mind, you will not find the
north sky too difficult.
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MECHANICAL MOVEMENTS.

The only mechani-
cal movement not immediately apparentis the roll-
over from one side of the tripod head to the other.
The rolloveris necessarybecause in most positions
the German equatorial can't swing through the me-
ridian--you can't sweep from east to west or west

to east. The general rule is that if you want to
look at a star in the eastern sky, you use the tel-
escope on west side of tripod; if you want to look
west, you roll over to the east side. These rules
are reversed if vou are observing in the north sky
below the pole. Also, in the south sky below the
equator, a fair amount of movement through the
meridian is possible. Tt does not mean much to
talk about these movements, but if you go through

TELESCOPE
LPOINTING
SOUTH NEAR
EQUATOR \

a practice session indoors of pointing to various
points in the sky, the whole thing will become
clear.

The rollover itself can be done intwo ways.
With telescope pointing north, the movement from
one side to the other is a simple movement around
the polar axis, as can be seen in Figs. 11 and 12.
From either of these positions you can move in
declination into the south sky, Figs. 13 and 14.
Alternately, if you are already observing in the
south sky, the fastest way to make the rollover is
by pointing the front of telescope down, as shown
in Fig. 15. Indoor practice should be carried out
until all of the movements of the telescope can he
made quickly and automatically.

OLLOVER FROM EAST TO

DECLINA
AXI1S

TELESCOPE EAST OF TRIPOD | 7/LT FRONT OF TUBE DOWN ... ROLL OVER 7O WEST .S‘/_DE < ELEVATE THE TUBE

1l
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TELESCOPE
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EP- EXIT PUPIL. THE EYEPIECE ACTS LIKE A4
CAMERA AND “TAKES" A LITTLE PILTURE
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M ~ MAGNIFICATION

DO~ DIAMETER OF OBIECTIVE
FO -« FOCAL LENGTH OF OBJECTIVE
FE~ FOCAL LENGTH OF EYEPIECE

ONE OF THE first things you learn about telescopes is
that the magnification is equal to the focal length of the
objective dividad by the focal length of the eyepiece.
This basic calculation is No. 1 in the chart below. Like
all equations, it can be transposed, as shown by formu-
las 2 and 3. No. 2 determines the f.l. of eyepiece (FE)
needed to obtain a certain magnification; No. 3 gives
the f.1. of objective if M and FE are known.

Calculations using the exit pupil are useful for find-
ing the powerof a telescope when you know nothing about
the instrument. All you have to do is measure the clear
diameter of objective. Then on a piece of tracing paper
you can see and measure the exit pupil behind the eye-
piece. Formula 4 gives the power. A direct-reading
magnifier (pocket comparator) is a handy instrument for
finding the exact diameter of the exit pupil.

Calculations involving the true field and apparent
field, Nos. 7, 8 and 9, are the ones you will use most
in actual observing. The apparent field of any eyepiece
is a fixed angle. For example, a certain Kellner eye-
piece may have an apparent field of 50 degrees--this is
a fixed value just the same as the focal length is a fixed
value. The true field of the telescope equals AF divided
by M (formula 8). Formula 7 gives the magnification
when AF and TF are known. Suppose you want to look at
the moon (angular dia. 1/2 degree) using the highest
power which will show the full disk. If your eyepiece is
50 degrees apparent field, M equals 50 divided by .5
equals 100x magnification. The same calculation can
also be applied to any part of the whole field: Assume
you want to look at a double star with separation of 13
seconds of arc. You will learn from experience that if .
this true field angle can be increased to 10 minutes ap-
parent field, the double will be nicely separated. For-
mula 7 solves the problem, but you must firstconvert 10

f/oeJ.‘mwMW__Mg minutes to seconds, equals 600 seconds. Then, 600

EOCAL LENGTH OF ORIECTIVE &S CREATER THAN Dift) seconds (AF) divided by 15 seconds (TF) equals 40x,
which is the power needed.
TELESCOPE CALCULATIONS
ECE .
/WJW"’E mace  ETEP! M= FO= FE FE =FO<+M FO =M x FE
- 4 @ EXAMPLE!

, £O l_r-el M=10+2=5< | FE=10+§5=2" FO=5x2=10"
< 10" Xl —

EXAMPLE :

5x TELESCOPE Z

M = DO < EP

M= 125+ 25=5%

EP=D0<M [5]| DO=MxEP [¢]

EP= [25+5=.25" | DO=5x.25=1258"

Sx TELESCOPE

M = AF = TF
EXAMPLE ©
M= 30+6=5x

CTF=AF+M AF = Mx TF [9]

TEF=30=5=6° AF = 5 x6=30°

oglromee $/o8). = FO= DO DO=Fo < ffosyfui] | FO=f/oB)xDO
j_/ EXamPLE
Fo-e' flop.-6:2=4 DO=8+4=2" FO= 4 x2-8"

12
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What Eyepiece 1s Best?

BY FAR, the objective is the most important part
of the telescope. On the other hand, the eyepiece
offers a variable in terms of performance and
magnification, and as such gets the major share of
attention. However, it should be obvious that un-
less the objective produces a clean, sharp image,
no super-duper eyepiece is going to magnify itinto
a nice sharp picture.

The eyepiece is a simple magnifier. All types
except the Huygens have an image or focal plane a
short distance outside the front or field lens. You
can easily locatethe image plane by experimenting
with a slip of tracing or wax paper, Fig. 2, having
ink or pencil marks on the turned-over end. If you
can't see the marks at any position, it is likely you
have the Huygens eyepiece, sometimes called a
"negative'' eyepiece because it can't be used as a
simple magnifier.

EYE POSITION. The eyepiece faces the objective
and all the whileis "taking a picture'' of the objec-
tive. This image of the objective is known as the
exit pupil, and can be located by holding a piece of
tracing or wax paper behind the telescope, Fig. 4.
If you have a reflector, the exit pupilis a miniature
picture of the mirror, even showing lhe holding
clips as wellas the black silhouette of the diagonal.
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The distance from the eyepiece to the exit pupil is
the eye relief. Ideally this should be about 1/2
inch for normal eyes, or 3/4 inch if you wear
glasses. The eye relief decreases with focal length
and becomes too short with Huygens and Ramsden
eyepieces less than about 1/2 inch focal length.

When you use a telescope, your eve should be
at or near the exit pupil to see the widest field and
to capture all of the light entering the objective,
Fig. 5. If you get inside the exit pupil you will note
a 'blinker" effect as important light rays will al-
ternately strike and miss your eye with the slight -
est head movement. OQutside of the exit pupil,
edge-of-field rays miss the eye cleanly and com-
pletely, resulting in a loss of field. The long eye
position is sometimes necessary, as, for example,
a 1/4 inch Ramsden will have only about 1/16 inch
eye relief. Since the entrance to the eye is about
1/12 inch inside the eyeball itself, Fig. 3, it is
plain you can't get in close enough. With the long
eye position the center of field remains fully illu-
minated so that no harm is done other than the loss
of field.

APPARENT FIELD. The extent of field you can
see through any astronomical telescope depends
solely on the diameter of the lenses in the eyepiece.
Therefore, if you want a wide field, all you need is
an eyepiece with big lenses. However, a big lens
shows increased faults or aberrations. To reduce
aberrations to a practical permissible amount, the
lenses must not exceed a certain diameter for a
certain focal length of eyepiece. Hence, all eye-
pieces have a limit as regards extent of field- -you
canmake a Ramsden with a wide 65 degree field but
it will not perform well at all, whereas the same
lenses in a smaller size or reduced by fieldstop to
cover about 35 degrees will show a clean, sharp
picture.

The apparent field of a telescope is the field of
the eyepiece alone, It is normally some 30 to 50
degrees in angular extent. This is a fixedand con-
stant angle for any specific eyepiece, and can also
be maintained in a series of different focal length
eyepleces of the same type. The apparent field is
very much like the frame around your television
screen-~it is always the same size. The apparent
fieldof a 50 degree eyepiece is biggerthanthe field
of a 35 degree eyepiece, Fig. 6. When the power

#8
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LliCHT BIN
LRESS FIT
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PIECE
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WOOD or PLASTIC fortable use.

If you have an eyepiece with a
good amount of eye relief, 1tis easy
to boost the power as much as 40%

?Q by adding an extra lens,
i ‘—LENS- used as a cap over the eyepiece, as
ﬁig 25 %95 shown. The extra lens should be
f’ HownN : -
Eg? kept as close to the eyepiece as
‘\\\‘ possible, and can face curved side

in or out as desired. The shortened
eye relief is still enough for com-

which is
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of the telescope is increased, the apparent field
remains the same, Fig. 7, and only the objects in
the field show magnification. The true field is the
angular field covered by the telescope and is equal
to the apparent field of the eyepiece divided by the
magnification. If the apparent field is large, the
true fieldalso is comparatively larger thanan eye-
piece of less apparent field.

WHAT EYEPIECE IS BEST? There are no perfect
eyepieces--and no poor ones either if properly
made. Some of the more popular types and their
main characteristics are shownunder Fig. 1 draw-
ing. The "ecritical aperture' of an eyepiece indi-
cates the maximum light beam it will handle. The
Huygens, for example, is just fair in fielding a
wide /8 light cone; it works much better with the
narrow f/15 beam of a refractor. The more-ex-
pensive eyepieces give wider field and better eye
relief but only a little improvement in optical ex-
cellence. Apart from type, the focal length is the
important feature, Fig. 11. For the average port-
able telescope, an eyepiece of around 1 inchf. 1.
or a little more is first choice. If in addition it
offers wide field and comfortable eye relief, you
have the perfect No. 1 eyepiece. A second eye-
piece should approximately double the power--little
is gained with mild increases in magnification.
The idealbattery could be 1-1/8 inch, 5/8 inch and
1/3 inch, although 1, 1/2 and 1/4-inch sets are
more common. It is convenient to have all the
same apparent field and all parfocal. Parfocal
means that the shoulder or flange distances are

such thatthe eyepieces occupy the same position--
focus one and you focus all. Stock eyepieces can
sometimes be parfocalized by the addition of
spacer rings.

THE BARLOW. A popular way to get extra power
(if you must) is to use a Barlow lens with an eye-
piece of medium focal length. A Barlow lens is a
short f.1. negative lens used a little inside the focal
plane of an objective. What happens can be seen in
Figs. 8 and 9--with just a small increase in the
physical length of the system, the equivalent or ef-
fective focallength can be doubled or tripled. This
doubling and tripling applies also to the f/value; if
you have an f/8 mirror anduse 2x Barlow magnifi-
cation, the system works at £/16. This narrower
cone of light will often work wonders in improving
the performance of a Huygens or Ramsdeneyepiece.
Any amount of power can be obtained by simply lo-
cating the Barlow at a greater distance from the
primary image plane. In Fig. 9, this is distance
A. Distance B is how much the focusing tube must
be extended from its normal position with eyepiece
alone to regain focus with the eyepiece plus Barlow.
The combined distance, A plus B, is actually all
you need to know since this sets the power; dis-
tances A and B adjust automatically when the tele-
scope is focused. Spacing information is supplied
with the lens. The usual setup for a Barlow is a
metal cell with adjustable spacer rings, Fig. 10.
This fits inside the focusing tube of the telescope
and the eyepiece is then used in a normal manner
except a little extra ""out' focusing travelis needed.
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PLAINLY AT 4Ox ALTHOUGH
INVISIBLE WITH 7% BINOCULAR,
WITH HIGHER POWER You MAY
BE ABLE TO SEE CASSINIG DIVISION
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RED MARS MAKES A NEAR
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SUCH TIMES SOME SURFACE
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CONSTELLATIONS
A CONSTELLATION IS A GROUP
OF STARS, USUALLY FORMING
SOME KIND OF PATTERN OR
"PICTURE. PROPERLY, A
CONSTELLATION (S A
SPECIFIC AREA OF THE SKY
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f1can't) TELESCOPE VIEW
THE TRAPEZ UM
N ORION

% SEE EMI]
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" 5 UBLE STARS
ONE OUT OF IS STARS 1S A

DOUBLE OR MULTIPLE STAR

AND ABOUT 500 OF THESE

FROM 2.SECONDS TO | MINYUTE
OF ARC SEPARATION CAN BE

W

SPLIT"WITH SMALL TELESCOPES
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DARK ECLIPSING BRIGHT ECLIPSING
{Afaol, peRsEUS) (Beta, Lyra)
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THREE KINDS
e OF VARIABLE
PULSATING STARS
(Delta, CEPHEUS)

VARIABLE STARS

A VARIABLE STAR VARIES
N BRIGHTNESS, THE CHANGE
TAKES 2 DAYS (4VERAGE),
MAKING THE V.S, A POOR
"SHOW" OBIECT ALTHOUGH
IDEAL FOR SYSTEMATIC STUDY

r o7
. FIELD » 1S

STHE <
~~ PLEIADES .

OPEN CLUSTERS
OPEN CLUSTERS OF STARS ARE
A FAVORITE TARGET FOR
THE TELESCOPE. 40 10 60X

1S ENOUGH FOR MOST GROUPS.
POPULAR PLEIADES CLUSTER
IS A FINE BINOCULAR OBJECT

12" MAGNITUDE OR
FAINTER STARS

3" OR SMALLER
TELESCOPE SHows [
ONLY A HAZY
DISK OF LIGHT

GLOBULAR CLUSTERS
A GLOBULAR CLUSTER IS A
BALL OF STARS. INDIVIDUAL
STARS ARE FAINT AND

NELD &" OR MORE APERTURE
FOR RESOLUTION. MI3 AND
M22 ARE TWO BRIGHTEST

7 \\R‘Nell
NEBULA

PLANETARY NEBULAE

PLANETARY NEBULAE ARE S0
NAMED ONLY BECAUSE THEY
ARE ROUND LIKE PLANETS,
THEY ARE LUMINOUS GAS
CLOUDS AND ARE A
PART OF OUR GALAXY

ouUT 10’
P, G

-

DIFFUSE NEBULAE

A LARGE DIFFUSE GAS CLOUD
LIGHTED BY THE STARS INITS
VICINITY IS KNOWN AS A
BRIGHT DIFFUSE NEBULA,
MAzZ in ORION [ IMPRISSIVE,
EASILY SEEN WITH ANY TELESCOPE

saLaxies i

EXTERNAL GALAXIES

GALAXIES ARE COMPLETE
STAR SYSTEMS LIKE OUR
OWN GALAXY., ALL ARE

VERY DISTANT. M8I SHOWN
S ABOUT AS BRIGHT AS
A STAR OF 9th MAGNITUDE

No. | T¥YPe  cons.|[ m,
M4a4q | OPENCL. T CANCER | 3.7
M4l OPENCL,  “cansmallas |
M24 | OPEN CL. SAGR. (4.6
| M31 | GALAXY anDRm. a.8
MAS | OPENCL. | GEmn/ (5.3
M3 | GLOBOLAR | Werivizs [ 5.7
M22 | GLOBULAR | sAG6R. 5.9 |
| M8 | DIFFUSE Nee| spcR. | — |
M42 | DIFFUSENEB. | R/ON | —
| MS7] PLANETARY | ZvR4 (5.3
MESSIER ORJECTS

FRENCH ASTRONOMER, CHARLES
MESSIER, MADE UP THE FIRST

LIST OF SKY OBIECTS OTHER
THAN STARS (17184). ALL OF THE
103 M-OBIECTS CAN BE SEEN

WITH SMALL TELESCOPES
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section

Observing the SKY SHOW

LIKE a lot of other hobbies, you can
go for star-gazing a little or a lot,
just as you like. Even with the small-
est telescope you have equipment far
better than that used by Galileo some
350 years ago when he discovered that Jupiter had
four bright moons. There is much to see; also
much to learn. It takes the beginner about a year
to become an expert star-gazer. In this time he
gets over the idea that he is going to see huge fire-
balls and other fantastic wonders, finding instead
an increasing enjoyment in his ability to use a tel-
escope. Without leaving his backyard, he becomes
a sky explorer with the skill to guide the big eye of
his telescope to the most remote corners of the sky.

For a starter, you will want to look at "show"
objects. Naturally, the moon and bright planets
come first. Then, in any star book or atlas, you
will find other showpieces of the sky: the Lagoon
in Sagittarius; the double cluster in Perseus; M42,
with the Trapezium set in its greenish glow; the
blue-and-gold doublé star, Albireo; the stardust
glitter of M11; the double-double in Lyra;the ever-
charming Seven Sisters; distant Andromeda, the
farthest you can see. .

However, many sky objects can't be seen, and
many others are notseen as clearly as the beginner
anticipates. Most beginners get a "first impres-
sion' of the sky show from photographs, without
realizing that these pictures are time exposures.
When a light strikes the camera film it makes a
bright spot; the longer the film is exposed, the
bigger and brighter the spot becomes. Sky photos
represent a sincere effort to show sky objects as
they really are, but some of the effects have a

VENUS SATURN MARS M57

JUPITER AND MOONS ([ Moons AT MAX/MurM. DISTANCE)

APPARENT SIZE OF SOME POPULAR
SKY OBJECTS. DRAWINGS ARE SCALED
SO THAT SEEN AT AVERAGE READING
DISTANCE (10"}, THEY ARE SAME
DIAMETER AS IN TELESCOPE AT 100X

I-0- e b

TRAPEZIUM  MIZAR

strong element of trick photography. Don't expect
to see most sky objects like they are shown in
photographs. There are some exceptions--you
can see the moon as big and clear as any photo;
Saturn, Jupiter and Venus all look better than
their pictures.

You may find the scaled sketches below infor-
mative. Look at them with one eye from a distance
of about 10 inches and you get the same size effect
obtained with a telescope at 100x. Maybe you are
surprised that Saturn and Mars are so small and
the moon so big. Even scaled drawings are not
entirely realistic. M57, for example, looks like a
big easy target butis actually quite difficult--close
your eye nearly shut to reduce the light and you
will get the idea. Saturn for all its apparent small
size is bright and clear in any telescope at 40x or
more and stands magnification beautifully, Mars
is mueh more difficult. Big objects are not lacking
with nearly all of the open clusters and diffuse
nebulae ranging from Jupiter to moon size or
larger. The easiest type of object to see is the
open cluster; globulars are easily visible although
you don't get size and detail like photographs.
Planetaries and external galaxies are dim, diffi-
cult. 100x is enough power for most objects and
better seeing is a matter of a bigger diameter ob-
jective rather than mere magnification.

Join a club or star-gazing group so that you
can exchange ideas and talk shop about the big sky
show. Other than star-gazing, you can use your
astrotelescope for land-gazingto see brilliantday-
time views that are amazing in clarity and detail.
Photography--land or sky--is another popular hobby
where the telescope adds new thrills.

for other objects:

EX:
JUPITER
TAKE TRUE ANGULAR !

DIBr IN SECONDS QFARC  40.0" K MOON

POINT OFF TWQ PLACES .40 1800 SECONDS
DivioE By 2. . .. 220 = O INCHES DIA.

ANSWER 1S SIZE IN INCHES
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The POSITION of a STAR

geLesTiaL How i seems...
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THE CELESTIAL SPHERE

1S A BIG IMAGINARY BALL WITH
THE EARTH AT ITS CENTER
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... THE EARTH STANDS
STILL WHILE THE CELESTIAL
SPHERE ROTATES ARQUND (T

+40° PARALLEL.
OF DECLINATION
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294 HOURS

LONGITUDE secomes RIGHT ASCENSION

+30°

PARALLELS op/
STAR ON.
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CIRQUMPOLAR
STARS
VER SET

e

.
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S7AR \
ao—T. SETTING -3y

CELESTIAL
EQUATOR _y

A
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Stars wirH

QF .50° 0R MORE
ARE NOT VISIBLE

EVERY STAR has a permanent address in the
sky~-if at times you can't find a certain sky
object you can be sure it is not off wandering
around in another neighborhood. The star's
address is given in terms of right ascension
hours and minutes and declination degrees and
minutes, A knowledge of star positions by R. A,
and Dec. becomes absolutely necessary if you
use setting circles and is otherwise an inform-
ative study even if you do your star-gazing with
nothing more than binoculars,

THE CELESTIAL SPHERE., The celestial sphere
is a big imaginary hollow ball with the earth at
its center. Itis solargethatifdrawn to the same
scale as the earth in Fig, 1, it would {ake a sheet
of paper bigger than the whole United States to
chart eventhe nearest star, Some starsare near-
er the earth than others,but all are very distant
and all are imagined as being projected to the
inside surface of the celestial sphere. We see
the celestial sphere from the inside, a giant dome
of blue by day and spangled by stars at night,
rotating westward, You don't have to be a whiz
at astronomy to know that this apparent westward
movement is actually caused by the earth rotat-
ing to the east.

The surface of the celestial sphere is plotted
with a system of imaginary guide lines in about
the same manner as latitude and longitude lines

o LENITH

~

N STARS AT 40° ARE
. OVERHEAD WHEN ON

N YOUR MERIDIAN BuT |
e \\RUE D SET AR

75—257- NTO_THE NORTH

DECLINATION
OIAGRAM

1! LATITUDE 40°N

CL

i DECLINATION LINE SHOWS NORTH-SOUTH POSITION OF A STAR AND ALSO INDICATES ITS PATH ACROSS SKY
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are used in plotting the surface of the earth,
Like the earth, the celestial sphere has an
equator and north and south poles. Latitude
on earth is the angular location of a place
north or south of the equator, and, similarly,
declination is the angular position of a star
north or-south of the celestial equator, Fig.3.
Longitude in earth geography gives the position
of a place at so~many hours of solar time from
the prime meridian; similarly, right ascension
is used in sky geography to indicate position
at so-many sidereal hours from the prime me-
ridian. The prime meridian for right ascension
is the vernal equinox, which is the point on the
celestial equator which the sun crosses at the
beginning of spring, On this network of de-
clination and right ascension lines, every star
has its own fixed position, different from all
others except for certain double and multiple
stars which reside at the same sky address.
Note that in Figs., 3 and 4 you are looking at
the celestial sphere from the outside, and
the familiar figures of the constellations are
thereby reversed left-to-right,

DECLINATION, The declination of a star is its
angular distance north or south of the celestial
equator. A circle through this point parallel to
the equator is a parallel of declination, Such
a parallel not only marks the star's position
north or south of the equator, but also shows
the path it takes in its east to west journey
across the sky, Fig., 5. It is worth noting that
stars on the celestial equator rise and set due
east and west, This can be seen in Fig, 5 and
also in the diagram, Fig. 6, If your location
is at latitude 40 degrees north, stars at 40
degrees north declination will be exactly over~
head when on your meridian, but will rise and
set far to the north; stars at 50° N and more
declination become circumpolar and never rise
or set but wheel forever around the celestial
pole, Going the other way from the equator, you
can seethat starsbelow the equator make shorter
and shorter journeys across the night sky, and
a star at 49°S declination will barely lift its eye
above the southern horizon,

RIGHT ASCENSION, The right ascension of a star
19



PARALLELS OF

DECLINATION

HoUuRrR WEST FROM )
CIRCLES

ig itsdistance fromthe vernal equinox, measured
eastward, On sky maps, the grid of hourcircles
is spaced at convenient 1-hour intervals, marked
0-hour through 23-hour to 0-hour,

Hours of right ascension increase toward the
east, This is a fundamental in positionalastron-
omy and should be memorized. Itis worthnoting
again that the gridof declination and rightascen-
sion lines on the sky sphere arefixed guide lines
which rotate with the sphere, The hours of R.A,
make a giant sky clock. Your meridian isthe hour
hand, but unlike an ordinary clock, it remains
fixed while the skydial rotatestothe west, Fig.T.
You learn quickly that itis O-hour sidereal time
when Pegasus is on your meridian, 5:30 when
Orion stalks across mid-sky, 18:30 when bright
Vega isoverhead--and eventually you maymas-
ter the whole sky clock,

Fig, 7 shows the 4-hour circle of rightascen-
sion on the meridian--it is 4:00 sidereal time.
Notice how the hours of right ascension increase
toward the eastern horizon, Since 4-hour R.A, is
on your meridian, the vernal equinox is four
hours to the west--it has an hour angle of 4
hours, Thisillustratesthe basic definition of sid-
ereal time: Sidereal Time is the hour angle of the
vernal equinox, The position of the vernal equinox
is also known as the First Point of Aries, Aries
is the Ram, and the symbol like a pair of horns
1s often used to indicate O-~hour R.A.

It will be obvious that if itis 4 hours from your
meridian to the vernal equinox, itisalso 4 hours
from the vernal equinox to your meridian, Fig.
8. Thus, there is a second definition of sidereal
time. Sidereal Time is the right ascension of the
meridian, The way the whole thing works out,
sidereal time is the R.A. hour which is on your
meridian at the moment,

20

HOUR ANGLE /S - T
MEASURED EAST OR &
N

MERIDIAN "ﬁ\ﬁ‘

HOURS. OF
RIGHT ASCENSION

DECLINATION AND HOUR CIRCLES IN NORTH SKY . ....H0Ww IT LOOKS ON A CIRCUMPOLAR CHART

HOUR ANGLE. The hour angle of a star is its
distance westward from your meridian, Hour an-
gle alwaysmeansa measurement to the west, but
for convenience hour angles to the east arealso
used, but must be so designated, Since the sky
sphere is always moving westward, the houran-
gle of a star is always changing and can be deter-
mined only for a certaininstant of sidereal time.
To find the hour angle of any star, you subtract
its R.A, from sidereal time, If the result of the
calculation is positive, the hour angle of the star
is west; if negative, east, Most star-gazers sim-
ply subtract the smaller from the larger number.
Then you must remember if R.A,isgreater, the

" hour angle is east; if sidereal time is greater,

the hour angle is west, Examples are shown in
the drawing, applying to Figs. 7, 8 and 9.

THE NORTH SKY CLOCK, Fig, 10 shows the
north sky clock, It is about 17:10 sidereal time,
Above the pole you will find hours of R. A, in-
creasing toward the east, following the basic
rule, Below the pole, R.A. increases toward the
west and the stars rotatetothe east--everything
is backwards! Around a sky circle like thisthere
is no actual east or west; if you start out at the
top of the drawing and move east, you are pre-
sently going south, then west, then north, In the
north sky, directions and hour angles should be
taken from that part of your meridian which is
above the pole.

SKY MAPS, The sky maps on opposite page and
following are sufficiently detailed to give you a
start in sky geography. Star positions change
a little from year to year, but the change is so
slow that maps up to 50 years old are substan-
tially correct.
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[ oTHER TIMES:

ILOCATE YOUR MERIDIAN FOR 800 0CLOCK
OR 12:00 0CLOCK IN THE MANNER DESCRIBED
N OPPOSITE PAGE.
NOTE SIDEREAL TIME ON SCALE.
SHIET YOUR MERIOIAN EAST THE SAME
INTERVAL YOU ARE PAST R.100 OR NMIDNIGHT

§i§§,£~T|ME‘ JuLY 3% gt 9115 pam. LM T.

WsE BOTTOM SCALE. OPPOSITE JULY 3 DATE LINE, READ
[4h45™ SIDEREAL TIME (A7 8:00 L.rm7.)
You ARE 1MI5™ PAST 8:00, SO SHIFT YOUR MERIDIAN
THIS SAME TIME INTERVAL TO THE EAST. /7 wicl
LOCATE YOQUR MERIDIAN AT /8% 00™. SIDEREAL TIME /S
189 —- ANY STAR NEAR R.A. 6% (Jitl BE ON YOUR MERIDIAN
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The TIME SCHEDULE is L.M.T.

THE YARDSTICK used to measure
time is the period it takes the earth
to make one complete rotation. This
period is very uniform--it will not

vary by as muchasafractionofa second in your
lifetime, The period it takes the earth to rotate
once is one day., Some kind of "'index'' mark is
needed to show the beginning and end of one com-
plete rotation., When the index mark is the sun,
the resulting time is solar or sun time; when
the index mark is a star, the time is sidereal
or star time,

APPARENT SOLAR TIME., Thisistrue suntime,

governed by the passage of the real sun across
the sky. This is the time you read on a sundial,
Fig. 1. It is also the kind of time you are using
when you guess-estimate the time by the position
of the apparent (real) sun,If the real sun is right
on your meridian,
parent solar time,

it is exactly 12 o'clock ap-

MEAN SOLAR TIME, Uniform sclar time isob-
tained when all of the time in a year is divided
into 365 days of equal length. Thisaveragedtype
of time is paced by animaginary sunknown as the
mean sun, The daily difference between the ap-
parent {real) sun and the mean {average) sun
ranges from zero to about 16 minutes.

STANDARD TIME. Both apparent and mean sun
time are local times, either being about 4 min-
utes different for two locations about 50 miles
apart, Fig, 3, Mean time is used in astronomy,
but it is not practical for everyday use because

Three Kinds of Solar T‘me

“f / /“SUN
—_—
R == A FAST
. c\ T '}1\ -
) SUN MEAN OR
Stow AVERAGE

I'M A LITTLE s )
81T sLow TooAY! T

every location has a different time. It was not
until 1884 that the people of the world got to-
gether and agreed on a world-wide standard of
time. This system divides the world into 24
standard time zones, each comprising an area
of some 15 degrees of longitude, All places in
a specific time zone keep the same standard
time as the mean solar time of the central
meridian of the time zone, Fig. 4. The Zero
zone is centered at Greenwich, England. Zones
to the west are plus 1 to 12; zones to the east
are minus 1 to 12. The mainland of the United
States has four zones, Plus 5, 6, 7 and 8, beiter
known as Eastern, Central, Mountain and Pacific
standard time, as shown in Fig. 6.

At the central meridian of a zone, standard
time coincides exactly with mean solar time.
What this amounts to is simply that when it is
noon the sun is on the meridian (nearly) at
the central meridian of any time zone, and else-
where in the zone the position of the sun is no
more than about 30 minutes off the meridian,
Thus, Standard Time keeps the hoursofdaylight
and darkness about where they belong, and yet
offers a uniform time system over alargearea,

LOCAL MEAN TIME. This is mean solar time
applied to your own location, It is also known
as Local Civil Time, In general, it is called
mean time, or local time or local mean time,
It is the time used in astronomy. Standard Time
Jis a useful man-made kind of time, but it 1s use-
less for the exact location of sky objects, If you
want to locate the sun exactly, you mustuse ap-
parent solar time; for all other sky objects,

|
= Merioian |
I OF Time |
(:) l ZONE ‘-—-)]
: L ®
I T
[ :
i
| 11:56 I
12:00 \ n:o STANDARD
| st @ 12:00
2T - mx‘»’-%ﬁ___h e ji .
2 1 ~.',
"”OUT o _T—~ o/ ABOUT 50 MILES

AT LATITUDE 0F40°) ¢

APPARENT TIME 1S TIME BY
THE REAL SUN. SUN'S MOVE-
MENT 1S NOT UNIFORM ~ AC-
CUMULATED ERROR CAN BE
AS MUCH AS 16 MINUTES
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MEAN TIME MAKES USE OF
AN IMAGINARY SUN TRAVELING
AT A UNIFORM SPEED EQUAL
TO THE MEAN OR AVERAGE
SPEED OF THE REAL SUN

LOCAL MEAN TIME 1S we
SPECIFIC USE OF MEAN TIME
AT ANY PARTICULAR PLACE.
IT VARIES FOUR MINUTES
PER DEGREE OF LONGITUDE

STANDARD TIME 15 THE
MEANTIME OF A SPECIFIC
LOCATION USED AS THE
STANDARD CLOCK TIME
OVER AN AREA OF ABOUT 159
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TIME CORRECTION

1S NEECED TO CHANGE
@ STANDARD TIME TO
MEAN TIME and VICEVERSA
The CORRECTION FOR ANY
LOCATION 1S 4 miNyTES FOR
EACH DEGREE YOU ARE AWAY

FROM THE CENTRAL MERIDIAN
OF YOUR TIME 20NE

W(e: AKRON, OH10
AT 81°31" WEST
LONGITUDE 18

6°31'(6.5°) FROM CENTRAL
MERIDIAN OF ZONE 5

CORRELTION = 6.5 x 4 = 26MN.
OF YOuR CITY 1S (N LiST BE-

ATLANTIC

STANDARD
TIME
A.S.T,

% LOW, THE TIME CORRECTION
IS THE AMOUNT BY WHICH THE
73 TIME GIVEN DIFFERS
FROM 8:00
£ ING D,
A D
TEN OCLOCK  ELEVEN OCLOCK NOON ONE O'ocK  TWO OCLOCK
PLace |8.92/LaT. Lone| PLACE |Bi02 LAT. (Lone.| PLACE |8:92|LAT. [LoNG| PLACE |B00|1aT [I.ONG
AkroN, om0 | B 26 €| 4 05| 81°31' | Davrom, ane | 831 E| 35°46 | 84°12' | Lons BEAcHau] 53 P| 33 as | 118° 11 | Sacimaw, micn| 8 D6 E 43°zs'| 8y 56’
ALBANY N.Y. | 1SS E| 4239 | T3 45 | DAYTONA&ACH | B 24 E1 29 13 | 81 Ol | LORA/A, oo | B 2D E| 41 28| B2 10 | SCHFNECTADY |7 56 E| 4249 T3 56
ALBYQUERQUE | B 01 Ml 3S OS5 | 106 3D | DECATUR, 1e- | 7 86 C| 39 5! | BO5T | LOSANGELES cm) ™ 53 9| 36 03 LI 14 | ST JOSEPH, mo.| B 19 ¢| 3D 461 94 51
ALLENTDWN, 9. 8 02 €] GO36 | 15 2B | PENVER, coc. | B OO M| 39 45 | 104 59 | LOUSWILLE kv, |1 43¢ | 36 15 | 85 46 ST LOUIS, mo. | B Ol C| 3838 90 12
ALTOONA,PA. | B 1% El QO3 | 18 24 | DES MONES,1own. 8 |14 | 4t 35 | 93T | LOWELL mars, | T 4SE| 4238 | T1 (9 | 7. PAuL) amunw| 8 12 C 4451i 93 06
- AMAR/LLO, TEX.| B 4TC] 3512 | IO 50 | DETRO/T, mrch- | B3R E| 42 20| B3 03 | LUBBOCK, 76x. | & 4TC| 33 35 | 101 5y | ST re7eRs8uRs| 8 3| B[ 27 46! 8238
AWNARBOR mxcn| 8BS €| 4217 | 8345 | pop6E Cr77, xam. | T 40mi 3T 45 (100 O | Macow, ca. |B IS E| 32 50| 83238 sz iAke crry| 828m A0«45]11t 53
ASHEVILLE, Nc.| B 3QE| 35 36| 8233 | DULUTH, mism. | BOBC! 46 4T | 92 06 | MADISON,wis. | T 5BC: 43 04| 8923 | SANANTONIO, 7ex| 8 34C| 29 26| 98 29
ASHIAND, &Y. T3l ¢l 3829 | B238] DURHAM, me. | B IS Ei 36 O | 78 54 | MANCHESTER wn| T 46E. 42.59 | 71 28 | SAN B6RNAROWD T 45P| 34 O ; (17 (]
ATLANTA, GA. | BIBE| 33 45 | 8224 | £L PASo, 7Ex. | 9 OB C;: 3| 46 |06 29 | MARION, owio | B 3DE| 40 35 | 8310 | SANDIEGO, car.| 7 49P| 32437 0%
ATLRNTICC/TY, W 1 SBE| 39 22| 14 X | £L1ZABETH, v | T BT E| G040 | 7413 | MEMPHIS, Ténn| 8 OOC| 35 09 | QOOB | SANFARANCISCO | B 1O P| 3T 41 112225
AUGUSTA, c4. | B2BE| 33 28| 8i 58| £R/E, 4. B20E| 42 07| 8005 | miAamy, F2a. | B2 E| 25 4T | &OIL | 5ANJ0SE, ch. | 8 OBP| 37 20| 12( 53
AUCUSTA, mE. | T IDE| 4419 | 6D 46 | £UGENE, 0RE. | 812 P| 4403 | I123 06 | MIUAUKEE wss.| T S2.¢° 43 O% 3154 SANTA B4REBARA| 1 BOP| 24 25 u9§
AUST/N, TEX. | &3 €| 3016 | 97 45 | EVANSVILLE mo| 7 50C| 31 58 | 81394 | MINNEAPOLIS | 813 C 4455 | Q316 | SanTA FE nrm.| BOAM; 35 4l | 105

