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AN OPTICAL bench is any bed or track on which lenses and other
optical parts can be mounted for experiments, testingor demonstra-
tions. Such a piece of equipment can be made in a thousand different
ways and may cost anything from 50¢ to many hundreds of dollars.
The various lenges used are mounted in lens holders of some kind,
and it is this one item--the lens holder--which more or less deter-
mines the convenience and cost of the whole setup.

SIMPLEST CONSTRUCTION, The simplest pench is one to be used
with a suitable assortment of lenses, all of which are the same diam-
eter, This permits theuse of tubular holders made of plastic or metal
tubing, Fig, 2, while the bench itself can be a vee or any other form
of two-point support, as shown in Fig, 1,A to E, For a suitable "kit'
of lenses, youmight choose ''clos e-up'' lenses, 41mm (1.61")diameter.

You will quickly note two construction faults, First, the bench is
100 low and must be raised an additional 12 to 15 inches to provide a
comfortable sightinglevel for aperson seated or standing, Even worse
is the scant clearance between your face and the bench, making it
difficult and uncomfortable to look through a lens setup except from
the one good position directly behind the bench.

The too-low bench is readily corrected by placing the low bench
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on a box or other support. Alternately, you can
build a high bench right from the start, a typical
design being as shown in Fig. 3, However, the
fault of scant eye clearance remains, Common
to every lens bench above foy grade is a col-
limator, This useful piece of equipment gives
you the equivalent of a distant target right at
the bench, The one shown in Fig, 3 nestles in
ite own separate bed. The collimator itself--
lens, light and tube--can be built for about $4.

HOBBY OPTICAL BENCH, Fig, 4 shows a
simple type of manufactured optical bench with
adjustable lens holders, Other features include
a target plate, and a sliding reversible leg with
a first surface mirror to be used for auto-
collimation (see page 10). Thetargetis convert-
ed to a collimator by placing any achromat in
front of it at one focallength, testing the spacing
by auto~collimation,

The bed of the hobby optical benchis a meter
stick, 40 inches long, It is somewhat light and
shaky, also too low, all of which canbe corrected
by additional construction, Fig, 5, Lens holders
can be purchased separately for mounting on
your own bench, Fig, 6, or, you can make your
own non-adjustable holders of wood to fit the
meterstick or other monorail bed, Fig, 7.

~~_L LENS HOLDERS, The scant eye clearance
oI zne tubular type of lens holder is avoided by
maxing zll holders of plywood, Fig. 8, Although
non-aijustable for height, this style is com-
fortable o :se and has merit in easy, low-cost
construciion, When you discard the tubular
holder, tne 2-point support of the vee bed is of
no value, and may be replaced by a simple flat
bed with one guicde rail, as shown, The plywood
lighthouse can be turned to put any of its four
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with angular scale and 1/10 radiancircle. Rules
for making and using this target are given in
Fig, 9. The target is drawn with black ink on
white paper; it is taped to a piece of glass, as
shown,

Light from any distant object reaches your
eye in parallel bundles, Inthe same manner, light
emerges from the collimatorinparallel bundles,
as shown at A, B and C, Fig. 9, producing the
same effect as a distant target. All of the light
is in parallel bundles, but the whole light cone
ig spreading, diverging, In other words, parallel
light does not mean quite the same thing as a
parallel "beam of light," : '

Various military collimators are available at
bargain prices from time to time; the many in-
expensive collimator gunsights are essentially
collimators and are easily adapted for bench use,
as shown in Figs, 10, 11, and 12, The unit shown
is especially good for measuring the focallength
of eyepieces, : : '

ADJUSTABLE LENS HOLDERS, One common
kind of adjustable lens holder is based on the
tongue-and-groove principle, Fig, 10, You know
very well the slides will be either too loose or
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too tight at times, but with a little wetting or
waxing when needed, this kind of lens holder
works fairly well., If the slide action becomes
hopeless, you can add positive tension with a
tension bar, as shown in Fig. 13, It can be seen
this idea would work nearly as well on a simple
plywood frame, Fig, 14, eliminating the groove
entirely, However, the plywood frame does not
automatically hold the vee blocks inahorizontal
level position; a shallow rabbet at the ends of
the vee blocks would correct this,

Simple and practical lens holders can be
made of plastic or metal channel molding, Fig.
15, The specific product shown is Reynolds 1/2
in, wide aluminum channel; it is a simple matter
to squeeze or hammer the molding to grip 3/8
in, plywood vee blocks,

For something a little better, the idea of
having the vee blocks slide up anddownon a rod
is a favorite seen on many amateur and profes-
sional lens benches, In Fig, 16 design, the lower
vee block is permanently attached to the rod,
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while the rod itself slides in the base, The rod
may be clamped if needed by means of a thumb
screw tapped into the side grain of the wood
base, as shown, The top hold-down is a strip of
springy plastic or metal; it will stay put when
you press it down on top of the lens,

The more common vee block-on-a-rod has
the vee block sliding on the rod, Fig. 16A, This
style is a trifle less convenient to center, but
the advantage is small, The width can be in-
creased to handle bigger lenses, Fig. 16B, The
optical centerline is specified at 4-1/4~in, which
is a good standard, permitting plenty of room
for the side of your face above the surface of
the bench, The top of the left-hand rod is yotir
guide for centering the lens in the holder--the
center of the lens should be approximately level
with the top of the rod, Needlessto say, the col~
limator and all other bench fixtures must have
the same optical centerline,

The job of centering the lens in the lens holder
is easier and more exact with the vee blocks
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working on a cross slide, as shown in Fig. 17,
The slides are a free slide fit in the channel
molding, the slight tension needed to hold the
lens being supplied by the two rubber bands,

Fig. 18 shows a useful variation of the vee
block-on-a-rod construction, with a handwheel
added for adjustable height, A pair ofthese sup-
ports will handle tube assemblies and complete
telescopes. A single unit is useful for holding a
measuring magnifier, providing the up~and-down
movement often needed to putthe desiredreticle
scale in line with the exitpupil or other aperture
or part you are measuring, A top hold-down can
be added if desired. Also, it will be apparent a
handwheel could be added to any of the three Fig.
16 designs,

BENCH INSTALLATION, Any low optical bench
must be raised an additional 12 to 15 inches to
put the optical centerline at a height of about 4
ft. above the floor. This level is comfortable for
a person seated, and requires only a slight stoop
if you are standing, The needed elevation canbe
obtained with a couple wood or even cardboard
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boxes, If you want something better, a narrow
cabinet can be made to rest on top of a bench or
table, This can have shelves, drawers, etc, as
desired, A cabinet of this kind provides spaceto
fold thelight path of along focal length collimator
lens, using a good quality first surface mirror,
A benchinstalled onawall shelfis entirely prac-
tical and costs very little to install, For such
installation the bench should have the collimator
at the left as you face it, assuming the eye you
use for monocular vision is the right one. To a
lesser extent, this item about right-eyed or left-
eyed should be kept in mind when making any
installation,

USEFUL ACCESSORIES, Ofthe useful accessor-
ies shown below, the measuring magnifier is of
first importance and the adjustable iris second,
Two iris diaphragms are a convenience, The
auxiliary telescope is often useful and is easily
made from surplus achromats--a typical design
is shown on page 22, A lens gageis a luxury you
can do without, although at times a great help,
especially if you use the diopter system.

Useful Accessories
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Finding the Focal Length

FINDING the focal length of a lens or eyepiece is such a frequent operation
that special instruments are used solely for this purpose. Such a unit is the
vertical collimator shown in Figs, 1 and 2, It is the same military gunsight
described on a previous page, the only difference being the vertical mount-
ing. The vertical orientation has the useful feature that any lens or eyepiece
you want to check is simply placed on the level stage--no lens holder is
needed. The measuring magnifier, also, is supportedona level shelf, as can
be seen in Fig, 1. The shelf can be covered with a piece of ground glass or
tracing paper, butitisalsopracticalto sight through the open hole, Normally
the measuring scale is the magnifier reticle, but if desired you can make
your own scale on tracing paper, which is then read with an ordinary mag-
nifying glass, If you do not use a ground glass to pick up the target image,
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it is doubly important to have the measuring
magnifier properly adjusted in focus for your
eyes to avoid parallax,

In use, the movable shelf supporting the
magnifier is racked up or down until you see
the 1/10 radian collimator circle sharply in
focus, superimposed on the reticle of the mag-~
nifier. The diameter of the target image is then
read on the scale to thenearest.005inch, What-
ever the reading, you multiply it by 10to get the
focal length of the lens being tested, Since the
scale on the average measuring magnifier is
.5 inch long, it means you can meagure lenses
to 5 inches focal length, For longer lenses, you
can read half the diametier and then multiply
by 2,

TRANSFER TUBE, When you use a measuring
magnifier, the reticle must be in contact with
the work or an image of the work. Sometimes
this is not physically possible, inwhich caseyou
can '"get in" with a transfer tube, Fig. 3. The
focal length of negative lenses canbe determined
with this useful accessory,

A suitable transfer lens is 25 x 95 mm., as
shown In Fig, 3, In its tube it forms a close-
range telescope, Such an instrument has an exit
pupil, and, because the object (the trangferlens)

is relatively close, the eye relief will be long,

It is about 1~1/2 inches for the example shown,
Other transfer lenses can be used, keeping in
mind: a reduction of f.1, will increase the eye
rellef, and this in turn will reduce the field,
possibly to the extent of cutting off the ends of
the reticle scale,

Make sure the transfer tube is in proper

adjustment by measuring any small target,

using a tracing paper screenifdesiredtoassure
yourself there is no parallax, The disk of
tracing paper can be attached to the magnifier
reticle with a few dabs of rubber cement, The
whole idea, of course, is that the image must
be exactly the same size as the target object.
This is controlled by the space between the
leng and the magnifier--once you get it right
the adjustment is permanent,

A negative lens is measured for f.1, in the
same manner as a positive lens, the only dif-
ference being the image transfer, The transfer
tube is placed on the collimator shelf over the
hole, The measuring magnifier is seated at
the opposite end of the transfer tube, with or
without a tracing paper screen, Then, as before,
you rack the shelf up and down until the col-~
limator target is seen sharply in focus. As be-
fore, a reading of the target image diameter
will reveal the focal length of the lens being
tested, You can test lenses to a little less than
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two focal lengths of the transfer lensused,i, e.,
about 7 in, for the example shown. Longer
negatlve lenses will rack the shelf into the
collimator stage, Outward rack movement is
needed for very short f.l. negative lenses, the
range being to near zero, '

For both positive and negative lenses, the
"focal collimator' method with 1/10 radian
target as just described is the fastest and
most convenient way to determine focal length,
It is especially good for short f1, lenses,
either singly or in lens systems, such as eye-
pieces, The accuracy is good, with errors no
greater than 2 or 3 percent of the focal length,
Try it with a few lenses or eyepileces of known
foecal length to convince yourself--compare with
other methods shown on the following pages.
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POSITIVE LENSES

