- il

. \“
)
&
)
b

e

-




QUICK GUIDE to ¢

What to Shoot

ky shooting

EQUIPMENT

OPTICAL SYSTEM

METHOD - REMARKS

ANY CAMERA FROM
ASmm SIZE UP TO
B0 INCH,
CAMERA MUST BE
ON TRIPOD OR
OTHER SUPPORT

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

SET CAMERA LENS AT
INFINITY AND POINT AT
TARGET. MAKE A TIME
EXPOSURE OF 10 MmIN.OR
MORE. SkY MUST B85 DARK—
DO NOT SHOOT WITH MOON IN SKY

MOON

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

45”70 80"E.F.L.
APERTURE |' OR

MORE, £/8 Tof/g0

MOON [MAGE DIA.
= 0009 x E-F.Lv

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

SUN

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

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

WITH IMAGE AT FULL MOON
BRIGHTNESS, FAST EXPO-
SURES OF Y100 T0 Ysoo0
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 wiTH
SLOW-MOTION CON-
TROL. 1S ESSENTIAL

PREFERABLY NOT
LESS THAN 1"CLEAR
APERTURE . 3"T0 1"
F.L., DIRECT OBJEC-
TIVE. FIELD SROULD BE
FLAT,COMA-FREE

USE FAST FILM. GUIDING
CONSTANTLY WITH TELES-
COPE, MAKE. TIME EXPOSURE
OF 10 MINUTES OR MORE.
GOOD STARTER ... LASIEST
TARGET FIR GUIDED TELESCOPE

OPEN
STAR

B cLusers

CAMERA, 20" 0R
MORE F.L. TELES-
COPE USED FOR GUIDING
BUT MAY BE THE CAM-
ERA, IN WHICH CASE A
LONG F..L.. GUIDESCOPE 1§ NEoeD

NOT LESS THAN 2
APERTURE -- THE
LARGER THE APERTURE
THE MORE STARS YoU
CAN-DHOTOGRAPH. F.L.
70 SUIT TARGET SIZE

GUIDED TELESCOPE, IS MIN.
OR MORE TIME EXPOSURE.
THE LONG F.L.OF CAMERA MAKES
GUIDING MORE DIFFICULT -A
SLow -MOTION MAY BE NEEDED
ON DECLINATION SHAFT

NEmLAE
SH GALAX 16

CAMERA 1S OFTEN

THE TELESCOPE 1T~

SELF. BIG APERTURE,
LONG F.L.NEEDED.

CLOCK DRIVE WITH
SLOW-MOTION

NOT LESS THAN 3*
APERTURE ., 20"TO
100" F.L. USUALLY
DIRECT 0BJECTIVE FOR
LOW £/NUMBER BUT PRO-
JECTION 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 D/l --8/6
APERTURE AND FAST FlLM NEEDED.

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

LoNG E.F.L. 1S
MAIN NEED. ]Ik
To 4/]100. POSITIVE
OR NEGATINE PROJEC-
TION OF 3X TO 8¢
{S 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

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

APERTURE NOT LESS
THAN 2", €3 70 f/8,
USED WIDE OPEN

TIME EXPOSURE, 10 SEC. TO
1O MIN. YOU MUST GUIDE ON
COMET HEAD DURING EXPOSURE

ANY CAMERA. WIDE
FIELD 1S NEEDED --
NOT LESS THAN 40°

WITH 25mm CAMERA,
2“F.L. 1S PREFERRED
FOR WIDEST FIELD

KNOWING TIME AND GENERAL
AREA OF A METEOR SHOWER,,
MAKE A STARTRAIL - 4no HopE!
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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 factthat the average telescope set-

up will not coverlarger film 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 cameraof this kind for
as little as $60 or as much as $600; secondhand
much less, Much of the cost of a single lens re-

4 Systems

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 systems are 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 mirror objective 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,
It will be obvious that if the primary objective
forms a perfect image at the first image plane,
any additional following lens or mirror cannot
possibly improve the image quality. In other
words, the best you can expect from any pro-
jection system is simply that it will retain most
of the original sharpness, This is possible, The
big advantage of the projection system is, of
course, the fact you can get equivalentlong focal
length in a short instrument.

[1] DIRECT OBJECTIVE

LIGHT GOES DIRECT
FROM OBJECTIVE (Lens

OR MIRROR) TO FILM

[2] AFOCAL consisTs oF A
TELESCOPE IN FOCUS AS
FOR EVE USE , COMBINED
WITH ANY CAMERA WiTH

OBJECTIE CAMERA
) / ( : Y
4 7\ REFLEX)
' ——— ] k— IMAGE _£02mS
’//__ — —_ ON EILM
t;
ELESCOPE; priMARY  EYEPIECE
IMAGE \
S— N
f— e

LENS SET AT INFINITY

[3] PROJECTION wi A
POSITIVE LENS

EYEPIECE OF TELESCOPE IS

USED AS A PRQIECTION LENS

YO FORM AN ENLARGED IMAGE

NEGATIVE
ACHROMAT PRIMARY

PROJECTION WiTH A
NEGATIVE LENS -

A NEGATIVE LENS INTERCEPTS
THE LIGHT RAYS AND EXTENDS THEM

TO FORM AN ENLARGED IMAGE



the simplest system...

= __The DIRECT OBJECTIVE

(D 3-1NCH REFRACTOR AS A DIRECT OBJECTIVE

3" OBJECTIVE MAIN TUBE Dia or

(@ FocusiNe TUBE IS soTrLENéck  TTUBE

........ X ENDPIECE g_%CBUESlNG

/ 1'4" 1.D1A

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 a telescope 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
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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 that the
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 iinage 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 position of
the image plane will not interfere with the use




(D LIGHT LEAKS IN A REFLECTOR

0]

A ﬂ
MikOR 5 | M e e e ——>

ERX?E%EION
Gudbd.or Alym.

ﬂs'/.; s%|| 6%  LIGHT-FOGGING OCCURS WHEN

STANDARD 6-INCH REFLECTOR IS
USED OUTDOORS WITHOUT PRO -
TECTION. Cloudy-bright, no sun.
Y500 Sec.at /8 on TH-X Film

U 24" Plywood

(3 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 ordinarilylook at with an
eyepiece. Contributing is the fact the image
plane is at a greater distance fromthe diagonal.
You cancorrect by using the nextlarger 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

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




ANY SUITABLE OBJECTIVE

should be a routine test for all telecamera sys- ?D'm ABOUT ?"&L‘
(108 mm ENLARGER LENS SHNMNY,

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 4%

check the extent of illumination, The setup is i Eﬁ

also a good check for collimation--all of the S £ A ND
¢ N, Gy A .~ AR 2]

various apertures should appear concentric
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-
photography is that while you need the equa-
torial movement and clock drive of a telescope,
the actual picture-taking is often done with an
ordinary camera mounted on the telescope tube.
For short focal length camera objectives up to
about 10 in, f.1,, some kind ofa camera bracket,
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@ ~—T1 ) 7A=*\
\ e
AL
%% 1"No. 8 F.Hd.. %

fe—3 % 2

' NO. 32

IELTIITIIIITIIIII I3 7,

%

GLARE STOP &\\\\\’\

/
1'% 0ia. Lﬂf_wmm.ﬁcf/ /
L) FLOCK PAPER %%‘é"g ADAPTER

FOCUSING  ~ [~ ———— S0% LGHT 70 corme,
TUBE-2"0.0.—) iR § 0%

n !
i
V47
£

7

.,,,,,,,.,.,,,,..,.,.,,,.,,.,.,.,,..,.,.,,. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,, 573 2 J
2" <
- . 14-1Ncu F.L. DIRECT OBJECTIVE
ALL TRI-X PAN FILM, @ ( ; /6.4

Test Pics: rorurer seomsin.

105 mm ENLARGING LENS DiRecT  |4-1NCH ACHROMAT As sHown ABOVE, 3% BARLOW AND 14" ACHROMAT. COMBO
OBJECTIVE. V500 SEC.,f/11. HAND-HELD Y500 SEC. AT /6. CAMERA HELD BY HAND IS 42"F.L.f/24. 'f200 SEC.ONTRIPOD



TABLE 1

Angular and
Linear Field
Covered by

35mm Film

LINEAR FIELD (swaer s/0o€ OF Fiem om.v)ﬁ

38mm FILM

‘\ mse THIS TABLE TO DETER-

O\ MAINE (F F.L.YOU ARE USING

\& ILL COVER THE OBJECT
OU PLAN TO SHOOT

Wpul PLEIADES

MEM
STARMAPS OR

L/ISTS OF SKY
LEREHEE)

ANGULAR FIELD COLUMN IN
TABLE SAYS A 358, F.L.LENS
WILL COVER 92miN, HENCE,
IT WiILL COVER THE PLEJADES (907)

AL A2 1T TN TN N

SUPPOSE YOU WANT HALF-
LENGTH PORTRAIT AT 200 FT.