ALTIMORE, mMo.| BYOGE| 39 I | 16 IT | FALLRVER masc| 145 E| 41 42| Tl 09 | MOBILE, aca. | T52C 3042 | B8BO3{ SAVANNAH Ga. | B 24E! 32 0S| 8] 06
BANGOR, me. | TISE| 44 48| 6846 | FARGO, no. | B¢ 46 53| 9641 | MOLINE, 1ce. | & 02CT 41 31 | QO3 | SCRANTON, 2. | & O3E | 41 25| 1540
BARRINCTON, M., | ©OQE| 39 521 T5 OU| FLINT, mecn, | &ISE: 43 Ol | 8342 | MONTEOMER aal T A5C 2L 23 | 8619 | SEATTLE, vsw. | 8 Q9P| 47 31| 12220
BATON ROUGE, 18| 8 OT¢| BOZT | 9 Il | FORTWAYNE WD) T4 C 41 04| 85 08 | MONTPELIERvr. |1 S50€; 4416 | TLAS | SHREVEPORT, 14.| 8 \EC | 32 31 | 9345
BATTLE CREEK M| 8 41 E| 421D | B5 || | FORT wWaRTA,7Ex| B 29 C| 32 45| 91 20 | MUNCIE, 1x0. | T 42C' A0 | | 8523 | SIouX CiTY,mwa| B26¢c| 42 30| 9625
BAYCITY, micH.| B IS E| AR36 | §3 53 | FREsN, cac. | 1 59 P| 36 A4 | (19 &1 [ NASHVILE, remn.| T 410 D510 | 8647 | Sroux FALLsso| B 21c| 43 33| 96 44
BEAUMONT, TEr.| 816 €| 30 05| 94 06 | GAOSOEN, Aca. | 1 44¢C! 34 01 | 86 0l | NEWARK, ns. T 5TE| 4044 | 14 1O | SOMERVILE mass] T G4E} 42.23] | 06
BELUNGHAM, sk & 10 P| Q84S | 12229 | GALVESTON, Tev.| B 15 C| 29 1B | 94 48 | NEWBLORORDmase T 44E| 4] 3B | 1056 | SouzaBens, o) T 45C! 4 41 | 8615
BERKELEY cpr.| B OB P| 37 52 | 12216 | CARY, ~o. T149c| 4l 36| 8712 | NewBRiTAN conn; T B E| 41 40| T247 SMRTANBURS, sc. B 2BE| 2457 BI 56
BETHLEREM, PA. | & OLE| 40 31 | T5 23 | GRANORAPIISmcn] B A3 E| 42 5B 8540 | New HAVEN.comi T S2E| At 18 | T2 56 | SPOKANE, wasx.| 7 50P| 47 40| t17 26
BHULNGS, monT.| B |4 M| 45 4T | 10830 | GREEHBAY, wns. | T 52C| 44 Bl | BBO! | New ORLEANS, ca.| & OOC| 20 571 9004| SPRINGFIELD, it 1 5S¢ | 3D 48| BS 39
BNHAMPTON Ny, B OAE| 4206 | 15 85 | GREENSBORG ~e| B 19 E| 36 04| 19 &1 | NEw YORK, #Y. | 56 E| 4045 | 1400 | SPeincEIELOMa8 1 B5OE 06| 1236
BIRMINCHAM aea| T ET1C| 3B 21 | B6 D | GREEnvILE Sc. | BI0E| 34 51 | BL2 | NAGARA FALLs | B 6 E| 4306 | T9 O3] SPRINGFIELOme] 813 ¢| 3T 13| 93 |8
BISMARCK, /0| B43C| 46 48 | 100 4T | GULFPORT, mss.| T 56 €, 30 22| 85 06 | NORFOLK, va. | B OSE| 36 51 | 16 (1 | SPRiNGFIELDono| B 35 E| 3D 56| 8348
BOISE, 10AR0 | 8 4SM| 43 3T (116 1L | HamiiTon, owe | BIBE" 39 24| 8433 | O4kcans,cac. | BOOP| 31 481 12216 | STAMFORD conn) T SAE| 41 03! T3 32
BOSTON, MASS. | T 44&| 4221 | T O3 | HARRKSGURG, 7. | BOBE. 4Q 16 | 16 53 | OGOEN, urax | B28M| 4| 14 [ 11| 5B | STEUBENVILLE 0| B 22E 221 8037
BRIDGEPORT corm| TV SBE| 4L LI | T3 I | HaRTFORGcomre| 1 51 & Al Q46| T2 4| | OkiAkomacry| & 30C| 35281 91 3} | $70ck70M,cat| B 067| 31 6124 N
BROCH fmase | 3 QAR 42 05| | Ol | HELENA, monr, | 8 28 M 361112 Q2| OMAHA, e, | B29¢| Q) 16 | O5 56 | SUPERIORwis.| 8 08¢ 43! 92 06
BROWASVILE 7ex. | B3O CL 2554 | ) 30 | HOLYOKE, mass, | 1 SOE| AL 1| 12 3] | ORLANDO, Fra. | 8 AOE| 2833 8| 23 | SYRACUSE, vy, | B OSE| 4303 76 09
BUFFALO, ~.. SISE| 4253 | 1852 | HousTon,7ex. | 821 ¢| 29 45| 95 22 | Paducan, xy. | T 54¢C| X105 | 886 | TACOMA, wasn.| 8 (O P| 47 IS5 112226
BURUNETON, vT. | T S3E| 4429 | T3 |3 | HUNTINGTON,w.ua.| & BOE| 38 25 | 8L 27 | PASADENA cae. | T SBP| 3409 | I8 09| TAMPA, 7eA. | B DOE| 27 ST] 8227
BUTTE, mowr. | 8 30M| 46 O1 |12 32 [ Inorwarorss | 7 45¢| 39 45| 86 10 | pParersom,ws. | TETEL Q0 55 | 19 OF | TERRE HAWEme] T 50C| 3D 281 87 24
CAMBRIDGE, mass.| T 44 E| 42.22 [ O6 | rowacrry, owa'! 8 Q6C| 41 40| DI 22 | PENSACOA,7n. | T 49¢C| 3025 | 8] 13 | TOLEDO, 0hre | B DQE| 4] 3D, 8333
CAMOEN, #v. | 8 OOE| 3957 | 15 Q7| Jacksan, micn. | 8 3BE | 4215 | 8424 | PEORIA, 1e. |1 58C] 4042 | 89 36 | TOPEKA, xan. | B23¢| 39 03] 9540
CANTON, ont0 | 8 26 E| 40481 8l 23| JAckson,miss. | B OLC| D218 | QO || | PHILADELPH/A | B Ol E| 39 57| T5 05| TRENTON, ~v.| T 59E| 40 13 1446
CEOAR RAPIpS mwa| & OT C| 4| 58 | S 40 | vAcksonvies,~4| 8 27 E| 30 20| BI A0 | PHOLN/K, ariz. | B LBM 23 2T | 1IZ 04| TROY, ~.Y. 71 SSE| 4244 T34t
CHAMPAIEN, 1e.| T 5B C| QO OT | BHIS | JERSEY /7Y | T 56 E| Q0 A4 1404t P/1rsBURG, ra. | 8 20E|{ 4026 | 8O O0] TUCSON, sz, | 824m| 3213110 58
CHARLESTON, s-c. | & 2O El 3247 | T 56 | JOWNSTOUN, PA. | B 16 €| Q0 20} 18 55 | PrTTSHED,mass. |1 SREL QL2 | 13 |5 | TULSA, okea. | 824L| 36 05] 96 00
CHARLESToMwial B 21 E| 3821 | 8l KALAMAZ0O0, M| & A2 E| 42T | 8535 | PORT ARyR7ex) B 16C| 29 S3| 9356 [ UT/CA,vy. | B Ol E| 4306 15 14
CHARIOTIE ne. | 8 23E| 35 14 | 8O 5! | kansascrmy xan) 8 18 C1 39 07| 9436 | PORTLAND, me | T E| 4340 | 7015 [WACO, 7ex. | B29¢| 31 33: 9708
CHATTANOOLA Talc| 3503 8519 | kansaserrymo. | 8 18 ¢ 39 05 | 9435 | PORTIAND ore. | B 11 P| 45 3| | {2241 | WALLAwaces | 1 53P| 46 04|((8 20
CHEYENNE, wro.| 1 59 m| 4] 08 | I0AAT | KENOSHA,wis | T 52.¢| 4226 | 8150 | PORTSMOUT¥,va. | & OSE| 36 50| 16 18 | wAsuinGTon,0.c.| 8 0OBE T7 0!
CHICAGO, 1. | T 51 C| QI 52 . §138| AEYWEST, 7ea. | B 2T E| 24 24| 8| 48| PROVIDENCE, R.1. | 1 QG E| 4| 50| Tl 25 | WATERBURY,comm| | SLE| 4| 33| 73 03
CINCINNAT  onrol & BB E[ 39 06 B4 Dl | AWOXViLLE, 7Enn.i B 36 E - 35 58| BASS | PYEBLO, cor. | T 58M| 38 {6 | 104X | WATERLOO iows| B 00| 4230 | 9220
CLEVELAND, oxro | © 2T E| 41 30 . 81 42| LAFAYETE, 0. T 48C 4025 | 865%| BAC/INE, wis, |1 51 C| A2 4| 8147 | WHEELING,w.va| & 23| 40 O4| 8O 4L
COLORADO SPRINSS| 1 5O mi 38 50 | 10499 | LANCASTER, P41 B OSE. A0 02| T6 18 | RALLIGH, wc. | BISE| D5 47| 18 38| W/CHITA,xkAn.| B29¢| 31 42| GF 20
CoMB/a, mo, | B8O C| 38 51 | 92 20| LANSING, mucn.' 8 38 E! 4244 | BA3R| RFADNG, m. | 8 O4AE| QO 20| 15 56 | WICKTA AL 7ex| 8 33¢| 33 55| 98 29
CoUMBIA, S.c. | B4 ]| 3400 | 8l Ot LAREDD, TEX. | § 38 RENO, név. |1 89 P| 39 3| | 1949 | WiKES-BARRE ] B OGE| 4l 15 | 76 53
COLUMBYS, 6A. | BAQE| 3228 | 84 59| LAS VEGAS, mv.| T 41 P! RICHMOND, va. | 8 10 E! X1 32| TT W | wiumMineron,pbe| © OLE: 2945 | 1533
COLUMBUS, oxi0 | B3 E| 3D 58 | 83 00| LAWRENCEMAS.| 7| 4SE| 4242 | 7| 1O | ROANOKE, va. | B 20E| 31 16 | 79 57 | WNSTON-SALem | &2 Ei 36 06| BO IS5
CONCORD, Niw. | TA6E| 4312 | i 32| LEme7a x| 7 38 ¢| 38 03| 8430 | Racwes sk mme) 810 C| A40( , 9228 | WoReESTER, mass.; 1 47E; 42 16 | 7] 48
CORPUS CARISTY | 830c| 2148 | 9724 | L/MA, vivo | BIGE| 045 | 8406 | ROCHETER wr. | B 10E| 4210 | 17136 | YONKERS, nv.| I 56E| 4056 T3 54
DALLAS, TEx. alc| 32497 964948 L/Nc‘o/w,ﬂéa. 827 ¢| 404D | D642 | ROCAFORD, 1t |1 BOC| 42 16 | 8506 | YORK, PA. eowel 29 58| 71644
DAVENPORT, rowa| B O2 i 41 3l | QO35 | L/7706 Rockaex) 8 OB C| 3A 45| 9217 | Sackamenso | 806 P| 3835 | (21 20 VO{//‘VGS{an;omv 823k 4] 06] 8039

TABLE COMPILED FROM THE WORLD ALMANAC
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you must use local mean time, L.M,T, iscalcu-
lated by applying a correction equal to four min-
utes for each degree you are awayfrom the cen-
tral meridian of your time zone. If your location
is in the list of citiesin Table 1, you can deter-
mine your time correction by inspection since it
is simply the amount by which the time given dif~
fers from 8:00, However, it is nearly aseasy to
calculate your correction, Fig, 5. The time cor-
rection is used in converting your standardtime
to mean time or vice versa, Rulesfordoing this
are given below.

GREENWICH MEAN TIME, G.M.T, is the mean
solar time at Greenwich, England, located onthe
zero meridian, which is the central meridian of
Zone 0. From the description already given, it
will be apparent that Greenwichmeantimeisal-
so the Standard or Zone time for all of Zone 0.

UNIVERSAL TIME, Universaltime is exactly the
same time as Greenwich meantime, thatis, it is
just another name for the same thing. The desig-
nation U, T, is popular in astronomy, while navi-
gators prefer G.M, T,

DAYLIGHT TIME. Thisis called advanced or fast
time, daylight~saving time or Summertime, If
your standard summer clock time is Daylight
time, you must deduct 1 hr,to get regular Stand-
ard time, and then take it from there for any
needed conversion,

TIME CONVERSIONS, If youdabble in astronomy
or use a telescope, you will have to convert one
kind of time to another kind of time. The simple
formulas for doing this are given at the bottom
of this and other pages., Although the formulas
are easy in an arithmetical sense, ittakes some
study to understand the how-and-why of time con-
versions,

If a football game on the Pacific coast starts

TIME CONVERSIONS

MEAN 70 STANDARD and STANDARD 70 MEAN

at 2:30 Pacific standard time, what is the time at
Cleveland, Ohio? Technically, a problem of this
kind is covered by the general rule: Standard tim ~
varies the same amount as the difference between
zone numbers, the place to the east having the
greater time. No doubt you are stilllost because
yeu don't know that California is Zone 8 and
Cleveland Zone 5. But with this information
known, you can apply the rule already stated--
the difference between zone numbersis 3 (hours)
and the place to the east has the greater time,
The time in Cleveland is 5:30, At London, zone
0, it is 10:30 p.m. at the same instant,

The conversion of Greenwich mean time to
local mean time or vice versa requires the use
of your longitude in time instead of your zone
number. The general rule for making this conver-
sion has a familiar ring: The difference in time
between two places is the same as their differ-
ence in longitude, the more easterly place having
the greater time. This isthe general rule for any
kind of time, This same rule governs local mean
time within any time zone. If youare west of the
central meridian, it means the centralmeridian
is the more easterly place and has the greater
time. How much greater is exactly the same as
the difference in longitude.

TIME OF POSITION. All sky objects have some
movement of their own, but over a period of
several hours, even the near and fast-moving
moon practically stands still in relation to the
rotation of the earth. Fig, 7 shows planet Saturn
on the meridianat Greenwich, 10:00p,m., G.M. T,
In the space of a single night the planet is pract-
ically stationary. The only movement that mat-
ters is the rotation of the earth, If you live on or
near the central meridian of time zone No, 5, it
will take 5 hours for the earth to rotate enough
to put your position direcﬂy under the stationary
planet, It will then be 10:00p,m, local mean time
at your location, the same transit time as at
Greenwich, The pointto rememberis: If atransit

AKRON , Ohio
TIME CORRECTION = 25 MIN.
IME CLOCK TIME 1S 1,00

£ E.5T

IF YOU ARE WEST OF T/IME ZONE MERIDIAN Pzz'

STANDARG = LOCALMEAN TIME = T:00 ~ 26" = 6134 L. M.T.
70 MEAN | L.M.T. = STANDARD TIME MINUS TIME CORRECTION
EONASs | STANDARD TIME = LOCAL MEAN TIME PLUS TIME CORRECTION | STANDARDTIME = 6:34 + 26™ =7:00 a.m, E.S.T.

LOS ANGELES, Calif.
&a.n\b& TIME CORRECTION = 7 min.
‘ LOCK TIME 1S 4 XA

/F YOU ARE EAST OF TIME ZONE MERIDIAN

ST | L.M.T. = STANDARD TIME PLUS TIME CORRECTION LOCAL MEANTIME = 4:00 + 1M = 4:07 L.MT
BENSASs | STANDARD TIME = LOCAL MEAN TIME AUNUS TIME CORRECTION | STANDARD TIME = 4:07 — 7M™ = 4:004.m, P.S.T.
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time of any sky object is given in Greenwich
mean time, this 'time of position" will be just
the same at your location.

APPLICATIONS OF TIME, Some astronomical
events are time-at-the-same-instant, Thisisnot
concerned with the position of the outer space
object, but with something that happens on or to
the object itself, Phenomena of this type include
eclipses of the sun and moon, configuration of
Jupiter's satellites, minima of a variable star,
maxima of a meteor shower, and others of simi-
lar nature, If the time of such event is G,M.T,,
vou deduct your zone numberto gettime-at-the-
same-instant at your location,

Star maps for use at a certain hour always
mean local mean time, If the mapisfor 9 o'clock,
it means 9 o'clock L.M,T,, and youmust convert
9 o'clock L.M.T. to standard time.

A rotating star map (planisphere) presents
somewhat the same problem--but exactly oppo-
site. The clock dial on the planisphere is local
mean time. You could change all the numbers,
and in doing this you would be converting mean-
to-gstandard. However, the usual circumstance of
using a star dialisthat youlookat your standard
clock and note that it is a certain standard time,
You then convert this to local mean time, which
is then used for direct setting of the clock dial.

SIDEREAL OR STAR TIME

SIDEREAL TIME is based on one rotation of the
earth in relation to any star., This is a sidereal
day, Like solar time, the sidereal day isdivided
into 24 hours, but the day itself is about 4 minutes
shorter, A simple explanation of the difference is

TIME CONVERSIONS

7O GREENWICH and BACK ... TIME AT THE SAME INSTANT

SATURN MOVES ABOUT 2miN. OF ARC PER DAY, WHICH IS ABOUT

2 SEC. OF TIME IN 5 HRS...... /7 /S P, woN,
AT A e
SATURN AL e, CELESTIAL f.,-zrrf’@%«m
o] a'/ SPHERE .+ Lé, Yoy
o2 mepioEN *e ’»« ",/ M
v AT GREENWICH < 5 (E)
d. | voue ~'{ W mxa;ﬂer \
5 Greenwc &E;ZW i Ri&v«//w
Et - w E‘l b
EARTH T SEA AR 5"'UITER
‘ . . .
6.M.T, Your Time M.T, Your Time
10s OObm 5:00p.m. 3 00 a.m. IO 00 p.m.

T TRANSIT IS SAME TIME —
(T) TIME-OF-POSITION 1S ALWAYS LOCAL MEAN TIME

shown in Fig, 10,

Some particular point in the skyisneededas a
zero index mark for O0-hour sidereal time, For
this, astronomers have selectedthe vernal equi-
nox rather than a star, Fig, 8. However, the
eastern edge of the great square in Pegasus is
in line with the vernal equinox and supplies a
convenient visual guide--whenever you see Peg-
asus on your meridian, it is about O-hour si-
dereal time.

A clock keeping sidereal time will run about
four minutes fast per dayascomparedtoa solar
clock., More exactly, the daily difference is3.94
minutes. On about Sept, 23 of each year, the sun
crosses the equator going south, the crossover
point being the autumnal equinox. When the
autumnal equinoxis coincident with the sun, solar
and sidereal clocks will agree, Fig,12, The si-
dereal clock starts to gain immediately, andthe
4-min. daily difference soon makes the sidereal
clock hopelessly at odds with solar time. The

(e
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SIDEREAL TIME AT O" GREENWICH MEAN TIME (G.M.T.)
DAY | JAN. | FEB. [MARCH |APRIL | MAY | JUNE |JuLY | AuG. SEPT.| OCT. | NoV. | DEC. | DAY
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22 1804 (1007 |11 571359 (1557 {1800 (1958 (2200 | 002| 201 | & 032 601 |22
23 808 |1010 {201 (1403|160 1804|2002 |22 04| O 06 205|407 {605 |23
24 1812 |1014 | 1205 14071 |1605|1808[2006 (2208 010|200 |4 11 |6 09 24
25 816 1018 (12091411 (1609|1811 2010 (2212 ] 014 |2 12 |4 15 6 13 |25
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time difference allowsthe starstoadvance west-
ward for 4 min. before the solar day is com-
pleted, and this small advance repeated night
after night gives us a constantly changing parade
of stars,

CONVERTING SIDEREAL TIME, The usual
method of doing this is to consult a table
which gives the sidereal time at midnight for
each day. If, to this tabulated value, you add
the number of hours and minutes you are past
midnight, you will get the approximate sidereal
time at your location,

The complete formula to convert local mean
time to sidereal time is given at the bottom of
Table 2. The table itself gives the sidereal
time for each day when it is O-hour (midnight)
at Greenwich. It should be noted that O-hour
(midnight} is a "station'' in time, the same as
12-hour (noon)isa stationintime, Your noon will
occur later thannoonat Greenwich, but whenit is
noon at your location it is noon, 12 o'clock, and
the sun is on the meridian. If your location is 5
hours west of Greenwich, midnight at your loca-
tion will occur 5 hours after midnight at Green~
which, But when it comes midnight at your loca-
tion, the sidereal equivalent of midnight will be
the same as at Greenwich.

In brief, sidereal time at Greenwich is the
same sidereal time at your location. However,
you have a modest correction to make. In
practically all cases you will want the sidereal
lime at some time past midnight. So, to the
tabulated time, you must add the hours past
midnight, During this interval, the sidereal
clock gains on the solar clock at the stated
rate of about 4 minutes per day, or 10 seconds
per hour. This correction must be added. Also,
the tabulated sidereal time at midnight at your
location will occur 5 hours (in Zone 5) later,
and this means another 50 seconds added. The
formula in Table 2 covers everything,
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VARIOUS methods are usedin locating sky objects
with a telescope, ranging from coarse naked-eye
sighting to precise pin-pointing withthe use of set-
ting circles, All methods require a good mount--
it must not vibrate unduly, it must "stay put" at
any position and it must work smoothly on both
axes. Other requirements are a planisphere and a
star atlas. The planisphere is used to determine
the generalaspect of the sky; the atlas then supplies
the detail maps. Don't expect to find sky objects
by random sweeping--you must know exactly what
you are looking for and how to get there.

STAR HOPPING. This is the finding method most
used by beginners. The idea is that you hop from
a bright star you know to another star you know,
etc., and in this way reach your target, which may
be invisible to the naked eye. An important part of
this technique is careful plotting of the course on a
star atlas. Make a "field plotter' of clear plastic
as shown in drawing, scaled to the degree marks
which you will find at the edge of all atlas maps.
If you don't know the field of your finder, find it by
the method shown in boxed drawing below,

Now, let's plotthe route to a typical telescope
object, such as M 1t., Altair will be your pilot
star or starting point. Note in drawing that a 6-
degree finder field will take in the two guard stars,
which will make identification positive when you
locate Altair in the sky. Move the field plotter,
keeping Altair in field but stretching out to another
star along the route. This will be Mu, as shown.
Keeping Mu in the field, you can reach Delta.
From Delta to Lambda you will have a little bit of
blind hop, but it will not be hard to pick up the
curved string of stars ending at the top of Scutum
(SKYOU-tum), the Shield. Below Eta and Beta in
Scutum you will find three faint stars, and about
half degree east and south is M 11.

Note thatthe general directionof your route is
west and south, The drawing shows the stars as
they appear in a naked-eye view facing south. If
your finderis the usual inverting type, all this will
be upside down. Hence, turn the drawing (or atlas)
upside down and it will then agree with the view you
will see later in the eyepiece of the finder. Mem-
orize each step of the route; call out each star by
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name. Careful attention to the atlas ploiting will
make the actual finding of M 11 a fairly simple
matter. It will show as a misty patch of light in
the finder, while the telescope will resolve it into
a myriad of tiny sparklers.

RIGHT ANGLE SWEEP. With an equatorial mount
there are just two possible movements: (1) Any
movement on the declination axis will follow a
meridian, (2) any polar axis movement describes a
circle around the pole. These movements are at
right angles and correspond to the grid of lines
shown on all atlas maps. In making a right angle
sweep you first locate a pilot star and from this
step off the required number of degrees in two sep-
arate movements, measuring the distance by the
7ield of a low-power eyepiece. The finder is not
used.

M 39 is shown as a target object, with Deneb
the pilot star. You will need a little cardboard
scale, marked to atlas scale. This serves to
measure angular distances in both declination and
right ascension. The scaling is not exact on most

RIGHT ANGLE SWEEP ~ DENEB 7O M 39

FULAK AXIS>
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ON DEC. N
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X Jongh 10— ~leLe
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maps, especially for the crosswise R. A. distance,
but is accurate enough for the purpose. As shown
in the drawing, M 38 is 3 degrees north of Deneb
and 8-1/2 degrees east. A low-power eyepiece
with a field of about 1-1/6 degrees (the average)
is convenient for stepping off the distance, the
slightly larger field eliminating the need of mea-
‘suring exactly to the edge of eyepiece field.

Make the declination sweep first, You will be
able to sce many faint stars not shown on the atlas
and these serve as spacing guides--you pick up
any star at one side of the field and then move the
telescope to put it at the opposite side--that's one
field or 1 degree. After completing the declination
step, lock the declination shaft. Step off 8-1/2
fields to the east, moving only on the polar axis.
This should bring you to M 39. If not in the field,
sweep cautiously in the immediate area--M 39 is
just a bright splash of stars and is not outstanding
against the rich background of the Milky Way.

In any right-angle sweep, it will be apparent
vouhave a choice of two routes. Sometimes a con-
venient bright star will simplify the whole operation,

THE GREEK ALPHABET
A a ALPHA AL-fuh I . 10TA L-OH-tuh P 5 RHO Row (vour soar)
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as, with M 39, the alternate route shown has a
turning point at Rho, eliminating the need of mea-
suring the angular distance. While in the Cygnus
area, stars Deneb and Delta provide a convenient
check for the alignment of your mounting to the
pole--you should be able to sweep from one star to
the other with polar axis movement only. The scp-
aration of 10 degrees can be used to check atlas
scale and also your own ability to step off the dis-
tance with eyepiece field.

SWEEPING IN SAGITTARIUS. The Sagittarius -
Scorpius region was Messier's favorife hunting
ground and more than a quarter of his popular list
can be found in this richly-spangled area of the
sky. Sagittarius is especially good for measured
right-angle sweeps, using reddish, third magnitude
Lambda as a pilot star, as shown in map above, A
little triangle of stars directly under Lambda will
make identification positive. If you put Lambda at
the edge of 2 low-power fieldyou can pick up a faint
glow at the opposite edge of field. This is the glob-
ular cluster, M 28, of seventh magnitude. A
brighter globular is M 22, which tops the famous
M 13 cluster in size and is very nearly as bright.

32
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If you move 1 degree north from Lambda in decli-
nation and thensweep to the west in R. A. , you will
not fail to pick up M 8, the popular Lagoon nehbula,
Itis unfortunate this splendid object must be viewed
under the luminous skies o f sum mer, since eventhis
small amount of light destroys the nebulosity which
forms the lagoon, leaving only a fair star cluster.
View this on a really dark night about midnight and
you willunderstand how it got its name--it does in-
deed resemble a misty lake dotted about with lights.

There are many fine open clusters in Sagitia-
rius, all easily locatedwith measured sweeps from
Lambda. M 25 and M 23 are popular low-power
fields; M 24 packs about fifty starsin a tiny 4-min-
ute fieldandneeds a 3 {o €-inchobjective and medi-
um power for good resolution although the bright
glow of about fifth magnitude is casily scen with
smallest telescope or binoculars. Sagittarius of-
fers a good test sweep from Zeta to Delta of near-
ly an exact nine degrees separation and on nearly
the same parallel of declination. Zeta is a fine
double {mags. 3.4 and 3.6) but the separation of
less than 1 second puts it beyond the range of
portable telescopes. '
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FINDING M 10 - WITH DECLINATION SET BY

CIRCLE, IT IS EASY TO SWEEP IN R.A.TO OBJECT

SETTING CIRCLES. The scientific way tofind sky
objects is to use setting circles. One circle of the
pair is used to setthe declination of the object while
the other sets off hour angle as determined from
right ascension and sidereal time. The hour cir-
cle is a bit complicated to use but the declination
circle is easy; many beginners find the declination
circle alone a big help. A typical setup is shown
in the drawing above where a 7-1/2 inch declination
circle is used on an Edmund light-duty mount hav-
ing 5/8 inch shafts. The 3/8 inch floor flange
shown is bored out on lathe or drill press for a neat
turning fit on the shaft. In this particular size
combination, the thread is not entirely removed
from the flange but provides enoughof a flatfor the
purpose. Suitable flanges for other sizes of shafts
are listed in the table. If the mounted circle is
sandwiched between leather washers, it will have
enough friction to "stay put", yet at the same time
it can be slip-turned by hand.

In use, the declination circle is adjusted by
pointing the telescope atany convenient bright star
of known declination. In summer skies, a good
star for this purpose is Antares at 260 19! South.
Center Antares exactly in the field. Then, lock
both shafts to make sure the telescope will not
move, and slip-turn the circle to read 26-1/3 de-
grees, as shown in small drawing.

Now, with this local adjustment in declination,
any object in the area can be set off directly in
declination. Suppose you want to find M 10, with
declination of 4 degrees South. Simply move the
telescope until the pointer reads 4 degrees. Then,
with declination set and locked, all you have to do
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is sweep in R.A. until you reach M 10. Other ob-
jects in the vicinity can be set off directly. No
change in the adjustment need be made unless (1)
you switch from one side of the tripod to the other,
(2) you move into another area a considerable dis-
tance away. By working in this manner, you cor-
rect your declination for a star in the immediate
vicinity, thereby minimizing position errors. You
can use this system perfectly with any portable
with only a very rough setting to the pole position.

STAR ATLASES. Whilethe few maps shownenable
you to find a few objects, itis plain youneed a star
atlas to locate objects in other parts of the sky.
Among atlases, Norton's Atlas and Telescope Hand-
book is a long-time favorite and is thoroughly good.
Becvar's Atlas of the Heavens is also excellent; it
consists of unbound charts, available in two sizes,
the smaller field edition {12 by 18 inches) being the
best for outdoor use. Webb's Atlas of the Stars is
detailed to magnitude 9 and is a useful supple-
ment but less useful as a first atlas. Norton and
Webb list sky objects.
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SETTING CIRCLES are fun to use and lend to
your star-gazing a certain amount of scientific
magic, Even in the daytime sky, with familiar
skymarks lost in a field of blue, youcan pick up
bright stars and planets by simply dialing the
proper numbers in right ascension and de-
clination,

Setting circles are made in numerous patterns
and various diameters, The size range is about 3
inches to 8 inches diameter for portable teles-
copes, the 6-inch size being a comfortable med-
ium, Two circles make a set, one fordeclination
being marked in degrees, while the other for right
ascension is marked in hours and minutes, The
circle measuring R.A, is known generallyasthe
"hour circle." The main scale onan hourcircle,
Fig, 1, is the continuous 24-hour scale, whichis
comparable to a 24-hour clock dial, This is the
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only scale actually needed. A second scale with
24 divisions marked 0-6-0-6 will be found on
many hour circles., This measures hour angle
only and can't be used for direct indexing. Some
hour circles include an S.H.A, (Sidereal Hour
Angle) scale, which is degrees of arc, This sys-
tem of sky addresses is explained in another
Edmund book, "Time In Astronomy.'

FOUR ARRANGEMENTS, There are onlyfour
possible arrangements of a 24-hour hour circle,
It will be immediately apparent the number seq-
uence can be clockwise, or it can be counter-
clockwise, The other variable is that the index
can be either fixed or moving, A study of the dia~-
grams, Fig, 2, will show that arrangement D ig
the only completely satisfactory system fordir-
ect indexing, Arrangement A would work, but the
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numbers on the hour circle would not match the
imaginary clock in the sky. The other two syst-
ems do not work at all--they simply donot index
or point the telescope the right way. However,
even these arrangements can be used to set off an
hour angle,

The proper arrangement fordirect indexingin
R.A, is D, Fig, 2. As can be seen, this requires
a counter clockwise sequence of hour numbers.
The index moves--which means the circle itself
is fixed. A "fixed" circle means onlythatit does
not partake of the turning movement of the teles-

THE 4 POSSIBLE WAYS TO USE A
249-HOUR HOUR CIRCLE
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cope, The fixed hour circle has movement inthat
it can be slip-turned as desired. If a clock drive
is used, the fixed hour circle is attached to the
worm gear to partake of the clock movement, but
it is still a "fixed'" circle inthatit does not turn
when the telescope isturned, The clock motorit-
self should have counterclockwise rotation when
viewed from the end of the clock shaft--this will
drive the telescope in the required westerlydir-
ection,

INSTALLATION OF CIRCLES. Direct indexing
35
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requires a double-~ended index in order to read
at either of the two common positions of the tel-
escope, i.e., east or west of pedestal, The index
is attached to the polar shaft or shaft collar, or
to any moving part of the polar shaft, The hour
circle is attached to either upperorlower end of
the polar shaft housing, Fig, 3, It mustallow slip-
turning, and the commonest way to obtain this
feature is with a set screw, Fig, 4, Some setting
circles are supplied with a mounting hub or collar
but most are just flat disks and youhave to pro-
vide the slip-turn mounting yourself, The same
gituation applies to the index,

The declination circle can be used either fixed
or moving, A moving circle meansa fixed index,
and, other things being equal, the fixed index is
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preferable because it calls for just one pointer
which is always at the same fixed location, If a
fixed circle is used, as in Fig, 6, it is best to
have an index on both sides of the cradle to per-
mit comfortable viewing at all positions of the
telescope,

If youhave a clockdrive, the hour circle should
be mounted as part of the clock. This means it
must be attached to the worm gear or to some
part of the drive that partakes of the clock move-
ment, A small-diameter circle can be attached
directly to the worm gear, but a larger circle
will require a position somewhat apart fromthe
worm gear to gain clearance, The usualinstall-
ation is with a mounting collar or hub, Fig, 6
which is supplied with some units.

With or without clock, the moving index hasa
permanent position. To obtain this, you set the
declination shaft level, Fig, 5, and then turn the
index to stand vertical, pointing tothe meridian,
So adjusted, the moving index will "point" the
same way as the telescope itself, The same ad-
justment is made with clock drive, Fig, 6.