FOCAL LENGTH BY IMAGE DIAMETER, This is the
collimator and measuring magnifier method described
on previous pages., When the collimator constant is
made 10, then the f,1, of any lens being tested is 10
times the image diameter., Other collimator constants
are sometimes used, In any case, the collimator con-
stant is equal to the f.l. of collimator lens divided by
the diameter of the collimator target, Example: If your
collimator lens is 8-1/2 inches f.l. and you make the
target 1/2 inch diameter, the collimator constant will
be 8.5 divided by .5,1is 17, Itis apparent the odd number
multiplier is less convenient than 10,

F, L, FROM FOCAL PLANE DISTANCE, Well-known
is the sunlight test, where you focus the sun's image
to the smallest possible size. Then, the distance from
the image to the lens is the f.l. of the lens. Indoors,
you get parallel light like sunlight from a collimator,
and the test proceeds as usual, Tracing paper makes
a good veceiving screen. The f.1. measurement is
made (approximately) from the screen to the center of
the lens thickness, If the lens is over 1-1/2 in, diam-
eter, it is best to stop it downa bit with a metal washer
or cardboard ring to obtain a sharper image,

AUTO-COLLIMATION, This term is used o describe
any optical system where light is directed through the
system and then returned by the samepath, It has many
applications, In the setup shown, the targetisan opaque
material in which is cut a small hole. The target also
serves as a screen and should be white on the side
facing away from the light, An ordinary flat mirror is
held behind the leng being tested. When the lens is the
proper distance from the target, it will form a sharp
image of the target hole on the target itself, as shown,
This method is useful for setting or checking the posi-
tion of a collimator target, which must be exactly one
f.1, from the lens,

OBJECT-IMAGE CALCULATION, There are numerous
ways of finding the focal length of a lens from other
data which is known or can be determined, One basic
method is the relation between object distance andimage
distance, In making this setup on the lens bench, it is
convenient to make the image distance 10 inches, using
a 'setting stick" if you do the operation frequently.
The image 1s then found by trial andthe image distance
from lens is measured, The simple formula will then
reveal the focal length, It can be seen the figure 10
for object distance simplifies the math work a little,

F, L, FROM LENS MOVEMENT. This method makes
use of the relation between projection magnification
and focal length. The target is a plece of opague
cardboard with two small holes spaced 1 inch apart,
as shown, The eyepiece or lens to be tested is moved
along the bench to form a 2x image, that is, the image
of the holes will be sharp and 2 inches apart, Then,
marking the lens position and leaving both target and
image screens in same position, you move the lens
toward the screen to form a 1/2x image, as shown
in second step. The simple formula then reveals the
focal length,



NEGATIVE LENSES

SPOT TEST, A negative lens does not produce a real
image, However, the light (sunlight or parallel light
from a collimator) can be passed through two small
(1/16") round or square holes cut in a cardboard disk
which is placed over the lens, You move the disk
closer or farther from the screen to make the pro-
jected spots appear exactly twice as far apart as their
spacing on the cardboard disk, When this has been
done, the distance from lens to screen is the focal
length of the negative lens, If youtest with a collimator,
the light should be at least 25-wait,

GALILEAN TELESCOPE, The spacing between lenses
of a Galilean telescope in focus is equal to the f,1, of
the first lens (the objective), minus the f£,1, of the
second lens (the eyepiece), Knowing this little bit of
optical know-how, you can set up a telescope on the
optical bench and so determine the f,1, of the negative
lens eyepiece. An auxiliary telescope (see page 22)
will give you an exact focus independent of any re-
fractive error in your eyes.

2x BARLOW SETUP, Most telescope nuis understand
the optics of the Barlow lens, as used {o increase the
power of a telescope, If you set up for 2x Barlow
magnification, the distance from the negative lens
to the final image is the same asthe f.1, of the negative
lens. Make the setup on the optical bench with colli-
mator, as shown, By adjusting the negative lens and
screen to form an exact 2ximage, youknow the distance
from screen to lens is the .1, of the negative lens,

DUPLET CALCULATION, Second only tothe measuring
magnifier with transfer lens, the direct calculation of
negative lens f,1. in a duplet is perhaps the most use-
ful. What you do here is combine a positive lens of
known focal length with a negative lens of unknown
focal length, the combination being positive, capable
of forming a real image, You will know you have a
positive combination if it functions as a simple mag-
nifier--if not, use a positive lens of shorter focal
length, The e.f.l. of the combination can be determined
by any method used to find the f£.,1, of a positive lens,
Knowing the e.f.l. of the combination and the f,1, of the
positive lens, it is easy to calculate the f.1, of the
negative element,

DISK AT ANY

TWO HOLES 1~ ardboard

' ‘2 Ttmes

.9

FINDING THE FOCAL LENGTH

COLLI. TARGET
Cardboard
with ’/8"H0LE

MARK SPACE
SPOT TEST
1S EASY TO DO =
O IN —
g‘lﬁﬁ. IGO HR;'-S .o. SAME with ! ~
COLLIMATOR L— F. F.L:
T OBJECTIVE EYEPIECE PRIMARY
- Foos=6 Free = IMAGE
_*E:;ﬁ\ {/’ \‘*H‘_*_____* Wi/viw/v 9‘
S I 7 I 7
S PEeee— e
s =@ O
) e~
COLLIMATOR [* FPOS:6

GALILEAN TELESCOPE (F,_ =

iststee
SET UP ANY

POSITIVE LENS (-

znd grep

MOVE SCREEN <~
AND NEGATIVE LENS L2 ‘
TO MAKE A 2X IMAGE .. 2hen. .

187 FiNO F.L.OF DUPLET

POSITIVE
D

Foe— d)

PRIMARY IMAGE

MEASURE
— SI12E
6"
‘\SC REEN

NEGATIVE LENS
(F.L. 15 uncwown)
£X. s 18"

——
e P

Ergy

<~ THIS IS F.L.OF NEG LENS

Zﬁ CAccutane £L. oF
NEGATIVE LENS

puPLeT CatcoLaTion

* . = 9 “
SEE AlSo TABLE BELOw

RANGE OF POS-NEG DUPLETS with LENSES In CONTACI
*  TINCREASE N LXample F.L. # [INCREASE | __ e Xample |
Posf; :Ec?: I:l‘;(l'??o Pos | LEne AcoNE [PoS-res] E-F-L- P0Sto NEG?r?\I.E‘.:t? POS | FEr e arane Foesoss ] ELF.L.

4°/, 25 Times 1.04x &'and 150" 6.25" 57% 124 Times | 2.33% | 6and 05" 14"
109, 10Times | l.i1x | 6"and60”| 6.66" 60% %3 Times | 2.5% 6“arat0”| 15"
125% 8 Times 1.14x% | 6"and48"| 6.86" 67%  |VaTimes | 3« 6and 9" | 18"
16%% 6Times | 1.20x | 6and 36" 7.20" 15% 1 /2Times | 4 x e 8" 24"
25%  ATimes 1.33x | 6"anz 29| 8.00" 80%  \faTimes| 5x 6und 75" | 30"
33%  3Times | 15X | 6and/8”| 9O 89%  1/BTimes | O« Gana 6%" | 54"

50%  2Times 2.X 6"and 12" (2" 100% 1 Time | oo LEE | 6'and 6% |o= LI5S

X THE F.L..OF POSITIVE LENS MUST BE LESS THAN F.L. OF NEG. LENS TO MAKE A POSITIVE COMBINATION
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PPl lPP:Z 1212  ~oenarl 2
FRONT OR SECOND OR ' ! Ui Repe | KNOWING the f.l. of a lens is often incomplete data
FIRST FOCAL REAR FacAL \i o8JECT. because you do not know from what part of the lens or
PLAN P t R LIGHT |
Vs LANE LANE . lens system the focal length is measured. The two
S) i ¥ gt
3 _ £ principal planes of a lens are imaginary planes from
’ “”3007. i which the focal length is measured, PPl is associated
LIGHT V3 GLASS F /s | with the object side of the lens or any measurement in
THICKNESS ﬁﬂ&é&&’l‘ ) the object space, while PP2 refers to the image side.
ONEF.L> ~ONE Flr— ‘1 I‘l Dp's The PP!s of simple lenses can be located close enough
J‘ d by eye, as shown in the diagrams, Most useful is the
POSITIVE g
DOUBLE CONVEX PLANO CONVEX MENI8CUS fact that one of the principal planes of a plano-convex

PRINCIPAL PLANES of SIMPLE POSITIVE LENSES lens is always at the vertex of the curved surface; this

is true regardless of type of glass or glass thickness,
PP1 PP2, 12 12 12 Most simple lenses are so thin that one "principal
: ' plane" at the center of the glass thickness is accurate

SECOND FIRST ,
FOCAL FOCAL enough for most measurements,
I?LANE PLANE .
r - 3 CALCULATING THE PPig, If you are making up any
! yptAL ABouT I two-lens combination or duplet, the PP's of the com-
ON THIS Y5 6LASS | bined lenses can be easily calculated, When bothlenses

THICKNESS
are identical, the PP's will be symmetrical, as in the

example shown, See also page 33. The PP*s of a duplet

—ONE F.l--0
¢~ -ONE "-L“"’ PLANO NEGATIVE

T L *
DOUBLE CONCAVE £ are usually 'crossed" as shown, If you are drawing
CONCAV MENISCUS light rays, you go from the object to PPl, then parallel

PRINCIPAL PLANES of SIMPLE NEGATIVE LENSES with axis to PP2 (backtracking) and then from PP2 to
b:)," the corresponding part of the image, The general idea

is that you treat the combined lenses as one thick lens
with two measuring planes. If the lens system is an
eyepiece used as an eyepiece, the object viewed is the
image formed by the objective. This is located at one
£.1. from PP1,

0.
0%

*‘oa’% F.= 64
|0*Io’ [ 4

PP!'s BY 1x MAGNIFICATION, Usually you will
know the f,1. of an eyepiece ror other lens system,
but the PP's will be unknown, They are easily lo-
cated with a bench setup similar to the drawing,
The general idea is to juggle the eyepiece and
screen back and forth until the image on screen is in
sharp focus and exactly the same size as the target.
This is lx spacing, indicating the PP's are located
two focal lengths from the object and image, The lens
bench data is transferred to a full-size outlinediagram
ofr the eyepiece, If desired, the PP's can be marked

CALCULATING
THE PPy OF A
LENS SYSTEM

.de%_Zz 5 lightly with a scriber on the eyepiece itself
| AR Dtmenszon.s‘ fmm Setup s
Y x- PPIs WITH COLLIMATOR, If youput an eyepiece in front
ark is X- > ; .
OBJECT pp2 PPy * of a collimator, the eyepiece will form an image of the
/ "27"7 Y IMAGE collimator target at exactly one focal length ofthe eye-
- A bV piece, So, if you measure back one f,l. from the image
%% VA ] i you will locate PP2, as in first diagram below. Turning
) “——TWO F.L.-—? the eyepiece around willlocate PPlinthe game manner,
?—-‘rwo F.L.—-’| This may be complicated by the fact the image plane is
' ingside the lens barrely the use ofatracing paper screen
PP S bq ¥ MAGN””CAT'ON on a short tube will let you reach in to the image,
., PP2 (Emission) PP (Admission) TRAC.ING PP2 PPI
PAPER You May ik
| Smale AN
! \ SCREEN /
Z 70 REACH