DIRECT CALCULATION rOR
APPROX. IMAGE SIZE OF ANY
SKY OBJECT WHEN F.L. AND
ANGULAR SIZE ARE KNOWN

Example: miz quSTe& N

F.L.— 300, e 1009 »

ZE aauan ol
DIVIDEBY 2 ........... 200
MULTIPLY BY Fol, ......... 300

IMAGE S1ZE = 9.

e e - T T
§1.|200¢T.| 300¢7.(5005T. | Va M. | Y2 M. | | M. |SM.
2’ 26.5° X 393° | 47er.| 94sx | 141 | 2356r| 62157 | 414 vo. | 828v0|4140v0,
3 17.8° ¥ 269° 3/er.| 63| 94rr | ISTEr| 41357 | 8276 | 551 v0,|2756 ve.
q" 13.4° ¥ 20.° 24¢er.| 41rr. | JOsr. | 117£1.| 31067 | 620F7| 413 70.| 206670
5" I.0° x 16.5° 19er.| 3961 | S8rr. | 97sr| 255er| 5094 | 339, 1696w
-3 9.0° ¥ 13.5° 1667 3ler | 477 | 7941 | 20847 G1Ser | 8307 138370,
T 7.3° % |),5° IBFT.| 27F1.| 40T | 67¢r | IT76r.| 3546n| T08¢T| 1180 Yo,
8’ 6.7° x j0.1° 12F7. | 24 61| 351 | S9FT.| [|56¢7| 313F7. | 626F7.| 104310,
9" 6.0° x 9° 10FT. | 24e7 | 3ler | S2FT | 138¢7| 2756 | 5507 97 Yo,
10" 5.4°x 8.1° OFT. | [9er | 281 | 47F7| 125Fr.| 249ex | 49877 830Y0,
(2" 4.5°« 6.8° BFL | |67 | 2351 | 39Fr| [Q3Fr| 206£x | 41257 | 6870,
14" | 231" x 347 | 7er | 1367 | 206 | 33er| 88#%| 1770x | 3535%| 58OV,
16" 202' ¥ 303 GFT. | 1271 | 18fr. | 29FT:| TIFT | 15%en | 309F%| 5160,
18" 180' x 270’ SEr | 10F7. | I6FT. | 2667 | 69FT.| 13761 | 2755r | 4580,
20" 162' x 243" | 44Fr| 9Fr. | l4Fr. | 23F7| 62T | 1241 | 24757 | 41270,
25" 129' x 194" | 45m.| 9Om.| ller. | [9¢r.| S0FT. | 10067 | 198¢7.| 9934
30" 108' x 162 38| ISin | 9rFr. | [5er | Aler | 83er | /65er | 82757
... 38" 92' x 138 32m) 64m.| 97m. | 13 | 35er| 10r | 1427| 70821
40" 8l x 122 28m.| 56m.| 84w, | 1257 | 3ler | 62¢r | [24¢r| 6208
45" 72' x 108" | 25m.| 50m.| T5m. | 10FT | 28F7.| 551 | 110£T.| 550¢T |
50 65'x 98' 23| 45| 68m. | Gt | 256r | 50er.| 995r| 4960
60" s3' x 80 I9IN| 38| S6m. | BAw.| 21er. | 41er. | 837\ 414
J0" 46' x 69’ 160 32| 48m. | BIm.| 18¢1. | 3521 | Tler | 3546
80" 40 x &0’ 14N 28| 2. | Tim. | 1687 | 3)er. | 62Fr.| 310Fr
90" 36 x 54 12.5m| 25m.| 38m. | 63m. | 14Fr.| 28er. | 5657 | 2768
100* 32'x 48 i | 23m.| 34m. | 56m. | 21 | 2562 | 507 | 2480
(28" 26' x 39 Q. | 18| 27w, | 45m. | (06T, | 20£7. | q00r | 1995
150" 22'_1 33 TSm.| 15| 23m. | 38w | 99m. | ITFr | 33F7 | [65Fy,
{ys8” 18 x 27 64| IBmn| I9m. | 32m. | BEm. | 14Fr.| 28¢r | 1427
200" 16'x 24" SN v | 1 Tw | 28m.| 74m-| 12Fr. | 25F1 | |25
250" 13'x 20' 4.8 Qm | 14w | 23m. | 60m. | |0FT. | 20£r. | F9FT.
300" e 16 38m| 8m | llw | 19m.| 50w | 99m.| 1761 | 83Fr.
400" 8x 12 2.8 5.6m| B | 14m | 3Tm. | 74m. | I12F1. | 62Fr.
500." 64 x 9.6 2.3m.| 45w 6.8m.| v | 30 | 60m. | 10£r. | 50r
600" 54' x & 19m.| 3.8m) 5.6m.1 Qe | 25m.| 50m. | 99w | 4167
700" 46' x 1 léw.| 32m| 4.8m| 8m. | 20 | 43m. | 85m. | 35¢r
800" 40 x &' ldin| 2.8m| 42m| T | 19w | 37m. | TG | 31 FT
900" 3.6 x 54 l2asw) 2.5 3.8m.| G | 7. ]| 33| 66 | 28T
1000° 32' x 4.8 L3} 2.3m.| 3.am.| S6m.| 15w | 30, | 60m. | 25Fr.

USE ANGULAR OR LINEAR FIELD GIVEN FOR
SHORT SIDE OF 25mm E/LM ANR MULTIPLY

THE S,

£

) 7ME LINEAR FlELD OF LONG SIDE OF APPROX, FIELD OF OTHER FILM SIZES:
325mm FILM CAN BE CALCULATED BY MULTL-
LLYING FIELD OF SHORT SIDE (FRomMTASLE) 8Y LS




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
point 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 6or 7 inches
focal length., Over 8 inches f.l,, achromats begin
to function very well because of the compara-
tively narrow field angle involved. A 14 in, f.1,
objective on a 35mm camera looksata 7-degree
field, and for this narrow angle an achromat is
nearly as good asthe 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 enoughaperture
for most objects, Fig. 16 details the construction
of a 14-inch f.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 7-degree field is
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 witha Barlow working
at 3x, it zooms up to 42 inches equivalent focal
length,

FIELD ANDSCALE, Withland 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.l, 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 telescope 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 tofocal length; 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.

s . B
"”‘?( (& FLM)'W“(J«Q » 0.0l 69

IMAGE SIZE

F.L.or| ANGULAR SIZE (SECONDS OR MINUTES OF ARC)

E.F.L.[20"[40°] 1" [ 5" T10' [30' [31" [40" [60°

10" |.001|.002 |.003 |.015 |.029].087 |.090] /2 | I8

20" |.002 | 004 | 006 |.029|.058| 47 | 18 | 22 | 35

30" ].003 [ .006|.000|.,044{.087| 26 | 21 | 35 | 52

40" | 004|008 |.012 |,058] .12 | 35 |.%6 |47 |0

50" |.005]|.010 |.015 |.013] A5 | 44| 45| 58 | .87

60" | 006 | 012 |07 |.088| .18 | 52| 54| 70 |1.05

70" |001| 040240 | 20| 6l [ 63 .8l |1.22

80" |008{061.03 .2 123 .0 |72]9 140

Q0" | 009 |.08 [ 026 43 | 26 |79 | .8 |l.05|1.57

(00" |.010 |.020|.029| .15 | 29 | 87 | 90 [I.l6 |1.75

120" .02 | 024|.034 | 17 | .35 |1.05|1.08|140]2.10

140" | 014 | 028|041 | 20 | 4t [122]1.26 | 1.63 |244

160" | 016 | 032|040 | 23 | 47 [1.39 | 144 | 1.86 {279

180" |.018].0% |,052| 26 | .52 |1.57}|1.62|2.10|3.14

200"} .019 |.0391.058| 29 | 58 [ 174 ]1.80 |2.33 |34
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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 distancesdonot matchthefocal
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,
E&'I g E' 1
@ Mé’ e ciff Figs, 1 and 3 show a typical system, The tele-
l;g% scope eyepiece and the camera lens must be in
BARALLEL LIGHT fair alignment, but they are not coupled. The
BY SETTING THE small intervening space need not even be en-
CAMERA LENS AT s closed unless you are shooting outdoors in sun-
INFINITY POSITION 8 Uk light, The camera must be supported externally
i and gadgets for this purpose can be purchased
iy zy “or made as desired. The equivalent focal length
{“n of the whole system isthe power of the telescope
l}‘l multiplied by the focal length of the camera lens,
0cUS A SCOPE :In“ While the example shown in Fig, 3is quite mod-
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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 rear lens
(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 eyepiece is 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 Symmetricals and
some Kellners will have no more than 40degrees
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

11

it

7,

o

12'7_,? “()

LEns'REDUCES i

FIELD ANGLE =

sccond
IMAGE.