DIRECT INDEXING, Like it sounds, direct in-
dexing means that you index directly to the R.A,
and declination of the sky object you wantto find,
Direct indexing is always used for setting the
declination, but direct indexing in R.A, is poss-
ible only if you have the proper kind of hour
circle properly installed, as already described,
The whole procedure of direct indexing in R,A,
is shown in Figs,. 7 to 10 inclusive, In the first
operation, Fig. 8, you obtain sidereal time in-
directly by pointing the telescope ata star whose
R.A, is known to you, The second operation, Fig,
9, matches the hour circle to the sky clock,
With this adjustment made, you can then index
directly to any object in the sky, Errors in set-
ting the telescope to the pole position can be
minimized if you use a pilot star near your in-
tended target to set the hour circle.

.



HOURS OF R.A.ON "‘.SIDEREAL TIME

IMAGINARY - ({1 15 /0 QLLock
sevelotke—ay M0 9 SRy er

LIKE THE TEL-
ESCOPE. THIS

EAST e WEST

fHE HOUR CIRCLE 1S IN ANY CHANCE
POSITION., THE MOVING INDEX POINTS

IN SAME DIRECTION AS TELESCOPE,
THE INDEX SETTING /S A PERVANENT

AOUUSTMENT... SEE OPPOSITE PAGE

*
aeidar \

STAR AT
RA [(h30m

¢ 54.1 P-TURN THE HOUR CIRCLE TO
PUT R.A.OF PILOT STAR (I1"30™)

IN LINE WITH THE INDEX.
NOTE THE HOUR CIRCLE Now
MATCHES THE SKY CLOCK

INDEXING BY HOUR ANGLE, In this familiar
method of star-finding, the R.A, of the star is
subtracted from sidereal time at the moment,
The result isthe hour angle of the star from your
meridian, The most convenient scale for sefting
off an hour angle is the 0-6~0-6 scale, with one
of the zero marks set to the meridian, This meth-
od is cumbersome and time-consuming~-youuse
it when you have to, but otherwise youare miles
ahead with direct indexing,

DIRECT INDEXING WITHOUT A CLOCK, Al-

DIRECT INDEXING IN R.A

EAST WesT
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BRIGHT STAR WHOSE R.A. (s
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CAN CONTINUE DIRECT INDEXING TO
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though direct indexing works best with a clock,
it can be used without a clock by frequently re-
setting the hour circle to any convenient pilot
star. Working withcut a clock drive, the stars
will drift to the west at the rate of 1 degree in
4 minutes time, This means that after settingto
the R.A. of the target by direct indexing, you
must make a small additional westerly move-
ment in R.A,, equal to the elapsed time since
vou set the hour circle, Witha little practice, vou
can get good results withthis method by resetting
the hour circle at intervals of about 15 minutes.
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THE BEGINNER should put in an hour or so of
practice on land objects. Even though the image is
upside down, you will gain valuable experience in
setting up the telescope, focusing the eyepiece and
other basic operations, all of which must be learned
by actual practice. Then, in the night sky, the best
starting sky is at dusk. This also of course is the
only time you can see Mercury or Venus as evening
stars.

EYES MUST BE DARK-ADAPTED. Ittakes at least
ten minutes to dark-adapt your eyes and slight im-
provement can be noted up to half-an-hour. If the
weather outdoors is a bit chilly, you can get your
night eyes more comfortably by staying indoors with
your eyes closed or in a dark room. Meanwhile, you
have already setup the telescope and ittoo is under-
going a slight change in adapting to the weather. If
you want to look at maps or notes outdoors, use a
lamp or flashlight covered with red or brown paper
or a red filter.

EYE POSITION. Your eye mustnottouch the eyepiece
but at the same time it must be centered on the em-
ergent light beam. This is impossible to do when
your eyes are not dark-adapted. After you get your
night eyes, you will note that the sky as seen in the
telescope is not really black but a rather bright,
luminous gray. Given this target, your eye will
automatically center on the eyepiece. Obviously, a
low-power eyepiece is easier to use because it has
a bigger exit pupil. If desired, you can cup your
hand around the eyepiece to serve as a guide until
you get your eye ceniered on the light beam.

A second feature of proper eye position is that
your eye must be at or near the exit pupil point. If
youaretooclose, you will get a hit-and-miss shadow
effect; if too far, you will lose valuable area in the
field-of-view. High-power eyepieces always require
a closer eye position than low-power.

If possible, try to master the trick of keeping
both eyes open since this is much less tiring than
the usual one-eye squint, Two-eye viewing is easy
on daytime objects or any bright night object, such
as the moon. For other night targets where the em-
ergent beam is of low luminosity, your only chance
of staying "on target" is the one-eye squint. How-
ever, practice with two eyes open wheneveryou can.

IF YOU WEAR GLASSES. Take them off if you are
far sighted. Your unaided eyes will then see distant
objects clearly, while the removalof the glasses will
let you crowd the eyepiece when necessary. Myopes
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have a different problem: if you remove your glasses
you lose your eyes for distant objects. The best
practical solution hereis to keep yourglasses on and
use only eyepieces with long eye relief of 1/2 inch
or more. Note, however, that even with eyepieces
having short eye relief, a long eye position means
only that you lose field.

FOCUSING. There is no such thing as exact focus -
ing of a telescope. What happens is that the image
forms at a very precise and exact image plane, but
you can see the image at various settings of the eye-
piece because the eye can adjust for either long or
short focus. The best general practice is to focus
"long". This is done by extending the eyepiece a
little more than necessary and then focusing in just
enough to get a sharp image. The "long" focus
causes your eye to focus as for a distant cbject--
the most comfortable position. If you focus to the
maximum ''in" position which yet retains a sharp
image, the eye accommodates as for a close object.
This position gives slightly greater magnificationbu*
is somewhat more tiring. In actual practice, yo.
will use both the long and short focus since frequent
changes will allow you to see clearer without eye
fatigue. Also, as a matter of fact, objects low in
the sky require a slightly different focus then ob-
jects at the zenith; a bright object like the moon may
require different focusing than a dim nebula. Exact
focus on star objects is simply a matter of obtaining
the smallest possible star image.

Out-of-focus focusing is sometimes useful. For
example, if the finder telescope is set slightly out-
side focus, the star images will be big and easily
seen; you can even make fine crosshairs visible in
this manner. Colored doubles are sometimes seen
better slightly outside focus although too much of
this tends to dilute the colors rather than improve
them. If your eyepieces are notparfocal and you use
a series from low to high-power for finding and ob-
serving, it is sometimes practical to focus only the
high-power eyepieces. The others, if not too much
out-of-focus, will show large star images which
serve quite well for finding and tracking. If you want
to see something spectacular, off-focus a bright
star near the horizon and then tap the eyepiece tube
lightly with your finger--you will see a flaming pin-
wheel shooting off red and green sparks!

AVERTED VISION. On luminous objects, you cam
increase visual acuity by one or two magnitudes by
using averted vision. The idea is to get the target



Seemg s Poor...
DI$TURBANC& =

. N2
ﬁmd_g

... WHEN STARS TWINKLE LIKE
CRAZY (/R DISTURBANCE)

’/
<

4 e/9 o Eta (7)
/ewoﬁﬂglcor)\ E%ﬂ6.4-9 \ F3 /./0\
/
i~ o 4
,“9 ? 2.4 Theta (6)
MAGHITY . 5.3

.WHEN YOU CAN'T SEE 3% MAG,
STAQS SUCH AS MEGREZ.
(MML&QI; AS
£ROM CLOYDS, SMOG, FOG OR HAZE)

object in the center of the field, and then instead of
looking directly at it, direct your gaze a little to one
side. This technique is especially useful for star
clusters. The center of your eye sees the sharpest,
but the outer portion is more sensitive to light and
movement. Try lookingall around a faint object tode-
termine ifacertain part of your eyeis more sensitive.

VIBRATION OF MOUNT. At 50x or less, a sturdy
mount can be pushed around without disturbing the
image: you can do continuous tracking. At higher
powers and at all powers with light-duty mounts, it
is not practical to do this. Instead, you must hold
the scope as steady as possible, focus on the target,
~and thenget your hands off the mount and let it settle
down. A vibration period of 6 to 8 seconds is normal;
anything over 12 seconds indicates a poor mount.
When making the initial sight on the target, allow-
ance should be made for drift. Assuming a south
sky object, the object should be positioned at the
west side of the eyepiece. Then, you take your
hands off the mount, after which it will do its 7-
second shimmy and settle down, allowing one tofour
minutes of viewing time, during which periodthe ob-
ject will drift across the field to the east side of eye-
piece. The operation can be repeated as often as
desired, the telescope being moved around the
polar axis only.

GOOD SEEING. The star-gazer's ''seeing'’ depends
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on many things but specifically it is concerned with
the atmosphere or air. The main body of the earth's
atmosphere is about ten miles thick, straight up. At
45 degrees, it is about 15 miles thick, and the air
blanket increases to over 100 miles for stars near
the horizon. Obviously, the best seeing is at the
zenith where the air blanket is thin. The atmosphere
is constantly in motion--shifting, swirling, boiling
--and it is a rare night when you can use powers
over 350x regardless of the size or excellence of
your telescope. On the other hand, atmospheric
disturbances are seldom a problem at 50 to 100x.

You can get a first-handintroduction to air dis -
turbance by tryingto look through anopen window on
a chilly night. The warm indoor air will make a
violent rush to get outdoors and will make quite a
commotion around the telescope. Turbulence is es-
pecially bad with a reflector since the air flows
throagh the tube as well as around it. You don't
actually see the air pattern in the telescope, but vou
do see the image is wavering, wandering, shivering,
oversize and distorted--seeing is bad! Open-window
viewing is practical only when indoor and outdoor air
are about the same temperature. Even so, a power

of about 50x represents the maximum for this kind
of observing, It is interesting and instructive to
note the effect of atmosphere on a daytime object.
Use 100x or more and look along the eaves of a
house; you will be convinced that "seeing'' is more
than just a matter of good optics.

For an erect image with an astro
refractor you can use either apris-
matic orlens~iype erector, The lens
erector only can be used with a re-
flecting telescope because the re-
flector does not have the several
inches of
nceded for a prism. One way to see

erect with a reflector is by turning -
your back toe the object, as shown,

"in" focusing movement
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Observing -

the PLANETS

NINE PLANETS make up the solar system but only
Venus, Mars, Jupiter and Saturn rate asidealtele-
scope objects., Fig. 1 shows allofthebright planets
as they might appear in the sky, If you are good at
visualizing, try this: Face south, Turn the drawing
upside down and put a straightedge (ruler)connect-
ing earth and sun, This is your horizon--turn the
page as needed to make it level, Now, keeping the
imaginary horizon level, rotate the drawing slowly
in a clockwise direction, with the earth as pivot, You
will notice that little Mercury is seen briefly after
the sun sets; Jupiter and Saturn are prominent in
the night sky; Mars will rise in the east and Venus
will be seen as a morning star before the rotating
diagram shows the sun coming over the horizon,

THE INNER PLANETS, Mercury and Venus are
conveniently classified as inner planets because
they are inside the orbit of the earth, Both are in
the daytime sky every day of the year because
Mercury can never get more than 28 degrees or
two hours from the sun; Venus, three hours. In
the circular race around the sun, the planets are
now sbreast, now lagging behind or pulling ahead
in relation to the earth, Certain of these positions
or aspects are named and should be learned, Fig,
2 shows the aspects of an inner planet; the cycle
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ASPECTS AND PHASES OF AN INNER PLANET

follows the order of orbit travel, that is, from su-
perior conjunction to eastern elongation toinferior
conjunction to western elongation, Any angle east
or west of the sun is an elongation, You can see
from Fig. 4 that if the planet is east of the sun, it
will appear as an evening star after the sun has
set, Fig, 3.

Like the moon, the inner planets show varying
amounts of illuminated surface, Venus is most
brilliant at the crescent phase, being then nearly
six times larger in angular diameter than when at
superior conjunction, Mercury is brightest be-
tween greatest elongation and superior conjunction,
Nearer, larger and brighter, Venus far ouiclasses
Mercury as a telescope object, Thirty-six days
either way from new, she is at her brightest, a
glowing crescent outshining Sirius a dozen times
and of an apparent size when viewed at 40x equal
to the moon as seenwithnakedeye, Mercury should
be viewed at greatest elongation in order to obtain
a "high' sky position, Even so, he is hard to see,
being lost behind trees and rooftops surrounding
the average backyard telescope.

THE OUTER PLANETS, The aspects of an outer
planet are shown in Fig, 5. Here, opposition is
the aspect of greatest interest since it is at oppo-



s PO

S e
ORBIT OF ~ 7 CONJUNCTION ™

PrANET 7

v \ venus MARS
/ —TTTN \ i ad
/ yd N \ (Eh g Q4.2max.  Q2.4max. -
/ / .. N\ \ MERcuUy URANUS NEPTUNE PLUTO
ORBIT OF / ;
,/ ZarrH i, \ \\ (7) MAXIMUM~MINIMUM DIAMETERS OF PLANETS to scale
SN
\ L ._;7'/ l ‘\\§ } T MARS .~ 5947?5'6 ~ EcLipsEp Oceutreo
§ 52 ™ /9},2' DIAMETER
\ \ / N R S AN
\ N\ EARTH \90° / / / o ﬁ\\ ) 9
i
\ _Eastern  NU N / / / N 36 \zﬁe
OQUADRATURE z / ) EARTH % @* - !
() (SN |t
\ / 1/3.8” AN !
BIGGEST Anp FEN
AN M”usm/ yd ‘\ ! ,mjuo/u ld) 35 197
e D g /% o )
@ S~ \ — ;‘%2! Sa /(%O / xrzjﬂr SHApOW
— I >~
ASPECTS OF 19823 ‘;P- oses N TRANSIT
AN OUTER OPPOSITION S " )
PLANET P vt / SATELLITES OF JUPITER
OPPOSITIONS oF MARS - 1971101989
0°0R 0% PLANET S0°0R 67 /80° or 124 S0°0R 64
FROA _— WEST OF FROM ERST OF
SN < SUN SUN SUN

5

LONJUNCTION E.QUADRATURE

CANET RISES WiITH  PLANET RISES AT PLANET RISES AS THE —~ PLANET RISES AT
THE SUN AND CAN'T  MIDNIGHT AND /IS ON  SUN SETS ANO /S NOON AND IS ON THE
BESEEN N DAY SKY  MERIDIAN AT SUNRISE — VISIBLE ALL NIGHT — MERIDIAN AT SUNSET

W. QUADRATURE

OPPOSITION

(6) CYCLE OF ASPECTS OF AN OUTER PLANET (MARS, JUPITER, SATURN,)

sition that the planet is nearest the earth and at its
biggest and brightest best, Opposition means simply
that the planet is opposite the sun. Whenyou have an
outer planet rising in the east just as the sun sets,
you know that the planet is inoppositionand ideally
placed for observation, The other aspects are read-
ily determined by the location of the planet in re-
gard to the sun, Fig. 6.

MARS, Oppositiondistances are not uniform,notably
in the case of Mars, Fig. 8, where it can be seen
that 1971 was the last favorable oppositionand 1988
will be the next. This best-to-best cycle runs 15 or
17 years, At a favorable opposition, Mars is both
big and bright at about 24 second of arc and -2.5
magnitude. He does not fade a whole lot in the op-
positions on either side of a favorable one, The
minimum planet disk of about 14 seconds at a poor
opposition is still big enough for a nice view. At
conjunction, Mars fades to 2nd magnitude; with a
long synodic period of over two years, he is bright
one year, dim the next, Unlike cloudy Venus, Mars
has a fairly clear atmosphere and shows amaze of
surface detail, most of which is beyondthe range of
earth-based telescopes, large or small, In 1965 the

Mariner flyby produced photos taken at 6200 miles,
These reveal detail never seen before--even the
experts were surprised to find Mars heavily crater-
ed very much like the moon. Needless to say, you
won't see craters with a small telescope, But Mars
is always a nice object at opposition just on the
basis of color and brilliance, Dark areas canbe de-
tected with even a 2-inch at50xbutit takes at least
5 in. aperture and 200 to 300x to define these with
any measure of clarity.

JUPITER, Big Jupiter is the mosl consistent per-
former of the bright planets; he is never under 30
seconds in angular diameter, Fig, 7, which is big-
ger than Mars at his best, Even the four bright
satellites are 5th and 6th magnitude, easily seen
with binoculars. Fig, 9is a sketchview of the satel-
lites in orbit, but our actual viewis nearly edge-on
so that the moons merely shuttle back and forth, A
satellite in transit is difficult to seebecauseit is a
bright object seen against a bright surface, It is
much easier to see a shadow transit, which is a
black dot on a bright surface, A random view will
usually show all four bright moons., From the data
on satellites you can see that the maximum true
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Comparing the Plancts

OIMMETER | DISTANCE -Micions ormies| PERIOD OF |ORBITAL| MAGNITUDE  [ANGUIAR Dl%ggﬁ SUITABLE
PLANET IN from SUN_| from EARTH REVOILUTION M/LE‘? MAX.| MEaN loTHER ssco!/«oso €
MILES [mAX.TMIN. [ MAX. | MIN. [SiDEREA]STNOD| PER SEC. MAY. | MEAN | MIN. | POWER
MERCURY 2,900| 43.3| 28.6 l‘.‘>6§; 50 eoenvsl "8 | 297 | m19 |~17 102 | 12,9 6.7" |4.7" | 40-120
VENUS O} 7,600 67.6266.7 61| 25| 225|584 | 217 | -44 -4 |-33|64.0|16.0 9.9 |20-120
EARTYTH G| 7,53| 94.4| 913 — | — 5| — (w15 | — | — | — | — | — | — _
MARS | 47200|154.7(1283| 248 | 35 Lo T80 1150 |-2.8 =18 | 42 1254 6l | 3.5 100-300
JUPITER 2| | 86,800506.7(459.9 | 600 | 367 119 1399 | 8.1 |25 |-22-14|49.8/37.5 30.5 |20-300
SATURN h |8 J0230| 936 | 837 |1028 | 744 29,8 | 378, | 6.0 |-04 |+00 1+0.9 s -2 17 1a0-300
URANUS | 29400(1867 (1699 |1960 |1606 84 | 370 | 42 457 |urriEcumce| 42 | 38 | 3.4 | ANy
NEP?UNE‘LIJ 28,000/ 28\7 | 2770 | 2910 [ 2677 165@ 3g;rw 3.4 |16 | L/TTECAANGE | 2.4 .2.3 2.2 | AwnY
PLuvo B 3,600|4600 | 2760 470°i26"’° 248 | 361 | 3.0 | 414 |LirmEcHanee | 0.28 | 0.2 [0.16 ","gf,‘,’é,{
B BALL R RING SYNODIC PERIOD : 7/am& BETwEEN S.C. . LSUPERIOR CONIYNCTION

SIDEREAL PERIOD. TIME 70 MAkE ~ SUCCESSIVE SIMILAR ASPECTS .. EQUALTO Y, G.E. . AVERAGE CREQTEST ELONEATION
ONE REVOLUTION AROUND SUN... PLANETS —OVE "LAP"IN RACE WITH EARTH ARDUNDSUN AN OPP. 4UVERAEE or MEAN OPPOSITION
VEAR" IN TERMS OF EARTH T/ME [ SEL F16. B FOR OPPOSITION DIAMETERS CONJ. .. . CONSUNCTION

CATURNS RINGS BRIGHT SATELLITES

INVERTED

VARIOUS ANGLES sarTa_|215; prrionl ] mac.
‘%’ Moon 2160 [2dgh | 311 | -2

JUPITER /»%Z?s‘ PERIoD M?NEUI;'ES MAG.
I (70) eve-or| 2100 [ 14180 | 2.3 1 55

SAT U‘?N —
orz@'T i SGeams (121965 T~

/ EDGE IS SEEN ~

——= 1958 > 2 (Europa) | 1850 |3d13h | 371 1 6.1
1972 -~ NN
7" ‘/\ @ ! TOP SIDE 3 (Ganymede}| 3200 | 1844 | 5.5 5.1
- 1S5 SEEN

EARTH a(callisto) | 3100 [16d 18" 10.3 | 6.2
SATURN

3 (Tethys) goo | 2k 7' | 0.6

7OP S/IDE /N TELESCOPE

A UNDER SIDE /S
?SEEN.“.BU?"ZMKK‘[/A’E

EDGE IS SEEN

— 4 (Dione) | 700} 2418 1.0 |10.7
CASS':“.S 5 (Rhea) | 1150 | 4d12h] 1.3 ' (0.0
DIVISION 6 (7itan) | 3000| |64 | 3. 8.3

ABOUVT 3,000
NIWES LWiDE
=.8"0F arc

8 (lapetus] | 1000! 804 | 9.0 | 10.8

CYE-APE-uh

S EP.-SEPARATION FROM PLANET 1w MINUTES 0F ARC

SEPAN .
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field of the moons cannot exceed 16,2 minutes stand a lot of magnification ifyouwantto blow it up

(Ganymede plus Callisto), making it possible to go
to 180~200x with a50-degree eyepiece and still cap-
ture all four moons in one view, The planet itself is
banded with tan, yellow and brown belts readily
visible at 100x, while spots and smaller detail show
at higher power, These markings are atmospheric
and changeable; new cloud bands often form over-
night and few spots last over a month, Jupiter re~
mains bright right through conjunctionandif visible
at all is always a good telescope object,

SATURN. The ringed planet tops them all as a ""show"
object, You can't seethe ring naked~eye nor can you
see it with binoculars, making it all the more de-
lightful to have it flash into view at 30x or more,
This planet has a clean~-cut appearance and can
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real big, Cassini's division can be detected with a
3~inch when the seeing is good and the rings well~
displayed in open position,

Saturn has nine satellites, of which five are
brighter than 11th magnitude and canbe seenwith a
6-inch reflector, The brightest, Titan, of 8th mag-
nitude, can be seen with any small telescope when
well-separated from the planet, Saturntakes 29-1/2
years to wheel once around the sun and during this
time maintains a constant angle, For this reason,
the rings show a top view, edge view, bottom view
and edge view insuccession, Fig, 10, When edge-on,
the ring is practically invisible for aperiod of about
a year. Also, since Saturngets more thanhalf of its
light from the ring system, the magnitude fades as
the ring closes,
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THE SAFE and sane waytoobservethe sun is by
projection, Equipment for this is simple, being
merely acardboard shade slipped over the focus-
ing tube and a piece of white cardboard held be~
hind the eyepiece. Hold the cardboard screen4to
6 inches behind the eyepiece and then extendihe
eyepiece just a little from normal infinity posi-
tion to focusthe sun'simage onthe screen, Sight-
ing is done by watching the shadow of the tele-
scope tube on the ground or on the sunshade,

A simple setup is a round cereal box slipped
over the focusing tube, Fig. 1, This allowsa3 to
4-in, sun image, which is about normal for a
small telescope. Other equipment ideas are
shown in Figs, 2 and 3. With any setup using only
a simple sunshade, the enlargement should be
between 10x and 20x, The situation here is that
you are in open daylight, and if"you enlarge too
much the daylight will wash out the projected
image. With a closed box, or inside a darkened
room or with a cloth thrown over your head, you
can go up to 50x enlargement.

Assume for example 30in, f.l. objective and
desired enlargement of 15x. Table 2 shows the
image will be 4-1/161in. diameter, Then, Table 1
shows the 'throw' needed for 15x enlargement
using various eyepieces. With 5/8in. eyepiece,
the throw is 9-7/8 inches. Thisis abit more than

mpn&‘

OBSERYI

FOCUSING

THREE SIMPLE SETUPS

i SUN

OAT BOX OR
SIMILAR-
4"DIA.x 1"

provided by the oat box setup, Fig. 1. However, ;‘\’/gpgg‘;’e'zglgze SUN 5§E$§~
you can get 10x easily (6-7/8in. throw), and the T
SUN PROJECTION DATA 5‘”‘“5 @ ouere
CAUTION: INTENSE HEAT CAN DAMAGE aiel PRojecTED
CEMENTED EYEPIECE LENSES — USE RAMSOEN CRIMARY T IMAGE
Ag/A/‘ir ,@(Z)MQBM/Q;%ffR zg\c‘)\gx&OGLFL) THROW ———sl
TABLE | - EYEPIECE TO SCREEN DISTANCE (THROW) TABLE 2 - DIAMETER OF SUN IMAGE
PROJECTION EYEPIECE FOCAL LENGTH OBJECTIVE|PR! PROJECTED 1MAGE
MAG. [V o [S/a” 34" 1/8”| 1" [ 14" -L. |IMAGE| 5y | 1Ox | 15X | 20% | 30x |40x | SOX
S« 1% 3" | 3%"| ex”| 5% &' | 14" 20" | 80" | W 1% 2% | 3% 5%s'| 7H%"| 9"
10¥ 2% | s4 | 6% | 8% | 9% | 11 | 13% 30" | 27 % | 2% | 4% | 5% 8% | 0% | 3%
15x 4 8 % | /2 3% | 16 20 40" | .36/ 1%\ 3% s%s| 74 | 10% | 144 | 18%s
20x% s4 0% | 13 /153 | /8% | 21 | 26% 48" | 405 | 2 | 9% | 6% | 8% | 12%s| 163k | 202
30% 7% | I5% | 19% | 23% | 27 3/ | 38% a4Q" | 432 | 2% | 4%| 6% | 8% | /3 11772 |2/%
AO0x | 0% | 20% | 253 | 30% | 35% | 41 | 514 80" | .45/ | 2% | a4 | 63| o |13%| /8 (224
50x 2% | 25% | 31% | 30% | 443 | 5/ {63% 60" | .54 | 2% | sUs| 8% | 10% | 16% | 21% | 27
* (] £R FYLL £R OF SuN YO | .63/ 3% | 6%s| 94 | 12%B ) /9 |25% 31%
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TRANSMISSION OF VARIOUS
TABLE 3 SETUPS FOR DIRECT VIEWING

TYPE OF LIGHT [TRANS-| LIGHT _ DENSITY XD GEN.
No. ~

REDUCTION |MISSION |AT EYE™ RATING
ONE REFLECTION MUCH
FROM GLASS OR 5% | 5% | 1.3 | 20 ToO
ONE 5% FILTER BRIGHT

TWO REFLECTIONS JOO
OR 5% FILTERS |5/e* 541 25% | 2.6 | 400 BRIGHT

PENTA PRISM |96,%x5% TOO
(NOT SILVERED) |xaxogy ‘6% | 2:8 | 600 lggigt

ANY COMB. OF 5% % 5%

THREE REFLECTIONS 0125%1 3,9 | 8000 ;gf Py

OR 5% FILTERS | ¥ 5% APERTURE
x,
ONE SUN FILTER o o oK
0l 0% | 4.0 (10,000 |0 2"
(NO-4 DENSITY) /o o ) Jo. 2

ANY COMB. OF  |5%x 5%
FOUR REFLECTIONS | 'z, fg; 2006%| 52 |167,000| 15 5
OR 5%, FILTERS oX 2/ APERTURE

ONE REFLECTION 5% x1% ok

OR 5%, FILTERand| or | .0005%| 5.3 [200,000 "
ONE SUN FILTER* |1% ¢ 5% ° 7| apRiRE
5 t PARALLEL | 38%, | 35% Q26 3 NEVER
° P 0, o Usep
S 3| AT 45 20% | 20% 3 5 | Acove
§§! CROSSED | 3% | 3% | 1.52 | 33
NSITY /S § RO R

I
DENSITY = LOG TpaNsmISSION

XO meANS Times DisinisHED

*NO. A DENSITY 1S FAIRLY STANDARD AS A 'SUN FILTER,"
ALTHO [T 18 SOMETIMES TOO BRIGHT FOR COMFORT

TABLE 4 DENSITY NO. Yo TRANSMISSION %

NEUTRAL | (WELDING * | TRANS-
NSITY! T| (T
"aESf'" “no'."=sso. (AVERAGE) | DIMINISHED)
2.5 32% 300 %% Tﬁo
OMT
296 | 8 A% 900 | j
3 10% | 1000 | ¥Z555%
340 9 04% | 2500 |&x. *2.5
Plus 3.0
3.5 03% | 3300 |pusirsis
100 | .015%. 0o
3.82 | 10 I5 o/o 6,6 OK
4 .010% |10,000 | . _
422 | I .006% | 17,000 | 2"
APERTURE
4.5 .003% | 33,000
470 | 12 .002% | 50,000
s .001% (100,000 | oK
510 | 13 .0008% {125,000 270 3"
9 oK
s.5 .0003% (330,000 s
552 14 | .0003% [333,000 | NEREAE
6 .0001% |1,000,000 | TSN
r!& ILLSON-WELD OR £QUAL. THE EQUIVALENT
ENSITY and TRANSMISSION ARE AVERAGE VALUES
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image at 10x (from Table 2) willbe 2-3/4 inches.
While small, this size will show sunspots clearly,
A little experimenting will show you that the
whole procedure is quite simple, If you smoke, it
is instructive to blow smoke at the eyepiece to
reveal the cone of light concentrating at the exit
pupil and then fanning out toform the image., Put
your finger at the exit pupil point and you will pull
it away--fast; the heat here will char newspaper
in an instant,

Huygens and Ramsden eyepieces are thetypes
commonly used for sun projection, with a slight
preferance for the Huygens. A Ramsdenwill per-
form somewhat better if the spacingis opened up
a little, Cemented lenses can be used ifdesired,
but there is always the chance that heat will
damage the cement. Eyepieces must be clean
since any dirt onthe field lens will show more or
less in focus on the projected image., So before
you get excited about a ''new discovery" on the
sun, try rotating the eyepiece--a real-for-sure
sun spot will stand still,

DIRECT VIEWING, The direct view through the
telescope is a trifle sharper than by projection,
However, thereisanelement of dangerinvolved-
-just one momentary flash of the intensified sun-
light can scar the retina of your eye causing par-
tial or total permanent blindness. So far as''sun
filters'' are concerned, there are good ones and
poor ones, but practically all are safe inthat they
limit the sunlight to anintensity which the eye can
endure. The danger is only that the heat of the
concentrated sunlight may crack the filter, Then
faster than a bullet, the white-hot needle of light
will pierce your eye and strike the retina. The
least damage you can hope for is a small, per-
manent black area in the center of your vision.

Perversely, the average sun cap for use over
an eyepiece is located very neatly at the hottest
part of the lightbeam, Fig.4. The coolest location
is in front of the objective, Fig. 5, where the
filter is exposed to only normal sun heat and is
no more likely to crack than your eyeglasses, A
similar setup is popular with reflecting tele-
scopes, Fig. 6. The filter shouldbe a free, shake
fit to eliminate possible warping pressure which
might break the glass. A minor disadvantage of
the filter-in-front is that defects in the glassor
any departure from a plane surface will cause
greater deterioration of the image thanthe same
filter used nearer the focal plane, However, you
will invariably want to look at the full diameter of
the sun, which automatically limits the magnifi-
cation to about 50 or 60x, At this comparatively
low power, ordinary welding filters are practical
for front mounting, These are available in 50mm
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rounds and 2 x 4-in, rectanglesin fifteen different
shades, Nos. 10 through 14 being the darker
shades most useful for sun viewing although
lighter shades can be combined for the needed
density, Nos, 12,13 and 14 welding filters are
dark enough to use alone; lighter shades may re-
quire additional filtering at the eyepiece, often
obtained with an inexpensive polarizing filter,
Fig. 7, which allows a fair range of density con-
trol. A stardiagonalprovides a convenient mount
for a sun or other filter, Fig. 8, and you can in-
crease the safety factor by using three or more
filters, the general idea being that allthree sure
ain't going to pop in unison. As a further pre-
caution when using a filter at or near the eye-
piece, the simple action of taking the telescope
off the target for a short cooling-off period does
much to prevent a dangerous build-up of heat in
the glass. Always swing the telescope a little
away from the sun when it is not in actual use,

Seen with the usual sun filter, the sun is a
greenish yellow. The intensity should be about
the same as the full moon viewed without a filter.

IMAGE EXIT
PLANE %%Dll.

STAR DIAGONAL
PROVIDES A
CONVENIENT
FILTER MOUNT
Y8 "DiA, FILTER FITS

1%°P-guN
EILTER
.01%

CeLL

DoustLe

Am e FILTERS FOR
A il POSITIVE
PROTECTION

With a 3-in, refractor, this takes alight reduct-
ion of about 200,000 times. Tables 3 and 4 pro-
vide useful data. Filter tolerancesare very gen-
erous. No. 11 welding glass, for example, may
run from 13,000 to 33,000XD, with the average
transmission at about 17,000XD, as listed in
Table 4. From this and other variables, the
"safe' range for viewing the sun has a consid-
erable spread. A comparatively weak filter may
be safe but uncomfortable to use; a '"long' eye
position will reduce the light intensity.

REFLECTION FROM GLASS, The classic meth-
od of observing the sun calls for one reflection
from bare glass, plus a filter of about No. 4
density. Unlike the filter alone, this system is
practically foolproof; the initial reflection from
bare glass reduces the heat 20 times; the re-
duced heat will rarely crack the filter. Even if
the filter cracks, you have enough protection
from the bare glass reflection alone to avoid any
permanent eye damage.

Oldest and probably the best of the bare glass
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reflectors is the Herschel wedge, shown at
center, Fig. 9, The usual equipment for combin-
ing this with a sun filter for use with a refractor
is shown in Fig. 12, Like the more familiar star
diagonal, the sun diagonal requires about 3 in. of
"in'" focusing travel. This is available with most
refractors, but not with reflectors, The usual
setup for a reflector calls for the substitution of
the wedge for the usual flat mirror, Fig. 11. The
sun filter can be eitherinthe eyepiece tube or at
the front of the maintube in the manner shown in
Fig. 6. Even if a front filter is not used, the re-
flector is preferably masked to 2 or 3 inches
aperture in a like manner but without the filter.
There will be no loss of resolution from the
lesser aperture because the atmosphere in sun-
light is always turbulent; practically all the re-
solution you cangetina sunimage can be obtain-
ed with 2 or 3 inches of aperture,

In common equipment, one reflection from
glass plus a suitable filter is the only method
of direct viewing which is entirely safe, You
should never but never depend on a single sun
filter located behind the eyepiece.
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OBSERVING double stars is an interesting phase of star-gazing which
can be done with any telescope. The beginner should start with easy
doubles, say, 10 seconds of arc or more separation with companion
star no fainter than 8th magnitude. It should be noted that close
doubles near the limit of resolution for a specific telescope can be
split only when seeing conditions are excellent.