¢
i

A
é

LIGHT
Normal
PosiTionN

ASUSED

£ %4444

PP's with S el
COLLIMATOR .(__797_¢ TVIACE

OBJEC

EYEPIECE A leone
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DLLIMATOR

CONVEX and CONCAVE MIRRORS

FOCAL PLANE DISTANCE, Like a positive lens,
positive mirror forms an image of a distant object at
one focal length, You can use a real object if desired,
providing it is truly ''distant' (at least 50 f.1,). More
often, a collimator provides the distant target. The
receiving screen for the image can be a piece of thin
white cardboard taped or tacked to the front of the
collimator, It can cover part of the lens. You move the
mirror back and forth to get the sharpest possible
image, using a magnifying glass if needed, Then, the
distance from mirror to image is the focal length,

a

IMAGE DIAMETER, If you are using a 1/10 radian
circle as a collimator target, the diameter ofthe target
image will be 1/10 of the focal length, Since most
mirrors are rather long f.1., theimage canbe measured
with an ordinary ruler, as shown,

CLOSE TARGET. The receiving screen can be either
tracing or white paper; it should be in the same plane
as the target, In the setup shown, you move the screen
for sharpest image, Then, the distance from screen to
mirror ig exactly TWO focal lengths,

THICK MIRROR,. One common way to find the f,1, of a
negative mirror is to combine it with a positive lens
to make a positive combination, The positive combo
can be tested like any positive mirror, After you get
f.1. of the combination, the f,1, of the mirror is easily
calculated, .

RADIUS OF CURVATURE, First, set up any positive
lens to make an image of a close target at some con-
siderable distance, as shown in diagram at bottom
right, Then, without moving the lens or screen, locate
the mirror in such a position as to form an image of
the target on the target itself, as shown, Measure from
mirror to original lens image to get mirror radius,

CONVEX MIRROR
“THICK MIRROR” 1S A COMBINATION OF LENS AND
MIRROR. THE F.L.OF POSITIVE LENS
1S KNOWN3 F.L.OF MIRROR IS NOT

THE LENS MUST HAVE THE
SHORTER F.L.OF THE PAIR TO

NEGATIVE
MIRROR

.
jO"F.L.

{unskenown) OF FORMING A REAL /IMAGE

e (F.L.OF THE cOMBINATION)

THIS IS THIS S ;
_____ | )
TTEXIE

Fc £X 47 z FC
Use COLLIMATOR SETUP...or... CLOSE TARGET

hen: ox
- 33%49

F — yzFLENS X Fc -
MIR 4.9 -3.3

Fc - '/ZFLENS

16.17
1.6

- ‘0“

NEG.

MAKE A POSITIVE COMB. CAPABLE
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FINDING THE FOCAL LENGTH |

L1G6HT RAY
FRom o DisTNT PPl andPP2.  PPland P2
POINT OBJIECT ON T THE REFLECTED RAY
THE AXIS —~y ™~ 1S DIVERGENT: 1T SEEMS
—_—r— —> TO COME FROM F
CENTER OF

CURVATURE dQ“LuS'%—

CONCAVE MiRQOR R=2F
is Posctwe Convergmg

CONVEX MIRROR
is Negative, Diverging

CoLLi MATOR;

MIRROR-TO-IMAGE
IS FOCAL PLANE
OISTANCE =F. L

IMAGE 5
on screen

on rac,

2%%=2.3715=2375"RL.

F.L.from
FOCAL PLANE
DISTANCE

F.L.from
IMAGE DIAMETER
" of Yo Radian Circle

TRACING PAPER

MIRﬁOR‘7O “SCREEN :
SCREEN Sof c N

CONCAVE
MIRROR

CONCAVE MIRROR
CLOSE TARGET

CONVEX
TARGET LENS M(RROR

: ‘l-l i.)( F= SCREEN

8" nocs /N N
SHEET METAL
/S TARGET

”s“

40-u.

z

<
OF CURVATURE L&v
Ex.=20"= 10"F.L. G

MOVE THE

CONVEX MIRROR
RADIUS OF
CURVATURE



POSATIVE - CONVERGING

YNEQUAL
z CURVES [z

UBLE

OR (Unsymmetrical
EQUI- or Crossed )
CONVEX

"' V4" x 4" PLANO oR
m Y % 2" PLANO OR OOUBLE CONVEX
m 54 | PLANO OR DOUBLE CONVEX

I 0 OR N
bone| T 2% ot &

=

CAVE
&l 4{% l{g

Py

&

~

5x GALILEAN TELESCOPE

F=12 E.FL.=1"
i
; 0
zl'a'uz’l
12X ASTRONOMICAL TELESCOPE
4” 2" 2" l"
4x TERRESTRIAL TELESCOPE
Fal EFL=2"
) - . M 25x
| Il microscope
| ¢ 51 » 4"and 4"
N 4‘" 4" 3{/4:1

PROJECTION
LENS

THICK
CENTER

POSITIVE
CONVEYXY CONVEX CONVEX MENISCUS CONCAVE CO%CQVE

SIMPLE LENSES

CONVEX
SIDE ALWAYS
LESS THAN
L RADIUS

NEGATIVE - DIVERGING

THIN
EDGE

POSITIVE

DOUBLE DOUBLE NEGATIVE
CONCAVE MENISCUS
( (/nsymm@tricaé
or Crossed,)

PLANO~

100 1S FIXED
CURVE FOR ALL.

Eaui- FOCAL LENGTHS

CONCAVE

®

ULL SIZE

£
(2) SPECTACLE MENISCUS

The LENSES You Use

YOU CAN do most optical experiments and build working models of
common optical instruments with a "'set' of 6 to 10 lenses, Most of
the lenses are converging or positive; all are simple lenses made
of a single piece of glass. The focal lengths are non-critical--you
need a long focal length for a telescope objective, but "long" can be
anything from 8 inches to 60 inches, Atypical 7-lens demonstration
set is shown in Fig, 3, and diagrams, Fig, 4, show instruments you
can make with these or similar lenses.

SPECTACLE LENSES, The lenses used for eyeglasses are readily
available and are quite satisfactory for experiments and instrument
use. The lenses are commonly meniscus shape with one standard
surface of fixed curvature, usually 3-1/2in, radius, The £.1, range
in inches is from 2 in, to 320 inches, Supplementary close-up lens-
es used in photography are similar but usually with a longer stand-
ard curve of about 5 in, radius. Nos, 1 through 6 diopters are com-
monly available; shorter focal lengths are usually double convex
shape,

THE DIOPTER SYSTEM, Spectacle and close-up lenses have the
f,1, measured in diopters rather than linear inches or millimeters,
This is a "power' system, that is, a lens is rated by its refractive
power instead of its focal length, The power of a lens is the recip~
rocal of its focal length., Assume you have a lens of 20 in, focal
length, The reciprocal of this is 1/20, whichis .05, the power of the
lens, When the focal length is given in inches, the power rating has

* APPROXIMATE .

SIMPLIFIED Leﬂ g FO rmu| a¢* F.L. of MIRRORS made from LENSES
; _ q g ;/éxfgigk E j/;vepib : > (.Sg\}/ %DK
- QAR o -
4% - - 7 P8 sz : sgnzo ) -
| PLANO-CONVEX EQUI — CONVEYX
% ‘-‘-8“ FLENS - FLENS - Fn.sns' FLEMS — FLENS
: v o I N 0 - N R sl B S
Convex O® concave EONVEX °® CONCANE . ‘ |
F= 2R F=R m\ et Lo sL, Ejmm
Rz = R=F ) .
z Fawi = Fiens Fae= Frens Famg= Fiens Fur = Figns Fag = Freus
E . F=2x4=8" E £F=8" pos, < NEG, ___2 NEG. pos. 2 e, 4
Q=8/7_—-4" }f. R=8" PLANO-CONCAVE EQUI~ CONCAVE
EXACT FOR THIN LENSES with 1.80 INDEX. NOT MUCH OFF FOR QRDINARY WHITE CROWN, INOEX /.52
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F=8%ss.

AL
8 ”
£

(=0 1 (

PLANO DOUBLE POSITIVE  PLANO DOUBLE NEGATIVE
CONVEX CONVEX Memscus CONCAVE CONCAVE MENISCUS

TWO POSITIVES
REDUCES E.F.L.

i’( 8xg

dz=

Pos-NEG comBo
INCREASES E.F.L

= 8"Nes.
WAVE THE

pPos-nec. [E PAIRED LENSES
PAIR 15 XN BACK and FORTH.
LIKE A IF THE OBJECT
“ptigg/és ’ VIEWED DOES NOT

IOVE, THE TWo
OF GLASS Zws,vﬁ} e, THE

f‘(':SZ“

., 8+8 l6 -
ONE EACH MU[{LZ S-NEG PAIR | ‘
o»; ;zép ggx S(?/’A(/}/DA,QY I'>] 70‘1 FO:SA'l:Me F.L .
® sHAPE seT S5 E L E-FL = =0 MATCHING

no particular name, but if the focal length is
given in meters, then, the power unit is the
Diopter, Since one meter is approximately 40
inches long, the same 20 in, f,1, lens mentioned
has a focal length of half a meter, which in dec-
imal notation is .5 meter, If you write this as a
reciprocal, you get 1/,5, which is 2, which is
specifically 2 diopters, the power of the lens,
The Plus 1, Plus 2, etc, designation used for
close-up lenses indicate the diopter power al-
though this fact is rarely mentioned, The "Plus,"
of course, means apositive lens, The common set
of supplementiary close-up lenses consisting of
Nos. 1, 2, 3 and 4 quickly get more understand-
able labels of 40, 20, 13 and 10 inches focal
length, Spectacle and similar meniscus lenses
have a f,1, tolerance of 1/16 diopter, This is a
tight tolerance for lenses above 10D,, but it be-
comes generous with low D, numbers, being
about 1/2 inch for 2D and over an inch for 1
diopter. Hence, the approximate inch equivalent
of the dioptric power is used for most applica-
tions and calculations, since the exact conversion
would be voided by the tolerance,

SHAPE SET. A "shape' set of demonstration
lenses contains one each of the six standard

shapes, Fig. 5. Usually the lenses are all of the
same f.1, This allows youtomatchapositive with
a negative, an operation sometimes useful in
actual work when you do not know the f,1, of a
negative lens., Looking through the combined
lenses held incontact, youknow youhave a match
if the object viewed looks same size and does
not move,

You might think the "'all same focal length"
shape set does not contain the desirable long and
short focallengths neededto demonstrate instru-
ments, However, you can easily put two lenses
together, and with various spacings, obtiain a
variety of focal lengths, Well~known is the fact
that two positive lenses of the same focallength
will produce a combo with halfthe f.1, of a single
lens, Less known is. the factthatapos-neg com-
bination will have an e,f,1, greater than a single
lens, A pos-neg system of this kind is also a
telephoto or Barlow case (see Case 5, page 35)
and can be calculated for focal length and mag-
nification by the various Case 5 equations,