)

&'fls . IMAGE
OBJECTIVE (a8’r.L) oA

AFocaL 7 L

X TELESCO

L " so—

EF.L.= ToLEmdbe X CPMERA| 48 x2 = 96"
fl = emnREor e e‘@ @
U < o PR
S = Jesscoe X Skl ® o eax 16
aurernare (aleulations SN Moot

PROJECTION _ CAMERA F.L.
MAGNIFICATION — EVYEPIECE F.L.

E.F.L= %‘['Eggopg X PROJ.M.| 48 x2=96"
f/ = #é%pg X prolM. | 8x2=F[l6
DIA.OF _ FILM DIAGONAL AL o
FIRST IMAGE ~ PROJECTION M. | 2['1 '8




./Lmugm( R ¢ f!hj []
A BUND CAMERA.:
gl‘é‘?ﬁ :"i’p Er TOO CLOSE OR
FILM PLAN TOO FAR
mmim RN
GANG Gusss) E
N2
@ EYEPIECE lusr RiGur!
LOCATION OF "
EXIT PUPIL
DIFFUSION

SCREEN
¥7

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,

If 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

BI6 PlATE SCAI.E. .o 1S GRAPHICALLY

PORTRAYED WHEN REGULAR .-INCH F. L.
OF 35mm CAMERA LENS IS COMPARED WiTH
SAME VIew SEEN WITH A 6-INCK REFLECTOR
TELESCOPE OF 48" F.L. ALL PICS TAKEN

FROM INDOORS THRU OPEN WINDOW . THE SCENE, ¢

6" REFLECTOR AT Focys.
RBOVE, Y200 SECOND AT £/11 ON PLUS-X FILM  pyacsy —Don s a7 £om

will have no effect on the power of the system
or the location of the final image, But the camera
lens must pass all of the required cone of light,
and the best insurance to meet this requirement
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

L£anNa- ZI1% BARLOW (Goopwin ) on G-wca
_RECLECTOR, Vio sEc_ar £/3>.



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 f/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 is
to stop down to about £/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. 9, 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 here isthat
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. Most coupled afocal
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systems can be arranged to take interchangeable
eyepieces and so make available a wide range of .
magnifications,

If a bulky, heavy camera is used, it can be
mounted on its own tripod, independent of the
telescope, Such an arrangement using a Gra-
flex camera and 6-inch reflector is shown in
Fig, 14. The telescope tube should be rotat-
able in order to positionthe eyepiece in approxi-
mate level position, This kind of setup is im-~
practical for astro objects, such as the moon,
but is okay looking at a stationary terrestrial
target, The setup is best made indoors with
the telescope pointing out an open door or win-
dow, Under such circumstances, the reflector
will work satisfactorily without the need of sun
shades or other light baffles,

The large camera poses an additional prob-
lem of field coverage. At least 5x projection
magnification is usually needed to cover the film
diagonal, Fig. 15 example is nearly 6x, result-
ing in an effective focal length of 278 inches,
From the fact that a 'super" telephoto lens is
a mere 1000mm (40 inches), you can realize
this afocal combo is big, big equipmentinterms
of equivalent focal length, Sturdy mounting is
required for both telescope and camera to pre-
vent vibration., Uusally in an outfit of this size
it is impractical to use the focal plane shutter

because of the vibration from the falling mirror,
In the afocal system there isusually some space
between eyepiece and camera lens, and it is at
this point that you make the exposure by the well~
known method of flicking a dark card acrossthe
light beam. Alternately, a piece of dark card-

-board or a dark felt hat can be used in front of

the telescope itself,

ALL PHOTOGRAPHIC OPTICS. If you have a
battery of short focal length direct objectives,
they can be made to do double duty in afocal
combinations, Fig, 16 example shows a 2-inch
combined with a 6-inch, the longer f.l. lens as
usual being to the rear, This setupisfor a 35mm
camera, Even for this small area, the firstlens
is invariably the bottleneck, and at least 3x pro-
jection magnification is needed to get a primary
image small enough for the first lens to cover,
In all cases, you must field the principal ray to
get satisfactory lighting at the corners of the
film, Another way of saying this is thatthe cor-
ners of the film should get at least 50 percent
lighting; if you can field the principal ray, 50
percent lighting is assured, The example shown
gets about 60 percent of the light beam to the
extreme corners of the film, With this kind of
lighting, the slight vignette will not show at all
on a normally exposed film,



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, Even the
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 practical focallengths

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
6-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 imageis formed,
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 lens adjustment 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 general idea 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 be used as 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
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the image. Such rays do not show the actual path
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 2x,

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 focﬁsing tube of the telescope.
Fig. 10 shows an alternate construction for
Model H projecting eyepiece which youmay pre-
fer to drilling a hole in the eyepiece, If you want
more power from any system, all youneedis an
extension tube of suitable length; for the 1 inch
f.1, orthoscopic eyepiece, a 1xextensionis 1 inch
long from end to shoulder, as shown in Fig, 10
detail, A glare stopatthe exit pupilis optional in
any projection eyepiece, Thisisanideal location
for a stop since it is here that the light funnels
down to its smallest diameter. However, most
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systems are sufficiently glare-proof with black
flock paper cemented to the inside of extension
tube or adapter.

If used exclusively in the dark for astro ob-
jects, a projection system can be used with
open tube, or even no tube at all, As can be
seen in Fig. 11, the open tube allows changing
eyepieces as desired to obtain different magni-
fications. Another advantage is that you can use
a piece of black cardboard asa''shutter,' there-
by eliminating the annoying mirror bounce which
in 35mm cameras sometimes causes enough
movement to spoil your pictures. To make the
exposure by card, the card is placed in the tube
cutout where it cuts off the light to the camera.
The shutter on 'bulb' is opened and held open
by the clamp on the cable release. The card is
then lifted quickly and replaced, giving anexpo-
sure of about 1/8 second.

Note that Fig, 11 setup positions the eyepiece
farther out then when the eyepiece is placed di-
rectly in the focusing tube of the telescope - -
you may need "in'' focusingtravelfor some eye-
pieces. This setup is especially good for the
situation where the main mirror of a reflector
is set forward to allow shooting at the focus. In
such position, there is of course plenty of "in"
focusing travel available.

USING PHOTOGRAPHIC OPTICS, Systems of
this kind will usually show sharp imagery, but
they have faults in excessive length and low
edge-of-field illumination, Fig, 12 showsatypi-
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cal system. The assembly is quite long - - it may
require external support. The lighting of 55% at
corners of film is satisfactory; fulllighting would
be obtained with 4x or more projection magnifi-
cation. The camera lens isusually reversed from
its normal position, following the general rule
that a lens will usually work best if its normal
front side faces the longer of the two conjugate
distances. Many lenses will work equally well
either way. Microscope objectives and small
projector lenses will invariably pose the same
problem of smallaperture.

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 lenses youare
likely to use. If you use some focal length not
listed, find, from table, the spacing for al-inch
£.1, lens at the desired magnification, Then,
multiply these values by the f.l. of the lens you
plan to use. Alternately, use Table 5, which
covers all of the various equations and transposi-
tions needed to calculate any system.

N

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
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2220 |B>| 197 | 209 | 263 | 3.50 |4.38 | 525 | 643 | 100 | 7.67 | 835 | 962 | 1137 | 14.00 {1837
l“ A== LBO| 166 | 1.50 | 1.33 | 1.25 | 1.20 | 117 .14 113 Lu .10 o8 | .07 | 105
) B->| 2.25 | 2.50 | 3.00 | 4.00 | 500 | 6.00 | 7.00 | 8.00 | 9.00 |10.00 | 11.00 | 13.00 | 16.00 |21.00
Ve |A>] 202 187 | 168 | 1.50 | .40 | 1.35 | |30 | 128 | 127 | l2s5 | (24 | 122 | 120] 118
0sel© |B> 253 | 280 | 337 | 450 | 5.62 | 65 | 7.87 | 9.00 [ 1013 | 11125 [ 1237 |14.62 | 18.00 [23.62

'|/4:' A->| 225 | 2.08 | 1.87 1.67 | 1.56 | 1.50 | 146 | 143 | .41 139 | 137 | 135 | (.33 | (.31
B> 281 | 3.12 | 3.75 | 5.00 | 625 | 7.50 | 835 |10.00 | 11.25 |12.50 {i3.15 | 16.25 | 20.00 [2625

ly" A>»| 247 | 2.29 [ 2.06 | (.83 | \72 | 1.65 | 1.60 | .87 .65 | 1.53 | L.5I 149 | 147 | 144
® |a+{ 200 343 | 443 | 550 | 687 | 8.25 | 9.62 | 11.00 | 12.37 [13.35 [(5.12 [[7.87 |22.00(28.87

||/" A+ 269 | 250 |224 (200 | 1.88 | 1.BO | 176 | 1.1 .68 | 1.66 | 1.64 | .62 (.60| 158
2 (8> 337 | 374 |4.50 | 6.00 | 7.50 | 9.00 [10.50 |12.00 |13.50 |15.00 | 16.50 19.50 124.00 | 31.50

wwore TeleCamera: 22542022
i DinconaL | E.F.L.= F.L.OBJECTIVE X PROJECTIONM.