How much power? A fundamental rule in telescope optics states
that the true angular field of view multiplied by the magnification
equals the apparent angular field of view. This rule can also be ap-
plied to any part of the field. F or example: The popular double star,
Mizar, is separated by 14 seconds of arc. This is the real or true
field angle, the same angular separation as you see the stars with
unaided eye. The human eye can't "split" 14 seconds of arc, so you
have to boost it a bit. A magnification of 43x will increase the angle
to about 10 minutes of arc (see drawing). This you can see quite
easily. About the closest star separation which the eye can distin-
guish is 4 minutes of arc, Twice this distance or 8'apparent field
angle is a more practical value for comfortable viewing, and in some

7 cases you may want a separation of 20 or 25 minutes of arc. The
L£YEG: A7 /92X powers needed for these various apparent angles are given in handy
£—xe tabular form below.
€ >.V984 Make Mizar your first telescope double. It is easy to find, with
* Alcor alongside supplying positive identification. An 8th magnifude
/f g p
7/' i star can be seen south from Alcor. Star distances are always
/ amazing: The tiny space you see between A and B Mizar amounts to
£ (Epsilon) LYRA /“' [LYRA five thousandths of a light year or about 30 billion miles.
THE FAMOUS DOUBLE J —*
DOUBLE. NEEDS SOUTH
HIGH POWER .
es: Po R DED TO P DOUB N, 5
QSS%IAAR FOR APPARENT SEPARATION OF QEIPGAULAR FOR APPARENT SEPARATION OF sAl‘;GlRJLAgN FOR APPARENT SEPARATION OF
ARATION RATION , . EPARATI , - = n ‘
PNy et [ @ 20725 x| 4] e 87 2028 i 4 e [ 872025
recoma| 240 | 360 | HBO | /200|1500 8.5 | 28| 2| 56 | /41|16 24, | 0| 5|2 | 506
1.2, | 200| 300| 00| /000|/250 9 27 | Yo | 54 | 33| /66 28, . | /0| W | 20| 48 | 60
1.5, .| 160 | 240| 320| 8009|1000 o¢ | 2639 | 52 /26) 156 20 .| 8| 2|/ |y | 50
1.9 40| 20| 280| 700| 882 0, | 24| 36 | 48 | /20| /50 3s. .| 7 /0 | 14 | 34 | 43
2y | /20| /80| 240 | 600 750 W, e | 22| 33 | Y4 | /09 | 136 40, © =4 12 | 30 | 37
25, | 96| /44| 192 | w80| 600 2 20 | 30 | 40 | j00| /25 4s5.,.| 6 | 8 | 12| 271 | 33
3| 80| /20| 160 00| 500 13,000 /8 | 28| 36| 9 | 115 S0 51 8 | 10| 2¢; 30
3.5 68 (/02| /36 | 343 | 428 14, .| 17 | 26|34 ]| 86|07 880wl 5 | 7 |10 |22 | 2
4,5, | 60| 90| /20| 300|375 15 16 | 24 | 32 | 8o | /00 60,,.| v | 6 | 8 |20 25
4.5 54| 80| /08 266 332 16 /15 | 22 | 30| 75 | 94 6s .| 46 8 |19 | 23
S ve | 48| 72 96| 240| 300 7 o 2 {28 | 70 | 88 70 4 | 6 8 | 17 | 2/
5.5 qy | 66| 88| 28| 272 18, . .1 132 |28 | 67|83 s 4\ 5 | 8 | 6|20
€ .| #0| 60} 80| 200]| 250 19 2119 | 24| 63| 78 80 3| s | 6 | /5| 18
6.5 36| 54| 72| /8¢ | 230 20, ;0| 12| 18 | 24 | 60 | 75 8s 3 5 6 o 18
Tora| 39| 57| 68| 17 | 214 21 2| 17 | 24 | 57 | T 90,50} 3 4 16 |
1.5 32| y8| 64| /60| 200 22,,.| i | /6 | 22| 55 | 68 98, 3 | 4 | 6 | 3|6
8 30 | 45 | 60 | /50 | (88 23 /0| /6 | 2052 |65 100,,.1 3 | ¥ | 6 | 12| /5
|!I| RAIEEN (SIS T EEEENEE *A MINUTES APPARENT SEPARATION 1S _RECOMMENDED FOR
: ‘|||““\ b 'i||'||’”|;‘ AR e e T EASY VIEWING. NOTE [N DIACRAM AT LEFT THIS ANGLE /5
4 e o o 25’ CLEARLY VISIBLE, ALTHO LUMINOUS POINTS (STARS] ARE

MORE D/I-'F/CULT TARGETS . WIDER SEPARATION /S NEEDED
IE THE COMPANION STAR IS MORE FHAN FIVE MACNITUGES

LFAINTER THAN PRIMARY. NOTE 25’ SELARATION /S

IO SBANNM  L/NE DIAGRAMS SHOW ANGULAR
SEPARATIONS WLzl aizad AS SEEN AT /O INCHES

NEARLY WiDTH OF MOON SEEN wiTH NAKED E£YE
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THE PLEIADES ~weriAnown M1l - ScuTumm 18h4gm-¢° 20| 11 I5" | NICE OBJECT.WNISIBLE WITH BINOC
QoEL CLUSTER 2a4res 4 ¥ APPROX. AVERAGE OF 76N BRIGHTEST STARS
TELESCOPE AT 40 -
- GLOBULAR CLUSTERS ILGEE R VA NP REMARKS
— b
THE PLEIADES (Aec-ah eer-)3 . w (Omega) CENTAURUS |13+ 24m-47°0% | 43 129| 23’ | EINEST GLOBULAR I SKY BOT TOO
" -oh -
W ALCYONE . . al-SIGH 'f“ee 5.9 M4 ~SCORPIUS 6" 21m{-26°24' | 6.4 | 14 14" | A LITTLE OVER |° WEST OF ANTARES
ASTEROPE ..as-TAIR 0k ca
yCeLAENO.sehLETTE o | MI3-HERCULES l6"40m+36°32' | 5.6 |13.6 | [0 | RESOLVABLE WITH G-iNCH
W e ECTRA...0h—LEK-Tra 4-0
Amara. ... x;ﬁ:; e 43 MI2-OPHIUCHUS | {6745 |~1° 52' |66 | 14 | 9' | BLAZE AT CENTER ABOUT 2 DIA.
MEROPE... ¥ a
’TAYGETA"-M’U;;“'::: ‘;'| MIO-OPHIUCHUS | 6" 55™(-4° 02/ 67 14 | 8 | RESOLVED WITH &-INCH. BRIGHT
PLEIONE .. plee-0f~ y
ATLAS..... AT-lus Dpﬂj’f MO2-HERCULES The™ 44302 |60 | 14 | & LumiNous CENTER ... RESOLVABLE
ONE 1S MAWA AN
S oapa. STAR gﬁ ;:ngg‘” MO - OPHIUCHUS FTh 6™ |-18°28'| 7.3 [13.5 | 2.5' | SMALL BUT BRIGKT BALLOF STARS
MAKES A w!o DS
L ACYONE AT ITSENS | | o sacrmiarius | 1834 2S5 fn | 1 | BIGAND SRICAT FoR A CIoBILAR
FVISUAL MAG.OF WHOLE CLUSTER AND RVERAGE MAG. OF INDIVIDUAL S TRk
NEBULAE - R.A. | DEC. |Macn ¥ |3izE REMARKS
, M31- ANDROMEDA |0h 4™ +41°03| 5 40160 GenTer e SotN EasyEouT 20" BRIGHT
- h DiFFUSE NEBULA. GOOD OBJECT.
M42 - ORION 5"a3mi-50as' 5 40" | INCLUDES &' (THE TRAPEZIUM)
MBI~URSA MAJOR | 9" 52mt6d’ 18| & | 1016’ | SE0R W86 M e 2 RBaig 8D,
M8-SAGITTARIU P oIm{-24°91" 'Y 60| DIFFUSE NEB WITH CLUSTER ...
8 TAF S . 187 0™ -24%2 6 |35'x60| D TER...GOOD]
NGC 6572~ OPHIUCHUS |18710™+6°50'| 9.5 | 10" | PLANETARY. SMALL BUT BRIGHT"
_ . DIFFUSE NEB AROUND A SMALL
MIT-SAGITTARIUS o187 18™-i6° 12 | 9 30" | CLUSTER OF otk TO 2% MAG. STARS
M ST-LYRA ( h peatn 320 8' " PLANETARY NEBR ... NOT QRIGET\-‘
THE LAGOON - £ine casecr : Ring nesuea | '8 577 Y325 9 65" | LIKE HAZY 9ThMAG STAR. USE Hi-POWER
GOxX. NEELS BLACK NIGHT TO . oA t " W
- S WA At NGC 7662-ANDROMEDA | 23" 24™+42° 14 9 30 PLANETARY ... 13" MAG CENTER STAR

STAR CLUSTER. VISIBLE WTH BINOC
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NOT SEEN IN NEHT SKY AETER SUN HAS SET QN MERIDIAN AT SUNSET IV SKY ALL NIGHT AND TRANSITS AT SUNRISE

SPACE-MANS VIEW -
STRAIGHT WALL

FIRS? QUARTER  FULL MOON /s LAST QUARTER
RUSES AT NOON AND 1S OPPOSITE SYN AND RISES AT MICNIGHT

Target REab
MOON

PRIME target for telescope obser-
vers everywhere, the moon at a
comparatively near 240,000 miles
shows amazing detail in even the
smallest telescope. Over 100,000
objects are shown on maps and
photos, and the beauty of the whole
thing is that with a good 3-inch tel-
escope you can see everything as
clear as the very finest photos.

Anyand all powers can be used.
Since the moon is about 30 minutes
of arc in angulardiameter, the max-
imum power which will show the
whole surface is about 90x. The
smallest crater you can hope to see
is two times Dawes Limit. Thus, a
3-inch telescope can show craters
as small as 3 miles diameter.
Twice this (6 miles)is a more prac-
tical working value., Much smaller
detail can be detected when in the
form of a line; you will have no
trouble seeing The Straight Wall,

» 00 O

ANt NAME OF OBJECT TVYPE

(%13}55} REMARKS

2 ARISTARCHUS (air-is- ak-4is)| CRATER | 29 DiA. | SRATER ON A ROCKY PLATEAU IS BRIGHTEST

[ ARISTILLUS (airis-TiuL-us) |CRATER | 35 pia. | QN E OF ThE BT oA Serting N

2 | COPERNICUS (ko-menich-us)) RINGEP | 56 018, | Faany Bl i s 1N e orATe yic Ny e \

3 | GRIMALDY (grimac-ar) | WRAED| 20 0/4 | DARKEST SPOT ON THE MOON
| NGNS (ke | ST e | SEE TSR BT ML

4 | PETAVIUS jpek - thus) | WNSLEP | (00 pra] BASY OBIECT WHEN MOON 15 New cRescent. - ( rean

2 | PITON (Pre-tun) MOUNTNIN | 112 HioH | SHABOW WHEN OR TERMINATOR . © =ON¢

2 [ PLavo (ot | WK s0 o | SRESEET AT Caver ove oF e

3 PTOLEMY (70-us-me) | VKRS | 90 oia. WiTH, ,ﬁ'g‘?}i",&‘%’é STomuss) AND ARZACHEL

2 | Svus mioum [B5) | e |35 R RSTL LINAS  ANDSCACE, HeRacL DS

z STRAIGHT RANGE MOE N | 40 coms| STRAIGHT LINE OF MOUNTAIN PEAKS

3 | STRAIGHT WALL | cLIFF | 70 cons| LERERTHAN WEsT, eor SEEn AT LAGT QUARTER £

3 | TYCHO (775-co) BRR | 56 018 | HEE N Moo bROMINE R LUNAR OB BT m%ﬁ?ﬁé‘éé" 55?3‘\';3"'
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QUICK GUIDE to ¢

30

ky shooting

EQUIPMENT

OPTICAL SYSTEM

METHOD - REMARKS

ANY CAMERA FROM
35mm SIZE UP TO

B X [QINCH,
CAMERA MUST BE
ON TRIPOD OR
OTHER SUPPORT

ANY LENS, 2" TO
AROUT 12" F. L.
CLEAR APERTURE
SHOULD BE AT
LEAST 5/8" AND
PREFERABLY LARGER

SET CAMERA LENS AT
INFINITY AND POINT AT
TARGET. MAKE A TIME
EXPOSURE OF 10O MIN.OR

MORE. Sk¥Y mUST B pARK—
DO NOT SHOOT WirH MOON IN SKY

REFLECTING OR
REFRACTING TELES -
COPE WiTH ADAPTER
FOR CAMERA BODY.
CLOCK DRIVE USEFUL
BUT NOT ESSENTIAL

458"70 80"E.F.L.
APERTURE ' 0OR
MORE, £(8 Tot/80

MOON [MAGE DIA.
= 009 x E.F.L.

WITH FIXED MOUNT, USE
FAST FILM TO PERMIT
SHORT EXPOSURE OF Y00 SEC.
OR. LESS. wITH CLOCK DRIVE
USE SLOWER , FINE-GRAIN
FILM OND LONGER EXPOSURES

TELESCOPE AND
CAMERA. BY FILTER
OR OTHER MEANS,
THE LIGHT MUsT
BE REDUCED TO
FULL MOON INTENSITY

SAME AS FOR
MOON. UsupLLY
NOT LESS THAN
2" APERTURE, f/8
TO £/80. USUALLY A
PROJECTION SYSTEM

WITH IMAGE AT FULL MOON
BRIGHTNESS, FAST EXPo-
SURES OF Y100 70 Yoo
SECOND CAN BE MADE
ON SLOW FILM, SUCH As
HIGH CONTRAST COPY

STAR
FIELDS

ANY CAMERA. THE
TELESCOPE 1S USED
FOR GUIDING ONLY.
A CLOCK DRIVE wrrH
SLOW-MOTION CON-
TROL 18 ESSENTIAL

PREFERABLY NOT
LESS THAN I"CLEAR
APERTURE . 210 12"
F.L., DIRECT OBJEC-
TIVE . FIELD SHOULD BE
FLAT,COMA-FREE

USE EAST FILM. GUIDING
CONSTANTLY WITH TELES-
(‘,OPE, MAKE TIME EXPOSURE
OF 10 MINUTES OR MORE.
GOOL STARTER ... EASIEST
TARGET FOR GUIDED TELESCOPE

OPEN
STAR

| CLusTeRs

CAMERA, 20" 0OR
MORE F.L. TELES-
COPE USED FOR GUIDING
BUT MAY BE THE CAM-
ERA, IN WRICH CASE A
LONG F.L.. GUIDESCOPE. 1§ Ne£oxd

NOT LESS THAN 2.
APERTURE - THE
LARGER THE APERTURE
THE MORE STARS You
CAN PHOTOGRAPH. F.L.
TO SUIT TARGET SIZE

GUIDED TELESCOPE, IS min.
OR MORE TIME EXPOSURE.
THE LONG F.L.OF CAMERA MAKES
GUIDING MORE DIFFICULT —A
SLOW-MUTION MAY BE NEEDED
ON DECLINATION SHAFT

NEBULAE

. GALAXIES

CAMERA 1S OFTEN
THE TELESCOPE 1T~
SELF. BIG APERTURE,
LONG F.L. NEEDED.
CLOCK DRIVE WITH
SLOW-MOTION

NOT LESS THAN 3
APERTURE., 20"T0
100" F.L. USUALLY
DIRECT OBJECTIVE FOR

LOW £/NUMBER BUT pRo-

SECTION SYSTEM 1S USEFUL

USE FAST FILM. SOME NEBS
ARE BRIGHT AND CAN BE
CAPTURED ON TRI-X FILM IN
AS LATTLE AS 10 MINUTES.
MOST TARGETS ARE DIV -- B/
APERTURE AND FAST FILM NEEDED

PLANETS

TELESCOPE WITH
AMPLIFYING SYSTEM
TO GET E.F.L. OF 100"
TO 1000Y TELESCOPE
ON EQUATORIAL MOUNT
WITH CLOCK DRIVE

LONG E.F.L. 1S
MAIN NEED. F/ib
T0 £/100. POSITIVE
QR NEGATIVE PROIEC-
TION OF 3X TO 8X
IS USUAL SETUP

USE FINE-GRAIN FiLM TO
PERMIT ENLARGEMENT.
PLANETS ARE BRIGHT BUT
HIGH f/NUMBER CALLS FOR
LONG EXPOSURE OF [ TO 10 SEC.
THIS IS DIFFICULT PHOTOGRAPHY

Comers

LENS 8"T0 18" F. L.
MANUAL SLOW-MOTION
ON BOTH AXES

APERTL{JRE NOT LESS
THAN 2", $/3 10 £ 8,
USED WIDE OPEN

TIME EXPOSURE, 10 SEC. TO
10 MIN. YOU MUST GUIDE ON
COMET HEAD DURING EXPOSURE

METEORS

ANY CAMERA. WIDE
FIELD 18 NEEDED --
NOT LESS THAN 40°

WITH 25mm CAMERA |

2"F.L. 1S PREFERRED
FOR WIDEST FIELD

KKNOWING TIME AND GENERAL
AREA OF A METEOR SHOWER,
MAKE A STARTRAIL - 4vo Hope!




section

Photography with
your Telescope

MOST of the pictures taken withatele-
scope are of an astronomical nature, being pic-
tures of the sun and moon, stars and planets,
However, you can also use your ''long glass'' to
advantage for certain types of daytime photo-
graphy, particularly those views which are too
distant to be captured by the short focal length
objectives normally used on small cameras,

Whatever the subject, a camera using small-
size film is preferable, with the popular 35mm
film size being first choice for most work, Photo~
graphy on 35mm film is inexpensive, There is
also the plain factthatthe average telescope set-~
up will not coverlargerfilm sizes, Reflexfocus-
ing is highly desirable because you can see to
focus and see to position your target object the
way you want it, In brief, the 35mm single lens
reflex is the camera you can use to best advan-
tage. You can purchase a camera of this kind for
as little as $60 or as much as $600; secondhand
much less. Much of the cost of a single lens re-

OBJECiTl\/E

flex is in the original objective, It is not neces-
sary that the camera have atop-qualityfastlens
because you will rarely use the lens anyhow for
the type of photography we are considering, the
general situation being that the telescope itself
is the objective, while the camera is mainly a
film transport and viewer. Some useful camera
equipment can be homemade, and with this in
view the original purchase must permit the use
of interchangeable objectives, preferably with a
screw-in thread.

Four optical systemsare generally recognized
in photography with the telescope, as shown in
drawing below, Actually these boil down to just
two basic types: (1) the direct objective, {(2)pro-
jection system, With the direct objective, light
goes direct from the lens or mirrorobjective to
the film; the picture is taken at the primary or
first focus. In all other systems, the primary
image is projected to form a second image, and
the picture is taken at this second image plane,

CAMERA

DIRECT OBJECTIVE
LIGHT GOES DIRECT
FROM OBJECTIVE (Lens

OR MIRROR) TO FILM

AFOCAL consists oF A
TELESCOPE IN FOCUS AS
FOR EYE USE , COMBINED
WITH ANY CAMERA WiTH

/ (USUALLY 35mm
SINGLE [ENS
REFLEX)
LI L — IMAGE £oRms
— — —— ON FiLM
PRIMARY EYEPIECE
IMAGE. l« CAMERA
-~ M
] v ANY
S P - KIND

LENS SET AT INFINITY

3] PROJECTION witH A
POSITIVE LENS
EYEPIECE OF TELESCOPE IS
USED AS A PRQJECTION LENS

-
—
//

L

TO FORM AN ENLARGED IMAGE

PROJECTION wiTH A
NEGATIVE LENS
A NEGATIVE LENS INTERCEPTS
THE LIGHT RAYS AND EXTENDS THEM

NEGATIVE
ACHROMAT mkﬂéAgRY

IMAGE
(on E1M)

TO FORM AN ENLARGED IMAGE

o1



the simplest system...

S

@E-l

3" OBJECTIVE MALN TUBE

e — 4
BRe g,
“HLRAy
L LRom £, € or o
T M - ERRAL RAY EROM £06E oF Freco )
EELELL »
- MARGLIM—BMWW A
HO, L N .
s FOCU

(2) FOCUSING TUBE IS BOTTLENECK  TUBE

’ ) ENDPIECE

CONTAINING the least possible number of
optical elements, the direct objective is the
simplest and most-used picture-taking system=~-
99% of all cameras use a direct objective, Nor~
mally it is alsothe simplest system mechanical-
ly, although this can't be said of atelescope con-
version where the switchmay require more work
than afocal and projection systems, Advantages
of the direct objective are highest light trans-
mission and best definition, In other words, this
is the fastest and sharpest optical system for
shooting pictures--only once in a blue moon will
you runintoa compensating optical system where
the performance of the primary is improved by
the addition of other optical elements, The only

ING
FOCUSING ADAPTER
TUBE - (TURNED PLASTIC)
14" 1. 014, N

N

-l—-ioo% LIGHT

MARGINAL RAY.

......

S FoLL SiZE
. AR

é) STANDARD 3" REFRACTOR
@ PHOTO~VISUAL 3" REFRACTOR

=¥ -50%,

al
- 07’0
(CORNERS OF

BRASS TUBE 7
1Y4"0.D. % 3"
EDMUND NO, 117

T

FOCUSING TUBE
2" 0.D. ALUM.
10" LONG

33 mm, Dia. K2
Fl Lm‘i"AER ('DFZIONAg }
i« RETAINING RING

g

LPRESSFIT

_ _PRINCIPAL_RA

ADAPTER 1S
BOTTLENECK

MARGINAL RAY

FZKNOB and PINION
EDMUND 40-164
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COCUSING
TUBE

PINION — % 4-40¥Yg'Rd.-Ha.

BEARING
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[FILM PLANE |I/4"|.Dm.

/_vzgz:,zse_mmkoe LORWARD 5 == (
/. 2" (peerd of
_PLUS 257 CAMERA) V’g)
USE THIS
A EQCUSING TUBE éﬂ%
- IN MAXIMUM
“INY POSITION )I €~ ADAPTER IuBE
b & WHEN You
1 TUBE.../s USE THE B
_MADE FROM TELESCOPE
| Y4" SINK
TRAP VISUALLY

EXTENSION

S | ADAPTER
FOCUSING J |f
TUBE | (TURNED

POSITION OF
MAIN MIRROR

@ DIAMETER OF ILLUMINATED FIELD Ismm

6" REFLECTOR 100% | 75% | 50% |25% | 0% | | % =
with 15 om6omaL | S/ | Vg’ | VAt | 1 A 7 T A
w15 oneonsc* | Sy U\ | VA | 1% | 1, il |
wirn 15 0m60NAL | By | Vg | 1Y - ¥ | 1% - A
AEREECR [ e B
wirk 1" owmsoree | V2! | TR | VA 1YRT | 12

wirh 15 R6onAE | Yo ) o, VA | 1% | 1 @ . -
LIGHTING IS GOOD TO

wiTH /2”0/!460/“94 7/8 r ]I/B T ! ‘/4T |3/8 7 l'/z - EDG£ OF 50% 2ONE
. HBEST CHOICE
T oot and MUST PASS THRU
~ A0, STRIKE DIAGONAL . ..
ll o oﬂ%‘tmﬁ.w\\ ING TU. E‘2 /F!LM
VIGNETTING CAUSED BY SMALL 7% GE MigROR. . : e
DIAMETER OF FOCUSING TUBE !! - OPTICAL AX|S T S lﬁ._ﬁ CIRCLE
Vo' REF OR N e SO e A G
Tlggr gsc oRe go‘i" e im0 b 5% LeHT R e T A s o
FROM INDOO NTI Al 3ty | o
OPEN WINDOW TO OBJECT AT & MIRROR HOG%"HGH:WH llé:n DlAGONAL |22 ||_75°/°
1COYDS, TRI-X FILM, |4~ SEC. | L-0%

T (0) LIGHT DIAGRAM - 4% REFLECTOR [ G£55:555,,c)

poor feature of the direct objective is lack of
compactness, which becomes an item of con~
siderable importance as the focal length is in-
creased,

THE REFRACTOR AS ACAMERA., Youcan make
a good telecamera from a refractor by simply
mounting a 35mm single lens reflex camera by
means of an adapter tube, as shown in Figs, 1
and 3, You can get nice pictures--land or sky--
with such an outfit, but they will show a black
vignette about as shown in photo above, This
comes from the small diameter of the telescope
focusing tube, which restricts the fully-lighted
image field to less than an inch diameter, To
increase the illuminated field, it is obvious you
must enlarge the focusing tube, and this means
practically building a new instrument, A simple
type of construction is shown in Fig. 4; a new

set of glare stops inside the main tube will also
be needed. Such a conversion will show only a
touch of black at the extreme corners of 35mm
film. A visual adapter as shown in Fig, 4 detail
makes the conversion back to telescope for use
with standard eyepieces.

THE REFLECTOR AS A CAMERA, The reflect-
ing telescope poses the same problem of small-
diameter focusing tube. Another snag is thatthe
image plane is not even accessible. What you
have to do first of all is move the main mirror
forward a short distance, as shown in Fig, 5,
This will advance the image plane to a position
where it can be made to coincide with the film
plane of the camera. Even so, space is ata
premium and the adapter, Fig, 7, should be made
as shallow aspractical, The extended positionof
the image plane will not interfere with the use
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@D LIGHT LEAKS IN A REFLECTOR  pepfov sy

=
DIRECT
REALECTION
M FROM FRONT
ALl AROUND OF TUBE
THE AN
MIRROR _,
ERONT
SXTENIon
™, iy
END
CAP~—>
rdbd, =

2 MINIMUM GLARE PROTECTION
(FOR QVTIME PHOTOGRPHY OUTOOORS)

v} TENSK
/A

g e—
FILLER ' NOTLESS THAN
BoR mORE ONE DIA. OF

TJHICK  MAIN TUBE

WITH GLARE STOPRS GIVES
ﬁELﬂ,ﬁ’E’_oZ'E_QlQM
(<l 75" REE L SHOW,

|6k LIGHT-FOGGING OCCURS WHEN

STANDARD &-iNCH REFLECTOR 1S
USED OUTOOORS WITHOUT PRO ~
TECTION. Cloudy-bright, no sun.
Ysoo Sec.at /8 on TH-X Filim

tama_mm -
SHUT TER OPENEL
@) TESTING FOR GLARE

of the telescope visually, but you will have to
use a short extension tube, easily made from a
chrome sink trap extension, Fig, 6.

One more obstacle now appears: the standard-
size diagonal is too small, Mainly, this results
because the linear size of 35mm film is quite a
bit larger than what you ordinarily look at with an
eyepiece, Contributing is the fact the image
plane is at a greater distance from the diagonal.
You cancorrect by using the next larger standard
size diagonal, but you still have the considerable
vignette caused by the small-diameter focusing
tube, Fig, 8 table shows that some vignetting
will occur regardless of how big you make the
diagonal; the focusing tube is the bottleneck.
However, enough light gets through to make
useful pictures, A 4-1/4-inch reflector will
vignette a little more than a 6-inch, the villain
in this case being the main tube itself, which
is too small to admit the full incoming light
cone, A few things about vignetting in general
are worth noting: (1) Practically all camera
lenses vignette 25% or more at corners of

4

LOCATE 1AMb

. A LITTLE QUTSIPDE  + ¢ !,
A ﬂiE_ELELQAA&fE sl
Yoy %(\Zau (an't see it § W,

/Z :-b
You can T f
~ :

ﬁﬂefﬁmsznpéf LOOKING THROUGH THE
CAMERA, YOU (AN SEE

TN
LANP ANYWHERE INSIDE gl )
THE E1ELD ANGLE N

S~

film when used wide open, (2} a 50% vignette is
hardly detectable on the ground glass, and often
does not show at all on prints unless negatives
are very thin, (3) if you plan only moon shots
and similar astro targets, the vignette will have
little or no effect because the area outside the
moon is black anyhow.

GLARE PROTECTION. The refractor is well-
protected against unwanted glare light, and you
can shoot pics outdoors in the sun just like any
camera, The reflector is another story. Even
though no direct glare light can reach the film,
you will pick up enough one and two-bounce re-
flections to fog the picture, Fig. 11. The worst
offender is the one-bounce reflection from the
front end of the main tube. A simple cure is a
sun shade, Fig. 12; a long, over-size extension
fitted with glare stops is even more effective,
Fig. 13.

Check your setup for glare light outdoors, or,
do the job indoors with a lamp in the manner
shown in Fig. 13, This little bit of look-and-see
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gﬁ& As dEEDEb

ANY SUITABLE OBJECTIVE
UP TO ABOUT 10" F.L,
{10sm, LARGER L EN,

should be a routine test for all telecamera sys-
tems, You will be able to see immediately any
areas which are unduly bright. By sighting from

the corners of the film opening, you can also ? ,
check the extent of illumination, The setup is y CAMERA
. . HOLDER
also a good check for collimation--all of the ;. R 5%’“"”"
various apertures should appear concentric ; 9 : —_—
with the film opening of camera.
AUXILIARY LENSES, You can shoot a lot of
pictures with a telescope, but more than half
of all pictures taken with a telescope are not
taken with a telescope. The situation in astro- MOUNTING
photography is that while you need the equa- HOSE CLAMP
torial movement and clock drive of a telescope, /
the actual picture-taking is often done with an
ordinary camera mounted on the telescope tube. TUBE CRADLE
For short focal length camera objectives up to / SCREW
about 10 in, f.l,, some kind of a camera bracket,
OBJECTIVE IN CELL
EOMUND NQ. 60 -4
1.84° L. 2T
260 mm (14348 FLL. N [
" NO. RN
f\ /on H6 f 77,
P A on
g%ééfg?;;) e 1 1"NO. 8 F.Hd.,

F,—g ‘/8'_.'

fMAm TUBE-3"0.DiA.

GLARE STOP F 2 —
1'¥g Dia. Mmuzﬁc_i/
FLOCK PAPER
FOCUSING — = 7 ™ == ~— %R LUeAT 70 Cormers or £,
TUBRE-2"0.D.—» ——

_23: Y i ‘

127 >
ALL TRIX DAN FILM, 14-1NcKH F.L. DIRECT OBJECTIVE

mt Pi(«Si NG FILTER, BRIGHT SUN. (SAME CONSTRUCTION AS £16.2)

DISTANCE ABOUT 100Yds.

N\

105 mm ENLARGING LENS DiReCT 14-INCH ACHROMAT AS SHOWN ABOVE, 3 X B“ARLow AND 14" ACHROMAT, COMBO
OBJECTIVE, Y500 SEC.,T/il. HAND-HELD Ys00 SEC. AT £/8. CAMERA HELD BY HAND |3 42' F.L.)<F/24‘ /200 SEC:ONTRIPOD
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Angular and FEIR O e
L. LENS FIELD f‘. o o - HORT :/ae OF Frem oney)P
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inear F|e|d 2 26.5° x - 300¢1.|500¢T.| Y4 M. | Vo m. |T AT
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Fig. 14, is the common mounting method, It can
be seen that the camera is bolted in place, and
the camera in turn supports the objective lens.
With focal lengths over 10 inches, it is more
practical to mount the lens tube, and the tube
then supports the camera, Fig. 15 is a typical
mount of this kind; the adjustable~position fea-
ture is not for alignment since the camera can
peoint in any direction, but simply to give you
some choice of guide stars, All of this is ex-
plained in the chapter, ''Shooting the Stars.'

In the way of auxiliarylenses, the usual choice
is standard anastigmats up toabout 6 or 7 inches
focal length. Over 8 inches f.l,, achromatsbegin
to function very well because of the compara-
tively narrow field angle involved, A 14 in, £f.1,
objective on a 35mm camera looksata 7T-degree
field, and for this narrow angle an achromat is
nearly as goodasthe most expensive anastigmat,
Of course you don't get speed, the usual rating
being about f/8. However, with the fast films
now available, £f/8 is more than enough aperture
for most objects., Fig, 16 detailsthe construction
of a 14-inch {.l. telecamera, Thisisa very prac-
tical size for many land and sky objects; it can
be hand-held for land objects if youare shooting
at 1/500 second or faster, Its 7T-degree field ic
just about the right size for many popular star
groups. Fitted with adapter and 1-incheyepiece,
its 14x power is about all you can hold for rich
field star-gazing, Coupled with a Barlow working
at 3x, it zooms up to 42 inches equivalent focal
length,

FIELD ANDSCALE, With land objects, the photo-
grapher can get wide field or narrow field, big
scale or small scale--all by the simple process
of changing his position in relation to the target
object., Not so in the sky., Every object in outer
space has a fixed angular field, and your only
control is by changing objectives, If you want to
shoot wide-angle star fields, youneed objectives
of short focal length; if you want big images of
small objects, you need a long f.1, glass or its
equivalent in a compound optical system. You
can get the angular size of any popular sky ob-
ject from almost any list or catalog of stars.
The rest is a matter of selecting the proper
focal length, Sometimes you will be able to shoot
direct with the te;escope lens or mirror; other
objects may require an auxiliary lens of shorter
focal length. All of the needed data can be ob-
tained from Tables 1 and 2. Image size is pro-
portional tofocallength; if you want data for, say,
14 inch f.l., simply read the values for 140 inch
f,1. and point off one decimal place to the left.