SMALL MIRRORS, One way of obtaining small
positive or negative mirrors is to buy simple
lenses of suitable focal length and have them
silvered on first or second surface as desired,

]

DIOPTERS Millimeters = Inches

A:P':oxceﬂmcr D. | mm APl‘?g)(‘.:ES'(PCT D. |Mm AP!:R':J:E:'ACT D. | mm AP;s::x.ce;'Acr
25 [4000| 160 |i5748 2251444 | I8 |17.48 450|222 © (8.4 (e} 100 | 4 {394
.50 [2000! 80 |78714 [2.50| 400 | t& |15.95 o0 | 200 | 8 |71.87 1" 9§ 32 [3.58
J5 [1233 | 53 5248 |2715 | 364 | 14 |14.33 550182 | 7 |77 12 | 83 | 3% |32
1.00 [1000| 40 |39.37 3.00 | 333 | 13 |12 6.00| 167 | 6% |6.57 I3 | 77 | 3 |303
1,26 | 800 | 32 [31.50| |326] 308 12 |12.3 6.50| 154 | & |6.06 4 | 11 [ 2% |2.80
LEO | 667 | 26 2626 | 3.50| 286 (1 |1.26 7 |143 | 5% | 5.63 16 | 63 |2/ [248
1,95 | 571 | 22 (2248 | 3716 | 267 | 10} [10.51 8 |125] 5 [49:2 I8 | 56 |24 220
2.00| 500 | 20 [19.69 4.00| 250 | 10 |9.84 9 (Il |4 |4.37 20 | 50 | 2 |97
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TARGET og; ECT W&
‘SRUARES
&1 1MAGE SIZE

ON TEA/'ING |
@’ L/NEAR OBJECT SIZE
12
8 =R e L

.
T EAC IN G l-““-.-- I 1 r m n
PAPER [l !
\ g A CLOSE target for use on the lens bench can

consist of a tracing paper grid tapedover a hole
in a plywood lighthouse, as shown in Fig, 1, The
grid oflines should be some convenient size--1/4
or 1/2-inch, Theimage formed by the lens can be
picked up on another piece of tracing paper, If

Llow. SEE THE N7 I you measure the size of the grid squares on the
. MOON AT /7S <=+ SR image, you can find the linear magnification,

- Linear magnification compares the physical size
of the image with the physical size ofthe object.

ANGULAR MAGNIFICATION, Angular M, is a
ANGULAR M. COMPARES > comparison of angles, as can be seen in Fig, 2,
THE ANGULAR SIZE OF p It is the kind of magnification used to specify
IMAGE IITH ANGULAR all see-through optical instruments, such as
SIZE OF OBJECT ; telescopes and microscopes. The final image you
vl see is virtual, that is, the image seems to exist

because you can see it, butitisnot a real image
you can capture on a tracing paper screenor on
film. A positive lens used as a simple magnifier
is the commonest example of a virtual image
formed by an optical instrument, In atelescope,
OBJECTIVE \*/MAGE there is a real image in the focal plane of the
/ objective, but the eyepieceviewsthis asa simple
magnifier, making the final image a virtual one,
In optical theory, you should see avirtualimage
at infinity, but the actual distance is usually 10

OO ~ ol
SR AN

FIELD VIRTUAL \ — — API:’ARENT to 40-inches,
IMAGE ¥ e FIELD
o , lo"oRMoRE—ﬁ BENCH SETUPS WITH A SINGLE LENS, The
,\{'I\ﬁ;%AEL _ @ : most common object-image situation is the
/pggq,vs our } single positive lens with the object at some
JOF EVERY’/, :‘?&&gg"’fﬁgﬁﬁs °§ distance more than one f,1, but less thaninfinity,
VIRTUAL IMAGE This is a Case 1 situation, Fig. 4 is a diagram

LIGHT RAYS FROA ANY :
POINT OF OBIECT ... WiLL FORM A PARALLEL LENS
. BUNDLE OF RAYS AT a(amr-v&

OPTICAL [nfinity

Optical infinity can be a
greater or less distance
depending onhow youwant
to use it. 300 focal lengths -
is wusually long enough, CO.Se £X. 5000

If in doubt, make the cal- Fx A 8 ¥ 5000 _ 40000 @ ..o IS IMAGE
culation shown to deter- 6 = A-F T 5000-8 T 499> T 8.0V --- DISTANCE

A IS OBJECT DISTANCE

mine iftheimage distance o — CAN BE MADE {As SHOWN)

15 over one LL by an ex- B uT’ usquz MEAN NOTHING

cessive amount, =.001x &%-r B=F
(LINEAR) A 5000 FOR oBJEcT AT INFINITY N\ =ZERO

R THE VARIOUS QBIECT-IMAGE EQUATIONS ARE GIVEN ON PAGE 35
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IMAGE FORMATION

CASE 1

- CASE 1 APPLIESTO
. ANY POSITIVE LENS
F~ OR MIRROR WHEN
THE OBJECT DISTANCE
IS MORE THAN F. L.

e IMAGE DISTANCE g 26 _’ @ THE IMAGE /S REAL,
(EA_: E THAN 2F) v au.... oo (Bl BELESS uANZE) LNYERTED. (TL1aY

LARGER THAN
A
OBJECT .
or FLELD

=4" oBJECT
(lFAIS 2E) .oov......] ceneo (B wiLL ALsO BE 2F)
THE OVERALL DISTANCE =4F - T

F=4" ® IMAGE ~——5.

F

3F CASIF 1

Special CASE
WHERE IMAGE
IS SAME SIZE
AS OBLECT

| . CASETL

2F Example
OF ENLARGED

=12
— <5 ]
S (IF.A IS MORE THAN F T ...-.(ﬁazmaﬁéme.g&zdﬁ_z_s N 2F !
\\\ BUT LESS THAN 2/-7/... BUT LESS THAN INFINITY] = E =12 =2x
\ T macniEicariony By 6
] ~—— (LINEAR)
THE IMAGE camv ALSO
BE SAID TO BE
YIRTUAL and at
INFINITY TO THE LEFT 4 THE EMERGENT
\‘\ 2 — g~ RArs Aze CASE 1
RALLEL...
™~ & OBJECT at LARALEL LimiT
A ~ | onerc /S FORMED @
- O | azd
P ———AZ
l/ ~ OBJECT AT
CA\§[E 2 ~ ONE F.L. Q sreana THE IMAGE (S SAID 1Q BE AT INFINITY
: OBJECT AT LESS N ~ 10
THAN ONE F.L. ~. F=4" .
N ZHE IMAGE IS ALways | CASE 1 - Reversible Feature
VIRTUAL, ERECT. and. MAGNIFIED "
—1 —hF- e (MAGE ] M-"%
< z12" U
:‘ B « OBJIECT ' 21,—12'2‘_"
~ 1 k
" M=%='—;—’-=4x N | Azl ' i‘
~— NN e OVERALL= 8" LXK >
. - (MUST BE MORE THAN 4£) ‘
2 2N FIRST 1 !
| ' N E=4" POSITION "M B8 ll
IMAGE ! - « OBJECT and IMACE E
1 SPECIAL CASE OF \‘: oriecT] l F=4"  praNEs REMAIN'> I’LA ,I
) CASE 2 i N THE SAME =1y
1F OBJECT 1 AT L4 F, THE " 64
A IMAGE WiLL BE AT ONEFL- |} IMAGE~» Wﬁlte ﬁé’e’
| P}
z6" 212" RECIPROCAL
M.__E__i_z" i A o p=z OF THE
=A =Z" <« B* SECOND POSITION OTHER
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COLLIMATOR

LENS 1
+2D.=20"F.L.
PRIMARY

IMAGE ...

TRACING
PAPER

SEcoNo
ENS
3 D.

{MAGE of
Vio Radian !
Target is |
mad€ " Dia.

A, -
Bench Setup " Ziu ,.
You WANT E.F.L.TO BE s D e )
10"... SO YOU SIMPLY MOVE 9)5 e _
THE SECOND LENS AS NELEODED ~. fﬂ \GTANCE
TO MAKE IMAGE CIRCLE 17014, "+« . \whED

of a Case 1 setup, with the object more than two
focal lengths from the lens. By this condition,
the image will be smaller than the object, When
the object is exactly two focal lengths from the
lens, you get unity magnification or 1x, as
shown in Fig, 5. If you push the lens closer to
the object, you begin to get actual magnification
of the image, as shown in Fig, 6. If you continue
to push the lens closer to the object, the image
will become larger and larger and will also be
a greater and greater distance from the lens,
reaching the ultimate limit when the object is
at one focal length, Fig, 7. In this situation,
and also for the opposite situation where the
object is at infinity, the various math formulas
become useless for the simple reason''infinity"
means any great distance--~it is not something
you can label for every situation, But if you
move the lens a hair in either direction, you
have a setup which can be calculated.

An interesting feature of Case 1 is its
reversibility, If you make a lens setup like
Fig. 4, you can switch to the setup shown in
Fig, 6 by merely moving the lens, the object
and image remaining in the same position,
This feature is shown again in Fig, 8, where

SCREEN —_y
2577

BECOMES THE
OBIECT FOR
SECOND LENS

crse ]
MATH Solution (i)

?\(amble

F.L. of FIRST LENS = 20" (2 Dosrers)

F.L. of SECOND LENS = 13" (3Diop.)

DESIRED £.F.L.of COMBO =.10"

Required M. of Second. Lens = ":’/2C> X

IMAGE OF Yio  |rexcez « E >
RADIAN COLLI. ||CASE4 A= p =22 — |3
TARGET...is LIS A=m~F=y. . INVERT

27 DA, 13*2."'3 !3”
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[cased] Bz Axm = 13 x Vs = 6%

"'T#/s EXAMPLE 1S A SPECIAL CASE OF
CASE 4: TIF M IS 15X, A Wit BETHE
SAME AS F,and B wile BE %BF

it can be seen one position gives less than unity
M. while the other position is greater thanunity,
each being the reciprocal of the other, This is
one of the basic systems used in zoom lenses,
The whole magnification range from low to high
is the square of the high-power magnification,
In Fig. 8, the whole M., is 2x times 2x equals
4x-~the high-power is fourtimesthe low-power,

CASE 2, When the object is closer than one
focal length from the lens, you have a Case 2
situation, &s shown in Fig, 9, The lens bench
will fail you here because the image is virtual;
you can see it plain enough but you cantt capture
the image to locate its exact position, However,
the math work for thisis quite simple, The com-
mon magnifying glass is the best example of
Case 2, although the same situation occurs in
many other optical systems,

TWO POSITIVE LENSES, A positive lens is a
converging lens. When two positive lenses are
used, it is apparent that both will act to con~
verge the light rays. The resultisacombination
of shorter focal length than the longer of the
two lenses, Assuming a distance object, the
primary image will form at one focal length,
Fig. 12, If you are using a 1/10 radian target,
the image of this will be exactly 1/10 of the
focal length, Now, if you want some shorter f.1,
by using a second lens, all you have to do is
put the lens in place and move it back and forth
until the collimator target image is 1/10 of the
desired focal length, In the example, Fig, 13,
the combination is made 10 in, e.f.1,