PROJECTION WITH
A NEGATIVE

IMAGE—» @a'eor N £f = £/0BIECTIVE X PROJECTION M.
) = —— ASmat FUM,
(BARLOW) LENS Ay A ————y 4 DIAMETEROF . FILM DIAGONAL
e FIRSY IMAGE JECTION

F.L. Yax| tY%ax| 2x | 2%x| 3x |3V%x| 4% (4%x| 6x | 6% | Ix | Bx |ox |lOx

<" |A*| 207 | 33| S0 | 07| 61| | sty ag7| 807| 8| 86| &) 89" 90
B>l 25| .50 | Loo | 50| 2.00| 2.50 | 3.00 | 3.50 | 400 | 5.00| 600| 1.00| 8.00| 9.00

_201 A->| .40 61 .00 | 120 133 143 1.50 1.5 | 1.60 1.61 1 Ls 118 .80
B> .50 | 1.00 [ 2.00 [ 3.00| 400| 5.00| 6.00 | 1.00| 8.00| 10.00 | 12.00 | K4.00 | 16.00!| 18.00

w |A>| .60 | 1.00 [ 1.50 | 180 | 2.00 | 2.14 | 225 | 223 | 240 | 250 257| 2.62| 2.67 | 2770
. B> 5 | 1.50 | 3.00 | 4.50 | 6.00| 1.50 | 9.00 |10.50 | 12.00 | 15.00 | 18.00 | 2.1.00 | 24.00 | 27.00

4" |A>| 80 | 133 | 200 | 240 | 267 | 2.86| 3.00 | 3.1 | 320 | 333 | 343| 350| 3.55| 3,60
8-> 1.00 | 2.00 | 4.00 | 6.00 | 8.00|10.00 | 12.00 | 14.00 | 16.00 | 20.00| 29.00 | 28,00| 32.00 | 36.00

_500 A>| 1.00 | 1.66 | 2.50 | 3.00| 333 | 357 375 | 3.88| 4.00| 4.7 | 428| 431 | 444 | 450
8-> 125 | 2.50 | 5.00 | 1,50 | 10.00 | 12.50 | 15.00 | 17.50 | 20.00 | 25.00 | 30.00 | 35,00 | 40.00 | 45.00

# {A>| 120 | 2.00 | 3.00 | 3.60| 400| 429 | 450 | 4,67 | 480 | 500| 5.14 | 525| 5,33 | 540
B»| 1.50 | 3.00 | 6.00 | 9.00 | 12.00{15.00 | 18.00 | 21.00 | 24.00 | 30.00 | 36.00 | 42.00{48.00 | 54.00

_7n A->| 140 |1 2.33 [ 350 | 420 | 461 | 5.00| 525 | 544 | 5.60| 583 6.00| 6.2 | 620 | 6.30
8-> 175 | 3.50 | 7.00 |10.50 | 14.00 | 17.50 | 21.00 | 24.50 | 28.00 | 35.00| 42.00 |49.00 | 56.00 | 63.00

_8“ A->| 1.60 | 2.66 | 400 | 4.80| 5.33 | 51 600| 622.] 640 | 661| 6.85] J00| 11 T1.20
e> 2.00 | 4.00 | 8.00 [12..00 | 16.00| 20.00 | 24.00 | 28.00 | 32.00 | 40.00 | 48.00 | §6.00 | 64.00 | T2.00

_9» A>l 1.80 ]3.00 | 450 | 540| 600| 643 | 675} 1.00| T20| 50| 17 | 1.87] 8.00| 8O
e B> 2.25 |.4.50 | 9.00(13.50 | 18.00 | 22.50 | 27.00 | 3(.50 | 36.00 | 45.00 | 54.00 | 63.00 | 72.00| 8l.00

|on A+>| 200 | 333 | S00| 600 | 661 7.4 | 750] 178| 8.00| 8| B57| &35 | 888 900
8+ 2.50 | 5.00 |10.00 [15.00 | 20.00 | 25.00 | 30.00 | 35.00 | 40.00 | 50.00 | 60.00 | 10.00 | 80.00| 90.00
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| B=(M"'|))‘F B =(2+1)x4=3x4=12" 1 8= (M=~1)xF B=(3‘|)x6=i)‘6=|2“
Fx A _Ax6 _ 24 _ - _EFxA 6 X4 _28 _ o«
2| 65— B=-%-a 2 =12 2| B=t—a B‘45,-4"7."2
3| B=AxMm 8=6x2=|2" 3/ B=AxM B=4x3=12"
8 =12 _ ¢ -2 =12
4 A='_M. A"' 2 -6 4 M A" 3 -
£ -2 4= -6" -g-£ 6~2:26-2=4"
s A--T+F =>+4 2+4=6 5| A=F-g A=6-3=6-2 4
Fx8 Axi2 _48 _,u _Fx8B 6x 12 _T2 _ 4
6 A= B-F A-—-—M -—8—-6 6 A———E‘F+ A‘6+|7--|8 4
B 2 _ - 12
7| m=3% Mo = 2x T | Mm=x M= = 3¢
[ 4 _i_ - E = 6 =-—6—=
8| M=5_% M=g_g=7=2%" 8| M=g7 M=g—3 =3 =3
_B-F i2-4 _ 8 _ _B+F 2+6 _ 18 _
9 M- 3 M'T"’ P-Y -7." 9 M" E M= 6 6 = 3X
_AxXMm 6X 2 _12 _ ,4u - _ AX M _4x3 _ 12 _ .«
01 F=%3 Feasr1 =3¢ 0} F=®@=3 F=3=7T==2~6
B - lz _‘_2_ " — B - l’- __E-__ ”
I F=x+ F=gi7=3 "4 Wi F=%= =312 -6
AxB _6x12 _T2 _ 4« _Ax B _4x12_48_ ..
2| F=338 "6+ 12 18'4 2| F=3=7 F=2-2-8°-6
ROJ .
25:5:{;" eviiooee: Wrote TeLe-Camera SYSTEM
: M - MacwiErcaTIoN Fg'tmula INDEX FTER FINDING 7 Z ) ZHE
OBTAINED 8Y Y -
LRo/ECTIN EJ 'tJu F?N%N E.F.L. = F.L.0F OBJECTIVE X PROJECTIONM
F-£ocac cevary 1o\ on | M....8 | £/ = OBJECTIVE f/VALUE X PROJECTION M
OF THE PRO/ECTION
FOR %o&sptée ;_g{usgs LENS OR EVEPIECE :\ """ 97' 1L 2. E.F.L. % CLEAR DIA. OF OBJECTIVE
A - | eanog | Moooe .
%fecg, S om | A-puszancezrom | FANOB | (7 | U 0L, = FILM DIAGONAL + PROJECTION M
ENTER. TN TR
THIS 1S NOT BYACT BUT | "aasier stime pie | FANOM | 1% omjecTve . USYec.
CAUSES NO GREAT ERROR,|  PRMEMAcEroomep| | = 07 IMAGE M4 /f
ESPECIALLY AS APPLIED BY TEESCORE 0AIKCTIE F....I0 b < 1
TO DIMENSION “B" B- MANDA | g "5 | = = Y 5
e ROJECTION LENS TQ AT ot g
THE PROPER MEASURING 108Gk, THE ImAcE” | MANOB | 7T g emp‘e S
ARE THE SAumccort fpace, COBSDET w0 | Mo | EFL=10x3=230" Sl=30+2=4/15
OR £YEPIECE Fer 2 | g/ f15x3=F/15  First wmoe=11E= 58"