=¥ | MAGE SIZE

F.L.or| ANGULAR SIZE (SECONDS OR MINUTES OF ARC)
EF.L.[20"[40"] 1 | 5° [10' [30' [31' [40" [60’
10" |.001|.002|.003 |.015 |.025.087 |.090| J2 | I8
20" |.002 |.004|.006{.029/.058 | 17 | .18 | 2> ]| 35
30" {003 | 006 |.009|,044| 087 26 | 2 | 25 |52
40" | 004 | 008 |.0I2 {,058] .12 | 35 .26 | 47 |70
50" |.005!.010 |.015 {.013] iS5 | 44 | 45| 58 |.87
60" | 006 [ 012 | 07 |.088| .18 | 52| 54| 70 [1.05
J0" 1001|0020 .00 | 20 | Bl | B3| 8l |12

80" ioos|.0l |03 02 |23 |0 | 72193 140

Q0" | 000|018 [026] U3 | 26 |.719 | .8t |l.05|L.57

(00" ].010 |.020.029| .5 |29 | 87 | 80 {116 [1.15
120" | 012 | 024 |.0%4 | 17 | .35 | .05 | 1.08 | 1.40 |2.10

140" 014 | 028[.041 | 20 | 41 |122|1.26 | 1.63 [244

160" {016 | 032 047] 22147 |1.29 | 144 |1.86 279

180"|.018].0% |,052| 26 |.52 |1.57]|62]2.10]3.14
200%] 019 {.039|.058| 25 | 58 | 1.74|1.80 [2.33 | 349
226" 022 | 044|066 | 33 | 66 | 194 (2.03]| 262393

250" 024 |.048|.013 | 31 | 3 |2.18 (226|291 (436

215" | 027,053 | 080 | 40 | .80 |240 |2483.20 |4.80
300" | .029|.058|.087 | 44 | 87 (262|271 (349|524
400" 039|018 12 | 58 |16 | 349 |36l [4.66 698
500" | 049|097 15 | 73 | 145 |4.36 |4.51 {582 873

600" | 058! .12 | 18 | .88 | 175 | 524|541 |698 |10.48

J00"|.068 | .14 | 20 [1.02|204|6.11 [6.31 |85 |1222

800" 078 | .16 | 23 |16 | 233 | 698|722 [9.31 {357
900" 087| .18 | 26 | 131 |2.62 |7.85|8.12 [1048 1571

1000} 097 .19 | 29 | 146|291 | 813 [9.02 |l .64 |I146

ALL DIMENSIONS IN INCHES
- L.
E.F.L.~ EQUIVALENT FOCAL LENGTH LOL. £OR o

ANGULAR SIZE OF SOME

ASTRO OBJECTS

SUN 32 '« | M8-LAGOON 60’
MOON 3l'¥ | MI3~HERC. CLUSTER 10
ON APPROX | SEC. |
NOOM e “Peaaiies | MZT-DUMBBELL 8
JUPITER 40"% | M3l-ANDR.NER. 160’
sATURN  SRLL 1841 m42 - ORION NEB. 60
VENUS 20"% | M44 - BEEHIVE 50!
MARS 8"x | M45-PLEIADES 120’
-CRAB NEB. 6' M57 -RING NEB. |2

TAVERAGE
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...for any camera

The AFOCAL SYSTEM

THE AFOCAL system consists of a telescope
in front of a camera, It gets its name from
the fact that the telescope eyepiece is located
exactly its own focal lengthfromthe first image,
while the camera lens is exactly its own focal
length from the second image. Technically, the
system is one of projection, the only distinction
being that it is an afocal projection system as
differing from other projection systems where
object and image distancesdo not match the focal
lengths of the lenses used. A telescope in focus
for eye use is in afocal adjustment, This fact
makes it possible to shoot pictures with a small
telescope or binoculars in combination with a
"blind"' camera by simply focusing the telescope
by eye and then putting it in front of the blind
camera which is set at infinity., However, the
precise focusing needed for long focal length
telescopes is much too critical to permit this
kind of guesswork,

Figs. 1 and 3 show atypical system. The tele-
scope eyepiece and the camera lens must be in
fair alignment, but they are not coupled. The
small intervening space need not even be en-
closed unless you are shooting outdoors in sun-
light. The camera must be supported externally
and gadgets for this purpose can be purchased
or made as desired. The equivalent focal length
of the whole system isthe power of the telescope
multiplied by the focal length of the camera lens.
While the example shown in Fig, 3is quite mod-
est, it will be apparent that terrific magnification

i s ¢ EVEPIECE - 28mm (1.I") F.L.
©) *  CAMERA LENS - 2" F.L.
AFOCAL S%'}'UP TELESCOPE POWER ~ 43x
WITH 6" £/8 NSRRI
REFLECTOR E.F.L.= 43 ¥ 2».g=. 86
£/ =71 x 2=/
AN Ll Lens F
14" DIAGONAL = %%Wg;o,z LcameRrA
o

THIS 18,

> X 28mm KELLNER EYPC.
ABoUr B0% LLUMINATION (EDMUND NO. £22.3)
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can be obtained by using an eyepiece of short
focal length in combination with a long f.1. lens
on the camera,

AFOCAL, CALCULATIONS, Afocal systems are
easy to calculate by using the formulas given in
Table 3, Usually the power of the telescope with
a certaineyepiece will be known, and in such case
the calculations are based on this specification.
However, it is often easier to calculate the
system from the amount of Projection Magnifi-
cation, and equations for doing this are given
in the lower half of the table.Inan afocal system,
magnification is obtained by havingthe rearlens
{the camera lens) of longer focal length thanthe
front lens (the eyepiece). If your camera lensis
2 in, focal length and you use a 1 in. eyepiece,
the Projection M, is 2x, Whenthe eyepieceis the
same focal lengthasthe camera lens, the magni-
fication is unity or 1x, that is, same size, no
magnification.

FIELD ANGLE, In all afocal systems, the ap-
parent field angle of the eyepiece should equal
or exceed the field angle of the camera. If you
are using a standard 35mm camera with 2-inch
focal length objective, the field angle will be a
maximum of 47 degrees, Fig, 4. Now, since
what goes into the camera must come out of the
eyepiece, you can see that light rays emerging
from the eyepiece must embrace an angle of at
least 47 degrees. If the eyepiece has a smaller
apparent field than 47 degrees, it will not cover
the 47 degree angle required by the film, This
situation occurs frequently since most Huygens
and Ramsden eyepieces, many Symmetricalsand
some Kellners will haveno morethan40degrees
apparent field, The result will be slight vignet-
ting at the corners of the film. Even when the
eyepiece has the required wide field, vignet-
ting will occur at 1.6x or less projection mag-
nification because the small-diameter focusing
tube will not field the big primary image which

(wirs 58 gEsLEcTOR)
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goes with low power, Fig. 4 is an example, On
the other hand, high~power means that the first
image will be small and the focusing tube is no
longer a bottleneck,

I your camera permits changing lenses, it
is sometimes advantageous to use a slightly
longer focal length, Fig., 5, As can be seen, this
reduces the field angle of the camera, which
in turn means that the eyepiece has aneasy job.
Such a system works with no vignetting what-
ever, and also is non-critical as regards the
location of the exit pupil of the telescope.

LOCATION OF EXIT PUPIL, The space be-
tween eyepiece and camera is optically free
space, meaning that a little more or less space

BIG PLATE SCALE... s crapuicaLLY

PORTRAYED WHEN REGULAR 7-INCH F. L.
OF 25mm CAMERA LENS (S COMPARED WiTH
SAME VIEW SEEN WITH A &-INCH REFLECTOR
TELESCOPE OF 48" F.L. ALL PICS TAKEN

FROM INDOORS THRU OPEN WINDOW . THE SENE,
RABOVE, Vo200 SECOND AT £111 ON PLUS-X FILM " 7pagc—y
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will have no effect on the power of the system
or the location of the finalimage, Butthe camera
lens must pass all of the required cone of light,
and the best insurance to meet thisrequirement
is to locate the exit pupil of the telescope at or

near the iris of the camera lens. The proper
position is obtained automatically with a simple
visual test, Fig. 6, If you push the camera back
and forth, you will note that the corners of the
ground glass {or tracing paper screen) will show
black when the camera is too close or too far
from the eyepiece, Determine by this test some
position where the lighting is uniform over the
whole film area; make a note of the spacing
for future use in mounting the camera,

Most shooters will use the afocal system with

. PANA- ZI %X BARLOW (6000wiN) ON S-rucs
_/oai_c._ﬁLﬁ'K& REELECTOR. Vio SEc. A7 ¥/2>..



TwWiN LENS REFLEX CAMERA
AFOCAL WITH 4'4" REFLECTOR

the iris wide open, just as insurance that all
the light gets through. However, if you have the
exit pupil exactly at the iris, you can stop down
as desired. If you can stop down below the rated
f/value of the telecamera, the new {/value canbe
read directly from the f/scale. As noted, how-
ever, you must have the exit pupil exactlyat the
iris and concentric with it to make use of this
feature, Probably the best standard practice ig
to stop down to about £f/8, The idea, of course,
is simply that the stopped-down iris makes a
good glare stop,

MOUNTING THE CAMERA, If you are using a
refractor, a simple camera mount is a board
clamped to the main tube, Fig, 7. A twin lens
job is more of a problem, since with ordinary
mounting bracket, Fig, 8, it is clumsyand time-
consuming to set the camera for the viewing
and taking positions. One partial solution is to
use an angle plate, Fig., 8, which confines the
needed movement to a single plane. The single
lens reflex is easy to mount and almost any
kind of wood or metal bracket can be used;
Fig. 10 design is pivoted at the center in order
to get around the finder which is usually in the
way of a straight support made of wood.

If you like the afocal system, coupled mount-
ing is worth consideration., The idea hereisthat
the combined eyepiece and camera is free-
standing, supported only by the focusing tube in
much the same manner as a long and bulky
eyepiece, A nice feature of this setup is that
you can rotate the camera as needed to square
the picture with the side of the film; with a
fixed bracket, the only way you can do this is
by rotating the telescope. '

{
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positive and negative

PROJECTION
Systems

ALMOST any telescope can be used as a pro-
jection system by merely extending the eyepiece
a little from the normalafocal position. Eventhe
Galilean telescope may be used in this manner,
although the negative lens projection is more
generally recognized as a Barlow or telephoto
system, The usual positive projecting eyepiece is
simply a telescope eyepiece~~it gets taggedasa
"projection'’ eyepiece only from the manner in
which it is used. Regular slide projector lenses
are sometimes used as wellas shortfocallength
camera lenses. The most practicalfocal lengths

are the same as for visualuse--inthe neighbor-
hood of 1 inch--and eyepieces canbe used inter-
changeably for looking and shooting. The com-
fortable magnifying range runs from 2x to 6x
projection magnification. This builds up the
equivalent focal length rather quickly since the
telescope itself is a long focus lens, With a
8-inch f/8 reflector of 48 in. focal length, a 3x
projection system makes the e.f.l. 144 inches,

PROJECTION WITH A POSITIVE LENS

In all projection systems, magnification is
obtained by making the image distance greater
than the object distance. In the telescope setup,
the ""object'' to be projected is the real image
formed by the telescope objective, while the
"image' is the real second image formed onthe
film. Fig. 1 shows a basic type of lens spacing
which results in an image the same size as the
object, When the lens or eyepiece is one focal
length from the object, no real image isformed,
Fig, 2, This is the afocal position, the way an
eyepiece is adjusted for visual use, Between
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the 1x position and the afocal position it is pos-
sible to obtain a complete range of magnifica~
tions, from no magnification to infinite magnifi-
cation~-all witha lensadjustment of less than one
focal length, Fig. 4,

The required spacing for any degree of pro-
jection magnification can be calculated from
the simple formulas given in Fig. 5. Dimension
B is the controlling dimension--it is the same
as the ''throw''distance of a slide projector., Being
a comparatively long dimension, it is notunduly
affected by slight errors, In the usual practice,
spacing distances are set off from the center of
the lens or lens system, but if you want to be
technically correct, the spacing should be meas-
ured from the principal planes, Fig. 6. If you
know the focal length of any lens or eyepiece,
you can locate the principal planes with the
simple setup shown in Fig, 7. The generalidea is
to juggle the eyepiece and screen back andforth
until the image formed on the screen is exactly
in focus and exactly 1/2 inch long, the same as
the object, Then, if you measure two focal lengths
from the object, you will locate PP1, the plane
of admission, Since the setup is 1x, the plane of
emission, PP2, is also two focal lengths dis-
tance from the image. Once known, the principal
planes of any eyepiece can beusedas measuring
points for any application of the eyepiece, If you
make light ray diagrams, draw the rays to PP1,
then parallel with the axis to PP2, and then to
the image. Such rays do not show the actual path

4

EYELIECE

1X EXTENSION THE LENGTH SHOULD BE
TJuBE ONE FL.OF EYEPIECE

FOR EACH ALRITIONAL

N :
[X_PROJECTION MAGNI-
 ONE EICATION YOU WANT

Fi.™

through the glass, but are accurate as regards
entering and exit surfaces, which is all youneed
to know,

PROJECTING EYEPIECES. Typical projecting
eyepieces are shown in Fig, 8, These are
standard telescope eyepieces, the adaptation
being mainly a matter of an extension tube
which sets the eyepiece a fixed distance from
the film plane. You can change the magnification
of any design by simply changing the spacing,
Low power is the most difficult to obtain since
this demands a big field lens. Of the designs
shown, only Model I can work at less than 2%,

Fig. 9 shows the construction and mounting
of Model I projecting eyepiece. Like most pro-
jecting systems, this is a compact unit requir-
ing no additional support other than the normal
mounting in the focusing tube of the telescope,
Fig. 10 shows an alternate construction for
Model H projecting eyepiece which you may pre-
fer to drilling a hole in the eyepiece,

PROJECTION CALCULATIONS., Much of the
arithmetic connected with projection systems
can be eliminated by using Table 4 which gives
spacing distances for most of the lensesyouare
likely to use, I you use some focal length not
listed, find, from table, the spacing for a 1-inch
f.l. lens at the desired magnification. Then,
multiply these values by the f.1, of the lens you
plan to use. Alternately, use Table 5, which



TABLE 4

8 PROJECTION

IMAGE FORMED BY TJ/E

TELESCOPE IS
-\_g ER PR%Z! CTION

PROJECTION

‘;‘ ¥ LENS

OB.IECT-IMAGE SPACING for Projection Systems

OBJECT
; oA IMAGE—>
| e
¥ v |\

TwiTtH AL - |

POSITIVE LENS ‘“‘5&5&%&3;5/,/ (9'2“2522"'; A 8 »

— FOR DOUBLE ¢ o
LOCAL LENGTH OF eA—e——— »] ENSES OR ANY
[ . OAIECT  /MAGE DISTANCE | KIND OF EYEPIECE, MEASURE

— DISTANCE LFROM CENTER (SEETEXT)
F.L. \Yax| 1V2x| 2% | 3x [ 4x | 6x | 6x | Ix | 8% | Ox | 10x | 2% | 5% | 20
30 (A 7T 62" 86" | 50" | 41| 45" | aa’| 43| a2'| 4z | ' | 40| 40| as
05O (B> 84| 93 | 12 | 150 | 187 {225 [ 262 | 3.00 | 337 | 335 | 4.2 | 4.67 | 6.00| 787
|/“ Al 90 | 8% | 75 67 ; 62 | 60 | .58 .57 .56 | .55 | .55 54| .53 S
12T B> 112 | .25 | 1,50 | 2.00 | 2.50 | 3.00 | 3.50 | 4.00 | 4.50 | 5.00 | 5.50 | 6.50 | 8.00 10.50
g/ (A 12 | LO4 | 93 83 8 s 33 il 70 69 68 67 £6 65
/5.9m) B> 140 | 1.56 | 1.87 [ 250 [ 342 | 335 | 437 | 500 | 5.62 | 625 | 6.87 | 812 | 10.00 3.2
3" A 134 | 125 | 142 | 100 | 94 | 90 | 88 | 86| 84| 83| .82 | .8 8o | 19
191t B> 168 | 187 | 2.25 | 3.00 | 3,75 | 4.50 | 525 | 6.00 | 635 | 7.50 | 8.25 | 935 | {2.00 | 1515
220 |A>| 1.se | L46 | L3l .6 | 1.09 | 1.0S | Lox | 100 | 98 | 91 56| 95| 93| 92
2228 (B> 197 | 219 | 263 | 350 438 | 525 | 603 | 100 | 1.87 | 815 | 9%62 | 1137 | 14.00 | 1837
I" A> 1.8O | .66 | 1,50 | 1.33 | 1.25 | 120 | 117 l.14 113 L .10 | t.08 | 1.07 | .05
26man B>} 2.25 1 2.50 | 3.00 | 4.00 | 500 | 6.00 | 1.00 | 8.00 | 9.00 |10.00 | 11.00 | 13.00 | 16.00 |21.00
||/“ A-> 2.02 | 1.87 | 1.68 | 1.50 | 1.40 | 1.35 | 1.3l | .28 | 127 | 125 | 124 | 122 | 120 L8
205nl© |B>| 2.53 | 281 | 337 | 450 | 562 | 675 | 187 | 900 | 1003 | 1125 | 1237 |14.62 | 18.00 2362
l |/4n A>1 225 1208 | 1.87 | .67 | 1.56 | 1.50 | 146 | 143 | 1.4l | (39 | 137 | 135 | 133 | |2
o B> 2.8 | 3.12 | 375 | 5.00 | 625 | 7.50 | 835 |10.00 | 11.25 {[2.50 |13.75 | 1625 | 20.00 |26.25
3/ A>1 247 1229 |2.06 | (.83 | 172 | 1.65 | 1.60 | 1.57 | .55 | 1.53 | .51 | 149 | 147 | 1.44
MSM B> 300 | 343 | 4.3 | 550 | 687 | 8.25 | 9.62 |11.00 | 12.37 [1335 [15.42 {[7.87 122.0028.87
|t/“ A-> 269 | 2.50 {224 200 | 188 | I.80 | 176 | LTI 1.68 | 1.66 | 1.64 | .62 | (.60 1.58
sorns, Z |B>| 337 [ 374 | 4.50 | 6.00 | .50 | 9.00 {10.50 |12.00 | 13.50 |15.00 | 16.50 |19.50 |24.00 | 31.50

IMAGE FORMED BY TELESCOPE . LPOSITIVE OR
/s OBJECT ROJECTION T/me wHOLeTeleCo.mera NEGATIVE SYSTEM
ERSéEGCTIOS WITH _ D(rgeorvm. E.F.L.= F.L.OBJECTIVE X PROJECTIONM.

ATIVE ey peea IMAGe—»JL ok | #/ = $/OBIECTIVE X PROJECTION M

—_— 35 E1LA] .

(BARLOW) LENS Ty DIAMETEROF _ FILM DIAGONAL

: e FIRSYT IMAGE =~ PROJECTION M.

T -

F.L. tVax| 1'ax| 2x ’2'/2( 3Ix [3lox| 4% (4'%x Bx | 6x | IJx | 8% | 9x |{Ox
-1 A>| 20" 33| .50 T IS L I a5t | 8"l 80| 8y 8’| 8T 89" 90"
2ortan B> 25 | 50| Lo0 | L50 | 2.00| 2.50 | 3.00 | 350 4.00] 5.00! 600| 1.00| 800| 9.00
" A= 40 &7 | 100 | 120 33| 143 150 | 55| 160 | (6T | I | LIS | 18| L8O
sonnt B> .50 | 1.00 | 2.00 | 3.00| 400 500! 6.00 | 7.00 | 8.00| 10.00 | 12.00 | K.00 | 1600 | 18.00
a” A 60 10O | 1,50 | 180 | 2.00 | 2.14 | 225 | 233 | 240 | 250 | 257 2.62| 2.67 | 270
e B> 75 | 1.50 | 3.00 | 450 | 6.00| 1.50| 9.00 [10.50 | 12.00 | 15.00 | 18.00 | 2..00 | 24.00 | 27.00
-4" [A>| 80 133 | 200 | 240 | 267 | 2.86| 300 | 3. [ 320 333 | 343| 350| 3.55| 3.60
o B> 1.00  2.00 | 4.00 | 6.00 | 8.0010.00 12.00 | 14.00 | [6.00 | 20.00| 24.00 | 28,00{ 32.00 | 36.00
5" (A>| 1.00 | 166 | 2.50 | 3.00| 333 | 357 335 | 388| 4.00| 4.7 | 428| 431 | 444 | 4.50
. B-| 125 ' 2.50 | 5.00 | .50 | 10.00 | 12.50 | 15.00 | I7.50 | 20.00 ! 25.00 | 30.00 | 35.00 | 40.00 | 45.00
‘6" A 120 | 2.00 | 3.00 | 3.60 | 4.00| 429 | 4.50 | 467 | 4.80 | 500| 5.14 | 525| 533 | 540
62 B>| 1.50 | 3.00 | 6.00 | 9.00 | 2.00 |15.00 | 18.00 {21.00 | 24.00 | 30.00 | 36.00 | 42.00|48.00 | 54.00
=7 A—>| 1.40 | 2.33 | 350 420 | 467 | 500| 525| 544 | 560 | 583 600 6.2 | 621 | 630
. B> 175 | 3.50 | 7.00 | 10.50 | 14.00 | IT.50 | 21.00 | 24.50 | 28.00 | 35.00{ 42.00 {49.00 | 56.00 | 63.00
- 8" A 1.60 | 2,66 | 400 [ 480 | 533 | 57 | 600 622 640 | 661 685 J.00! T4 | 720
203 B> 2.00 | 4.00 | 8.00 [12.00 | 16.00| 20.00 | 24.00 | 28.00 | 32.00 | 40.00 |48.00 | 56.00 | 64.00 | 72.00
o A>| 1.80 | 3.00 | 4.50 | 540| 600 643 | 635 | 7.00| 720 | .50 771 | 1.87| 8.00{ 810
220, B> 2.25 | 4.50 | 9.00 | 13.50 | 18.00 | 22.50 | 271.00 | 31.50 | 36.00 | 45.00 | 54.00 | 63.00 | 72.00| 81.00
'[O” A- 200 | 333 | 5.00| 6.00| 667 | 7.14 | 750| 18| 8.00| 833 | B57| &35 | £.88! 9.00
i B>{ 2.50 | 5.00 [10.00 |15.00 | 20.00 [ 2.5.00 | 30.00 | 35.00 | 40.00 | 50.00 | 60.00 | 70.00 | 80.00| 90.00
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L TABLE 5
The Arithmetic of PROJECTION SYSTEMS

POSITIVE LENS PROJECTION [l NEGATIVE LENS PROJECTION'

R LRI

\\ T .

v~ = ";‘HHH IMAGE —»

s 4.. ‘MH\\\

'(—"'-As ‘_A——‘*" Blzn \‘xl
FORMULA >
Ay ¢ xample - 3x

| B=(Mm+1)xF B=(2+1)x4=3x4=[2" 1 B=(mM-I)xF B=(3-1)x6=2x6=12"

Fx A Ax6 _ 24 e _F XA 6 x4 _24 e
2 B=5T% B=oa =z =2 2| B-t_% B=e-a -2 12
3| 8=AxM B=6x2=12" 3| B=Axm B-4x3=12"

— B - lz —_ " - ;B-_' - _l-;— — ”
4| A= " A= = = 6 4 A M =3 = 4

F 4 " _ -_E_ _ -_‘; - - - o
5| A=+F A=5+4=2+4=6 5| A=F-4 A=6-5=6-2=4
FXB AxI12 _48 _ .« _FXB _6X 12 _T2 _ .«
6| A=g_¢ A-g-z =g b 6| A-E%xw Ae+z-18 -4
— _E = lz - — B -&g «
7 M-A M—-g—*-?.x 7 M—*K‘ M—4 3
F < 4 F 6 6
= 2 ——— = — = 2 X = = == = 43X
8| M=% Meegg=5=2 &| M=% M=e-3 =35 =3
_B~F _i2-4 8 _ _B+F _12+6 _ 18 _
9| M=—% M=——= 2= 2X 9| M=—% M= — 6 -3«
_AXM _6X 2 _ 12 _ . CAXM _4x3_ 12 _ .
10| F=4 F")_+|"3"4 0| F=3 F=3-T =% 6
B - A " _ B I - N
W F =5 R o e W W F=®= Fe37=2=6
AxB _6x12 72 " _Ax B _4x12_48_ _.
) F=7278 F”6+1z‘le'4 21 F=%—a F=-a-38~6
N
e e a— WHoLe TeLE-Camera SysTem
7l ) Fe&'ﬂwlo, |NDEX AFTER FINDING PROJECT 10N M, THE
M " MACHIELCATION WHOLE SYSTEM CAN BE CALCULATED :
CBTAIN.
RO ECTION KNow E.F.L. = F.L.OF OBJECTIVE X PROJECTIONM
F - Focacr Leners M....8 | 4/ = OBJECTIVE £/VALUE X PROJECTION M
0F 7HE PRosecTion | F AND A 1 g "7 f/ =
FOR DOUBLE LENSES LENS OR EYEPIECE Moo Actbenare E+F.L. < CLEAR DIA. OF OBJECTIVE
OR ANY TYPE OF EYE- - FANDB | '\ DIA.OF -
PIECE, MEASURE FROM | A P ns A.....6 | FIRey 19AGE = FILM DIAGONAL S PROJECTION M
CENTERL 02 OC8IECT, THE veene N
THIS IS NOT EXACT BUT "QBJOEC#"GC:/NYQ e | FANOM g ? oBJEcTIVE FIRST I"EYPC. 4
CAUSES NO GREAT ERROR, PRIME IMAGE FORMED - 4
ESPECIALLY AS APPLIED BY TELESCOPE 0BJECTIVE M AND A F....l0} _ -
TO DIMENSION '8 B - Disrance rrom Tue B.....3 . Y
Sy PROJECTION LENS TO M a0 B £ [ | —» 4|
MAGE, Y. - >
Boizs Fon spacie | sems e Fna. A4 | Erample: S e
y COINCIDENT - = ' = 2 =
e wiTH Em PLANE | A AND B ?:\5.12 E.FL.=10x3=30" f/=30+2 ,,-ﬁ-/'s )
OR EYEPIECE §/ = £15 x3=F/15  FIRST IMAGE=/=3> = 58

FOR 35 mm Frim
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__ {NCOMING LICHT o .
——— (13) PROJECTION WITH A NEGATIVE LENS
- ‘“\‘:-\ % V3
«— OBJECTIVE ~ I oe fE8"T PRIMARY
MIRROR T T IMAGE
e 4 _ _\\\\‘*\ 4o I
P-?IITCIIPA-L OR C/{IE/: QAy EROM EDG? C?F?/E—(__o___ ————— ——:’—‘»’K’_’j\
e T Zhe bRpary
B R BY Tile 0BUECTIVE
/:::i'_. r— LIGHT RAYS FROM .
Epupttt et s A POINT AT EDGE :
e o T OF FIELD ﬁECMEK_BLAZ
S eomiie LioHT - ~QBECT TO BE po-
o | HLECTED BY THE
I o 0L MIk w1 | NECATIVE LZNS |

covers all of the various equations and transposi-
tions needed to calculate any system,

NEGATIVE LENS PROJECTION

Whether you prefer a negative lens or a
positive lens for a photographic system is
largely dependent on the quality of the optics.
Assuming good optics, the negative lens is pre-
ferable, most practical. The outstanding fea-
ture of projection by using a negative lens is
compactness, the lens being located inside
the primary focus instead of outside as is the
case for projection witha positive lens, Practic-
ally all of the big satellite tracking camerasand
super telephoto lenses use some form of this
optical system. As can be seen in Fig. 13, the
primary image formed by the telescope objective
becomes the object to be projected, It is, there-
fore, a virtual object, that is, it does not exist
at all in reality but it is quite valid for diagrams
and calculations, The whole range of lens move-
ment from 1x magnification to infinite magnifi-
cation is contained in one focal length, Fig, 14.

Good negative achromats--especially big
ones--are hard to find because they have limited
uses in optical instruments, and also because
they can be fully corrected only for one specific
application. Available lenses are usually de-
signed for visualuse inatelescope, working in an
/8 light cone at 2x magnification. All of which is

OBJECT - IMAGE SPACING
for EDMUND BARLOW LENSES

PROJECTION MAGNIFICATION

TABLE 4-A

F.L. [Tax[2x [2%%] 3% [3%x]4x | 5x [6x

‘3'” !43" -66“ 1-19" .83" -93‘. .98“ 1.05" 1009"
! 66 | 131 | 196|262 |3281393 | 524 |6.55
I*' “ A" 58. .86 | 1.04] 115 | 1,23 | .30 [ 1.38 | .44
- 871|173 2660 [3.46 | 4.32 | 5.19 |62 |8.65

‘83" A? SV [ 92| LIO [ 1,23 | 1L.30| L37 | 1.46 | (.52
92| 1.83]274 (366 |4.56| 549 1.32 |5.15

’m“'%» 1.17'] .81 70°| 58| 50" 44°[ 35" | 29"

&) SINGLE CROWN 8] GOODWIN ACHROMAT EOMUND ACHROMAT
HHor 38 mm Frim

NEGATIVE PP

BAS| g‘ﬁm %lﬁ Assume vou

BROJECHON M.
LS | ASSUME FL.OF NEG. LENS 1S 27

B =(M~I)xF B=(4-1)x2=6"

. B _ 6 _ o
A= A= Z =15

NEGATIVE

LENS PRIMARY
IMAGE

~-.) PARALLEL
1 LIGHT RAYS

AFOCAL - EMERGENT AYS DO NOT COME T0 A £OCUS -
NO IMAGE /S FORMED. THIS SPACING (S A CALILEAN TEECOPE

NEGATIVE
LENS\ PRIMARY
Ny IMAGE AND
~TT— W7 fiNaL mace
"\) o —
o —
—— \\\
ZERO

UNITY MAGNIFICATION (tx) ~ 7ue mac mace
ITH THE PRIMARY IMAGE — MAGCNIEICATION

—e——

WHOLE HiGH
——— LIGHT CONE POWER LOwW
{T —— L ¢ POWER

|l PRIMARY
IMA

[

I
" - HE T GE
1 11
. 1
_,,u~~~~"’ afl MORE THAN

WHOLE RANGE - 7xs

NEGATIVE LENS MUST- BE
INSIDE THE PRIMARY F.L
FOCUS, BUT THIS DISTANCE e

(4 SPACING LIMITS
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| |

(1S) 3x NEGATIVE LENS PROJECTION 5 | '.
SHOWN WITH 6" /8 REFLECTOR EXTENS
E-f.L.= 144" £/ =%/24

TUBING
1%4"0.D.

il
|

1
|

4\ ~_ ’ | | AUTERNATE
(reRNED NEGATIVE LENS | I-| | FlG. 15 wiTH || | CONSTRUCTIO!
e 1.83" F.L. o /X EXTENSION W wrrH
DLASTIC) (EDpMuND NO. 30-248) | | H | ADDED Il MounreD
Bl \ | LENS
I p | (Epmune
| 1 e onconas. J

N < | No.40-477,
v / WHOLE LighT |
CONE OKAY

A D1AcRAMS

TUBE _Jh EULL SzE
IVA}"O.D. i
3 LONG\)

compared to positive. However, like the posi-
tive lens system, 1x additional magnification
calls for an extension tube of one focal length,
Fig, 16, The Edmund Barlow lens can also be
2.3 WITH GOOOWIN LENS (from Lomyno No.60-/23) purchased mounted and the whole unit used photo-
graphically, Fig. 17, requiring only an adapter.
Unmounted, this lens is modestly priced at $3,

to say that the linear field islimitedto about 1/2 and it works just as good as other more expen-
inch diameter; further, the lens will work bestat give Barlow lenses, Itistoo smallfor low power,
2x, although it will perform fairly well over but if you use 3x or more projection magnifica-
a wide range of higher magnifications. The lenses tion, the lighting will be uniform to the corners
are usually soldas''Barlow'' lenses, namedafter of 35mm film. A 3x Barlow is often added to a
Peter Barlow, English physicist and mathema- finderscope for use as a tracking telescope.
tician, first to use such a lens to increase the One of the larger of the visual Barlows is the
power of a telescope. Color-wise, the visual Goodwin design, and this canbe used downto 2.3x
Barlow is perfectly satisfactory for photographic as shown in Fig, 18. This requires a shallow
use. In fact, today's films have so nearly the adapter, and even so you may have to shift the
same color response as the humaneye, it can be main mirror forward a little to put the primary
said in generalthatany optical system that works image at least 3/4 inch beyond the end of the
well visually will perform equally well photo- eyepiece holder. All optical systems should have
graphically over the same size of field. dead black interiors, and this goes double for -
Fig. 15 shows a 3x Barlow system mounted the Barlow because of the way the lens pitches
on a 6-inch reflector--note how compact it is the light rays outward after transmission.
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STAR TRAILS

A STAR TRAIL is made by pointing any fixed
camera at any part of the sky and exposing for
10 minutes or more. The stars, of course, keep
moving right along, making a pattern of light
streaks,

One common difficulty is field coverage. The
average camera has a field of about 50degrees,
This means that if you center on Polaris, the
half-field angle will reach down to about 85 N.
declination, not quite reaching the Dipper, One
way to capture the Dipper is by putting Polaris
at one corner of the film, as shown in photo,
This is a 25 min, exposure on 5x7 Tri-x film,
using a 6-inch Metrogon lensaif/5,6, The bright
streaks at top left are the Dipper stars.

Sky fog is another problem. Every minute you
expose, the sky background becomes lighter, In
3 hrs.or so, skyfog may wash out the star trails.

There is no simple solution to this except the ~—— y

obvious one that if you make a short exposure, B

the sky will stay black. The photo insert shows "5L10€ ro Foces

- . . T

the Dipper stars as seen with a twin lens reflex “‘\I our 60%

working at /4.5 with Tri-x film, the exposure 4?54 ‘\’?—L%%%R
. . . . . ek LORT AT CORNER

being 2. minutes. Blg star images were obtained STOP RI . \\QF_EM

by putting them slightly out of focus. One way to msze_fsvgs

tackle sky f.og is to make the trails brighter, DEEINITION, %A%T%TR/(‘; o

This takes big aperture, suchasthe sniperscope EOGE OF FIELD

objective shown in drawing,

3%’ F.L,f/2 PETZVAL

(EARLY SNIPERSCOPE CBIECTIVE]

BIG APERTURE OBJECTIVE

OECLINATION..,E/THER NORTH OR SouTH

STAR TRAIL Formulas o T 10° | 20°

30° | 40° | 50° 60° J0° | 80°
—'—l LENGTH OF STAR TRALL (memes) FOR F times | ¥ times | F #imes | F times | F times | F times | F times | F times | E times
| MINUTE EXPOSURE TIME 0044 | 0043 | . 0041 |,0038 |.0033 | ,0028 | .0022 | ,00i5 |.0008

for | SECOND EXPOSURE TIME ¥ .00007 | ¥ .00007 [x 00007 |x 00006

X Q0006 |x 00005 |x 00004 |x .00002 | x 00001

D oN P /58, VES -0

2] LENGTH OF STAR TRAIL (INCHES) | F X T EXT | EXT | FXT | FXT |F*T |FxT |FxT |FxT
FOR ANY EXPOSURE (punures) 229 232 244 | 264 300 358 458 | &34 | 1330

3] EXPOSURE TIME (minu7ES) NEEDED | L x229 | L1232 | L¥244 | LX264 | L¥300 | Lx358 | L 458 | L %674 | Lx1320
FOR A SPECIFIED STARTRAILLENGTH F F F F F F F F F

4] MAXIMUM EXPOSURE (scconos) 55 50 | 63 6 | 1o | 162 |36
WHICKH wil NOT SROW A TRAIL ) "F— ég- = —E—- —% -§F— - —F—— ..%E_

Faei IS FQCAL LENGTH OR EQUIVALENT F.L, [F YOU PLAN TO ENLARGE,

SXamp{e: YOUR CAMERA LENS 1S 3" F.L. and. YOU ARE
USING 2x PROJECTION SYSTEM . YOU ALSO PLAN
3¥ ENLARGEMENT. SO, wWHOLE PRINT

EFEL = 3x2x 3 =87

. YOU WANT 125" (ON PRINT) STAR TRAILS FOR STARS
PROBLEM‘ _ON EQUATOR. WHAT EXPOSURE I1$ NEEDED?

LUTION: - 15 x229 _343.5 _
'%gszmum@ EXPOSURE = ~=—g =Sig = 19t

MULTIPLY F. L. BY ENLARGEMENT TO GET WHOLE PRINT E.F.l,

g)(amw: YOU ARE SHOOTING STARS
AT 40° N. DECLINATION WITH 6"

F.L.LENS. PRINTS WiLL BE EN-
LARGED 3X. (£.£L,=.3x6=18")

. FIND MAX. EXPOSURE THAT
ProbLem: WILL RETAIN ROUND STAR IMAGE

SOLUTION: 12 _
FORMULAR 18 = 4 SECONDS

NQYE: TINO OR THREE TIMES THE SPECIEIED
ISURE WiLL SHOW ONLY SLIGHT ELONGATION

FORMULA NO. CAN BE USED FOR MOON PICS..../F ON CLOCK DORIVE, USE FACTOR OF /200 AND DIVIOE BY PRINT E.F. L.
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“HAT TRICK" ELIMINATES MIRROR BOUNCE

shooting the MOON

BIGGEST, fastest, brightest object in the night
sky, the moon is also the most photographed.
Point your refractor or reflector her wayonany
clear night, and you are almost certain to get
at least some kind of picture, Experts also give
a look at the calendar because the moon 'goes
south'" every month and when low inthe sky may
be a poor target. Follow the recommendations in
table below. The sample pictures are not blue
ribbon winners but are exactly the kind of pic-
tures you will get the very first time out if you
follow a few simple rules. The pics shown are
all from 35mm film with drugstore processing,
standard 3x enlargment; shown here full-scale
but prints are cropped.