The magnification factor of the second lens
is independent of the first lens~-you can apply
the same setup to any other front lens and it
will do its thing in the same manner, the only
condition being that the first lens must form



[

the primary image at the established position,

Any magnification factor can be specified, but FINAL
in no case can you actually increase the mag- Yy IMAGE
nification, that is, it must always be some M, M&
less than unity, such as 1/2x or 1/3x or 3/4x,
etc, The simple calculations are shown in Fig, >Rl .
11 and may be used to supplement the actual + —’/@ ‘
bench setup, Wlaﬂe_ CASE 5 B= 5
CASE 5, Case 5 concerns the negative lens of speaﬁed'.' Mf’ 2X CASE 5
S o itiven . o . F = A"(NEGATIVE] | Tux primary IMAGE
positive-negative combination, the negative CASES F 1S THE OBJECT FOR
lens being the second lens in the system, The NO.S A= F‘E\' THE SECOND LENS
negative lens in Case 5 is often called a Barlow =a-% -4-2= 5 Xaruis EXAMPLE (2%)
lens from its use as an amplifying lens in a CASES 2 | /S A SPECIAL CASE:
telescope system; the second lens in Case 4 is N3 | P=AXM=2x2=4" | TF M. s 2X,
sometimes called a Bertrand lens from its Overall= 18+4 =22" andg:u‘j//.%ggmi":
application in a microscope system, E.FL.= 20 x2=40" %
The Barlow lens is an amplifier, the range
being  from slightly over 1x, up to as high as FL%‘?“;T
you care to go. The system is exceptionally m‘/ ¥ L/Pﬁ\[‘ﬂglé%Y
compact, as can be seenin¥Fig, 14 sample where - 3i Q‘/
an increase of 2 in, in physical length gives 20 \_U )’L\&
additional inches focal length, Like Case 4, you ' 7
can check and test most Case 5 setups on the @ gf’;g”&ggg ‘-/7"/}!33%52&90
optical bench, Like Case 4, the second lens with CASE 5 o BUT LESS THAN
its spacing is an independent system which can LSNS POSITION ONE F.l.
be used interchangeably with any front lens,
Exactly the same equations apply to a similar
. . . FINALIMAGE
system done with mirrors; the Cassegrain éw"ﬁ" !MAQY -
telescope is a well-known example, ‘/, 3{ MAGE -
When located about halfway between first -

lens and final image, the Barlow lens presents Q/‘ fled) 2
the minimum illuminated face to the light cone,
This position is sometimes used or favored

to minimize the aberrations of a simple lens Scpescems:. v s
Barlow, You can easily find the spacing for FORMULA = M+ 1 5.7 " P
this condition with a lens bench test, or it can CASE 5 P
be calculated like Fig, 16 example, No-s| B= Axm I5 P
When a Barlow lensis morethanonef,l. from CAsES| £ o B8 __15 _ .,l/ Bg%‘g’rﬁ;g

the primary image, you have a Case 6 situation. No. 11 2T M= T 3-1 T BETWEEN
The final image is virtual and to the left, This MU.M@(’L\': 15415 = 30" Z/gSZ'éENS
system is sometimes used for magnifiers, €.F. L. = Fl XM =20 ¥ 3=60" INAL

f/value of a LENS 2=z )

ASSUMED,
The f/value of a lens is the ratio ‘
of clear aperture to focal length, =

It is assumed that the objectis fair-

ly distant--~at least 30 times the E.L. Xa'me

focal length. For close objects, the F/VALUE = DA, f/ = S

image distance will exceed f.l. In

such case, the effective f/value is (Jaucanzfmns,bose:

based on the image distance. DIA.OF _ _F.L. DIA.
LENS = FfvaL. P!

EFFECTIVE _ IMAGE DISTANCE F.L.of _
‘?/ VALUE = CLEAR APERTURE Lsﬂse =4{faL.x Dia. F.L.=
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OBIECTIVE (Bdmund Mo. 4-695) 0 5x Astronomical ENEPIECE (Edmand W0 59643)

ALY 5O0MM (Plos 2 Diop.) TELESCOPE
CLEAR LAl " ; AP 3O % |00 mm (Plus 10 Diop.)
APERTURE 7 ¥ 20" Heniscus SYMBOLS ard Specifications 136" x 4" thsym. oooslecnux
5 ? IMAGE (APPARENT
TE(TRuE FIELD) "-..? ; olo (D/ALG MaRGINAL Ay From CENTER of A A~ AF FIELD)
b, CA N MY ossecTive) S FIELD 1.05” D
QO T ———:r-'—' ’ J‘“‘ —— BRINGIS NOT 7@ SCALE (350/1
- T l-!4'" ] 4lmm T T T é’LHRAi—me —— ERGE of Fiz1p : ‘ }' ”
; : e S £ 3 — - @
* —v_ ég ~-EP p
-=20" 4" = L EXIT PUP/L
z >s—FE ERZ=ZS

. W !‘ FOCAL LENGTH Of OBIELTIVE éyép/ogzs 'QEE I/Ee:—'ﬂ -
ARITHMETIC . %o
ee RTMETIC, | DEMONSTRATION (5%

MAGNIFICATION mmm

e g Instruments

M= CA < EP .—'g= 5x

M= AF =TF %3- = B¥ TELESCOPES are ideal instruments for demonstration onthe optical

bench by using a collimator to supply the needed distant target, For

OTHER USEFUL FORMULAS convenience, the collimator target should be an angular scale with

Zx: above " 1/10 radian circle, as described on other pages. To determine the

FO= MxFE S¥x4=2 true angular field of any telescope, you simply count the degree

EE= FO=mMm 20+5=4" marks you can see when looking through the instrument, Fig, 3.

The simplest telescope makes use of just two lenses, separated

CA=MXEP Ex.28=14" by a distance equal to the sum of their focal lengths, The image

. forms in the focal plane of the objective and is then viewed by the
EP=CA=M 4+ 5=28" eyepiece which acts as a simple magnifier,

Fig. 1 shows a simple astro telescope, while Fig, 4 shows how
it looks on the optical bench, The exit pupil is a picture of the ob~

TF=AF+-M 1555=3°

AF= M\ XTF Ex3=16° jective formed by the eyepiece; as a calculation it is an easy Case
1 problem, Of course the lens bench allows you to junk all of the

l{«.}%e = TEXF0 0524%20=1.05

¥SEF TABLE AT BOTTOM of OPPOSITE PAGE

U.M Uow SeL! 7we £/eLp

IS ABOUT 2°50’ BUT IS CALLED
32F0R PRELIMINARY CALCULATIONS

THE STOP REDUCES
FIELD TO 27%° = g IMAGE ... F1eLD

p—— 7 —men smmma et =
i e LT T — T ¥ GET THRU
"""""""""""" &K H-\:ﬁxhu\
/ - N 718 RAY
GETS THRY

PRINCIPAL RAY

i Mﬂn
2P 7 o250 e FINAL DESIGN
572071 (5) 507 LIGHT from EDGE of FIELD is COMMON STANDARD
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OBJECTIVE

FIRST LENS SECOND LENS
"
F=20 Example: 1S FIELDLENS IS EYE LENS
— - ”
THE FIELD LENS F pul 8, F=4
1S PLACED /N THE 5
A =4 ‘4“ PLANE OF THE IMAGE

- REAL IMAGE
-Z_ You cAN

i e M g Tene DencH
FoR ;gg:b B Fo? F/AS"/'%S%;“ ‘ i
< > = O >

THE REAL IMAGE

arithmetic if desired since everything you need to know can be ob-
tained directly from the bench setup.

The final design of the sample instrument, Fig. 5, has the field
slightly reduced by a field stop placed at the focal plane. In most
telescopes, 50% illumination at edge of field is adequate and stand-
ard, You are assured this lighting if you can pass the principal ray
(through center of objective)throughthe instrument, A fullsize scale
drawing is probably the best way to visualize the performance of
individual light rays, The bench setup is alittle weak in this respect
since if you get even a glimmer from edge of field, you will probably
say the field is fully illuminated, The explanation and reason for
50% lighting at edge of fieldis that your eyes are self-~compensating,

EX(T  ~gidli | Formezp 8y 4E
8 A i onee, PLAN A ([ 2,
FACT AGE PLANE {——= - { LV RrUAL OBIET
THE IM ]
WiLL NOT CHANGE THE POWER} — \|j FORTHE sécomb
OF A TELESCO PE A 15 ro SEON LE s
= 4" Lene e . A’z 0.33¢ N CASEH
\))'LUOG % JF. L." 8 -w 4 ALONE B,'.:zsz Lz SITUATION
EYE RELIEF —— ‘
OTE SHORTENING OF (T) Action oF seconp LeNs @W SOLUTION

TPOSITION and. SIZE OF EXIT
PUPIL FORMED BY TWO LENSES

(7HE QBIECT 70 BE MAGED
[STHE C.A. OF OBJECTIVE)
FIRST LENS:

F - 8!/

A =20"
[caseznez] B=3328 = 13.33"
e M= -—“.—;:3- = .67x

SECOND LENS:
F = 4"
A =9.33"(13.33 - %)

being much more sensitive to light in this area, ‘:04554 oz B = 1:-9‘;3:3 = 2.8"
TWO-LENS EYEPIECE, Put apositive lens of any focal length in the M =% =% = .3x
image plane of the sample telescope.Youwill note it does not change
the power of the telescope at all, but it pulls in the exit pupil, Fig. 7. WHOLE M = M of LENS 1 X MofLewsa
If you remove the eye lens, you can locate the position of the exit =.67%.3 o 201¥
pupil formed by the field lens alone, Fig. 6, From this data you can EPpiA.= 14 ¥ 2= 28"
make a complete light ray diagram, If you like, you can also get 1.4 WST THE
this data by math, as shown in Fig. 8. Keep in mind you are no TELESCOPE M E" = 5"{.&#555
longer concerned with a telescope as such, but simply want to find ALONE
Rolelehs
- U enSiona ———— .
70“‘ can ADD values /¥ desired b get DATA /br TRUE FIELDS not /isted

TRUE L LIFT at TRUE Lo .  LFT at JRUE T t = LFT, at
TRYS =Radians = Fostos | | TREES =Ratians = Toftos| | Eien TRodians = dodtos| | FfETD = Rodians = Floag\fos

ff 0003 | IFr I° 0175 | 52FT. 4° 0698 | 210, Q° |.asTt [Tg12r

10’ 1.0025 | 9 °5’ |.0218 | 65 4°30'| 0185 | 236 10° | .45 [ 525

{5' |.0044 | 13 °30' | 0262 | 79 B° | .0873 | 262 11° | .1920 %578

20' | .0058 7 1°45! | 0305 52 5°30’ 0960 | 288 12° | 2094 626 63|

30’ |.0087 | 26 2° |.0349 | io5 6°  |.1047 | 314 13° | 2269 | 683

40' |16 | 35 2°30'| .0436 | 131 6°30' | .1134 | 340 14° | 2443 ™ 737

45' | .03 39 3° 0524 | 157 7° 1222 |367 367 I15° | 2618 |85 790

50’ |.o145 | 44 3%30'| 061 | 183 8° |.1396 [#¥ 420 16° | 2193 #8843

CALCULATED BY RADIANS-- . CALCULATION by TRIG ... [is wmare@ EXACT
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£
e
WY.L c/qe;e onbench: EFL=4" EYE LENS

(94
OBJECTIVE = F .-’5 4-” GLARE O D. (4",
=2 e T ans J}—; 0 £) STOP Wikt FIELD LE F=47 ggj:njof‘v ((/ ; 6 )
/ = ~ 20 @ 0T 15-760‘0 NO < Plus 100, 4") N (Eomund

HT L0S Llmam 04.(1%86") p B Fz4 NO, 94-644)
(£omuno 94-650) | H EXIT
! E; PUpPIL.
e ___ _:__q____ NOT 70 SCALE ii e

—— if .-Eye Relief

0# 1--{ RAMSDEN
: [SRATED ZERD.