FOR 35 mm FILM
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(13) PROJECTION WITH A NEGATIVE LEN:
=
T~ 1ELD PR\MARY
= MAGE
— e e e — _ _ \\\\u\
PRINCIARL OR' CIE R FRow ED6R BB —— —>— C N e PRIMARY
e — T “IMAGE FORMED
L ZZ BY THE GAIECTIVE
,,/_::;:':f—f—f— -+ Aﬁt&ﬂ%ﬂg_ﬂ_f MIRROR...
=_.__-4-::—‘———'—— OF EIELD ... BECOMES THE
INCOMING LIGHT ~QBIECT 70 BE PRO-
FOCAL LENGTH O MIRROR { ECTED BY THE
| NEBATIVE LENS T
NesaTve  [5r ;
EINAL IMAGE
\ \ ~>
compactness, the lens being located inside ‘~~.\§\\H L-Nf/ M'L‘s EMLM‘ ARGED
the primary focus instead of outside as is the s T 14 PP G B
case for projection witha positive lens, Practic- ’::;;"— 0 :Ei’il:2£~*\
ally all of the big satellite tracking camerasand -——r e A\ \-Q::‘S;.\
super telephoto lenses use some form of this ‘c_agm Rt Y
optical system. As can be seen in Fig, 13, the SRy B J
primary image formed by the telescope objective (wasE pisTance) "
becomes the object to be projected. It is, there-
ASSUME YOou
fore, a virtual object, that is, it does not exist BASI iya,mb(e mmM
at all in reality but it is quite valid for diagrams NS | AsSUME F.L.OF NEG. LENS IS 2.7
and calculations., The whole range of lens move- e
ment from lx magnification to infinite magnifi- 8 =(M-1)xF B ‘(4"') Xx2=6
cation is contained in one focal length, Fig, 14, B .Q "
as compared to two focal lengths for the posi- A= M A= 4 = I.§
tive lens projection system, It can be seen that
the negative lens is located in a converging cone OBJECTIVE

of light terminating at the primary image. To
field this light cone, the lens must be a little
larger than the primary image.

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 visual use ina telescope, working in an
f/8 light cone at 2x magnification, All of which is
to say that the linearfieldislimitedto about 1/2
inch diameter; further, the lens will work best at
2x, although it will perform fairly well over
a wide range of higher magnifications. The lenses

OBJECT - IMAGE SPACING

TABLE 4-A £ EOMUND BARLOW LENSES

PROJECTION MAGNIFICATION

F.L. [Tas[2x [2%sx[3% [3%x|4x [5x [éx

|3|n Asl 4 66" 19”| .88 .93"| 98" 1.05" 1.09"
661 121 | 1,96 12623281393 | 5.24 |6.55

|73“ '58 -% ||°4 |.|5 |.7.3 Lm '138 '044'
¢ B’ 87| 113 260 | 3.46 |4.32| 5,19 | 692 |8.65

les" A» 16‘ .92 l.lO |.23 |.30 ‘c%" ‘146 .52
’ B+ 92 1.8631274(3.66|4.58|5491.32/9.15

plimasGl a1 | .87 m0*| 58| 50"| 44" | 35" | 29"

SINGLE CROWN [} GOODUIN ACHROMAT  [T] EOMUND ACHROMAT

*for 35 mm Frem

NS pmnae
IMAGE

b o

—————— B (e

_:‘-:*'_' e

oNE ™ ”3‘3"‘3

L. "\

PARALLEL
UﬁHT RAYS

PRIMARY
IMAGE AND
FINAL IMAGE

UNITY MAGNIFICATION (1x) ~ 70e £nvar mace
IMARY - MAGNIEICATION
[S UNITY OR SAME SIZ£ (1X)
HOLE HIGH

w
—— LIGHT CONE POWER , LOW
T T ——— Y ¥ POWER
I 1 le— PRIMARY

I i g

WHOLE RANGE - 74e j
_NEGATIVE LENS MUST BE L‘ THAN ONE £.L,
F.Ls

MIQ% THE PRIMARY
EOCUS, BUT THIS DISTANCE
LMUST BE LESS THAN
Al o secing Livits



®

3x NEGATIVE LENS PROJECTION
SHOWN WITH 6" /8 REFLECTOR
Ef.L.x 144" £/ =+/24

o e

NOTE : PRIMARY IMAGE

% y
L L LA <o oo o I
> g
7l l/\

TUBE X 1
l'/f'O.D. oo PRIMARY
i u-;gs IMAGE

37LoNG, ? LT3R, Ter 33" DA |3/4-:
e m— ST
[ SR

7 FiT> e S
HE LT LE  ponprep” /
OF FIELD (TURNED ALUM.) %

2.3% WITH GOOOWIN LENS (from £omuno No.60-122)

are usually soldas "Barlow' lenses, named after
Peter Barlow, English physicist and mathema-
tician, first to use such a lens to increase the
power of a telescope. Color-wise, the visual
Barlow is perfectly satisfactory for photographic
use. In fact, today's films have so nearly the
same color response as the human eye, it can be
said in generalthatany optical system that works
well visually will perform equally well photo-
graphically over the same size of field.

Fig. 15 shows a 3x Barlow system mounted
on a 6-inch reflector--note how compact it is
compared to positive system, Fig, 11, of similar
focal length and power. However, like the posi-
tive lens system, 1lx additional magnification
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calls for an extension tube of one focal length,
Fig. 16, The Edmund Barlow lens can also be
purchased mounted and the whole unit used photo-
graphically, Fig. 17, requiring only an adapter.
Unmounted, this lens is modestly priced at $3,
and it works just as good as other more expen-
sive Barlow lenses. Itistoo small for low power,
but if you use 3x or more projection magnifica-
tion, the lighting will be uniform to the corners
of 35mm film. A 3x Barlow is often added to a
finderscope for use as a tracking telescope.
One of the larger of the visual Barlows is the
Goodwin design, and this can be used downto 2.3x
as shown in Fig. 18, This requires a shallow
adapter, and even so you may have to shift the
main mirror forward a little to put the primary
image at least 3/4 inch beyond the end of the
eyepiece holder. All optical systems should have
dead black interiors, and this goes double for
the Barlow because of the way the lens pitches
the light rays outward after transmission,



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 65 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 lensatf/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, sky fog may washout the star trails.
There is no simple solution to this except the
obvious one that if you make a short exposure,
the sky will stay black. The photo insert shows
the Dipper stars as seen with a twin lens reflex

W W8

working at f/4.5 with Tri-x film, the exposure W e aad
being 2 minutes, Big star images were obtained % 'l'lllz'4 =
by putting them slightly out of focus, One way to 9:352&'!5‘-6' \\\\\\\\\\\N\\“\\s‘ P
tac.kle sky f.og is to make the trails. brighter, MQH INITION, RSN WJ‘ " _
This takes big aperture, suchas the sniperscope MW
objective shown in drawing, BIG APERTURE OBJECT)VE
DECLINATION...E/THER NORTH OR SOUTH
STAR TRA'L FMMII'QS 00 |oo 200 300 400 Soo 600 700 mo
1] LENGTH OF STAR TRAIL(eHES) FOR| E times | F times | F times | F times | E times | F times | E times | F times | F times
| MINUTE EXPOSURE TIME 0044 | ,0043 |.0041 |.,0038 |.0033 | ,0028 | .0022 | 0015 |.0008
for | SECOND EXPOSURE TIME | x.00007 [ 00007 |x 00007 [x .00006 |x .00006 {x .00005 |x .00004 |x.00002 | x .00001
(2] | ENGTH OF STAR TRAIL (1ncHES) | E X Twel EXT | FXT | FXT | FXT |ExT |{ExT |FxT |[FxT
FOR ANY EXPOSURE (munures) | 229 | 232 | 244 | 264 | 300 | 358 (458 | 674 |1320
3| EXPOSURE TIME (MINUTES) NEEDED | Lx229 | L€232 |L¥ 244 | Lx264 | LX300 | Lx358 | Lx458 | Lx 614 | L x1320
FOR A SPECIFIED STARTRAILLENGTH | F F F F F F F |”F |I"F
4] MAXIMUM EXPOSURE (scomos) 55 (56 |59 |63 | |8 | 1o | 162 |36
ICH Wil HOW A W = = - - — — ——— =
e o atsetacs sy ot cor] F F F F F F F F F
E... IS FOCAL LENGTH OR EQUIVALENT Eil. IF YOU PLAN TO ENLARGE,
£T! L ENT TO g * YOU ARE SHOOTING STARS

3% ENLARGEMENT. S0, P
EEL = 3x2x3=|8"

PROBLEM: YRULWANT 120

e

FORMULA [3)
L

S)lample: YOUR CAMERA LENS IS 3" F.L. and. YOU ARE
USING 2x PROJECTION SYSTEM . YOU ALSO PLAN

OR ST/

§ psn.