A few general rules on exposure will cover
most situations, In generalthe full moonis simp-
ly a distant object, front-lighted by the sun. As
such it takes about the same exposure as any
distant land object in sunlight, The various phase
pictures are no less bright at the limb (edge),
but since you usually want shadow detail at the

WHEN to shoot™

6-DAY OLD MOON AS SEEN UHTH 6-inch REFLECTO
 PANATOMIC-X FILM, PAST “HATTRICK” EXPOSURE.
. PICTURE AT RIGHT 1S 3x BARLOW (6000uin) PROJECTION. .

PIC AT LEFT 1S PROJECTION WITH 1-inck ORTHOSCOPK

1 EYEPIECE , ABOUT 22 X. DRUGSTORE PROCESSING OF
. B5mMM FILM wiTH 3¥ ENLARGEMENT. REPRODUCTY
 ABOUT RULL $(ZE BUT CROPPED SLIGHTLY

terminator, the average phase picture is ex-
posed for the shadows, about 4 times the exposure
of a full moon shot,

The full moon ig most popular with beginners
although it is a difficult object to photographdue
to the flat lighting. The only really good cure
for this is to use a high contrast film, such as
High Contrast Copy or any of the various pro-
cess films, High Contrast Copy was formerly
known as Micro-file, and you will run across
many full moon pics of bygone years taken with
this film. High Contrast Copy filmisa copy film
intended for copying clippings, checks and other
printed material; it is not intended for continu-

HOW to shoot

PHASE | GOOD FAIR | SUITABLE FILM | EXPOSUREED REMARKS
FIRST JAN.thru JUNE | JuLY thru DEC. " PANATOMIC-X | Viosec. arf/16 | USE FAST "HAT TRICK " EXPOSURE
QUARTER | MARCH is bast | SEPT. poorest |l ¢ | HI CONTRAST Vsec. AT £116 | TELESCOPE PREFERABLY ON CLOCK DRIVE
LAST JULY theu DEC. | JAN.thru JUNE § TRI=X Yi00 SEC. AT £[16 | EXPOSURE BY SHUTTER OK FOR F.L.TD 100"
QUARTER | 0CT. is best | MARCH poorest) X ["pjjg—y Vos sec. AT §116 | WIDE LATITUDE IN EXPOSURE TIME
2 . {GH CONTRA:! [ “HAT TRICK” EXPOSURE, USE CLock
rA%Lé—N Oéchgx[w .sAuP:Elm::essipt § RISEGONTRAST | Yo sec.ar tl | "50/Ve Ir you Have i
is best month e 3| TRI=X Vago st.ar £li6 fﬁé%ﬁgos}gﬁ%fé%ﬁ&?mﬁgc‘z’:fvrmsr
[ BASEC ON ALT(TUOE OF poon | _FORMERLY MICRO-E(LE. OTHER HiGH | Bl SEE 7A8LE oF ggf;#ygém: £xpo-
7, CONTRAST FILMS CAN BE USED SURES FOR OTHER F/VALUES

10



-ENLARGEMEN
MOON PICTURES AT FIRST FOCUS 4l B i0un Fiet stait duy eRompis

3"REFRACTOR {/15 TRI~X K2 FILTER

OVER-EXPOSED AT Yag SEC. TOO THIN AT Y500 SEC.  JUST RIGHT AT My SEC.

ous tone subjects at all, and hence has no ASA
number applying to such situations. Onthe basis
of comparative exposures, it can be rated at
about ASA 3,

Many moon pics are not effective unless you
capture the full diameter, This sets a limit to
the focal length, Since the moonimage is roughly
1/100 the focal length of telescope, and35mm
film is 1 inch wide, it can be seen that about
100 inches of focal length is the most you can
squeeze into the 1 inch width of 35mm film. Actu-
ally since a little leeway is needed, 80 or 90 inch-
es f,1, is about tops for a full moon picture, For
a starter, the average stockrefractoror reflec-
tor of about 50 inches focal length does nicely.
The resulting pictures are interesting (see a-
bove) but hardly big enough to show detail, How-
ever, if you use a fine-grain film, enlargements
to 20x are practicalifthe negativeitselfis sharp
and clear.

For detail pictures, 2x projectionisapopular
starter, For such work it is often permissible

2% PROJECTION WITH V4 ERFLE
EYEPIECE ON 3" EDMUND REFRACTOR.
K-2 FILTER. TRIFX. Vo5 SEC. AT £/32

2X PROJECTION wiTH 14" ERFLE
EYEPIECE ON 4'4" REFLECTOR. PAN~
ATOMIC-X. CAPPED EXPOSURE V5 SEC.

A4 'REFLECTOR TRI-X 6" REFLECTOR  PLus—x

4

Vaoo SEC. AT /11 Ysop SEC. AT /8

to rotate the camera to put the terminator the
long way of the film, With 2x projection and 3x
enlargement, the print e.f.l. of a 6-inch reflec-
tor is 288 inches. Youare gettingupthere where
vibration of any kind - - eventhe snap of a focal
plane shutter--will result in loss of definition
at the image plane. A common cure for the shut-
ter problem is thefamiliar "hattrick' exposure.
This in turn poses the problem of the moon
drifting out of the field during the interval be-
tween camera exposure and the actual 'hat
trick." However, with a little practice, this can
be timed nicely. On clock drive, of course, this
is no problematall since the moononce centered
will stay put as long as you like,

In gencral, without clock drive, the besttech-
nique is to use fast film in order to reduce ex-
posure time toa minimum; if youuse clock drive,
longer 'hat trick' exposures are practical, and
vou can make good use of the slower films which
are usually somewhat better in graininess, reso-
lution and contrast.

3x PROJECTION with EDMUND ACK-
ROMATIC BARLOW ON 3" REFRACTOR.
K-2,TRI-X. CAPPED EXPOSURE ABOUT Vg sEC.

n



HOOTING THE STARS

SHOOTING pictures of the stars is probably the most fascinating
phase of astro photography. Objects which you see dimly or not at
all are revealed clearly in time exposures, Picture-taking equip-
ment need not be expensive; you can get nice image quality with
ordinary achromats as objectives. The one "'must" in equipment
is a clock drive, plus a compensating slow-motion on the clock
drive itself, You will hear tales of star shooters getting good pics
using ordinary manual guiding of the telescope, but such feats are
never enjoyable and are rarely repeated.

GUIDING. Star pictures require time exposures from 1 minute to
: 30 minutes or more, During the exposure period, the telescope
¢ must be guided. This is a continuous operation, somewhat like
: steeringa car down a road where you keep on the right track with
dozens of almost imperceptible movements of the steering wheel,
Many beginners get the idea that the clock motor drives the tele-
scope automatically, To a degree, it does, but not with the exact
precision needed for taking pictures,
— , , \ o In the usual ""starter' outfit, you will be shooting with a camera
L ~ . of modest focal length, using the telescope itself as a guide tele-
ATYPIAL SETUP FOR scope, Fig, 1. Anilluminated, grid-type reticle isan aid since it is

.

@ ORIENTATION

OF RETICLE GUIDE STAR
MOvE TELESCOPE (N ANY MOVEMENT ALONG THE
RL.A. AND ROTATE EYE- RA LINE (S A DRIVE ERROR
_PIECE TO MAKE GRID w 0y CAN CORR. , , g .
= AR Wi MOTION CONTROL o 0N § Min. EXPOSUREON 18" F.L. CAMERA LENS GIVES A

TRI-X WITH 6"F.L. LENS CLOSER VIEW OF NEB m42.
: 30 minN, EXP. SHOWS FAINT STARS

HOW TO FIND @ CMﬁms {or GUIDING TOLERANCE

GUIDING TOLERANCE b o

- 7mEs 3% TinEs 3x

W%u START WiTH THE GENERAL IDEA THAT A PRINT E.FL. = 187 ™ PRINTE.FL. = 547
TAR MOVEMENT OF 003" (V333) IN AN GUIDE 48" L.GUIDE ,, _ 48
DIRECTION FROM CENTER OFK STAR IMAGE ScoPE M. = 8 = 27X SCOPE M. = <q = .§9s¢

Wikl BE PRACT ICALLY {NVISIBLE. IN A PHOTO PRINY

,etre

TOLERANCE=.003x2.1= 008"  TOLERANCE = .003 ¥ 9= 0021”

1

Oow THES LES: . | decoss g 9
: " e .
PRINT EF.L. = F.L. CAMERA X PT. ENLARGEMENT wees T >§ ~WEB , 00274 fewes £ec OF RETIE
GUIDE SCOPE M, =  GUIDE SCOPE E.F.L. X[ < ADN | R
ot PR'NT E.‘F»L. i |53 2 055 5 0 AR __\ / i é 10E
o -~ VAKE._QUTOE-FICUS
- GUIDING TOLERANCE = .003 x GUIDE SCOPE M. _\ ggguf é,’u.oe - .-'L‘°°3 GUIDE STAR IMAGE
A , _ [l T~STAR IMAGE: THE PROPER SIZE



easily visible and allows youto positionthe guide star at any of the mul-
tiple intersections of cross lines. Do some practice guiding before at-
tempting actual shooting, Pick up any bright star and locate it near the
center of field. Now, move the telescope back and forth by hand in RA
only and note the movement of the star. Rotate the eyepiece to make any
reticle grid line parallel with this movement, as shown in Fig, 2, Fix in
your mind that this is the RA line, Any movement of the guide star along
the RA line, Fig. 3, means the driveis too fast or too slow, and you can
correct this with the compensating slow-motion, Any movement away
from the RA line meansanerrorin setting the telescope to the pole, The
ideal way to correct such an error is to have a slow-motion on the de-
clination shaft, Lacking this you can sometimes get the needed correction
by moving the telescope in declination by hand, preferably stopping the
exposure while doing this and resuming exposure after the guide star is
seen tobe riding right on the wire, The drift away from the RA line is al-
ways a slow, steady movement, always one way, requiring correction at
long intervals, The preferable way to solve declinationdrift is by accu-
rate setting to the pole position; if the polar axis of your telescope is no
more than 1/2 degree off the pole, you can make exposures up to 30
minutes without appreciable elongation of the star images.

Practice until you can guide smoothly, never once letting the bead off
the wire, Actually, the way the guiding tolerance is applied, you do not
let the out-of-focus guide star encroach on the reticle line; a cross-
over is a definite guiding error in excess of the permissible tolerance,
The guiding tolerance is about .003 inch as applied to a photo print viewed
at a distance of 10 inches, this being about the limit of visual acuity,
corresponding to about 1 minute of arc, Fig 4 explains how this tolerance

24° - PeE — O U. R - .
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TABLE 6 MAGNITUDE of Faintest Star
APERTURE VISUuAL || NORMAL PHOTOGRAPHIC RANGE FOG LImIT
(Cﬂoﬂéﬁm WITH EXPOSURE TIME
TELESCOPE)VELESCOPE | [ miN. [ 2 muN. | O MIN. |ZTmiN. | BImN. | §£/3 [£/5 [ F/7
Y2 73 45 | 5.5 | 6.6 16 | 86 o1 | tha | 12.0
¥q" | 82 5.4 | 64 | 74 | 85 | 95 | 14 |23 | 30
[ 8.8 6.0 | 7.0 8.0 9.1 {0.1 2.0 | 129 13.5
4" | 93 65 | 7.5 | 8.5 | 96 | 106 | 124 | 135 | 4.0
%" | 9 69 | 1.9 | 89 (100 | 1o |28 [ 13.9 [14.4
134" | 0.0 v2 | 82 | 93 103 | 3 [ 3.2 | 142 | 48
2 10.3 75 | 85 9.6 | 106 | 1.6 | 13.5 | 4.5 | 5.
3 i 8.4 | 9.4 |10.4 | L5 | 2.5 44 |15.4 | 16.0
4" .8 9.0 | 10.l (| . | 132 5.1 | 6.0 | 16.6
5 12.3 9.5 | 10.5 | (.5 [12.6 | 13.6 {157 16.6 | 17.1
6" 12.7 9.9 |10.9 {19 |12.0 | 140 |l6a | 170 | 174
8" | 3.3 0.5 | IS [ 12.6 |13.6 146 | 166 | 17.4 |17.9
10" | 13.8 o {120 | 131 |4l |15 68 | 117 |18
12" 4.2 .4 | 24 [13.4 |45 |55 1720 | 17.9 | 18.3
BASED o 724 ERAGCE F/, S AN y-d EXPOSURE TIME LIMIT (S
ABILITY OF || AIMOSPHERE . WITH VERY FAST REACHED WHEN SKY
NAKED EYE|| £1EM AND “GOOD .S££/N6,” YOU MAY BACKGCGROUND BECOMES
J0 SEE GAIN ONE OR TwO MAGNITUDES NEARLY AS BRIGHT AS
MAG, 6.2 FAINTER STAR MAGES

A46™ 43™ 40°

THE PLEIADES. PICS BELOW TAKEN
WITH 18"F.L., 24" DIA. ACHROMAT,
35mm TRI-X. PRINTS ENLARGED 3X
AND SHOWN HERE FULL-SI1ZE

BUT CROPPED ABOUT 50°%c

¥ 12 MIN,

A2 MIN. 4 | MIN.
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MOUNT {or CAMERA
OR GUIDE TELESCOPE

is applied to the movement of the guide star it-
self. Previously, you should measure the linesor

wires of the eyepiece reticle, using a measur-
ing magnifier, This known dimension canthen be

used to measure the approximate diameter of an

out-of-focus star image aswellasits movement,

Putting the guide star slightly out of focus has the
added advantage of making it easier to see--the
minimal point image of a star can very easily

get lost behind a thick crosswire or grid line,

Preferably the guide scope should be of longer
focal length than the print e.f.l, In any case, the

guide scope magnification (see Fig. 4 and ex-

amples) should not be allowed to drop much below
unity, i.e., you should not try to guide with a
guide scope of shorter f,l. than the print focal
length of the actual photo prints, In the setup

shown in Fig. 1 where the camera is 18 in. f.l.,
the print e.f.l, will be 54 inches whenprints are

enlarged 3x. This is greaterthanthe focal length

of the guide telescope, which in this case is the

reflector itself of 48 in, f.1., a little shy of unity

M but still workable, Preferably for this setup,
a positive or negative projection system would
be used to increase the guide scope magnifica-
tion, a 2x Barlow being most common, Image
quality in a guide star isofnoimportance, mak-
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ing itpractical touse extreme projection or even
inferior optics as needed, the sole aim being to
increase the equivalent focal length of the guide
telescope.

FAINTEST STAR. Table 6 shows about what you
can expect in star pictures with various aper-
tures and exposures. The general idea is that
increased exposure will bring faint stars into
the picture while making bright stars bigger,
This is illustrated by the top and bottom pics of
the Pleiades on previous page. It will be noted
from the table that anexposure increase of about
three times is needed to gain one additional star
magnitude, That is, if withany outfitand any film
you are able to capture 8th magnitude stars with
an exposure of 1 minute, youwillneed 3 minutes
exposure to capture stars of 9th magnitude, and
9 minutes to capture 10th magnitude,

You can reduce exposure time with faster
film or larger aperture, When you are shooting
pictures of extended objects, the light pick-up
of a lens depends solely on its f/value, i.e., the
ratio of lens aperture to focal length. Any lens
rated, say, f/4, will pick up exactly as much
light as any other lens rated f/4 even if one is
much larger than the other in aperture, On the
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other hand, the light pick-up from luminous point
objects (stars) depends entirely on the aperture
of the lens. A fairly fast f/4 camera lens of 2
inches focal length is a comparatively "slow"
lens for star photography for the simple reason
it is only 1/2 inch diameter, Most star pics are
taken with lenses of 1 inch or more aperture;
2 in, or a little more is a comfortable size for
average astro cameras like the one shown in
Fig. 1, In any case, the lens will pick up just as
much starlight whether it is f/32 or f/4.

PLATE SCALE, Most star pictures must be
planned, You must know what you are going to
shoot, how to find it, what size it will be on film,
how long to expose, etc. In particular, you must
be sure that the target object will fit the film
area., Tables 1 and 2 will be found useful, The
plate scale of a map or photo often enters into
the problem; this can be determined by apply-
ing the formulas given in Fig, 6., The scale of
most star maps is not large, If you plan 3x en-
largement, the scale of Norton's atlas can be
obtained with a lens of only 2-1/2 inches focal
length. One of the larger atlases in physical
size is Becvar's Atlas Eclipticalis covering 30
degrees north and south from the celestial equa-~

L
3" REFRACTOR
CONVERTED 10
ASTRO-CAMERA.
YglplAsTrc

(©® ILLUMINATED EYEPIECE

tor. Even its comparatively huge scale of about
4/5 of an inch per degree is exceeded by the
modest outfit shown in Fig. 1 when negatives
are enlarged 3x as is standard procedure for
35mm film.

EQUIPMENT. A good starter isanastro camera
of 12to 201in, focallengthand 2 in, or more clear
aperture, This isthe kind of outfit shownin Fig 1.
If eventually you plan to use bigger equipment,
the double bracket support shown in Fig, 7 may
be installed at the start since it will handle both
large and small astro cameras, One common
combo has a 3-inch refractor piggyback on a
6~inch reflector, Fig. 8. In this drawing, the
reflector is the guide telescope while the
"camera'' is the converted 3-inchrefractor used
as a direct objective, With the standard 3x
print enlargement, the print e.f.1. becomes 135
inches, This is matched by the 3x Barlow on the
reflector, making the two scopes practically a
1:1 match--the guiding tolerance reverts to the
basic .003 inch, It is also practical to use the
refractor with elbow erector as the guide scope,
shooting with the reflector. For this setup, the
reflector main mirror must be set forward to
make the image plane accessible,

A full-size section of a typical illuminated
eyepiece is shown in Fig, 8, Thisusesa standard
purchased eyepiece which must be machined to
accomodate the plastic reticle and lamp. The
lamp is a grain-of-wheat lamp operating froma
single 1-1/2 volt {size D) battery. This lamp is
made for 3 volts andat1-1/2 volts will burn dim
yet bright enough for reticle illumination, The
battery case specified has a rheostat which is
needed to fade out the light a little in order to
see the star images, The reticle must be in the
focal plane of the eyepiece; check this with or

15
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without your glasses, duplicating your regular
method of using the eyepiece inactual observing.
Recheck thisinactual use--the star image should
stay put on the reticle line when you move your
head from side to side,

A long focal length guidescope for use with a
reflector can be tubeless, as shown in Fig, 10,
This is conveniently mounted on the double
bracket support shown on a previous page. A-
nother common setup with a reflector is the
double station, Fig, 11, which has separate op-
tical systems for guiding and shooting,

SHOOTING HINTS. In most cases you will have
no trouble finding a suitable guide star. It is
not necessary to use the object being photo-
graphed as the guide star. In fact, you can point
the guidescope at random to any star in the
vicinity and it will guide just as perfectly as
on the object itself. However, it is always more
convenient to guide on the same object you shoot
for the simple reason that the guide scope then
serves as a finder--you know that whatever you
see in the eyepiece is duplicated at the camera.
This is sometimes a must when objects are too
dim to be seen onthe camera ground glass. Most
35mm cameras have a built-in magnifier and this
is always used in focusing. Sharp focus is just a
matier of makingthe starimage assmallas pos-
sible. If the objectistoodimtofocus easily, turn
the cameratoward a bright star and focus on that.

In guiding, always let the drive run several
minutes to take out any lost motion, Tryto avoid
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T - ADAPTER
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equivalent EXPOSURES

TABLE 7 is three tables in one. The main body of the
table gives equivalent exposures for a wide range of
f/values, The two right hand columns give the linear
resolution of a perfect optical system. The third table
is a general exposure guide based on ASA speed index,

EQUIVALENT EXPOSURES are mathematically exact,
The bug in any such table is ''reciprocity failure," which
is a technical term applied to film emulsions. It means
simply that for extreme cases the film does not respond
or reciprocate in exact mathematical ratio to the amount
of light received. You can rely on equivalent exposures
over a moderate range, say, about from f/4 to f/64.
Beyond these limits, additional exposure time may be
necessary.

RESOLUTION can be related to f/value, and the reso-
lution columns in the table give the lines per milli-
meter which a perfect lens of a specified f/value is
able to resolve, Most films also have a resolution
value in lines per millimeter. The general idea is that
a film should be selected which is capable of register-
ing the degree of detail which the camera lens is able
to resolve. Obviously there is no point in using a film
of high resolving power. say, 200 lines per mm., if the
camera lens itself is able to resolve only, say, 24 lines
per mm. On the other hand, if the astro camera has high
resolving power, it becomes necessary to use film of high
resolution in order to realize the full potential of the
astro camera.

It should be noied that the tabulated resolution values
are for perfect optical systems where the resolution is
limited only by the physical nature of light, Most films--
even the fasl ones--will resolve 60 lines per mm,, and
this kind of resolulion is satisfactory for most astro
cameras and subjects. The human eye canresolve (barely)
6 lines per millimeter, Hence, a print of this resolution
will appear sharp because the eye can't quite resolve
its graininess of 6 lines per millimeter. At 3 lines per
millimeter, you can see the "pattern’ and the picture looks
soft or “wooly."” Since pictures are usually enlarged from
the negative, the negative must show greater resolution,
For example, a negative resolving 1§ lines per mm, will
be 6 lines per mm, when enlarged threetimes, As already
mentioned, this is the borderline case for true sharpness.
From the table you can see this limits astro camera
systems to about /80 if you plan 3x enlargements,

ASA NUMBERS are keyed into the table at about the
level currently recommended by film manufacturers,
This leads toa minimum exposure value--more exposure
time may be required. An easy way torelate ASA numbers
to exposure is that the exposure at /16 is equal to the
ASA number expressed as a fraction, This is for a day-
time object in bright sun, Example: ASA 400 means
1/400 second ai f/16 for a distant object in bright sun,

jockeying back and forth in guiding, With short
f.1. cameras, the guiding tolerance is comfort-
able and you can even letthe drive run unattend-
ed for several minutes, Anything over 100 inches
print e.f.l. needs constant and careful guiding,
You can get some nice pictures with as little as
5 minutes exposure and almost all of the open
star clusters can be photographed in a half hour
or less, using ordinary ASA 400 {ilm,
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Q0 | a0 | Voo | Vis | Vi | 1o Ve, Ve Va | 26 | Vo | 2 | 4% [ l6 | 400
100 Y25 | Vie | Y2 | Vio | Ve Vs | Va Va2 V2. | 2/ I ] | 14 | 375
128 | s | Vio| Y7 | VY Va | A | 1% | 2 11 | 200
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THE ASA NUMBERS ARE KEYED INTO THE TABLE FOR A BRIGHT SUN, AVERAGCE

SUBJECT, FRONT LIGHTED, AT MEDIUM LONG DISTANCE (20 TO /00 YARDS )

BLACK and WHITE ASA | RES. [AVAILABILITY| maiN [UMTEN COLOR| pyp* R
SPEED | LINES EATURE oF ) ction Of FILTERS
FILM P ig5s | TNDEX | Per wm| oo R0t swee F NUMBER| ¢ -re| FACTOR A 0
FINE LIGHT ABSORBS SOME ULTRAVIOLET AND BLUE-VIOLET.
ISOPAN 1FF 25 j130 | v ceAIN K1 edow| 15 | Not errecTive wiTh AciRomATS
ISOPAN .IF 100 | 100 | v g’om-mg- K2 lveww| 2 averéretz IHAN Kvl_st ABSORBING BLUE-VIOLET.
& 1SOPAN ISS 200 80 o §u|§t5x6 PENETRATES HAZE. GOOD WITH ACHROMATS
S ALL- AEROT [LIGHT | | & ABSORBS U-V, YIOLET AND SOME BLUE.
¥ [ ISOPANULTRA | 400 | 70 | v Suepose YELLOW PENETRATES SLIGHT HAZE
VERY HIGH LIKE Al BUT STRONGER, GOOD HAZ
ISOPAN RECORD | 1250 | 60 | v $Pees REROZ | YEUOW | 2 | BENErRATION. GO0 Gk A OMATS
g VERSAPAN 125 [ 100 [ v | v | v | EREN K3 (o | 2 | B, g B e e s
SUPER HYPAN [ 500 | 80 | [+ |v |2KRo -
e 7] 530 ' 300D FOR G \‘()EELEI;;I 3 2&2‘23&?}”352 PENETRATION | Ve
M1 (0 P lesridareo i Loy LIGHT ABSORBS VIOLET, SO £ AND E
IOLET ME LU ND som
PANATOMIC-X 32 | 120 v AL X1 igreen| 3 | RED. GOOD FOR NATURAL COLOR TONES
§[pws-x __[vag (100 v v [ [0 | [Xa foren| 5 | SEUARIR AT SRR AGEE <0
Lt
AN VERICHROME 125 100 v guavose B lcren| & ABSORBS VIOLET, MOST BLUE AND MOST RED
X INFRARED 50 B8] ;8. [ INERA LIGHT. TRANSMITS GREEN AND YELLOW
TRANSMITS RED AND ABSORBS BLUE
TRIX 400 | 80 |v |w |v|HiSH, A | RED | 8 | AND CREEN. PENETRATES HAZE
- 4 ARSORBS RED, YELLOW AND GREEN.
ROYAL-X 1250 | 60 chﬁx VERY FAST C5 | BWE| 5 | TRANSMITS BLUE...INCREASES HAZE
FQRMERLY "MICRO-FILE" .@ R GEN, X ¥
E&s NO ASA ND. EOR SUCH TS| if/TH CUTER XOR PAN FRM AND DAYIIGHT. SULTIPLY NORMAL EXPOSURE BY FACTOR
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THE FOCAL LENGTH OF A LENS
OR MIRROR DIVIDED BY ITS
DIAMETER. $/8 1S MOST COMMON

LIGHT RAY FROM
A DISTANT
POINT OBJECT ~»

IMAGE
OF A
OISTANT
POINT g

OBJECT r—-——-FOCAL LENGTH

FOCAL LENGTH
DISTANCE FROM SURFACE OF A
MIRROR TO THE POINT WHERE IT
FORMS AN IMAGE OF DISTANT OBJECT

CENTER OF MIRROR~y
CURVATURE 4ure —
ATV
‘ . Rwus of Cary
c N AF
FocaL ](__;: L
POINT
Aes F.L.= Y, padi
Ll .. 2 s
TELESCOPE .
MIPPORS { Radius = 2 x F.L.

RADIUS OF CURVATURE
THE RADIUS OF A SPHERICAL
MIRROR, OR, RADIUS OF CENTER
ZONE OF A PARABOLIC MIRROR

SAGITTA FORMULA!
N S
SAG =

2R

==
=T

SAGITTA
THE DEPTH OF A CURVE. THE
SAGITTA FORMULA 1S USEDTO
CALCULATE ALL TELESCOPE MIRRORS

RLY RICAL

HT R,

i
“/‘7.9 DISTANT POINT
OBJIECT ON AXIS

'~

CENTER OF
¥ CENTER 20NE

. Axes

‘PARABOLOID
WHEN REVOLVED)

PARABOLA
A CURVE WHICH REFLECTS PARALLEL
LIGHT TO A POINT. THE PARABOLA
REVOLVED FORMS A PARABOLOID

SPHERE

[

* SPHERICAL MIRROR

A MIRROR WITH A SPHERICAL
SURFACE. THIS SHAPE MAKES A GOOD
TELESCOPE if fIVALUE 15 §/i0 OR RIGHER

A MIRROR WITH A SURFACE WHICH 1S
A REVOLUTION OF A PARABOLA. ITIS
THE PERFECT SURFACE FOR “TELESCOPES

CREEK LETTER
ONE QLBQ’;L/J_S_M
WAVE =" FOR WhVELENETH 0F LiehT,
A 4.0, THE LINGTH OF ONE
LIGHT wAvr;)

ONE WAVE () = .000022" ‘BRluLams,

Ya WAVE (4))= 0000055 " (4 a1utomis

Ve WAVE (g7} = .00000275" (a%f'bms)

WAVELENGTH OF LIGHT

..+ 1S USEFUL AS A UNIT OF
MEASURE TO SPECIFY THE SURFACE
ACLURALY OF A LENS OR MIRROR

MIRROR
Yax
@Z) 1 PARABOLA an
LORRECTED
Y4-WAVE MIRROR

A MIRROR WILL PERFORM CLOSE
TO PERFECTION IF ITS CURVE IS

SMOOTH AND NOT QVER Y4-WAVE
FROM THE {DEAL PARABOLIC SHAPE

MIRRAR -~ THE EOGE
RAYS FOCUS SHORT

SPHERICAL ABERRATION
THE VARIATION IN FOCUS BETWEEN
EDGE RAYS AND CENTER RAYS, IT IS
THE ONLY ABERRATION YOU HAVE To
DEAL WITH IN GRINDING NDUR OWN MIRROR

THE SHADOW TEST
SHADOW OR KNIFE-EDGE TEST
QRIGINATED BY FRENCH PHYSICIST, JEAN
FOUCAULT, LETS YOU SEE AND MEAS

URE SHAPE OF MIRROR TO Y{2 WAVE

18
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Mirror Grinding and Testing

m ELESCOPE BUILDING is a hobby any

person can enjoy regardless of manual
skill or workshop 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 orall of the parts yourself,
and the biggest thrill of allisto grind and polish
your own mirror. With your own hands you can
faghion a glass surface accurate to a millionth
of an inch. On the practical side, you can also
save money: a finished 6-inch mirror of 1/4-
wave quality costs about $60 as compared to
about $20 for the glass and everything needed
to make your own including the cost of getting
the mirror aluminized.

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 withabrasive 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
using finer and finerabrasive, 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 spherical section, but for the
super-precision required in optical work, the 25
millionths it may be inerrorbecomesanitem of
considerable importance,

Up to this point, any 12-year old can do the
work because the job is 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 polish. Providing the mirror has a good polish,
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 youbecome an
expert glass pusher,

. PYREX IS THE PREFERRED GLASS, CHIEFLY FROM TS LOW
M"ror Blankg EXPANSION WHICH 1S ONLY /3 AS MUCH AS PLATE GLASS.
THE BACK OF THE DISK IS (USUALLY) CLEAR, ALLOWING YOU TO
STOCK SIZES SEE THE “ACTION" WHEN GRINDING ANO POLISHING
NAME- GO RIGHT AHEAD. PAINTED BLACK
S|ZE A‘g,%“ THICK -"X%‘i‘ Y YT LT LUMINIZING, 0 7
v |RBouT e NOT CLOSER ’
3 Q& }éoﬁyz 6788 ace TrHAN Vie' ~ E
" " " ° ro. R ) > a
42‘ 4l26' % 13.78 - NOT OVER }N%;:“ss} e ‘
" - * ¥é i, '—""’\4 .
6" 5% l 27.11 ACK -
“ “ P STANDARD SPECS DO NOT
8 | 7% | 1% |48.71 | BUBBLES N PYREX LR TMORE A S ot
; - ARE A FAULT ONLY WHEN LARGE BUBBLES IN A
10" | 9F" | 1% |76.59 | THEY SHOW ON SURFACE 6-INCH BLANIC
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EVERYTHING needed to grind a mirror is commonly
purchased in a mirror grinding kit, Fig, 1. Kits can
be obtained in 4-1/4, 6, 8, 10 and 12-1/2-inch sizes,
the name-size being the diameter of the mirror. The
popular 6-inch size, which is auniversalfirst choice
with beginners, costs about $&4. Anextra dollar spent
for a pitch lap mat (see page 86) is worthwhile.

GRINDING STAND. For comfort, this should be fairly
high, about waist level. An old oil drum with water
ballast does nicely, A sturdyboxor 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 is altogether
a2 minor matter, Inany case you should be 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, Afull stroke indicatesatotaltravel
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 right at
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, oné stroke indicates the
combined forward and back movement. The speed
should be about 60 strokes a minute.

GREATEST WEAR. Fig. 9 diagram shows the basic

EYEPIECE
LENSES

— GRINDING vour own MIRROR
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CLEAT

407 STCk Ny —

NEWSPAPER

CLEATS WILL PREVENT
SKIDDING WHEN DOING THE
HEAVY, ROUGH GRINDING

principle of mirror grinding and polishing. The
top glass wears most at the center; the bottom
glass wears 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-
vious it must be on top to form the curve., Less
obvious is the case shown at right in Fig. 9
where with tool on top, the mirror curve will
flatten. By using mirrorortoolontopas needed,
you can control the shape of the surface,

THREE MOVEMENTS, The three movementsused
in mirror grinding are shown separately inFig.
10, and the combined movements whichform the
grinding cycle are shownin Fig, 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 grindinghalf of the time with the
mirror in top position thenalternating it withthe
tool in the top position.

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

Q—rodmon ®
gTART WITH TWO DISKS END FIRST GROUP OF
CENTERED. MAKE SEVERAL  STROKES WITH DISKS

... A CHARGE OF
DRY ABRASIVE

___® The Grinding Cycle:

EE

&®

TURN TOP DISK A
LITTLE. TAKE YOUR ' 70 A NEW
STROKES IN SAME POSITION  APPROXIMATELY CENTERED  HANDS OFF THE GLASST POSITION

... A SPRINKLE
OF WATER BACK AND FORTH RUBBING

-+ A FEW MINUTES OF

TOTAL TRAVEL

6" MIRROR
Y

STROKE LENGTH s
RASED ON MIRROR DIAMETER ;

: P<TOOL.
ONE-THIRD STROKE

TOP GLASS WEARS
MOST AT CENTER

A

BOTTOM GLASS WEARS
MOST AT EDGE

GREATEST WEAR

GRINDING

& ROTATION B WALK-AROUND

THREE MOVEMENTS OF GRINDING
THE BACK AND FORTH STROKE DOES
THE ACTUAL GRINDING.... ROTAT/ON AND
WALK-AROUND DISTRIBUTE THE WEAR

3 STROKE

MIRROR

. AND SIDE STEP MAKE SEVERAL STROKES
IN NEW POSITION.
REPEAT THE CYCLE
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ats

RE

EEQUENTL
IS FULLY FORMED

FORMING THE CURV

IS A SIMPLE OPERATION WITH
FULL STROKE ) CENTER-OVER-CENTER

TEMPLATE
TEETERS

LIGHT ,4752@/6'

GRINDING SCHEDULE"
~ 7

ABRASIVE | | et remaer) et e | TOTAL

FORMING | ~n_ - n.

NO 80 20-30 !4M‘ %Hr‘s.

SMaoTHing| 15 ~20 2-4 Min. | j/aHrs.
§ N0 120 | -1 5min. | | Hr.
§ NG 220 | 8-12 : 5Min. | 34Hr
N2 320 | 6-10 i Smin. | F4Hr
§IN0400 | 6-8 |47 5-10 Min. | $4Hr:
YN0 600 | e-e 510 Min. | Y4 Hn
> '
g, Ne305 | &-8 5-0min | J4Hr. |
N Y6 ' MirroR 8 Hrs.