.s"ﬁ TUE EXCEPTION
1S LOW -POWER
SYSTEMS LIKE

(@ 5% ASTRO TELESCOPE ..... with I-I-I RAMSDEN EYEPIECE THIS SAMPLE

the image of an object, which in this case is the
objective lens of the telescope. Its image is the
exit pupil,

RAMSDEN EYEPIECE, This most-commoneye-
piece consists of itwo identical plano-convex
lenses with curved sides facing. Other lens
shapes are quite satisfactory for low-power in-
struments, On the lens bench, you can make a
Ramsden for the sample scope by using another
Plus 10 close-up lens as a field lens, Fig. 9.
Commonly this is a little larger than the eye
lens, as shown, although same-size lenses are
favored for simplest construction, As before,
with field lens in the plane of the image, there
is no change in the power ofthetelescope. How~
ever, you gain field, while the eye relief is a
comfortable 3/4 inch., The lens spacing is one-
half the sum ofthe focallengths ofthe two lenses,
a condition which gives nearly complete cor-
rection for lateral color, However, you have
some uncorrected lateral color from the simple
lens objective, and this is visible, faint but dis-
cernible, showing as a fringe around the black
lines of the collimator target, blue on one side
and red on the other,

In short focal lengths, the 1-1-1 Ramsden

becomes impractical because the eye relief is
too short. To gain eye relief, the spacing is
decreased to about 2/3 the f.1, of onelens of the
pair. Fig, 10 shows a low-power example where
the increased eye relief would have nomerit, As
can be seen, the image moves out infront of the
field lens, and the fieldlensitself is out~of-focus
and so does not show dust marks onits surface,
The closer lens spacing produces some lateral
color but it is not excessive,

HUYGENS EYEPIECE, Christian Huygens de-
signed the first two-lens eyepiece about 1650,
That it is still around and very much in use is
proof enough it is a good eyepiece, With lens
‘spacing one-half of the sum of the two lenses,
the Huygenian is free of lateral color. Properly
designed, it is free of coma, Its weakness is an
excessive amount of spherical aberration, nearly
five times more than the Ramsden, Since S.A,is
compounded by a low f/number, the Huygens is
rarely used for f/numbersunder f/8, Incidental-~
ly, an eyepiece has no f/rating of its own since
it always takes onthe same value asthe objective
it is used with,
The standard Huygens has a field lens twoto
three times the focal length of the eye lens, the

2% Auxiliary Telescope

Practically everyone focuses a telescope 'in'" a
little more than needed, making the emergent light
divergent instead of parallel, In particular amyope
without his glasses may focus "in' as much as an
inch from normal, This does not hurt the optical
performance, but it does change the lens spacing,
One simple solution is the auxiliary telescope,
This is focused on a distant target or collimator,
and the focus is fixed, When you use the auxiliary
behind any other telescope, you are forced tofocus
the telescope being tested for emergent parallel
light because the auxiliary scope is set for that
condition,

ADJ(/ EVEPIECE AUXILIARY
w FOR .g'mkp IMAGE 1/.15 .i‘-cf'c%ge-’gi
S{tU-P AS SEEN THROUGH PARBLLEL LIGHT
AUXILIARY TELESCOPE ’

—_—

T

5

8

—

OBJECTNE EYEP!ECE
X 67 MM m F.L
EDM UND mo. 30-570 EDMUND NO. Szza
W4

ANTULRRRAARASN S VO 2958 2
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_ £.A.FIELD LENS

E comBINATION
(Rapian) FO + F.E.L,

fF.L.oF(SAME 45 EFL)
A

OBJECTIVE . (—L “%F =3
= 20" _ b5 _ LS _ < % AF=TF X M
F=20 E‘zo+; =27 =-0Tlred. F=4" pagn [/ =¥r7728
INAGE "
A, -6;';';)7‘ FO | EXIT
=071 x 20 = [.42" PUPIC

NOT 70 SCALE
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7x ASTRO TELESCOPE ... with I-1-%4 RAMSDEN EYEPIECE

Fc=4.0"
OBJECTI:{E FIELD R
F=20 FULL CONE~ LENS, ~FRESL VIRTUAL EYE LENS
W] 100% LIGHT F=6%'} mace F=4
AT EDGE OF £1ELD A4 1T ; S
g — AN | 4" ] =
i == NOT TO ScAL;\_ T - S ‘ Ty ' "_’/:7
j — P sea ; ,‘ =0
i e ¢ B P | g e
: — e T e g M
. AL RAVS GET TARU T ~+~EYE
8.8 > ; d-s" | 23/,5’4 RELIEF
< FO = ZO” >
7‘[
. . . .L,
() 4x Demonstration ASTRO TELESCOPE with HUYGENS EYEPIECE y Ratio of 1.6 (/5156 E0 D% Lo
. aﬁv‘\ o
o%ﬂ E%‘XE > p,;f;'(;_ " Fo=3 Ex/7
= 15 20 263 FIELD " ———\ EYE LENS PUPIL
68 R T
00 ge 50% F=6" REAL PLONE
T EfeATING | 1y =7
\ CA. “;_7,‘_/_;/‘;" ’/, \El:
W, ==
TTreee— 3% 0 T :"i~»\__‘_‘\\ /
= X ;2/5—‘—&‘;6;947/;[15;5:r
> g | THRY FOR 50% LI6HT
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> >

® Tx ASTRO TELESCOPE with 3”F.L. HUYGENS EYEPIECE , Ratio of 3 (are;zwis sien eano wous

NOT BE USED FOR A 7x SCOPE

ratio increasing with the power ofthetelescope, , Fil.OF FIELD LEns | FIELD EvE
i i i i GREATER THAN F.i. | LENS
Fig. 13, This same idea can also be. apphedh to @ Qailo e Er r s F=30 srop LEN.S..
the Ramsden fOI,‘ best' coma correction and in- M RUYGENS | RAMSDEN NV F=1'
creased eye relief, Fig, 11 shows a low-power § |,_|t/" /
. : . . IOX ORLess| 1L3To 1,6 | | To .| 'z
telescope with a Huygens eyepiece of low ratio. - .
As can be seen, the imageisbetweenthe lenses, O¥To20x 11510 2 | Ll 7o L2 \f! {7 IMAGE H]
which is a unique feature of the Huygens, With a 2047040x | 2 10 2.6 | 1.2 T0 (.3 2%"
higher ratio, the image moves toward the eye Quer40x 128703 | .3 10 .4 | RaTioof 2 EFL=2"
lens, as can be seen in Fig, 12, The final image ¥ THE FACTOR ACTUALLY INVOLVED (S THE F=4" F. n
coincides with the focal plane of the eye lens, gg’;‘ﬁfﬁi@gg%césgﬁgﬂgﬁfgﬁgéw ] Fz14
From this known fact you can calculate the pri- | IMAGEN n
mary, virtual image plane, using Case 4, No, 6 GENERAL Rules - HuyGENs ¥ ‘
i RATIO 2 [RATIQO 3 |
equation,
F.L.FIELD LENS | 355, o 2Fuc] 2F, = 3o 2%
GALILEAN TELESCOPE. A Galilean telescope gg—g‘éﬁ(%fjs_‘_‘_ lﬁffﬂ iy Z’fom Rati0 of 3 E.fLz2"
uses a negative lens for an eyepiece, the in- E,g,,_.(pc)____ﬂ4g,§m 2 3/;;9@ ¢ HUYCENS.
strument being somewhat like a long-range STOP POSITION-{MAALAME ! mroway 2N
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OBJECTIVE rechasiprme  BXIT EYEPIECE
F = 20" vrx300mapeniscos (viRTUAL) = 8" (NEGATIVE) such as PRIMARY
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Loy 08sgcr &P Ty
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ONLY A PART OF
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Length = 12" < FE=8——
® 2%x GALILEAN TELESCOPE

- THE EXIT PUPIL |S NOT REAL,
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{16HT RAYs 7O COME FROM 17
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LIGHTING AT EDGE OF FIELD... ONLY A FEW RAYS GET THROUGH TO EYE

magnifying glass, The image is erect, The fa-
miliar bright spot of the exit pupil behind the
eye lens is missing, Instead, the image of the
objective formed by the eye lens is a virtual
image inside the instrument, This is where you
should put your eye, but sincethisisimpossible,
all you can do is squeeze your eye close to the
eyepiece to capture as much field as possible,

Fig, 15 is a sample Galilean; you can make
hundreds of other designs from available lenses,
Usually the eyepiece is much shorter f.1, than
the sample shown. To obtain maximum field, the
objective of a Galilean telescope must have a
large diameter compared to itsfocal length, F/3
achromats are often used for quality instru-
ments., The sample design is about £/13, and so
is rather small field from the start. Asusual for
all telescopes, the true fieldisthe apparent field

N,A, is to a microscope objective what T b
f/fnumber is to a photo objective. A high WORKING @
N.A. number has the same significanceas DISTANCE \-¥

a low f/number--both indicate a lens with
a relative large aperture compared to its

Numerical Aperture sy

focal length, The N A, numbers are fairly N‘A. IS THE SINE \I 20
well established in the same manner as OF THIS ANGLE 21 {| 2982 .9585 | 3124
f/15 is the standard for refracting tele- FIRST; CALCULATE THE

j i h TANGENT OF THE ANGLE.
scope obJe_ctwes, but de%)artures from the Then, ANY TRIG TABLE wict
standard N.A, numbers listed are common.  g/VE THE CORRESPONDING SINE USTANDARD... BUT OTHER

divided by the magnification, You can easily
duplicate Fig, 16 diagram and so determine the
apparent and tirue fields of any design, Tech-
nically, the eye itself isthe aperture stop for the
Galilean, which means the entrance pupil is the
image of the eye formed by the objective,

TELEPHOTO LENS, With closer spacing the
optical system of the Galilean telescope be-
comes a telephoto lens, Fig. 18 shows a simple
sample, The main feature of any telephoto lens
is that its equivalent or effective focal length is
greater than its physical length,

This is an easy system to design or set up.
For a math solution, it is Case 5-~the specific
equations you are likely to use are repeated in
Fig, 19, It is not necessary to calculate the exit
pupil, but this may be done if desired by the

iww STANDARD
* OBJECTIVES
TANGENT _ .25 _ o By
of ANGLE = T80 = RL | M NA. T
50 [3.2%/.08 |f/e
32 | 5% [.10 |£/5
25 [64% .12 /4
16 | 10x|.25 (§/2
C’@-‘”‘*" Gely T8 [20%].50 £

-?rom TRIG TABLE

~ I7°
AN MIN. | SINE | COSINE |TANGENT

N\ © [.2976 |.9547(.3118

4 |40x|.65 [f/0.8

F PRIMARY M ...wlITH (60mm
N'A' s .30 OPTICAL TUBE LENGTH

VALUES ALSO USED




 FIRST LENS
TLE EXIT SECOND LENS
- F=8" ol (virrvaL.. e F = O Wecarve SINcEM s 2X, FINAL

LIGHT RAYS SEEM T0 COME BOTH LENSES FROM PQI MARY THE P/?MjARY/MAGE !MAGE
» |_FROM THE EXIT PUPL) Eomino . S0 ews e IMAGE  _ OF 7He cris mides i
Fl ELD P S T K/ < |
" % OrAcoNaL
i OF Z8mpr

109 radians | r= i

=6° _, Wl ¢t !