) STAR TRAILS FOR STARS
_ON EQUATOR. WHAT EXPOSURE 1S NEEDED?
SOLUTION:  gyogeupe= 1:5 % 222 3?2.5 = (9.

AT 40° N. DECLINATION WITH 6"
F.L.LENS. PRINTS WiLL BE EN-
LARGED 3X. (£.LL.=3x6=18")
. FIND MAYX. EXPOSURE THAT
PROBLEM: 1\ beTAIN ROUND STAR IMAGE

(ON: T2
FormuLA[d 18

NOTE: YO OR THREE TIMES THE SPECIEIED
R, ILY 7

= 4 SECONDS

FORMULA NO.4 CAN BE USED FOR MOON PICS..../[F ON CLOCK DRIVE, USE FACTOR OF /200 AND DIVIOE BY PRINT E.F. L.
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AT TRICK" ELIMINATES MIRROR BOUNCE

shooting the MOON

6-DAY OLO MOON AS SEEN UATH G-inch REFLECTOR.

PANATOMIC-X FILM), FAST "HATTRICK: EXPOSURE
PICTURE AT RIGHT IS 3% BAW(@MN) PROJECTION.
PIC/AT LEFT IS PROJECTION WITHS!-inch ORTHOSCOPIC
EYEPIECE , ABOUT 2Y5.X. DRUGSTORE PROCESSING OF
3B FILM WITH 3% ENLARGEMENT.. REPRODUCTION-

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 general the 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

ABOUT FULL.SIZE 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 is 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-

WHEN to shoot™

HOW to shoot

PHASE | GOOD | FAIR | SUITABLE FILM | EXPOSUREE] REMARKS
FIRST JAN. thry JUNE | JuLy thre DEC, PANATOMIC-X | Yio sec. aT /16 | USE FAST "HAT TRICK * EXPOSURE
QUARTER | ™MacH Is best | SEPT. poorest || & [ I CONTRAST | | sec. AT £116 | TELESCOPE PREFERABLY ON CLOCK DRIVE
LAST JULY theo DEC. | JAN.thru June § TRI=X Vi00 SEC. AT £[16 | EXPOSURE BY SHUTTER 6K FOR FL.TO K00*
QUARTER | 0CT. is best | MARCH pooresti| X gy i<y Vog sec. AT fl16 | WIDE LATITUDE IN EXPOSURE TIME
FuULL 0cT. thru MAR- | APRIL theu sEPT.{ N l’ggwo"m&ﬂ Vo sec.at £l | AT TRICKY EXPOSURE. USE ceocx
MOON |, Seck month | 2 Peorst [R [ Tmi-x Vaco sic.ar lls| GAST EXPOSHRE PLBNIS Lok o ener
) BASED ON ALTITUDE OF pooN FORMERLY MICRO-EILE. OTHER HiGH EE TABLE -
22 HIGH MOON (S BEST _CONTRAST FUMS CAN AE USED mﬁw
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N ENLALCEMENTS CROM 36mun

MOON pICTURE‘S AT FIRST FOCUS ﬂlzf_Ma SHOWN EULL SCALE BuT cROPPE o)
3"REFRACTOR {/15 TRI=X K2 FILTER A44°REFLECTOR TRI-X 6" REFLECTOR PLUS X

OVER-EXPOSED AT Vo5 SEC. TOO THIN AT Y500 SEC. JUST RIGHT AT %, SbC. Yaoo SEC. AT F/11 Y500 SEC. AT £/8
ous tone subjects at all, and hence has no ASA to rotate the camera to put the terminator the
number applying to such situations, Onthe basis long way of the film, With 2x projection and 3x
of comparative exposures, it can be rated at enlargement, the print e.f,1, of a 6-inch reflec-
about ASA 5, tor is 288 inches, Youare getting upthere where
Many moon pics are not effective unless you vibration of any kind - - eventhe snap of a focal

capture the full diameter. This sets a limit to plane shutter--will result in loss of definition
the focal length, Since the moon image is roughly at the image plane. A common cure for the shut-
1/100 the focal length of telescope, and35mm ter problem is the familiar "hattrick' exposure.
film is 1 inch wide, it can be seen that about This in turn poses the problem of the moon
100 inches of focal length is the most you can drifting out of the field during the interval be-
squeeze into the 1inch width of 35mm film, Actu- tween camera exposure and the actual "hat
ally since a little leewayisneeded, 80 or 90 inch- trick," However, with a little practice, this can
es f.1, is about tops for a full moon picture, For be timed nicely. On clock drive, of course, this
a starter, the average stock refractor or reflec- is no problem atall since the moon once centered
tor of about 50 inches focal length does nicely. will stay put as long as you like,

The resulting pictures are interesting (see a- In general, without clock drive, the besttech-
bove) but hardly big enough to show detail, How- nique is to use fast film in order to reduce ex-
ever, if you use a fine-grain film, enlargements posure time to a minimum; if you use clock drive,
to 20x are practical if the negative itselfis sharp longer "hat trick" exposures are practical, and
and clear, you can make good use of the slower films which

For detail pictures, 2x projectionisa popular are usually somewhatbetter in graininess, reso-

starter. For such work it is often permissible lution and contrast,

2% PROJECTION wiTH 1/4" ERFLE 2X PROJECTION wiTH 14" ERFLE 3% PROJECTION witH EDMUND ACH-
EYEPIECE ON 3" EDMUND REFRACTOR. EYEPIECE ON 4Y43" REFLECTOR. PAN- ROMATIC BARLOW ON 3" REFRACTOR.
K-2 FILTER. TRI-X, Y55 SEC. AT £/32 ATomic-X. CAPPED EXPOSURE Y5 SEC. K-2, TRI-X . CAPPED EXPOSURE ABOUT ¥; sEC.
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WORM GEAR
96 TeeTo (BX.)

P 1S

Ys REV OF WORM IN | MiN. TURNS Y5 TOOTH = !4°

| REV OF WORM IN IS MIN. TURNS | TOOTH = 33/°
4. REVS OF WORM IN | HOUR TURNS 4 TEETH = |I5°
96 REVS OF WORM IN | DAY TURNS 96 TEETH = 360°

@ VARIOUS MOTOR-GEAR COMBINATIONS
FOR | REV PER DAY (ALL APPROX, <1 MINUTES
MOTOR | TIME TO| NUMBER OF | ANGULAR| NEAREST FAST DRIVE
R R e e cave o

Vo |[2mn[1439-720| 12° | 118 | ExAcT
Va | 4mn|4¥2360 1° | 355 |exacr
Yo | smn [582-280| 1)2° | 287 | Im.FAsT
Vo | emn. |28 =240( 1%° | 239 |2 m. FasT
s | vame[ER=192] 1 [ 191 | 3amrast
Yo | 8mw|22=180] 2° | 179 [4mrasT
Yio | 10mn. 1%9 =144 | 2115° | 143 | 6M. FAST
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<7 The CLOCK DRIVE

VARIOUS motor-gear combinations can be used
to maintain the one-rev-per-day pace of the
stars. In general, the more teeth in the worm
gear, the more accurate and smoother thedrive
will be, At the same time, a big gear is out of
place on a small telescope, making the 96-tooth
worm gear of about 3 inchesdiameter a practical
choice, This automaticallyfixésthe motor speed,
which can be none other than 1/15 r.p.m. to get
the desired 1 rev per day.

Synchronous motors run on standard solar
time, As you may know, the stars travel a little
faster, making one revolution in 23 hours, 56
minutes of solar time, In other words, the motor
runs slow--the telescope lags the starsbyabout
4 minutes per day, In actual practice, thisis not
an inconvenience, Even with an exact sidereal
clock, the drive cannever be truly exact if for no
other reason thanrefractionbythe earth'satmo-
sphere which changes the apparent position of
stars, and hence the driving rate. If an exact
drive rate is required--as in photography--itis
necessary to add hand guiding to the clockdrive,
Obviously, as long as you have to guide, it is
just as easy to guide the little bit extra to correct
the lag in the conventional drive, If youare cur-
ious about a drive faster than the sidereal rate,
the right hand side of Fig, 2 table gives the near-
est approach, Of course most of the odd-tooth
gears are not available,

The same gearing used for a clock drive is
often used for a manualdrive, Fig, 3, The motor-
ized drive is just a matter of adding the motor,
Fig, 4, Many amateurs get the happy idea of a
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manual drive and a clock drive, all on the same
shaft, Fig. 5. You can seethisneedsa clutch be-
tween worm and motor, and an apparent solution
to this is the built-in friction clutch which motor
manufacturers supply for about 25¢ extra, How-
ever, your luck runs outatthis point because the
built-in clutch is seldom husky enough to stand
the continual twisting of the manual drive, The
end result is a clutch so worn the motor will
not drive the telescope at all, A two-way drive
of this kind is practical with an external adjust-
able friction clutch, preferably with a quick-ac-
tion disengagement control,