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 need not be a total loss because it can
be scooped up later and used again, The first
few wets with No, 80 will last hardly a minute,
but by the time you have gone twice around the
post you will be getting more mileage out of each
charge, Do a couple more turns and then dunk
both mirror and tool in the water bucket to re-
move the sludge. Sure enough, a little 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
canbe discarded. Instead, you wash both mirror
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 pressure of from
15 to 40 lbs, The more pressure, the faster the
glass will be removed, providing the stroke is
not so rapid as to cause skidding, The stroke
speed should be 40 to 60 pushes per minute--
don't rush it. It is instructive to put the mirror -
on the bathroom scales and then apply your hands
to register 20 lbs, Thisis a comfortable working
pressure for rough grinding, being just a little
more than the combined weight of the mirror and
your hands, Work periods can be 15 or 20 min-
utes at a stretch, and several rounds of this at
the specified pressure of 20 lbs. will getthe job
done in about 2 hours time. It will take an extra
hour or a little more to smooth the roughly-
formed curve to an accurate 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 sharpedge liable to
chip, it should be cut back with a 45-degrec
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 using a template early, Fig.
14. The casdboard template you get with the
kit is satisfactory for rough tesiing but yvoumay
prefer to make something more accurate from
sheet metal. Another useful mechanical check
is to measure the sagitta, Fig. 17, i you are
working a 6-inch, {/8 mirror, the ultimate goal
is 48 in, focal length or &6 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
15 worked on top {(the usual case), the radius
will shorten; if the tool is on top, the radius
will lengthen., Using a one~third s:roke through-
out, you can expect a maximum change of about
6 in. radius i you use onc 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 ge* on with the job has popularized
various overhanging strokes, all of which are
aimed at wearing the center of the mirror dir-
ccily overthe edge of thetool. You can use either
a radial stroke, Fig. 15, oratangen: stroke, Fig,
16, The radial stroke is very much like one end
of the long siroke zlready described, The tangen:
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, IPig, 11. The first walk-around with either
of these strokes is done with the cenicr of the
mirror almost direcily over the edge of e
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 vouthink
the sag is about right, swilch 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 1o edge, and ils
changing size will show hollows and ridges if

le—— CLEAR FACE DIAMETER— Pl

TEST WIRES

d . STRAIGHY
GAGE NG| DIA LR
NO.16 | .O51"

NO.17 | .045 s L gY e
NO.1& | .040 _ ¥, i .
no.ls 036 | ot g @)
NO.20 032 AS NEEDED

o & sharpe FINDING THE SAGITTA

FOCAL LENGTH oF 6" MIRROR

WHEN SAGITTA 1S KNOWN
CLEAR FACE DIAMETER

5% 5% 5% [5'%6'| 6"
038" | s54.38" 55.57"| 56.11" | 57.98" | 59.21"
039 5298, 54.14 | 5531 | 5649 | 5769
040 | 51.66 | 5279 | 5393 | 5508 | 5625 |
041 5040 51,50 | 52.61 5374 ' 54.88
042 | 4920 5027 | 51.36 | 5246 | 53.57 |
043 | 48.05 | 49.10 - 50.17 | 5124 | 52.32
044 | 4696 | 4199 | 49.03 | 50.08 | 51.I3
0485 | 4592 1 4692 | 4794 | 4896 | 50.00
046 | 4492 | 4590 | 46.89 | 4790 | 489
04687 48.00
.041 4296 4493 45.90 |46.88 | 47.67
048 | 43.05 | 43.99 | 44.94 | 4590 | a6.07
049 | 4217 | 43.09 | 44.02 | 44.97 | 45.02
080 | 41.33 ! 42.23 | 43,14 | 44.07 | 45.00
NelY 40.52 | 41.40 | 42.20 | 4320 | 44.12
052 | 3974 | 40.61 | 41.48 | 42.37 | 43.27
053 | 3899 | 39.84 | 4070 | 41.57 | 42.45 |
054 | 3827 | 29.10 | 39.95 | 40.80 | 41.66
L0855 | 37.57 |, 38.29 | 39.22 | 40.06 | 409l
056 36.90 | 377701 | 38.52 | 39.34 | 40.18
OS5T1 | 3625 | 37.04 | 37.84 | 238.65 | 39.47 |
058 | 35.63 | 36.41 | 37.19 | 37.98 | 38.79
059 35.02 ;. 35.79 . 36.56 | 37. 34 38.13
060 | 3444 | 35,19 | 3595 | 36.72 | 37.50

gww SHOWING USE OF TABLE: " .
YOUR MIRROR IS 6 CLEAR ;050" |
_PACE AND SAGI774 /8 030"

_fromTable: F.L.= 45"

) FOR CASES NOT __jeha=3
':f COVERED BY TABLE
M AT
Fl. =252 X .é. saG=.05"
>, 9 . /{‘?"/0“
Emmble: F.L.= 2)35— 2-4-‘ 1.-2-6-;45' %o/
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Two Ways to find the Exact Focal Length
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e e ST~ T
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- (E-L- IS 7% RADIYS) g ; .

present, Another simple test is done with a
wrinkled and re-smoothed strip of cellophane
pressed between the glass disks--it shouldpress
equally flat all over. Also popular isthetrick of
drawing a line across the face of the mirror with
waterproof ink and then noting if this wears
evenly when grinding is resumed. Perfect contact
means you have a perfect spherical shape.

FINE GRINDING. Follow the schedule in Table 1.
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 startsto dry,
the disks will start to stick together. At this
point you are probably two times or more
around the barrel and can call that wetfinished.
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

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
substitute for hand pressure.

IMPORTANT HINT. If mirror and tool "freeze
together" during grinding use wooden block a-
gainst edge of mirroranddrive apart with mallet,

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
image, 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,

Al ‘*‘-1uﬁ $ W
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8 GRAINS

SILICON CARBIDE

IS VERY HARD, SHARP AND
BRITTLE . EXCELLENT FOR
FAST REMOVAL OF GLASS
BUT TOO DRASTIC FOR FINE
OPTICAL WORK

TRADENAMES ! CARSILON,
CARBORUNDUM, CRYSTOLON

ALUMINUM OXIDE

VERY TOUGH, BUT NOT AS
HARD AS SILICON CARBIDE.
SMOOTH AND UNIFORM

CUTTING ACTION MAKES | T
IDEAL FOR MIRROR GRINDING

TRADENAMES: ALOXITE,
ALUNDUM, LIONITE

BOTH ALUMINUM OXIDE AND SILICON CARBIOE ARE
ARTIFICIAL ABRASIVES ; PRODUCTS OF THRE ELECTRIC FURNACE

GRIT SIZE

TO A ROUGH APPROXIMATION,
THE GRAIN SIZE OR GRIT
INDICATES THE NUMBER OF
GRAINS PER INCH. GRITS TO
NO.220 ARE GRADED BY PASS-
ING THROUGH WIRE SCREENS
WHILE FINER (FLOUR) SIZES
ARE GRADED BY WATER FLOTATION

EMERY

EMERY 1S A NATURAL. ABRA-
SIVE MINED FROM THE GROUND.
(T IS SIMILAR TO ALUM. OXIDE
BUT SOFTER. NO. 305 FUR-
NISHED WITH MIRROR KiTS
IS A CATALOG NUMBER-NOT
A GRIT S[ZE. COMPARATIVELY,
NO. 305 EMERY IS ABOUT 1000 CRIT
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weoelght of your

REFLECTION TEST. OUn grits No. 120and’in
a reflectiion testis cxcellent fo r checking both Lhe

shape of the mirror and its surface smoothness.
This is donc a dry Fig. 20, When
the surfuce is coarse, vou can sce the lamp
reflectiorn only at a low angle, ag shown,
of the curve is checked by turning the
to cause the reileciion to move
across *he mirror, Anyv sudder brightening in-
dicates a ridge: decrea in brighincss
means a low spot. If the refleciion remains the

wilh mirror,
The
shape

mirror slightly

any s¢
same brighiness from center o cdge, the surface
ie spherical. The most common fault is a de-
crease in brighiness at the cdge, This isulways
thie last to grind and polish oul; hence vou see
the dimmer refleciion from the coarser surfuce
of the previous grade.

coniitnue with cach grade uniil the reflectivity

Test after eachgrade and
appears uniform from ceunier o edge of mirror.
You will pick up a secondary reflection from
If annoying, this can be
eliminated by spreading a nin coar of vaseline
back of the mirror, The tesgt lamp can be
any watlage, filamen: frosted. A {lament
lamp can be used at close range, as shiown, but
viewed frombor 6 ft. o

the back of the mirror.

on the
or

a trostea lamp must be
kill viffuse reflections,

THE W-STROKE. Toward tnc end of Jine grind-
ing, siartlearning the zig-zapgor W-siroke shown
in Fig, 22. The patiern cavn be any number of
from about 4 Lo 10--a 5 or G-stroke
This is ablending siroke and
“hana straight center-
side overhang should

sirokes
paiiern is average.
produces a hetter surface
over-center stroke. T'he

be about 172 in. each way,

FINAL GRINDING. The final grind with No, 303
can be prolonged to advaniage, adding
only. Hand pressure tapers off graduaily

emery
water
with the use of finer grits, and when vou get o
the ¢grade it is hardly more than the
wnds on ne glass. [t is u guod

finest

[EYOU USE A ~
FROSTED LAMP, & z
) / THIS DISTAN, |I .
mfrr B8E ﬁ:oﬁ 6 £7 \“‘\\\\‘
b_::— - = - -J-
e > J "T/
COARSE SURFALE w/it ‘:'
REFLECT AT GRAZING 1

fmi

ANGLE ONLY
A

- |
‘it ) \}\.\
MIRROR %

7 REFLECTION TEST SHows

FINE SURFACE (s _
. DEFECTS, DEGREE OF POUSH

RELLECT AT HIGH ANGLE

% x 2% ANGLE  %"Nos

@

PUSH BLOCK

MIR R FOR A

45 DIA.

UG-IAG OR  _5-STROKE (rocoont)
W-STROKE ~ -Z/=24¢

idea to ecliminate alr bubbles on this and the
previous grade, and this is casily done by %h‘d-
“he mirror nearly ofi the toolandiher slow

buck to cenier; do this aller vou Jg,.

madc about a half-turn around the barrel,

ing

slidirg i e

ARE YOU
grinding

READY
until vou
a good

TG POLISH? Do no:
sure vou have

abandon
a smooth
surface is
you newspaper througn
it the mirror several inches from the

paper. The surface is both smoothand spherical
if 1t passes the reflection testalready described

are

surface and ‘I'nce

sio0ih 1t

sphere,
calrr read a

with

at a 43 degree angle, And, of coursce, e surface
should look smooth and uniiorm--anyv kind of
bloom or shading is u sure indication of insuf-

fleient grinding,

Pltch Most ol the optical pitch is obtuined from #:&%%HO&%EED

certaln pine and spruce srees, that from the ‘ ——
Norwar spruce beine roted especially good, The resinous sap DIA. T"lllc:(
is beiled and refined 1o produce a semi-solid product, wilich _/4_ =
15 furiner lemperea by the addition of pine rosin, turpeniine _'_(4"
and  hee Pitel: will burn but it g rot explosive in the 3/lﬁ”
muanner of gisoline und only ordinary precautions are necded Vg
in meiting it Iocan be melied in o tin can direcily over an .
sevtrie bosoplate; 1 venr use wur open fliome, put the tin can in /2LB.(80oz)
a pan of water, leat slowly, let cool h'{‘l—x‘unutc bclom pow OF PITCH-?
ing, crd ponr slocly on v ool The diTicuicny of anaing CONTAINS 1 cuin.
Pt lop Intreeses S .,lllf;ri:l(:‘:s.%"-I)L»i,"_{ln!‘.(.! s lare notice! ICWJOESTé 80&’ o

LTS AT 5°F.
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34" WATERPROOF
PLYWOOD

/. ©

ELECTRIC
HOTPLATE

EDMUND WEIGHT (reon)
QUBBER MAT ABOUT /5488,

METHOD

«WOO0D
HANDLE

POUR THE PITCH OVER THE
DRY, WARM TOOL. COLLAR
IS ROUGED TO AVOID STICKING

MELT THE PITCH INA
TIN CAN ... IT WILL MELT
IN LESS THAN IOMINUTES

PAINT THE wiarm
MIRROR twiTH
ROUGE-AND-

UATER M/f‘

RUBBER

MAT
\ -

PRESS THE MAT INTO THE
WARM PITCH BY PLACING THE
PAINTED MIRROR OVER IT

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

PRESS WITH WEIGHT
PITCH GETS TOO HARD FOR

EASY FORMING. REHEAT INCLINE THE ED
THE WHOLE (AP [F NEEDED 7O MAKE LAP ABOyT tis”
AS SHOWN AT TOP OF PAGE LESS THAN MIRROR DYAMETER
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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
to offset the facets, Fig, 6, Acenteredsystem of

facets should be avoided since it tends to polish
rings onthe surface of the mirror, A1/2 1b. carton
of pitch will be enough for a 6~inch lap. Hit the
carton several times with a hammmerand then peel
off the wax paper cover, working over a sheet of
clean newsgpaper, Funnel the broken lumps into

the melting pot or can,

Hot pitch adheres poorly to cold glass, so you
start the job by warming the glass tool., This is
done by heating a pan of water with the tool in it,
The mirror can be warmed at the same time, the
idea of this heating being thata cold mirror might
chili the pitch too quickly in the pressing operation,
Fig. 10, After heating the water a litile hotter
than your hand can stand, remove the water pan and
start melting the pitch. When the pitch is nearly
melted, remove the tool and mirror from the hot
water and dry both, 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

WNEEPED 70
DECENTER HAET:



orto the tool to the level of the cardboarda
collar, Flg, 6. Wait another
the surface of ‘he piteh, g, 4,
Strip off the cardboard collar. PPut the rubber
mat in place and press it down with the mirror,
I'ig, 10, The mat should sink into the pitch
casily with light hand pressure, Take a peek
to see how it is doing, If a jull impression has
not bheen made, yvou carn usc a weight, Fig, 11,
for a few minutes or longer, After the channels
are formed, remove the mat, Press down lighi-

15 seconds and

then pair:

1y with the mirror alone. This may causc the
channels (o close slightlv and if so, put the mat
back in pluce and repress, Repeat pressing with
mat-and-mirror and mirror alonce until vou get
a perfect impression and good contact,

£ you see the piich 1s oo cold, put he tool
with its pitch coating into the pan of hot water
and put the pan on e hoiplate, Heatl for 2 o0
8 minutes as may be nceded. You can test the
plieh with a screwdriver or siick and 5o deter-
mine the degree of softness which yvou think is
reeded 10 compiete the pressing, I vou heat
the lap too much, the channels already more or
less formed will start o run together, Tiis
heating needs water hotter than vour hand can
stand, and that's where the glass support and
carrier comes in handy in removing the lap and
Lransporting it to the bench. Then vou go through
the various operations again., Use plenty of
rouge-and-water to prevent siticking. T'rim the
lap with a sharp wood chisel or razor blade.

The big 1-5;16 incii facers of the rubber
ma: are satisfactory for o 6-inch or larger
mirror, I desired you can double-press the
mat to form a sccond sel of channels with
facels abour 172 inch squarce. [iis can be done
at any time andisbest delayedtothe final stages
of polishing where the slightiy smoother action
of the small facets canbe usedtobest advantage.

USING A CHANNELING TOOL. This is identical
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 is made.

INDIVIDUAL PITCH SQUARES. This is a long-
time favorite, especially useful for steeply-
curved mirrors difficult to flow-coat to uniform
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
in place, perfect adhesion and contact is ob-

&

2
® ELECTRIC
SOLDER GU

STRIPS
Siex Vo x 12"

i l'/?Lt/M/NUM
Forn
CASTING PITCH STRIPS

BAINT THE_EQRM L TH

ROUGE-AND-WATER SOLUTION SQUARES

FOIL OR
SHEET METAL
O\ (pRIP GURRD,

INDIVIDUAL
PITCH SQUARES

tainec by heating the lap in water, Fig. 1, and
then pressing wilth 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 carc and patience bubble
holes and incorrectly cut facets can be repaired
wilh hot pitch,
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QP?“//ONAL: MASKING TAPE
— : o / 2 !
BODY ACTION TS MIRROR twiTi

FOR FINAL POLISH ' : . y THIS FINGER

WILL PRODUCE A
SMOOTH SURFACE
SPEED: A0 FTROKES

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

THE POLISHING STROKE. This can be siraight
or zig-zag, with an amplitude no more than onc-
third, or 1 inch overhang a% either end of ‘he
stroke for a 6 inch mirror. Long strokes should
be avoided since the increasedoverhangtendsto
turn or flatten the edge of the mirror, 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

*
It tﬂkgs 4[05#0”]’5’ method described for grinding, or, you can
impart the furning movement with your fingers

during the siroke, Fig. 3. Both the walk-around
and the rotation shouldbeasuniformasg possible;
' stick a piece of masking tape on the mirror and

note how smoothly you can make it go around.
The first iwo hours of polishing can be done

POLISHING is very much like grinding excep? with a normal armaction, 60 strokes per minute.
the abrasive is red rouge and *he tool is now For the last hour or two, vou canget a smoother
a pitch lap. The mirror is on top throughout, surface if you use a body-action stroke, Fig. 1.
The job is simply to get the mirror polished On a small-top grinding stand such as the one
"as clear as glass". This takes some 4 to 6 shown, the body stroke can also be done by
hours--and kid yourself not that the superficial tucking vour elbows into your sides. The rouge-
polish which showsafterthe first hour isthe real and-water abrasive mix should be thick at the
thing. The edge will polish out last, so don' start when contact may be poor or the lap sur-

CERIUM OXIDE s a pink

OUGE-
ROUGE-WATER MIXT URES METALLIC OXIDE . NON-STAINING,

Polishing Materials

ROUGE THIEK A gART ROUGE POLISHESQAB%UTTM():(E AS
IS A FORM OF Andicates ARTS WATER )} FAST AS ROUGE. MIXES
IRON OXIDE. IT IS A FINE, /"‘Q"Mf"e’t USE AS ANTI-STICK | F.:a RLYAlﬁIQBl.EL. cué ;;‘r au NuJEA'[;ER
RED POWDER, MIXING s ) 1:6 AND C !
FREELY WTH Euéreké IT black and green. LMSDIUM FOR wiTIAL | WITH RED ROUGE
IS CHEAP AND PRODUCES -k POLISHING - HoT 7R
A GOOD POLISH...SL0W gl 2 et (g e BARNESITE. A TRADENAME
ACTION HELPS TO KEEPTHE THIN | covren ﬂM“erRlﬁléT Mé DEBOF SEVERA;
MAIN FAULT IS THAT IT - )
STAINS TO SOME EXTENT VERY [!:10 FINE. DOES NOT MIX
.. 1T 1S NOT “MEssy" . THIN | ENAL POLISHING READILY WITH WATER. IT CUTS
UNLESS YOU ARE MESSY  giiSTIR N\ 70 SPHERE TWICE AS FAST AS ROUGE
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WEIGHT -
15~20 LBS. (USE oMy 4 pwwze

GROUND S)lRFACE

TRIMMING
THE LAP

THE CHANNELS MusT
BE KEPT OPEN - THE
LAP MUST BE LESS
DIAMETER THAN MIRROR

*IIRBOR, INSPECTION witL REVEAL
AT LEAST 05 e _PITS ... SUPERFICIAL POLISH
1S EASY TO OBTAIN BUT A
LOT OF WORK IS NEEDED

TO REMOVE FINAL PITS

HOT PRESSING ASSuRES
GOOD CONTACT ANO SHOULD
PRECEDE ALL MAJOR WORK
PERIODS. LAP CAN BE HEATED
IN HOTWATER OR WiTH HEAT LAM

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 rmirror
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

all around to avoid forming a ridge at 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 polishing
is resumed. Use a thinner rouge solution as
polishing nears completion, and slow down the
stroke for maximum smoothness.

30 minutes—~best to go an hour or more to get
the frictional heat needed to allow the mirror
to bed down snugly on its pitch pad.

You can stop here!

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 itabout 20 seconds more,
Then proceed with the actual pressing, Fig, 5.
An alternate hcat treatment employs a heat
lamp, Fig. 4, and this is useful fora fast press
wher the contact is already fairly good. Anover-
night cold press withc?ut weight is a perfect §ul)- pick upasmuchlightasa small, i-1/4-inch refracior
stitute for hot pressing; cover the work with a --blenty of light to look at the moon or any davtime
damp towel to retard evaporation, Various mesh object. T

materials such asonion sacking or nylonnetcan 4s a finaltouchbefore getting the glass aluminized,
be hot pressed into the lap, producing numerous it 1s worthwhile to grind the face, as shown below. 20

) ) . . or 30 seconds work will at flat ri "OU
subfacets which facilitate making contact while your glass ¢ WL put a neat flat rim around
1 o -

giving the lap a good "bite". In case youarenot satisfied with the imagery of the
bare glass telescope, try masking ‘o 5 in, diameter.
If the only fault of the mirror is a turned edge,
masking will cure it completely,

IF YOU like, you can call
your pelished mirror fin-
ished--¢ times out of 10
the surface will be accurate
enough to produce a good
image. If youwant proof be-
fore gettingthe mirroralu-
minized, yvou can assemble
and test abare glasstelescope. Abare G-inch /8 will

BARE MIRROR

TRIMMING THE LAP., After you have been
polishing some 890 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 polishing, An alternate here
is to heat the lap and repress the rubber grid,

This takes more time but in the long run it is . ‘~ i X

probably the fastest method. Certainly, it is the s N < ‘ "6 MIRROR

neatest. Don't forget to trim around the edge of W SUB S!X...‘f/9.6
NG, 305 EMERY ]

the lap, always keeping the lap about 1/16 inch
less diametcr than the mirror. It can be seen
that the mirror must cover the lap completely

\ CORRECTS A BAD TURNED
tar  ECGE AND RATES 7 wile
CLEAT Tl SPHERICAL SURFACE

WITH WATER )
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/ RADIUS OF CURVATURE CENTER OF
fe— —_—  CURVATURE
. T &
RS
< RADIUS = 2 Fl]

(] GENERAL CASE -ALL MIRRORS: | THE FOCAL
LENGTH OF A MIRROR = |5 THE RADIUS OF CURVATURE

LIGHT RAY

£ROM MIRROR OBJECT, @ ,/MAGE QOINCIDES:
o R S SN \ !/ LHTH OBIECT

o N LOCAT/ION
_AND SIZE

GH. 70 MIRROR

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

»

OB}ECT !

— T

_ T N .

_& _r,,’ff“"f"&JMAGE
‘é———* — !

@ IF THE OBJECT IS DISPLACED TO ONE SIDE OF THE AXIS,

THE IMAGE WILL FORM AT SAME DISTANCE ON OPPOSITE SiDE

(AXIS

:
|
I

L
| |« 6'%l8 MIRROR s

{MAGE

.
—~APPROX.

_,[2 k‘ Z{)WUAMYJ 1)

@ IF THE QBJECT 1S MOVED A SHORT DISTANCE TOWARD MIRROR,
THE IMAGE WILL MOVE A SHORT DISTANCE AWAY FROM MIRROR

~~=— . PiNHOLE ‘_J_,‘Iﬁwg_i
\ N e A LIGHTHOUSE

\’—\’ NOT_ OVER 3

[5] USUAL SETUP FOR TESTING. PINHOLE IMAGE AT REAR
OF LIGHT IS CONVENIENTLY PLACED FOR OBSERVATION, THE SMALL
ISPLACE WILL NOT BFF ACE QUALITY OR MEASUREMENTS

£ PINHOLE IMAGE

‘/S LIKE B HOLE IN

A METAL 3
_7 You ga/v‘-r
" SEETHE
- MIRROR
1LLUMINATED
UNLESS YOU
LOOK THRU THE
LINHOLE IMAGE

THE IMAGE OF ANY APERTURE IS AS :
REAL, OPTICALLY, AS THE APERTURE ITSELF

PINHOLE
ANYWHERE
N THIS AREAR

A LONG EYE POSITION MAKES IT EASY TO
SEE THE PINHOLE IMAGE.. . BUT... (sce mexTcor. )

80

YOUR E£YE PROIECTS THE
PINHOQLE IMAGE TO THE
/ SURFACE OF M/RROR

PINHOLE
IMAGE

—_—_
—

|
i

WITH LONG EYE POSITION, YOU SEE
ONLY A SMALL PART OF THE MIRROR ILLUMINATED

LMAGINARY SCREEN REMOVED
BUT REMA‘MB__@ YOU CAN

\\ "SEE ONLY THROUGH THE

PINHOLE imiAcE /"

(..\ ——:

> N
— ‘p

9] cLose eve PosiTiON <
LETS YOU SEE ALL OF MIRROR

A sLiT
1S EASIER TO FIND, OFFERS A
BIGGER TARGET AND PROVIDES
THE MOST E\/EN ILLUMINATION

LL TESTING MQQL
[N_SEM/-DARKNESS 70 OBTAIN BEST

CONTRAST. D0 NOT BLACKOUT...
SOME ROOM LIGHT /S DESIRABLE

Diffraction Shadows

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

S’\‘RAlGHT

REAL SLIT
[2] TWO STRAIGHT EDGES OR IMAGE
CLOSE TOGETHER-A SLIT

OF A SLIT—3
YOU SEE AN EXPANDED
SLIT OPENING FILLED WITH
FINE VERTICAL LINES —
THE SHADING {8 COARSER
WITH A LONG EYE POSITION,

AND 1S VERY COARSE AND

IRREGULAR {F THE STRAIGHT EDGES ARE ROUGH

KNIFE-EDGE AND
SLIT COMBINED

MIRROR KNIFE~
- — |

IMAGE
OF suT

THE TWO DIFFRACTION
PATTERNS ARE SEEN WITH
A LONG EYE POSITION, THEY _mﬁ {0R2"
SHOULD BE ADJUSTED EXACTLY ANSIDE FOCUS
PARALLEL FOR MAXIMUM SENSITIVITY

4] A SMALL PINHOLE

A PINHOLE SPOTLIGHTS THE TINY

P, E
parTice  PARTICLES INSIDE YOUR EYE AND YOU I fcAEs
SHADOW SEE THE SHADOWS ON THE MIRROR. YOuR EYE

THE EFFECT IS WORST WITH LONG EYE
POSITION...VERY FAINT WHEN EYE ISCLOSE

REAL PINHOLE{QR IMAGE)

~



KNIFE
BLOCK

1

MIRROR RACK
@ (DIMENSIONS FOR 6")

TER MIRROR W, RACK
S APPROX BET, - ;-«-3‘ .

44-4¢"

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 correctingtoanexact spher-
ical surface, and then changing the sphere fo a
paraboloid. In testing the paraboloid, it isneces-
sary to measure the exact radius of various
zones, and for this delicate work a micrometer
test rig isa convenience. Testing the sphere does
not require zonal measurements and canbe 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 isnotfastenedandcanbe manip-

ulated either by hand or with the screw
feed shown, The knife itself isfastened

MOVE THE MIRROR RACK UNTH. YOU.
"DICK JP IMAGE OF LIGHTHOUSE LN Lons

ON THE WHITE CARDBOARD SCREEN.

SETTI
G SN

SLIT- 020" (MAKE
EROM_RAZOR BAADE)

LAMP

770 10-WATT wap

CANDELABRA !
BASE

KNIFE-
EDGE
TESTER

3%"

\ ¥ \\\\\\\\}\\%\\\\\\\e

)7

=Y/

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 should be taped inside the
can behind 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 razor 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 bit 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 0F BLACK CARDBOARD
LSEEPS THE LIGHT OUT
OF YOUR EYES
"'h'!i. IMAGE |

,.—""' - =T



FOCAL PLANE
IMAGE OF

PINHOLE
(OR sLiT)

KNIFE-EDGE INSIDE FOCUS

(6) SHADOW APPEARANCE OF A SPHERICAL MIRROR

location where it can remain undisturbed until
the mirror is finished. A setupnear the grinding
stand is preferable in order to avoid temper-
ature changes. Vibrations and cold air drafts
must be avoided.

SETTING-UP. Fig. 4 shows the equipment being
adjusted for use. The room 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 vou get
the image on the screen, it is broughtto a sharp
focus by moving the mirror rack back andforth;
final adjustments locate the image level with the
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 mirrors or zones. You can gray any zone,

92

LEARN:! LEARN:!
RIGHT SIDE GRAY~
DARK— YOU ARE

YOU ARE
QUTSIOE RoCys

KNIFE-EDGE OUTSIDE FOCUS

AT FoCUs

DEFECT
(SHORT RAD1US)

FOCAL PLANE |

OF DEFECT.

&/ ™

IKE C BUT MIRROR

KNIFE-EDGE AT FOCUS HAS DEFECT AT CENTER

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
side; zones of shorter radius will darken on right
side. Fig. D is an example. By moving the knife
forward, youcouldgraythe 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 inside
focus (toward the mirror), to form a shadow
on left side of mirror. Insert the knife-edge
outside focus {away from the mirror} to darken
the right side. Somewhere between these two
extreme knife settings, youwill 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
to 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 parabolizing,

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 enough
trying to interpret shadows without this extra
complication. The trouble usually comes from
a basement window and can often be cured by
sealing the window with cardboard and tape,



[T lalol 11Tl T T Tlol T T TglsT T Talgl TT Tglsl TT Tspl TTTgll TT Tgol T1 Tgl] T Celorare o

L L RO B P B

.000" TO 100" SCALE

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, controlled 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 is obtained by
means of the screw at
right side of the carriage.
The slit can be .015 to
,030~inch; it is mounted
on a track and can be re-
moved when you need the
big window for setting-up.
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] ? bumps'' on the mirror, Eye bumps move when you
SLIT or PInho‘e n move your head, and in this way are distinguished
‘ ’ ) from a similar "dog biscuit" surface which results
The fluid in a normal eye is fairlyclear in much from faulty polishing. The dog biscuit stands still.
the same manner as the average room contains clear Eye bumps can be practically eliminated with a
air. Yet a beam of sunlight will show the clear air close eye position, 1/2 inch or less from the pinhole
contains dust particles...and a cone of light from a image. However, this position is difficult to obtain if
gsmall pinhole will show the normal eye contains you wear glasses. There is a simple solution to the
many tiny particles, ranging in density from trans- whole problem: Use a slit! Then the diffraction effect
parent to opaque. from eye particles is converted to a faint vertical
Eyes vary greatly in this respect, but few persons streaking which causes no confusion at all in inter-

can use a pinhole without seeing sometracesof "eye preting the normal mirror shadows.

93



TESTING and CORRECTING

SHADOWS seen in knife-edge testing are easyto
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 area on right
side means a rising slope orhill, Fig. 4. Putting
this bit of know-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 method 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-
quiring 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 looks like

less glass, but it is very tricky working right
out at the edge. The middle diagram at average
focus shows a moderate hill, which you can plane
down with long strokes, andthere is enough glass
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 whenthe knife isatthe "average"
focal plane. This positionislocatedbybalancing
the shadows, looking mainly at the outer 1/3
of the mirror. If the left side seemsto be darker
than the right, you know you are inside 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 reasonyounever
try to doctor a complicated shape--it's back to
the rouge pot forat least 30 minutes of ordinary
polishing. 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 recogmzable 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 obvious. Theone bestiestisthe appear-
ance of the diffraction ringat the edge of the mir-
ror, Fig. 9A. Thereis alwaysabright ring 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 it maybe turned
slightly. When the diffraction ring is broad and
flaring on the right side and the left side is dark

A Family of Curves

You may meet the whole family of
regular curves while working a
single mirror.
variations of the ellipse and hy-
perbola, but only one shape for
the circle and parabola. All of the
curves have about the same shape
over the span of a 6-inch mirror
..differences are measured in
millionths of an inch,

RATION (S.A.)

YFIGURE ATlNFlN'TY AT CENTER

OF CURVATURE

B o | unoer | unper

SPHERE UNDER NONE

There are man
y (ELI'._LQ%EW UNDER OVER

PARABOLOID | NONE OVER

HYPERBOLOID | OVER OVER

g EDGE RAY, s A "1 g S.A )i
§ H
CENTER RAY
UNDER-CORRECTION OVER-C’QRRECTION
THAN CENT £3




AN IMAGINARY SIDE LIGHT REVEALS
THE APPARENT SHAPE OF THE MIRROR

THE LIGHT DQES NOT CAST A SHADOW. [T (S NOT

STOPPED BY AN APPARENT OBSTRYCTION

o
W ; WIMM\

®

APPARENT
SECTION

ACTUAL
SHAPE

APPARENT
SECTION

. DIFFRACTION

RiING

Hi. /|

SPHERE

THE KNIFE-EDGE TEST AT CENTER OF
CURVATURE IS A NULL TEST FOR
THE SPHERE -THERE ARE NO
SHADOWS. THE MIRROR LOOKS
FLAT, GRAYS GRADUALLY TO
BLACK WITH NO MOVING SHADOWS

WORK LINE muq
LONG QO(US

| gﬂIFE SET d r

THIS RADIYS
wom( ORE ———- mf
| CIDMAINTRIN RADIVS)

YURNED EDGE
THIS COMMON DEFECT GETS ITS
NAME FROM THE TURNED-OVER
APPEARANCE OF THE EDGE IN KNIFE
TEST. THE ACTUAL. GLASS SHAPE 1S
SIMPLY A FLATTENING OF THE CURVE

-

'KNIFE SET AT
| THIS RADIUS

WORK LINC ) ewens

HOLE AT CENTER
WORK LINE SHOWS GLASS TO BE

REMOVED |F ORIGINAL RADIUS IS .
TO BE MAINTAINED. NORMALLY A

()

SLIGHT CHANGE IN RADIUS IS PE
MISSIBLE (\ WORK LINE IS THE!
AS SHOWN IN RIGHT HALF OF DIAG

KNIFE 1S AT RADIYUS
OF THIS ZONE

N S Sy
-~ R S =
WORK LINE

SHORT ,
RADS/

e I

L LON

e

T

TR work LINE

OBLATE SPHEROID

FAST, SHORT, STRAIGHT STROKE
POLISHING ON A HARD LAP WwiLL
USUALLY PRODUCE THIS KIND OF
FIGURE. IT 15 CORRECTED WITH A
LONGER STROKE IN A WIDE ZIG-ZAG

\ SHORT RADIUS
1
1

THE IMAGINARY
RAYS STRIKE THE

MIRRORAT A e =
AZING ANGLE

<4\—~"IMAGINARY

= T~ S

/ LIGHT
WORK LINE

JKNIFE SET AT !
/THIS RADWS LONG RADIUS

twomc Lme

HILL AT CENTER
GOING BY THE APPARENT SECTION,
OU PLANE DOWN AHILLTO A
FOAT SURFRACE, BUT...KEEP THE

AFTUAL SITUATION IN MIND: A
LL IS A ZONE OF LONG RADIUS ..

0U CORRECT BY DEEPENING THE CENTER

H{YPERBOLOID
PARABOLOID
- .r__..-g B - ELLIPSOID

| w{muue il

ELLiPSOID, ?ARABOLO!D, uweesowlo
JALL HAVE SAME APPARENT SHAPE
ANO DIFFER ONLY IN APPARENT
DEPTH, THE HYPERBOLOID SHOWING THE
DARKEST SHADOW. DIAGRAMS SHOW
CORRECTION TO RETURN TO A SPHERE
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ELLIPSOID,
ID,
HYPERBOLOID

‘; GLASS z:o

BE REMOVED

OBLATE
SPHEROID

TURNED

EDGE

. BEST SHAPE
W’ !R. R.
BEST SRAPE
i ,7'
- <.