095 "ﬁ!‘.’ {!

’5/7 A %?I r“ d,: » A — 4-1
4 B 8"

USYARLLY .
%ou- SELECT DESIREOM. 270 5x) tional: /ESXI;r gg glé_..grms
. : : PROBLEM. .. IS IMAGE OF THE
<hen : (cAsE s) SkamPla OBJECTIVE FORMED BY NEG. LENS

= - - —a“
B=m-1)F (2-1)x8=8 g-EXA 8va_32 . .

o =4 F+A B+ 1z

y B 2.66
- 8 _ M= =20 = 66X
= Z =2 Diaof . A 2

-~ COAo 1n
EF.L.SF XM  8x2=16" | E.P.T 085 XM 1.5x.66 =]

method shown, Like the Galilean telescope, the stronger (shorter f,1,) negative lens at a greater
exit pupil is a virtual image between the lenses. distance from the primary objective, Fig, 20
On the optical bench, you can increase the tele- illustrates.
photo effect, that is, increasethe magnification,
by pushing the negative lens forward, You then BARLOW LENS, The Barlow lensis aparticular
have to pull the tracing paper screenbackto re- form of the telephoto system. Its distinguish-~
capture the image, While commercial telephoto ing feature is that it uses a comparatively short
lenses are usually close~spaced for compact- f.1. negative lens quite close to the primary
ness, the homemade design usually runs fo a image, Fig, 20telephotolensis actually a Barlow
OBJECTIVE (GmeasFiy-2)) ,pok, NEGATIVE
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system in a permanent assembly. Fig. 21 shows another use of the
negative lens in a fixed position,

THE MICROSCOPE, The microscope works at short range and so is
different from a telescope whichit resembles, The front lens or ob-
jective forms a magnified image by simple projection, The eyepiece
then views the primary image and magnifies it still more, The total
magnification is the primary M, multiplied by the eyepiece M,

Fig., 23 shows a typical demonstration microscope, It is set up
for 3x primary M., butif youwantmore, all you need do is increase
distance B. The target is a piece of halftone screen from any mag-
azine or newspaper, In addition, you make twopencil marks 1/4 in,
apart on the target, as can be seen in Fig., 24. The idea, of course,
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is that if you want 3x primary M., you juggle the
spacing as needed until the image on thetracing

paper screen is dead sharp and exactly 3/4 in,

between the two lines, The eyelensisthen put in
place to complete the setup, You will note fast
enough that the eye relief is too long, and the
field of view rather small, The remedy is the
same as for a telescope--you use a field lens,
Fig. 25. The 4 in, f.1, shown is a bit too long,
but you can see it makes an improvement,

The math work for a microscope is cover-
ed in Fig., 22, The common standard for the
"optical tube length' is 160 mm, but there are
departures from this, Commercial objectives
are usually power-rated on the basis of a 160
mm, focal length is power-reted 160/16, is 10x,
On the other hand, it may be an objective for a
"student" microscope with, say, 127 mm, optical
tube,  in which case it would be power-rated
‘127/16, is 8x, The only sure thing about this
muddle is that every manufacturer understands
mm, optical tube, Example: An objective of 16
his own system, Microscope objectives are often
used for other purposes, and in such case it is
a good idea to check the actual focal length,

The exit pupil forms behind the eyepiece
just like a telescope, but its diameter isnot re-
lated to the power of the optical system,
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TERRESTRIAL TELESCOPE. If youadd a second
objective to a microscope you get a terrestrial
telescope, Fig, 26, The original microscope ob-
jective now becomes an erecting and amplifying
lens for the telescope. Like the demo micro-
scope, you will find the eye relief long and the
field small, and as before, the solutionisa field
lens, This time you make it shorter f.1. to get a
short but comfortable eye relief of 1 inch., As
shown in Fig, 27, the fieldlensislocated a little
ahead of the image plane, This costs a little in
reduced power, but compensations arethe wider
field and clearer image, the field lens surface
being out of focus, You can also use a Ramsden
eyepiece if desired, in which case the image
will be in front of the field lens.

if you are drawing a diagram like Fig. 27,
you find the exit pupil for the field lens alone,
and this tells the path of the light rays. You can
do-and-see this on the bench, using a tracing
paper screen to pick upthe EP, or, you can work
it out with simple math., Note in the diagrams
how the erector lens itself forms an image of
the objective. This image is called the objective
stop, The objective stop then becomes the object
for following lenses; the distance from eyepiece
to objective stop is what you consider indesign-
ing a suitable Huygens eyepiece,
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COLLIMATOR TELLS FOCAL LENGTH, A collimator
with 1/10 radian target will tell the focal length of any
lens or eyepiece, The same procedure applies to com-
plete microscopes and other lens assemblies, The tele-
scope is an exception, As already described on other
pages, you simply get a sharp image of the collimator
target on a tracing paper screen and then measure the
diameter of the image in thousandths-of-an~-inch with a
measuring magnifier, This figure--times 10--is the
£.1, of the lens or instrument, Ideal equipment for this
test is the vertical collimator described onother pages;
use it with a piece of tracing paper under the measur-
ing magnifier for best illumination,

The example at left is an Edmund achromatic Barlow
of 1,83 inch f,1, combined with Edmund No, 5223 eyepiece
of 28mm focal length, With the Barlowlens at lower end
of the Barlow tube, theimage reads .040 inch, indicating
an e.f.1, of 4/10 inch for the combination.

For low-power microscopes, the table convertse,f.1,
to magnifying power., It will be noted that hi-power
microscopes require critical reading of theimage size;
the reading can be made more accurately with a meas-
uring microscope used in the same manner as a meas-~
uring magnifier,

THE EXIT PUPIL. Use a measuring magnifier to find
the exact diams=ter of the exit pupil. This simple opera-
tion applied to a reflecting telescope is shown at left, -
If, while doing this, you anchor your little finger on the
eyepiece, as shown, you can then measure the eye re-
lief with a ruler, An instrument known as a dynameter,
Fig. D, does the job in one operation,

You can find the magnifying power of a telescope by
dividing the diameter of the objective by the diameter of
the exit pupil., It is common and sensible practice to
use something less than full objective diameter, For
example, an iris diaphragm set at 1-inch may be used,
ag shown, or, you can use a strip of masking tape as at
C. In each case, the small separation from the objective
surface itself will not change the exit pupil reading, A
pair of dividers set at 1 inch provides another popular
target for making this test.

any telescope a COLLIMATOR

Find the exact focal plane beforehand by focusing the
moon on a tracing paper screen at the end of the focus-
ing tube, The same screen with a few random ink marks
will provide a simple reticle, A large pinhole in metal
(shown) gives stronger illumination, Of course the scope
is ideal for a small pinhole (artificial star), For a focal
collimator, the best you can do is 1/40 radian, which
is a 1-1/8-inch circle for a 45 in., f.l. objective (1/40
times 45), Since the target is 1/40 radian, the constant
multiplier to be applied to the image size is 40.
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LENS, THE LENS (OR MIRROR) IS Pinhole

SPHERICALLY UNDER-CORRECTED,

FOR A DISTANT TARGET, ALL SIMPLE
PASITIVE LENSES and. MIRRORS
HAVE UNDER-CORRECTED S.A.

SPHERICAL ABERRATION, When spherical aberration
is pronounced, it is readily determined and demonstrat-
ed with a simple zone test. The test is usually made
with a collimator with any black-on-white target, The
drawing above shows the setup. To isolate the center
zone of the lens, you can use an iris diaphragm. The
edge zone mask is made from cardboard, exposing a
narrow rim of the lens about 1/8 in, wide. Both zones
are carefully focused, using a magnifier to view the
image on tracing paper or groundglass screen, The dif-
ference in the two image planes is the amount of S, A, It
is positive or under-corrected if the edge rays focus
short, as shown inthe example, Further refinements can
be made in the number of masksused and the size of the
zone exposed for testing.

Eyepiece Test. Spherical aberration in a telescope
can be detected by looking at apinhole target, No masks
are used, The target pinhole can be either open-air or
by collimator, its diameter several times larger than
for the similar "star' test described later. As shown
in the lower diagram at right, a lens free of S,A, will
produce a small bright image at best focus. Inside or
outside best focus, the image will be expanded and
grayer, but its appearance will be substantially the same
in either position, If there is spherical aberration, the
center of image is brighter on one side of best focus
while the edge is brighter on the other side, This test
tells only if S,A, is present, but not how much,

STAR TEST, This is the same general idea as the eye-
piece test just described, except the pinhole is made
small enough to simulate the performance of a real
star, This makes the test much more sensitive, What
you see is a diffraction pattern consisting of a bright
disk surrounded by one or more rings, A collimator
provides a convenient setup, but it needs a very tiny

BRIGHT RING

FORMED BY
CONCENTRATED
LIGHT RAYS 58
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ALL RAYS Focus
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IMAGE
pinhol

IS THE SAME
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DIEERACTION RING UsiLL SHow oneY
IF PINHOLE TARGET I5 SMALL

ERFECT LENS
‘?a ith no S.A.

and expensive (if purchased) pinhole, plus brilliant
lighting. Most amateurs use an open-air target,

Tiny pinholes are pricked with a fine needle in alu-
minum foil backed with a sheet of plastic or glass, You
can do better work with the needle mounted in a dowel
stick, Press very lightly and give the dowel handle a
full turn, First attempts will show holes about.005 inch
diameter when viewed with a measuring magnifier, It
takes a lot of practice and maybe a little luck to make
holes smaller than ,001 inch,

Because the pinhole is small, intense light is re-
quired. A simple and practical setup for pinholes ,001
inch or larger can be made with a slide projector, as
shown. To put the target somewhere near practical
infinity, you need at least 60 ft, However, testing at
20 ft, is possible, although it makes the whole test of
doubtful value, If you fail to see rings, it is likely your
pinhole is too large. An easy remedy is to stop down,
which of course further nullifies the test itself--but
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you do get to see diffraction rings!