CLOCK SLOW-MOTION, Among amateur build-
ers, favorite way of getting a slow-motiononthe
clock itself is to remove the mounting bolts from
the clock motor and let it "float," controlled by
a threaded rod, Fig. 7. Inanother system, Fig, 8,
the motor and worm are moved asaunit, 1/8 inch
travel is plenty for the purpose, whichis only to
correct the driving rate, Fig, 6 is a refinement
of this idea, with the clock and worm again as a
unit, but rotating around the polar axis, The
slow-motion in this example is supplied by an
eccentric cam operated by a lever, -

SLIP CLUTCH, A slip or friction clutch must
supply enough tension to drive the telescope,
and yet must be loose enough to allow easy
manipulation of the scope by hand, A common
solution is simply a self-locking nut, Fig. 1,
Better but more expensive is the keyed washer
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method shown in Fig. 7. The alternate detail
shows a clutch with a backstop ring fastened to
the shaft with a dog point set screw, The actual
friction pressure comesfromtwothumb screws,
This is a good slip clutch, offering any desired
degree of friction with quick, easy release., The
same idea is shown in Fig. 6 except the fixed
backstop consists of a self-locking nut screwed
tightly against a threaded washer, In all cases
the tension knob or nut must turn with the polar
shaft to keep from "winding-up' when the tele-
scope is moved., If the nut stands still--its
natural tendency--the friction will tighten when
the scope is moved to the west, and loosen when
scope is moved to the east,
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THE FIRST adjustment in setting up any equatorial mount
is to set the polar shaft at the same angle as the latitude
of your location, When this is done, the polar shaft will
point to the same height above the horizon as the celestial
north pole itself, This adjustment can be made indoors,
using such levels, protractors, etc. as may be available,
If you have a pedestal mount, one of the simplest methods
is to measure the angle between pedestal and declination
shaft, as shown in Figs. 1 and 2. Assuming you use your
mount with single leg pointing south, the preferable polar
shaft tilt is a half-degree or so higher than your latitude.
Outdoors, you then adjust exactly to the pole with shims
under the south leg.

BORE SIGHTING. The simple, direct way to get the polar
shaft pointing exactly to the pole is to sight right through
the bore of the polar shaft housing. This is not a practical
method with many mounts because of the numerous parts
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that must be removed piecemeal, With some
mounts, however the whole drive can be re-
moved by loosening two set screws, Of course,
to sight through the bore, you need a bore tele-
scope, Fig. 3. The reticle is checked for align-
ment by rotating the assembled telescope on vee
blocks while looking at a distant target or Polaris
or any collimator target,

Fig. 4 shows the bore sight being made, The
illuminated reticle is helpful but not essential
since it is practical to work at duskor in moon-
light when an ordinary non-illuminated reticle
is easily visible against the luminous sky. Get
Polaris in the field and then by shifting and shim-
ming the base of the mount, put Polaris on the
reticle circle and at the same angle as your ref-
erence star, which can be either Alkaid in the
Dipper or Epsilon in Cassiopeia, If desired you
can turn either the bore telescope or the reticle
holder to make the reticle line assume the same
angle as the reference star, Fig, 4,

POLE ADJUSTMENT WITH FINDERSCOPE, A
finderscope can be used in the same manner as
the borescope. The catch to this operationisthat
the finderscope itself must first be adjusted par-

allel with the polaraxis, immediately after which
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you can set to the pole, Withpractice, you can do
this in 15 minutes--but not the firsttime!

An additional stepisthe adjustment of the main
telescope parallel withthe polar shaft, This extra
operation is sometimes by-passed, that is, you
simply assume the main telescope is parallel
with the polar shaft, which it very nearly is in
most cases,

Start by pointing the telescope north, Have the
tube in "top'' position, Fig. 6, Get Polaris in the
field of the main telescope, which should be fitted
with a crossline reticle, A slight movement in
azimuth around the declination shaft is permis-
sible, Centering of Polaris in altitude must be
done by shimming one or more legs of the mount.

Now, put the telescope in ''side'' position on
west side of tripod, like Fig. 7 exceptthe initial
sighting isbeing done with main telescope, Again,
center Polaris, Remember the altitude of the

' mount is already set--donotdisturb, However, it

is permissible to move the telescope slightly in
altitude by movement around the declination
shaft., Any needed movement in azimuth mustbe
made by pushing the whole telescope base around
in the needed direction,

Polaris is now exactly inthe center of the fjeld
of the main telescope, splitting the crosshairs,
The scope is on west side of pedestal, At this
point you can check the parallelism of the tele-
scope with the polar axisby rolling the telescope
to opposite (east) side of pedestal, where it should
again center on Polaris after slight adjustment,
if needed, in altitude only, by movement around
the dec shaft, Any appreciable error in azimuth
should be corrected with a slip of thin card-
board pasted to the main tube at the point where
it contacts the cradle.

Return the telescope to west side of pedestal,
All that you have done up to nowis to center the
main telescope on Polaris, Lock both shafts, Ad-
just the finderscope to center on Polaris by
means of the adjusting screws. This is a simple
operation, You now have the finderscope parallel
with the main telescope and the main telescope
is parallel (or nearly so) with the polar shaft.
The job of setting the finder parallel with the
main telescope need not be repeated unless you
change the position of the main mirror.

The situation now is that the finderscope is
centered exactly on Polaris, What you want is the
pole itself on center, and this will be so if you
off-center Polaris on the finderscope reticle.
Lock both shafts securely; the slight movement
you have to make must be done by shimming one
or more legs (altitude adjustment) and by shift-
ing the mount bodily (azimuth adjustment), as
shown in Fig, 7,



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,

T :_ r & I%‘ __ I.I ‘ '
&m}' GUIDING, Star pictures require time exposures from 1 minute to
Bl oy Ui 30 minutes or more, During the exposure period, the telescope

il o 1 wil “{lﬂk‘w L : s s . : :
e R i Y must be guided. This is a continuous operation, somewhat like
' W 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,

) (Sm— o R In the usual "'starter' outfit, you will be shooting with a camera

2 IR ~ of modest focal length, using the telescope itself as a guide tele-

I ATYPICAL SETUP FOR scope, Fig. 1, Anilluminated, grid-type reticle isan aid since it is
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easily visible and allows youto position the 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 drive is 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 getthe 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 guidingtolerance is about,003 inchas 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
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is applied to the movement of the guide star it- ing it practicaltouse extreme projection or even
self. Previously, you should measure the lines or inferior optics as needed, the sole aim being to
wires of the eyepiece reticle, using a measur- increase the equivalent focal length of the guide
ing magnifier, This known dimension canthenbe telescope.
used to measure the approximate diameter of an
out-of-focus star image as wellasits movement, FAINTEST STAR, Table 6 shows about what you
Putting the guide star slightly out of focus has the can expect in star pictures with various aper-
added advantage of making it easier to see--the tures and exposures., The general idea is that
minimal point image of a star can very easily increased exposure will bring faint stars into
get lost behind a thick crosswire or grid line, the picture while making bright stars bigger,
Preferably the guide scope should be of longer This is illustrated by the top and bottom pics of
focal length than the print e.f.l, In any case, the the Pleiades on previous page, It will be noted
guide scope magnification (see Fig, 4 and ex- from the table that an exposure increase of about
amples) should not be allowed to drop much below three times is needed to gain one additional star
unity, i.,e., you should not try to guide with a magnitude, That is, if with any outfit and any film
guide scope of shorter f,l, than the print focal you are able to capture 8th magnitude stars with
length of the actual photo prints, In the setup an exposure of 1 minute, you will need 3 minutes
shown in Fig. 1 where the camera is 18 in, f.l., exposure to capture stars of 9th magnitude, and
the print e.f,1, will be 54 inches whenprints are 9 minutes to capture 10th rmagnitude.
enlarged 3x, This is greaterthanthe focallength You can reduce exposure time with faster
of the guide telescope, which in this case is the film or larger aperture. When you are shooting
reflector itself of 48 in, f.1., a little shy of unity pictures.of extended objects, the light pick-up
M but still workable, Preferably for this setup, of a lens depends solely on its f/value, i,e., the
a positive or negative projection system would ratio of lens aperture to focal length., Any lens
be used to increase the guide scope magnifica- rated, say, f/4, will pick up exactly as much
tion, a 2x Barlow being most common, Image light as any other lens rated f/4 even if one is
quality in a guide star isofnoimportance, mak- 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 /32 or /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-
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@ 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 12t020in, 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-inch refractorused
as a direct objective, With the standard 3x
print enlargement, the print e.f.l, 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. 9, 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 andat 1-1/2 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
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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 abuilt-in magnifier and this
is always used in focusing, Sharp focus is just a
matter of making the star image as smallas pos-
sible. If the object istoodimtofocus 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, Try to avoid
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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 noted 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 fast ones--will resolve 60 lines per mm., and
this kind of resolution 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 18 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 f/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 wayto relate ASA numbers
to exposure is that the exposure at f/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 at 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, Anythingover 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 film,
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The Edmund Library Of “How To” Books