HILL AT
CENTER

CORRECTION

A MILD DEFECT MAY BE CORRECTED
WITH SHORT Y4 STROKE. MAINTAIN

GOOD CONTACT. FOR MORE ACTION
USE NO.& ON OPPOSITE PAGE

UsE A /2 OR 34 STROKE IN A WIDE Z16-
ZAG PATTERN. POLISH 5 MIN. AND
COLD-PRESS 5 MIN., REPEATING 30R

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

Y4 STROKE IN A NARROW Zi6-2AG. PRESS
5 MiN. WITH WEIGHT AFTER § Min. WORK
AND REPEAT 3 TIMES. FOR MORE

POSITIVE TREATMENT, NO.5 ON OPP. PAGE

HOLE AT
CENTER

USE A RADIAL OR TANGENT OVERHANGING
STROKE, NO.9 ON OPP. PAGE. DO TWO
ROYATIONS (NOT WALKS), COLD PRESS §
MiIN. AND REPEAT

SPHERE

HEENE B

METHOD NO.1 1S GOOD. MAKE WAX
PAPER STAR OR DISK ABOUT SAME SIZE
AS HOLE. USE "4 STRAIGHT STROKE OR
VERY NARROW ZIG-ZAG. WORK ISMN., THEN TEST

e’ B Perfect !

(A] DIFFRACTION RING

LOCATED AT AN APPARENT THE RIGHT EDGE ALWAYS
RADIUS OF FLAT LOITHQUT SHOWS A DIFFRACTION
TM'.:~E"‘:~$‘ -II%ER 2‘3“;5 THIS ZONE MOVING SHADOWS RING. IF BROAD witH
E THE ANIEE LMEANS YOU HAVE Cg‘mg"gﬂo"jf DARK
LE THE KNIFE LEFT SIDE, THE EDGE
S MOVED | | A PERFECT SPHERE : vy TURNED’
TRWARD THE .pe
MIRROR, THE | : | [B]Modified RoNCHI TEST
MIRROR SURFACE | | | PUT THE KNIFE 1" INSIDE
BULGES FORWARD | | FOCUS ANO CUT INTO
i £_THE KNIFE (S KEN Y4 OF MIRROR.
TOUARD THE NIEE | KNIFE AT OVED AWAY | R CURVE Ar EOCE tnas ~
oy ﬁ‘éas‘?ﬁ%% : %/EMZH%Q_? | THEEDGE IS TURNED  TURNED  GooD £pGE
' : THE MIRROR SURFACE ) ,
7 il M MOVES AWAY FRom | Comparative DIFFRACTION ™85>
5 - E KNIFE | STAND A STRAIGHT EDGE AT CENTER

APPARENT MIRROR SECTIONS AT
THREE DIFFERENT KNIFE POSITIONS

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 slit. 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 mirror thana 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 TECHNICS. 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 alsc get you into a lot of
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OF MIRROR. GRADUALLY CUT IN

-l KNIFE. IF MIRROR EDGE 1S BRIGHT

| AFTER DIFFRACTION HAS FADED
FROM STRAIGHT EDGE , THE
EDGE IS TURNED

(9) TESTS FOR TURNED EDGE

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 on opposite page, is usually 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 lapison
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. You can expect
several hours of holes and hillsbefore 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.




[i] DEPRESSING CENTER OF LAP
APPLICATION: HOLE AT CENTER
WEIGHT
WT. BASE
essnaiigh

SN

1

gINK WAX PAPER STAR INTO
HEATED LAP. REMOVE WHEN
COOL. RESUME POLISHING WiTH
/3 STROKE.

WARM LAP WITH 250-W,
HEAT LAMP 12 Min, KEEP
LAP WET WITH ROUGE

TULTERNATE: SCRATCHING, SANDING
SHAVING OR FILING AT
CENTER OF LAP, NO HEAT

E A /S 71
RF CONTACT -~ /5 OR 20 SCRATHES
WITH A RAZOR BLADE il £/X

SMALL SHALLOW HOLE

PRESS DOWN OVER
‘EDGE OF LAP

DEPRESSING EOGE OF LAP

APPLICATION: TURNED EDGE or
HILL AT CENTER

QOU CAN DO THIS WITH EITHER HOT

SNNNNN)

OR COLD PRESS, DEPENDING ON DoN'r overoo i1
ACTION DESIRED. 6000 /INSURANCE A DOMED LAP Wil
NS T TURNED £0, FORM A HOLE

DUCING A CENTRAL HIL

WAX
ALTERNATES: PAPER
(002" T
L?f?fgzégﬁ.f ' L AT
CENTER
3 STROKE
—E—Aﬂ,ﬁi’r MIRROR

B/
Y
THE NYLON NET RAISES

TINY FACETS QN TRE LAP

FULL SIZE

RAISING CENTER OF LAP
APPLICATION! HILL AT CENTER

G{jor-mzess NET AND WAX PAPER ... REMOVE

WHEN COOL. COLD-PRESS 2 MIN.., RESUME  NYLON NET
POLISHING . CAUTION: THIS CUTS FAST (-008"THiIcK)

[4] OVERHANGING MIRROR
Aerucarion: HILL AT CENTER
HE GENERAL. IDEA 1S TO WEAR THE

HILL.OVER THE EDGE OF THE LAP ---
7H, /1 4

TANGENT STROKE
ZI6-2AG Y Hitd DIA.

RADIAL STROKE CIRCULAR STROKE
STROKE Yo Hite DIA,

%ou CAN USE ANY OF THE THREE STROKES SHOWN

i LIATCH THE TAPE! ANy OVERHANGING
i k . STROKE WITH MIRROR ONTOP MUST
M b BE PACED BY THE MIRROR ROTATION
A%} —NOT THE WALK-AROUND. ALuAys oo
1‘,\;“5;-— WHOLE o . W0
LK ROTATIONS will LEVEL £ SMALL HILL

[S] ACCENTED PRESSURE
APPLCATION: TURNED EDGE

?ms TECHNIC USES THE LAP

ON TOP. THE [DEA 1S 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 : 7415 15 AN OVERNANGING
STROKE , BUT WITH LAP ON TOA,
THE ACTION IS PACED BY THE WALK-
AROUND

ROTATE THE MIRROR. 20 7w
QUIND THE POST ANL
HEN ROT, RROR Z)
TURN. REPEAT TWO WALKS

[6] ACCENTED PRESSURE
APPLICATION: REDUCING HYPERBOLA

ﬁs ABOVE EXCEPT ZIG-ZAG 1S
CENTERED ON APPARENT
CREST. /£ _THE CURVE IS SMOOTH,
THE HYPERBOLA CAN BE REDUCED
DIRECTLY 70 PARABOLA - OTHERWISE
REDUCE TO A SPHERE

b/

4 STROKE

RING Defects... are somermes causen ev tap rauirs.
DIRT OR ABRASIVE ON A FACET WILL WEAR A DEPRESSED
RING ON THE MIRROR SURFACE

DY s HOY PRESS
REM£ “DETEN, USING
NYLON NET OVER
WHOLE LAP WHEN.
A DEPRESSED
EOED T0 ASSYRE 600D
B T ey | RING CAUSED BYA HIGH
GLAZING . PATCH MISSING
CORNERS OF FRACETS
EXCEPT AT EDGE WHERE
THEY DO N HARM. USE
A 216-2R6 STROKE 1O 7,
BLEND QUT_ ANY MINOR]

DEFECTS (N THE LAP
RAISED RING

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

LAP FAULTS PERSISTING FOR (

10 OR IS Seonds CONTRIBUTE
TO A*DOG BISCUIT * MIRROR — Y

T

i
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Fiouring the PARABOLOTD

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 paraboloid, 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 measurc 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 parabola 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

KNIFE
TABLE

PAPER TO THE
KNIFE TABLE

RAY THE
CENTER

PENCIL
MARK

[y

i
[

ASK Loy i THIS 1S HOWw THE
MASK 4y l MARKS LOOK
NoT Lo . or

\‘\ \l\ | ! l'! FULLS, ¥
Yo i —
Yol {f e

\ [ 0% \ase

, 075" (5+4,)
7 F’I : " v
10% ZONE \.\, 030" (42) o %
.“V_.‘_ e ‘030
EDGEZONE /e

2

original sphere.

. “Frankly, | Don't Get IH]" %

The parabola is commonly
shown in relationtoacircle
of the same radius, as shown
at left, What actually hap-
pens in 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

SMALL

&I KE THE CIRCLE,
THE PARABOLA KAS
ONLY ONE SHAPE

AND VARIES ONLY
IN SIZE (Raotus)

AL
RTEX
X

UHEN CIRCLE AND
PARABOLA HAVE THE
SAME RADIUS, THE
PARAROLA (S LESS
CURVED -~ T IS
OUTSIDE THE SPHERE,
HOWEVER, A SMALL
PARABOLA FITS INSIDE
A BIGGER CIRCLE
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AND TOLERANCE AT EXTREME
EDGE OF AVERAGE-SIZE MIRROR

M THIS COLUMN GIVES WAVE-RATING
OF MIRROR tF GROUND TO A
SPHERICAL. SHAPE. MIRRORS
RATED Y4 WAVE QR LESS WiLL
BE SATISFACTORY, PROVIDING THE
SURFACE 1S A SMOOTH CURVE

JONE AND CENTER ZONE: ,
\DEAL (PERF. PArABOLA) = 045"
MIN, (JGwAVE UNDER)= 023
MAX.(La wAVE OVER) = 067

ANY CORRECTION BETWEEN

MUINIMUM=MAXIMUM VALUES

15 A GOOD MIRROR, PROVIDING

ALIVAY'S THE SURFACE IS A SMOOTH CURVE
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THE st
BE EXACTLY PARALLEL
TO THE KNIFE
USALIGNME,

IT IMAGE MUST

it
KNIFE AT R

CENTER ZONE

il
e

KNIFE AT RADIUS OF KNIFE 1" : 6lus OF
EDGE ZONE 107 TONE

ADIUS OF

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 advancing shadow which you try to
equalize in zone testing, Instead of judging
equal grayness when using the mask, you will
find it easier to watch for the first wisp of
shadows in the mask openings--when they ap-
pear at the same instant, you have the knife

MASKING _ - ——~
TAPE | -

NORMAL STROKE

USE A SLOW SPEED OF 40
MIN, TEST AFTER TW0 RUWITIONS

MIRROR PARABOLIZING WITH LONG STROKES
J 4

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 youhave to sharpen
your eye and be super critical. With practice,
you can reduce your observing error to about
.015 inch, and if j’ou take the average of three or
four readings, you will be in errorno more than
about .010 Inch. The center isespecially difficult
because the light beamis verynarrow, This zone
has no moving shadow atall--it simply goes gray
gradually all over and if you can detect the least
shadow movement from either side,youarenotin
the proper position.

WEARING THE EDGE

CONCENTRATE MOST OF THE
- OR 50 DOUBLE STROKES PER| | STROKES IN CENTER AREA,
REDUCE THE SIDE OVERHANG

l WEARING THE CENTER

. \\__.___-,4/ .
CONCENTRATE STROKES IN |
OVERHANGING POSITIONS., 74!8 |
LORKS FAST .. USE CAUITION




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 condi-
tions you can parabolize a 6-inch f/8 inas little
as five minutes, However, it is best to stretch
the work over a longer period of about 20 min~
utes, 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 is now 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-teaspoonful of turpentine to the heated pitch
and stirring gently for at least three minutes,
Alternately, you can hot press and then start
work while there is a trace of heat in the lap.
Thie requires fine judgement but it is worth
trying.

JOB PROCEDURE, Hot press for contact. Dunk-
ing the lap 5 min, inwarm water (about 110 deg.)
is satisfactory. Press withweight, about101bs,
for 5 min, and then let the mirror remain on the
lap for another 15 min, without weight. In other
words: be sure you make good contact; be sure
the lap has lost its heat, Use a fairly heavy
rouge mix, about 1:5. Do two rotations (not
walks), using a piece of masking tape onback 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 in Fig. 8.

Place mirror on test rack and let stand at
least 15 min, before testing in order to norm-
alize, However, it is instructive to zone test
immediately for comparison with a measurement
at the same zone taken when the mirror has
normalized, The idea here is that any kind of
polishing generates more orlessheat inthe mir-~
ror. Then, when you put the mirror on the test
rack, it is in the process of cooling-down to
room temperature; a zone measurement of a
warm mirror is not reliable, The change can
also be noted in the appearance of the shadow.

The zone measurements together with the
shadow appearance will dictate the workproced-
ure. What you strive for is "normal wear’ in
parabolizing, as shown alongside Fig. 12. The
initial period of parabolizing withthe long stroke
(two rotations) should about half parabolize your
mirror, In other words, you should get zone

5" ius
o " e EN f QROR-
o T Gy efle
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1S ABoUT
Yaon AS
£
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LONE READING .0.75 "dqc%zon!
© \“"°7°°f"' HER L =F pifforente
i ? 030"
= " k. T
PLOT THE
S NOT CHANG £
THE DISTANCE [S
You See... You Plot... You Correct Z£same o7
THE APPARENT SHAPE / N
_ THAN CENTER)
0% ZONE MEASURE DOWN,
READING
PR SUT™ WHOLE
. f 2 DISTANCE IS
DESIRED
SHAPE

@ Example: }

ReAdinG
THIS SAMPLE SHOWS GOOD 70%,

SHAPE — ABOUT HALF PARABOLIZED. EOGE et
(SEE "NORMAL WEAR" oN NEXT PAGE) 3578

measurements of about 0-20-35 thousandths-
of-an-inch for center, 70% and edge zones re-
spectively, using the micrometer tester., Of
course, the chances of this happening on a first
attempt are practically zero--something always
happens! If you are not too far from Normal
Wear, you can continue parabolizing; if you are
off a mile, you simply return to the sphere and
try again, You can expect to do this many times
on afirst mirror, but every time should make you
a little more skilful, When you do getthe parab-
ola, it isliable tobe rather sudden--after all, the
sphere itself is only a half-wave from the per-
fect shape,

SHAPE DIAGRAMS, A sketchdiagram of the mir-
ror shape can be be constructed from the zone
measurements, Graphs of this kind are set off
from a straight baseline, If you zero the diagram
at either center or edge zone knife reading, it will
reveal a plain curve showing the physical shape,
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like Fig, 9, By making a diagram zeroed at the
crests, you can obtain the more familiar dough-
nut, which is the shape you see and analyze when
testing, Fig, 10 shows this construction, The
zone measurements are set off, downwards from
a straight line, A little juggling is needed in ap-
plying the zone measurements to the diagram,
You zero the diagram at the crest; the depth at
the center of diagram is the 70% zone reading;
the depth at the edge is the edge zone reading
minus the 70% zone reading.

The perfect "doughnut" shadow of a parabola
has the same depth at edge and center. Fig, 10
shows the perfect shape--edge and center are
level, The way the readings are applied, the
diagram will be 45 units deep at the center and
30 units deep at the edge for a perfect 6-inch
f/8 parabola. Edge and center being the same
depth on the diagram, as already explained, the
scale of the diagram at these points will be dif-
ferent. '

Fig, 11 shows a sample diagram, You have
made zone measurements with a micrometer
knife-edge tester and have obtained readings of
0, 20 and 35 units (thousandths-of-an-inch) for
center, 70% and edge zones, respectively, These
distances are set off on the diagram inthe man-
ner described. At the center, 20 units is shy of
half the whole ideal distance of 45 units; at the
edge, 15 units is exactly half of the desired 30
units, With the crest of the shadow at zero, you
can now sketch in the approximate doughnut
shape, In this particular example, the jobis go-
ing along just fine, the mirror being about half
way to full parabolization,

Other shape diagrams are shown in Fig, 12,
covering most of the actual work situations.
Since you always zero at the crest, you will
get no direct information about this part of the
mirror from the diagram, However, the dia-
gram shows plainly if glass is to be removed
at center, at edge, or both, Meanwhile, the read-
ings alone will give you a pretty fair idea of the
mirror shape and depth, while the visible shadow
itself when tested at the 70% zone will show the
same kind of patiern as your shape diagram,

RATING YOUR MIRROR. When you get a pretty
fair set of zone measurements and the 70% zone
shadow looks smooth without too much dog bis-
cuit, you can say your mirror is done, You will
be interested in giving it a wave-rating, and
this is easily done by the method shown in Fig,
13. Common practice is to try for at least 1/8
wave, just to be sure you have an honest 1/4-
wave mirror, You have to be anexpert with a lot
of practice before you canread shadow positions
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much closer than .010 inch, So, anytime you get
within ,020 of the required corrections--over or
under--it is just as well to call the job done,
which indeed it may be.

MIRROR CORRECTION, Attimes youmay work a
mirror not coveredby Table 3 specifications, or,
you may wish to test at zones other than those
specified, For such cases, you can calculatethe
proper ''correction'' for any zone {radius) of the
mirror withthe familiar formula: r? /R, The low-
er case r is the radius of the mirror or any zone
of the mirrer, while the big R is the radius of
curvature, which is two times the focal length.

Fig, 14 gives the equation and also works out
as an example the correction for a 6-inch, /8
mirror, The basic form of the equationcalls for
a division by 2R (2 times the radius of curva-
ture), and you use the equation in this form if
you are using a test rig where pinhole and knife
edge move together as a unit. More commonly,
the pinhole is in a fixed position, sothat the knife
must move twice as far as whenthe "correction”
is split between knife movement and pinhole
movement, In this case, the "correction'' is the
more familiar r? /R formula, You apply this to
any zone of any mirror; fourtest zones are often
used for mirrors over 6-inch diameter. These
zones can be located as desired, the sole idea
being to get a series of zones representative of
the whole mirror, The '"correction' at center
zone mask opening is very small, being in the
neighborhood of ,001 inch, and this item is usually
neglected--the center is plain zero. Note that

while you can calculate the correction for the
extreme edge of the mirror, you can't test the
extreme edge because you need a strip of mirror
about 1/2 inch wide for testing, and the center of
this strip is yourtest radius, As shownin Fig.14,
the correction for a 6-inch f/8 mirror is ,094
inches, this being the calculated value for the
extreme edge of a mirror exactly 6in, diameter
or 3 in, radius. But the radius of the outer test
zone is only 2-11/16 in.,, with the result the
actual working correction for the mirror is the
considerably smaller .075 inch.

Many beginners over-correct their mirrors
by using the full .094 inch correction when
testing the edge zone, This is well inside the
quarter-wave limit, as given in Table 3, but it
means the mirror has gone beyond the parabola
and is now a hyperboloid.

ALUMINIZING SERVICE, Veryfew amateurs at-
tempt mirror silvering., Today, the workisdone
with a vapor vacuum process, and the metal coat-
ing is aluminum instead of the traditional silver.
Aluminum is slightly less reflective than silver
but it stays bright indefinitely and soon outshines
the silver whichtendstoblacken withage, A good
job of aluminizing willlast 10to 12 years or even
longer., The common failure is minor pinholing,
which developes slowly and does not greatlyim-
pair the performance of the mirror., Aluminizing
and over~coating a 6-inch mirror costs about $6
(1967}, Contact the firm of your choice and get a
price before sending your mirror, Various firms
doing this kind of work are listed in the index,
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section

Telescopes You Can Build

standard
* [J reflector

THE POPULAR 6-inch f/8 reflector
with all purchased parts is shownon
the opposite page. Very few builders
buy all of the separate parts for the
simple reason such purchases will
total about 15% more than the price of thp same
identical telescope in a complete factory assem-
bly. But the stock model provides auseful guide,

For the telescope itself, most builders buy
all of the parts except possibly the main tube,
which can often be purchased locally at a lower
price, You still have the work of cutting the hole
for the eyepiece and painting the tube inside and
out. The eyepiece hole is notdifficultif you have
the tools, either a hole saw or a saber saw, but
it is something of a chore if you have to do it
the hard waybydrilling many small holes around
the opening and then filing smooth, The inside
of the tube should be painted a flat black, You can
buy locally spray cans of flat black paint (for
ironwork) which goes on smoothly and dries

dead flat, White enamel is the usual thing for
the outside,

Apart from the tube, the only other job of
assemblying a telescope from purchased parts
is the cementing of the small flat mirror to the
diagonal plate. This is not a hard job but it is a
bit on the fussy side. Before you cement, make
a dry assembly, as shown in drawing, Note that
the diagonal post is pushed into the eyepiece
mount to locate the mirror close tothe mount for
comfortable viewing. If you are using an ellip-
tical diagonal, it should appear exactly con-
centric with the eyepiece tube, as shown in the
detail, The actual cementing should be done with
a piece of glazed paper (magazine cover) at the
jo6int. This provides a slight cushion and also
makes it easy to remove the mirror from the
plate should this become necessary. For a
cement, you can use practically any kind of glue.
Needless to say, you handle the mirror only at
the edges to avoid fingerprints onthe 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-
bly. The tilt of the polar axis should be the same
as your latitude (the drawing is 40 degrees).
Adjustment is made by loosening the single nut
at cap lug, and then tightening very securely
after the proper setting has been made. Only
approximate. accuracy is needed unless you are
making use of setting circles or doing star
photography.

.
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IF YOU are building a reflector on a tight budget, the best plan is to use
top quality optics and save whatyoucanon the mount and homemade parts,
The result will be something like the design shown with simple turn-on-
threads altazimuth mount and slide focusing, You will find this scope solid
and satisfying, especially if it is a first instrument,

The mount uses a 2~inchpipe pedestal about 30 in, long. A coupling re-
duces to 1-1/2 in. pipe for the mount itself. This is a substantial mount;
definitely you do not need larger and heavier pipe as suggested by some
writers, The wood legs can be pre-drilled and are fitted to the pedestal
one at a time; youputtogether, take apart as often as needed to mark hole
positions and drill the tap holes in the pedestal, This procedure assumes
the drilling is done on a drill press, With normal care in fitting, the final
leg will lock in place and secure the whole assembly.

It is assumed the purchased mirror will run a little overlength in focus,
i.e., it will probably be closer to 48-1/2in, focal length than the basic 48
inches. Note in drawing below that the distance between the main mirror
and the diagonal is the focal length minus about 6-1/2 inches, If you are a
myope, it is best toincreasethisto6-3/4 in, or even 7 inches, the reason
being that anear-sightedpersonwill focus atelescope "in'' a bit more than
normal; hence, you havetoputtheimageplane "'out" this extra distance to
get the "in" focusing movement needed, Figure it out yourself! In any case,
the worst that can happen is that the focal plane will be inaccessible and
you will have to remount the main mirror,

The mirror mount is a simple job for the band saw and drill press,
The mirror clips are made by partly flattening 1~inch angle irons, The
plastic slide focus at the eye endisnot as convenient as rack~-and-pinion,
but it works andyou canalways switchto R&P later, The worst job is cut-
ting the hole in the maintube under the eyepiece holder, Actually this is a
fairly easy jobifyouhave ahole saw of the required size., Or a saber saw.
More often, you will have to resorttothe tedious process of drilling many
small holes and then smoothing by filing, A square hole with rounded cor-
ners is entirely practical,

A first eyepiece shouldbe 1 in, or a little more in focal length Edmund
No, 5223 of 1.1 inch £,1, is a good choice,
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4 rich-field

MOST telescope nuts go for high power, but
once this is out of your system you may get
an even bigger kick from the brilliance and
rich field of a low-powertelescope. The one
shown works at f/5 with a magnification of
19x showing 300 to 400 stars in a single
view. Of course you have to grind your own
mirror, but if you have done this just once

before you will find no newproblems except
the work is more exacting,

STANDARD

4 Y rerLecToR

MOST scope builders buy some parts and make the rest, When it
comes to a case of buying all readymade parts, you are money
ahead to buy a finished telescope. Despite its financial weakness,
the standard scope is useful as a how-to design in that it shows
general construction,

Except for painting the main tube, you canbuild this standard
design in one evening. The workis simply a matter of drilling the
needed holes in the main tube and then making the assembly, The
tube layout shown will handle mirrors from 45 to 45-3/4 inch
focal length, If your f.l, is longer than this, it is best to set the
mirror back a little more in order totake up the excess in focal
length, The average spherical-groundmirror will show about 45-
1/2 inches f.1. The mainidea of spacing, of course, is to keep the
image plane as close as possible to the diagonal for maximum
light pick-up, Thisisnotagreatitemin this case because the el-
liptical diagonal is ample size,

Simple bolt mounting is shown, The suggested orientation
angles the eyepiece 35 degreestothe left as viewed from the eye-
piece end of the tube, You will find this gives comfortable viewing
in almost all positions, It favors an operating position east of ped-
estal for all south sky objects, If you view with your right eye (the
usual case), the east-of-pedestal position is the most convenient
because you can look through the telescope and then look at the
sky directly with minimumhead movement, To better the all-East
viewing position for south sky objects, a double collar may be
used atthe head ofthe declination shaftto gain a little more swing
through the meridian,
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in Square Plywood Tube -

PLYWOOD TUBES are practical for telescopes, the
main fault being that the common square shape is a
bit more bulky than a round tube of cardboard or metal,
A good feature is low heat conduction which means
less air disturbance, The flat sides of the square tube
are made-to-order for focusing devices working length-
wise, such as the one shown, This permits 6 in, of
travel--plenty for all eyepieces and most attachments,

Assemble the tube with small nails andletit remain
in this form until you are sure everything fits, Then,
make the permanent assembly with glue, plus screws
or nails as needed, The glue istheimportant part since
this is the best way to get rigid joints, The turn-on-
threads altazimuth mount is a good starter, readily
converted to equatorial by adding a45-deg, street elbow,
If you use an equatorial mount, it is somewhat more
convenient to have the eyepiece at the side of the tube,
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smallest practical size

ALTHOUGH it has a diagonal obstruction
of twice the recommended maximum, this
mini 2-1/2-in, reflector has a sharp eye
for bright objects in the night sky. The light
loss of 12% is hardly noticed, while the
more-than-normal obscuration of the blind
spot is annoying only when you use a low-~
power eyepiece for daytime viewing, The
telescope weighs in at less than 2 lbs,, is
easy to cradle in your arms, but is at its
best on a light-duty mount at 30x or more,

Light~duty lock washers are used under
the plastic eyepiece holder to provide a
diagonal adjustment. Do this before you
mount the main mirror, Center your eye on
the focusing tube minus the eyepiece, The
condition you want to see is that the inside
and end of the main tube appears to be a
straight continuation of the focusing tube,
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4/4-inch "SKY BEAM”

USED in the dark and shielded from outside light, the astro telescope "~
does not actually require a tube. Hundreds of scope builders seeking
a way to make a cheap reflector have taken advantage of this fact,
mounting the mirror and eyepiece holder at opposite ends of a single
beam of wood. The design shown is typical "homemade" construction
with equatorial mount made of pipe fittings. The fixed polar axis of
45 degrees is satisfactory for latitudes between 40 and 50 degrees, and
as a matter of fact can be used with some success at any latitude,

The movement on both axes is obtained simply by
letting the pipe fittings turn on their ownthreads.
Q4 PIAGONAL  The 1-1/16 inch Ramsden gives 43X. The whole
outfit loaded for stars packs about 20 lbs., three-
fourths of this being in the mount.
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IF YOU want a good telescope on a lean budget and minimum work,
this is it, You use the same Edmund telescope kit specified on op-
posite page, plus a cardboard tube which adds a few dollars to the
cost, but worth every penny for better appearance and protected
optics, The mirror mount
is an inexpensive desgign

) CEMENT CAPS
costing about a dollar for PLANO CONVEX LENS zogg;ysﬁz
materials, The equatorial 230w Dl Gl F- -

IO REQUIRE D

mount is the same as op-
posite page with a handy
declination brake added,
The weight of this outfit
is about 22 1lbs., mount and
all, The lenses supplied

L
L

with the kit will make a 1- A
1/16in. Ramsden eyepiece «g’bﬁ};&% "/‘6“ RAMSDEN
giving 43x, CAP (UOY]  EYEPIECE
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16x SKY SWEEPER

YOU CAN add to the versatility of any small reflector by using a
sliding mirror fitted in a separate tube, Such an arrangement al-
lows the telescope to be used as a regular astroscope as well as
a photographic telescope, a prism scope, etc,, the sliding mirror
providing for air-path adjustment and coarse focusing, A fine
focus can be obtained at the eyepiece, either by sliding it in the
eyepiece plate, or, by using a focusing eyepiece, such as the eye-
piece from a 7 x50 binocular or monocular, The 16x power rating
is obtained with the 27,5mm eyepiece from the 7x monocular, or a
28mm Kellner, Edmund No, 5223.

Mainly, this design is intended for low-power sweeping and can
be hand-held satisfactorily if the power is not over 20x, You may
need an adapter to use the focusing eyepiece from a 7x binocular
or monocular, although some designs are 1-1/4 inch diameter at
the thread and so fit the 1-1/4 inch eyepiece plate, The eyepiece
plate has a brass tension sleeve which can be adjusted just right
to grip standard 1-1/4 inch diameter eyepieces firmly but loose
enough to permit slide focusing,

The 3-inch mirror of 18 in, focal length works at £/6 and is
preferably parabolized although a spherical shape works fairly
well at low power, The Edmund mir-
ror specified is parabolized; if you
make your ownyou can suit yourself,
Much of the long focusing travel pro~
vided by the slidetube is needed only
for a prism erector, If you do not use
this kind of erector, the sliding tube
could be omitted entirely. In such
case, the eyepiece plate would be
made an inch or more thick for added
slide focus adjustment, If used, the
sliding tube should be aneat slide fit
to maintain proper collimation,
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£
16x Bazooka’ - , -

SPOTSCOPE 5

ONE OF the more popular methods of making an erect-
image reflecting telescopeis to use a roof prism in the
manner shown for this 16x design, The on-shoulder
mounting is comfortable, steady; the field is bright
and covers 2.6 degrees, equal to 136 ft, at 1000 yards,

The construction is mainly a matter of making
the prism support, This is satisfactory if made of
wood, You can saw to shape on the band saw, and the
holes needed can be drilled on the drill press except
possibly the large one needed to accommodate the
threads of the monocular eyepiece,

The telescoping main tube provides plenty of ad-
justment for focusing near objects; fine focus is obtain-
ed with the focusing adjustment of the eyepiece, The
Edmund 3-in, mirror is now supplied parabolized. Of
course it costs more, but the image is much sharper
than with a spherical shape as supplied originally for
this design. If you like pushing glass, you can buy the
unfinished glass blank for less than $2.
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3-inch Reflector

USING STOCK Edmund parts, this 3-inch

N
reflector is easy to build, being only a job
of putting the various parts together. A X e SO0
scope of this size is excellent for moon and 337 B_ﬁ/_gzzwf_/v&'g
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eyepiece to catch as much light
as possible, The full-size draw-
ing can be used to determine
exactly where the diagonal mir-
ror should be attached to the
plate. The Ramsden eyepiece is
built right into the focusing tube
supplied with the plastic eye-
piece holder. Thiseyepiece mag-
nifies 28X and the field is alittle
over the width of two moons.
Stronger eyepieces can be pur-

Erecting Eyepiece for your 3" Reflector
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is longer.

act-image 3° REFLECTOR

FOR moon-gazing or land-gazing you will like
this 3-inch reflector with built-in erecting system.
Two erecting systems are shown. The one using
the 30mm diameter lenses is easiest to make
because this size is an exactfitforthe tubing used.
The alternate design has a trifle flatter field,

The main feature of a built~in erector is that
it puts the narrowest part of the light cone close to
the diagonal. The small diagonal specified is more

SRT:::‘; than big enoughtofieldall of the light rays, whereas
e the same flat in a standard reflector misses about
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34" pIPE CAP e\
34" 6" NIPPLE L “ w_NIPPLE N

14" T0 34" ¥4'45° ELBOW
REDUCING
COUPLING 45° (] 48°

N | EQUATORIAL 5 EQUATORIAL
f % ITH EXTENDED

MOST altazimuth mounts can be tiltedto

make an equatorial. Sometimesthereare ZENITH 267 540 i r32e,,

i licati ith Edmund | vl {aumoov I | NETYY
minor complications, as wit mun viepioan B | oo
No. 30,180 Fork Mount, there is fouling 1 N, ‘ N N,

at one of the mounting bolts. This canbe ; B Covers wroLe sky ~auno 3osoirn M| NaLmo 3°
11 174" PiPE, 30"LONG ,
corrected by drilling a new bolt hole, as (SEe PaGE 15 2oR BRSE) 15"N0-6

shown at bottom center.

A minor fault of the short fork as an
equatorial is that part of the north sky
on the meridian is not accessible. This
can be partly corrected by extending the
polar axis, as iIn right-hand drawing
above. The blind area is only on the
meridian; you can see all objects in this
area when they are one hour or more on
either side of the meridian,

The mounting arrangement shown is

easily converted from altazimuth to MAIN TUBE (carDBOARD)

equatorial by changing the pipe fittings. EDMUND NO. 80-056
23470.D, 375" L.,
2"LONG
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monocular and main tube is a plastic pipe coup-
ling in the 2-inch size, Without machining, you

7x50 Conversion

13x60 MONOCULAR

REBUILDING the front end of a7 x 50 monocular
has long been a favorite project amongtelescope
builders blessed with a metallathe, The conver-
sion shown here uses a 61 x 3656mm objective,
which itself is from a prismatic instrument and
80 admirably suited for the job, Of course, the
original 52 x 193mm objective and its cell is
removed--it makes a fine 4x Galilean with 25
% 48mm double concave lens as the eyepiece,
The new objective is mounted in a length of
thick-wall aluminum tube. The link between the

Focusing
ERFLE EYEPIECE
EOMUND NO, 5160

104" F.L.
6be FiELp

EYEPIECE

can press this overthe threaded end ofthe SELSI
monocular, but it is best to reinforce the joint
with cement and pins, A threaded connection is
to be provided between the plastic coupling and
the main tube; this can be used for extra "out"
focusing travel if needed for near land objects,
With careful fitting, the 3/8 in, travel provided
by the original focusing eyepiece will put youon
target for any sky object as well asland objects
at moderate to long range, The instrument makes
an excellent finderscope for alargertelescope-~
its 3-1/2 deg. field more than covers the pole
star orbit,

6 Wide-field Refractor

The popular 1-1/4 inch Erfle eyepiece is well-known for its wide
field. A minor fault is a slight amount of lateral color, The focus~
ing travel of nearly 3/8 inch is all you need for astro viewing;
extra movement for near objects can be obtained by unscrewing
the eyepiece adapter from the endpiece. The plastic pipe fitting
used for the eyepiece adapter canbe obtained at plumbing or hard-

ADAPTER .
Plastic Drain

ware stores.

26JECTNE Pipe Fitling g
! X 365mm 1%"F.L., Focusi i
(2.40" x 14/.37") R B - 25500, A/ MAGE EqRFLE) Ecsing v y
EDMUND No. 4O -802 MAINTUBE - 272.0.0. "’"‘} PLANE EDAMUND NO. 