ALL ABOUT TELESCOPES

The best illustrated and most easily understood book about

telescopes and astronomy. Chapters include: “Telescopes You

Can Build,” “How To Use Your Telescope,” “Homebuilt

Telescopes,’” “Telescope Optics,” “Photography With Your
9094

SOLAR HOUSE PLANS

Solar-heated homes qpst almost nothing to operate and may
well be the economical home of the future. Plans by Dr. Harry
E. Thomason serve as guidelines for your architect in fitting
your space requirements, design ideas, etc. 20 fact-filled pages
of text and illustrations, plus 8 oversized pages of basic solar
house plans. No. 9440

THE SOLAR HOME BOOK

by Bruce Anderson and Michael Riordan

Simple yet complete,- this book deals honestly with the
drawbacks and blessings of heating, cooling and designing
with the sun. Contains a wealth of photos, drawings and
diagrams. Softbound. No. 95650

SOLAR HOUSE MODELS AND HOMES

Covers details on construction of 6 solar homes and gives
complete instructions for building and operating a solar house
model. 40 pages. No. 9069

SOLAR HOUSE PLANS IT-A

The Thomasons latest book features solar house plans for a
home designed with conventional styling, twin solariums, sun
deck, enclosed pool, and more. Also includes rough price
guidelines. No. 9487

SOLARIA

Your builder can modify or actually use the complete blue
prints included in this book developed by Edmund, Homan,
Thomason and Malcolm B. Wells, the renowned ecological
architect. This modern, earth covered (if desired),
masterpiece includes the patented and home tested
Thomason ‘“‘Solaris System’’, the only practical working
system (can cut conventional heating costs by as much as
2/3)...proven for over 10 years. No. 9469

SOLAR GREENHOUSE AND SWIMMING POOL

This new book by Dr. Harry Thomason describes in detail

how to go about building an A-frame solar heated greenhouse

with a small solar heated pool nearby {or enclosed). 22 pages.
No. 9486

BUILD A METHANE GENERATOR

A homesite power unit that uses “‘free” waste organic material
as its energy source. 50-page book has plans and everything
you need to know about designing and building a Methane
Generator for your home, farm, etc. No. 9485

SOLAR WATER HEATING

A complete guide to solar water heating including how a basic
heater works, effects of climate on your solar heater, and
more. 32 pages. No. 9484

DAILY WEATHER LOG

This log lets you keep daily weather patterns for one full year.
Each page has a spot for recording detailed information on
temperature, humidity, pressure, wind, clouds, etc. There’s
even a spot for comparing your prediction and the official
prediction against the actual weather. No. 9572

HEAT PIPE IDEA BOOK

16 pages loaded with ideas on origin, advantages, applications,
and suggested uses of thermal transfer with heat pipes. Written
by Robert Roth, Thermal Transfer Specialist. No. 9897

EDMUND MAG 5 STAR ATLAS

Sam Brown's new book shows all stars to magnitude 5.0 to 60
degrees south declination. The scale is a convenient 1/8” per
degree which allows you to measure eyepiece field with an
ordinary ruler. 36 pages. No. 9118

721023 Rev. 2/79 (1.5M)

BIOLOGICAL RHYTHMS IN HUMANS AND ANIMALS

Adds scientific validity to the basis of Biorhythms, the series
of calculations-that prepare and alert you daily of your ever-
changing physical, emotional and mental potentials. Written
by G. G. Luce. 186 pages. No. 9465

STAR-CHECKING YOUR EDMUND TELESCOPE

Written by professional astronomer James Mullaney, this 8
page booklet provides excellent standards for checking any
telescope’s optical performance without any special
equipment. No. 9540

GUIDE TO PRACTICAL HOLOGRAPHY
Detailed and basic information on the concepts of holography,
setting up your own lab, etc. 62 pages. No. 9482

YOUR HOME’S SOLAR POTENTIAL

Here’s a book that tells you if it's feasible for your home to
be solar heated! It only takes 1 hour and when you finish
you'll know how your house stacks up...in addition to being
able to cut your fuel bills by rating ybur current insulation,
room use, home layout, living habits, etc. Prepared by expert
solar heating consultants. No. 9515

EDMUND /2.6 SUPER PROJECTION LENS MANUAL
This step by step illustrated booklet shows you how easy it is
to build a custom designed TV projection system equal to or
better than some systems costing thousands of doliars more.
Now you can enjoy big-screen TV in your own home.
No.9565

POPULAR OPTICS

Everything you need or want to know about optics! How to
build demonstration instruments, make your own magnifiers,
testing methods, etc. 192 pages. No. 9445

FIBER OPTICS IDEA BOOKLET

100 exciting design and application ideas for fiber optics.
Includes ideas for industrial, decorative, display and science
fair uses. 16 pages. No. 9095

FUN WITH FRESNEL LENSES

Plans and instructions for building an Image Brightener, Solar
Furnace, Camp Cocker, Overhead Projector, and Camera
Obscura. 16 pages. No. 90563

ALL ABOUT TELEPHOTO LENSES

36 pages about telephoto systems you can build. Also includes
discussion on taking long distance photos through binoculars,
best types of filters, exposures, etc. No. 9036

BUILDING A CONDENSER ENLARGER
Directions for building a fine enlarger for negatives of any
size. 16 pages. No. 9038

HOW TO BUILD SLIDE PROJECTORS

A complete manual in 20 pages covering the optics and con-
struction of 35mm slide projectors. Plans include several in-
expensive utility designs, micro projection, rear projection,
and overhead slide projector. No. 9014

EDMUND UNIQUE LIGHTING HANDBOOK

Revised and expanded (now 77 fact-filléd pages), this book
covers every facet of unique lighting and muiti-media enter-
tainment with all the latest information. No. 9100

DIFFRACTION GRATING IDEA BOOK
Shows how to use the rainbow in decorations, displays,
photos, etc. 32 pages. No. 9064

Telescope,” plus much more. 192 pages. No.
HOMEBUILT REFLECTOR TELESCOPES

Shows how to make a reflector mirror accurate to millionths
of an inch. 36 pages. 2 No. 9068

PHOTOGRAPHY WITH YOUR TELESCOPE

How to take exciting photos of moon and stars or distant
shots of birds and animals through the “big eye” of your
telescope. 36 pages, No. 9078

HOW TO USE YOUR TELESCOPE

A fine introduction to telescopes and the stars. Covers ob-
serving and comparing planets, finding sky objects, telescope
arithmetic, etc. 36 pages. No. 9055

TIME IN ASTRONOMY
Solar Time, Sidereal Time, Time around the world, position
of a star, plus much more. 36 pages. No. 9054

TELESCOPES YOU CAN BUILD
Step-by-step illustrated instructions for building 27 scopes
and 10 accessories. 48 pages. No. 9065

MOUNTING YOUR TELESCOPE

Discusses types of mounts, how to mount reflectors and re-
fractors, setting circles, clock drives, slow motion controls,
etc. 36 pages. No. 9082

TELESCOPE OPTICS
Covers focal length, image-object problems, ray tracing, home-
made eyepieces, etc. 32 pages. No. 9074

FUN WITH OPTICS

Dozens of optical projects for young or old, carefully worked
out and diagrammed. How to build telescopes, microscopes,
magnifiers, etc. 32 pages. No. 9050

HOW TO CONDENSE AND PROJECT LIGHT- Revised

Now, 32 pages of text and diagrams! Describes lamp types,
gives a “light” vocabulary, and has chapters on: reflectors,
spotlights, fiber optics, etc. No. 9044

OPTICAL DRAWING DEVICES
How to build your own drawing camera, drawing projector,
and camera lucida. 16 pages. No. 9059

HOW TO BUILD OPAQUE PROJECTORS

Detailed designs for 8 different projectors, each to meet a
specific need, whether visual use or drawing. Covers theory of
projector optics, etc. 18 pages. No. 9314

ALL ABOUT MAGNIFIERS
How to build a 4X flash magnifier, magnifying tweezer, low-
power microscope, plus more. 20 pages. No. 9002

COLLIMATORS AND COLLIMATION
Describes all types and covers: angle accuracy, tests for
flatness, parallelism, etc. 36 pages. No. 9072
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