Normally you have to use a strongeyepiece--1/21in,
or less--to get enough M, to see the tiny image of the
pinhole. An alternate is a 4 to 6x auxiliary telescope
mounted behind a 1 inch eyepiece, If, say, 5x this in-
creases the magnification 5 times, giving the equivalent
of 2 1/5 inch eyepiece--and you get comfortable eye re~
lief. If you stop down to £{32 or greater f/oumber, the
pinhole image will be larger, easy to see with a 1 inch
eyepiece used alone. A low-power microscopeis some-
times used to view the image, especially in connection
with a collimator.

For a starter, it is besttoviewa cluster of pinholes
since this will show variations caused by light intensity
as related to hole size, Diagram A, Like the simpler
eyepiece test, a bright ring inside focus means under-
corrected S.A,, Diagram B, If the image does a right-
angle flip as viewed on either side of best focus, you
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have a plain case of astigmatism, asat C, If the pattern
is not exactly round, it indicates a tilted objective--
specifically, the edge of the objective lens opposite the
brightest and least expanded part of the image is too
close to the image. The opposite applies to a mirror
objective,

Extra-focal Images, The focusing movement inside
or outside best focus is usually very short--1/8inch or
less, With further movement of 1/2 inch or more, you
can watch the whole process of a diffraction disk being
born, growing out of a tiny black speck at the center of
the primary image., This is seen best with a refractor
since the diagonal mirror of a reflector blocks out the
center of the diffractionpattern. The extra-focalimages
are hairy with wide flaring rings., However, the pattern
remains concentric for a properly centered system;
also, similar appearance inside and outside means
freedom from spherical aberration.



FOUCAULT KNIFE-EDGE TEST, Frenchman Jean
Bernard Leon Foucault developed this technique in
1859, since when it has been the No, 1 test method for
testing mirrors, In this test, light from a pinhole or
slit at the center of curvature of the mirror is received
directly into the eye, i,e., noeyepieceisused, What you
lock at is the face of the mirror itself, which can be
either silvered or bare glass. The knife-edgeis cut into
the light beam, and with part of the light cut off in this
manner, the face of the mirror is seen in a variety of
shadow patterns, all fairly easy to interpret. The test
provides an exact numerical value for spherical aber-
ration. The light source is a weak 6 to 25-watts as
compared to the powerful mini searchlights needed for
the star test with artificial star,

The Foucault test is described in detail in several
pages of the Edmund book, "All About Telescopes,"
which should be consulted if you are not familiar with
the process,

RESOLUTION TEST. The simplest and perhaps best
resolution test is done with either a collimator or
open-air target of ruled lines, What you aim for, of
course, is Dawes! Limit, and the line screen and view-
ing distance must be such as to produce the specified
angle. This data is given in the table below, The target
itself can be on film, glass or thin paper, illuminated
from the rear, as shown in the drawing. Keep in mind
that Dawes' limit is not something you are going to see
real easy, nice and clear--if you can tell at all you are
looking at a ruled screen, you're in! You can use any
eyepiece magnification needed, since the whole idea is
@imply that the image is there at the image plane. For
terrestrial telescopes and binoculars, a resolution of
8/A seconds of arc is a common standard; a 7 x 50
binccular, for example, should show the lines of a 4-
second screen, but youwill need a 4x auxiliary telescope
to make the separation, It can be seen the apparent
field angle will be a mere 28 seconds of arc ( 4 times
7}, which your eyes will not be able to resolve, The 4x
compounding of the magnification will make the apparent
field nearly 2 minutes, which you should be able to see
if the objective has done its job. A stronger auxiliary
scope may be used if desired.
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65 [.0154 1132 |66 |33 |26 | 13 |66 |44 (33 |26 |3 N
50 {.020 {11 |86 |43 34 |17 |85 [58[43[33 |16 ApERTURE

* from CENTER OF ONE LINE To CENTER OF NEXT LINE

31



“—FOCAL
PLANE

EQUIVALENT F.L. and BACK F.L. of this DUPLET

§ A

SEE 7TABLE T e

EF.'li":-' 20X 10

20+10-5 —

- 200 _
25

8"

jhe B.F.L. CAN BE CALCULATED DIRECTLY (S€€
BEcow), BUT 1S USUALLY OBTAINED FROM THE
CALCULATED POSITION OF PP2

_ E, x d - 8XE5 40 _ An
g IR PP2 = F =35 -0 =2
SEE TABLE 2
PP2
F]: 20" F - io“ pOCAL

2N |~ PLANE
| BFL |

@

PP2 18

LENSTO
THE LEET —

YO POSITIVE LENSES |

@‘D‘lﬁecrca,laﬂaﬁon of

¢xampleas above
; £ (F-d) _ 10x(20-5)
UL rAN ] 0= :
FORMULA-RAR FaF-d - 10%20-¢5
10x{15) _ 150 "
HER BiL. = =222/ 26
Fc. E{P{gég EL: F‘;L' ZS 25

ALTERNATE

B x(E-d) _ g x(20-5)
Bfl= i = 255

NOTE!
[E d EXCEEDS F, kL=
YOU WwitL GET A NEGATIVE

NUMBER FOR THE B.F.L.,

INDICATING THE DISTANCE (S

TO THE LEFT OF SECOND LENS

BACK FOCAL LENGTH

Basic Optical MATH

PERHAPS the two most common problems in
optical math are (1) the equivalent focal length
of two lenses, and {2) the position of the image
produced by a lens or mirror, You can solve
these and many other problems with the help of
the simple equations given in Tables 1, 2 and 3.

EQUIVALENT FOCAL LENGTH, Two or more
lenses can be put together in various ways fo
form a lens system. The most common case is
where both lenses are positive, If you study the
examples in Table 1 you will note that the least
equivalent focal length is obtained when the air
space is zero. As might be expected, the e. .1,
increases when the air space is increased,
reaching a limit when the spacing equals the
combined focal lengths of the two lenses. This
particular spacing forms the familiar astro-
nomical telescope, with an equivalent focal length
which in infinite. Normally, the spacing of a
positive duplet is less than the longer ofthe two
lenses used, Greater spacing willproduceavir-
tual image receding to the left,

The lenses used in Fig, 1 calculation are Plus
2 and Plus 4 diopters, items you will find in any
set of supplementary close-up lenses used for
photography. Spaced at 5 inches, this combination
has a focal length of 8 inches, as shown, If you
have the lenses on hand, it is interesting and
instructive to see what happens when you vary
the air space.

PRINCIPAL PLANES, After you have calculated

the e.f.l. of a duplet, you are still shy needed
data to determine the focalplane, Of course, this
is something you can find instantly if you have
the lenses set up on the optical bench. As a math

Le: F =6n F - 411
E.F.L. Controlled by SPACING ~ Dxample: %5 ©
You want
F=6'" £=4" E.F.L. RANGE: E.FL.= 3" 1
Jhe sETUP: THE LEfS/}r FGL IS OBTAINED 2 g
ANY TWO LENSES <~ Zh——""> WHEN d.=ZERO d ° F x F
. - — [ 2
ANY smcwc;\ for the Example: (};ggfgugom. ) F+F, 2"‘”““_5.1-'. i
\ - 6 X 4 _?ﬁ_ " OSITIVE LENSES, _ _ & X 4
w4 LEAsTRL= S22 =2t =5 4 =6-+4a .
BY INCREASING THE SPACE, d= 10 -8 =2"
YOU CAN GET ANY FOCAL (' = e
LENGTH OVER 2.4"
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Equivalent Focal Length of Two Lenses

AR

TWO POSITIVE

TWO NEGATIVE

POSITIVE and. NEGATIVE

NEGATIVE is LONGER

NEG. iS SHORTER F.L.

e id
EFL = :er‘fZNsEFL_ FxF EpL=_POSXNEG | .., _ POSxNEG
o :+F-$dp;c,ﬂ6 (wécarive) FHF+d T NEG-POS+ A | (wicarive) POS~NEG-d.

¢ xamples: -6
B+ e d=0(uearey]
- 2
“&+a-0_ 16 24

F=¢" Y} F=4"
d.f—O(NéﬂRLY)

__6X4 _24_ . .
F°‘6+4+o T ",%;_:i,

“LLL

E.= _6.&_ 24 _

BFA+Z 12 nEG.

P2 (1 F=4. Fedl ] F=2.
Y tL"O(NéARLY) Ted= O (wearey)
x4 _ . _4X2 _8 _ gn
I:c.‘-4 —2+0 2 =4 FC-"4—2—0- 2 “/V4EG.
’L 4“ 4"
Pos NEG pos
& _ M - 4x2»
Fe= 4-2+| =3 =266 | = 55

- -16-0
THE £.L. OF COMBINED

NO SPACING LIMIT.
NO CHANGE (N

NO SPACING LIMIT.
NO CHANGE IN

FORMULA FORMULA
E.F.L. ALWAYS NEGA- THE E£.F.L. (R) 1S
TIVE and DECREASES ALWAYS POSITIVE F=
WrrH INCREASED and. BECOMES LESS

THE F.L. IS INFINITE,

COMPOUND SYSTEM IS
BASIS FOR PROJECTION
and THE MICROSCOPE

NOTE ! ALl FORMULAS ARE ARRANGED 7O BE (WORKED
BY SIMPLE ARITHMETIC ... MINUS MEANS ONLY SUBTRACTION

LENSES 1% INFINITE. THIS 18| SPACING WITH INCREASED THIS /S SYSTEM OF A
SYSTEM QF ASTRO TELESCOPE SPAC/ING GALILEAN FELESCOPE
change FORMULA: | | NO LT change FORMULA:
L= FYF S l ) “ EFtL- POS x NEG
rie) &= (F+F) ample: Sa‘”” e: (pos/r/ve)' NEG +d.' PoS
6 Pos' NS@
d-‘ 0“ d" |0" 30
E = 6’(4- _24'_|2n - 6)‘4 24 E= _2x4 - E.= 45(7. ___811
¢T j2-(e+4) NEG. Fe= 6+4+10 20 /vga CA&-2+10" I?. e 23¥3-4 " |

COMPOUND SYSTEM USED
FOR TELEPHOTO LENSES
and BARLOW SYSTEMS

= =
Principal Planes
m = 4' o PP DIRECTION...spacing (d) less than Limit
2
Standard FORMULAS:! 0y, ' et | Two | Two | POSITIVE asd NEGATIVE
DISTANCE from FIRST § = L k’/’ T P0S. | NEG. [NEG.Lonser | NEG-Shorter
LE or P 7 - - - -
TONIS?P(l ofpéoi\fafﬁiigﬁﬂ F x d, ..... speci™? J PP1 | RIGHT | RIGHT | LEFT | RIGHT | RIGHT | LEFT
46 7 M r
PP2 | LEFT . LEFT | LEFT | RIGHT | RIGHT | LEFT
g\(ﬂ!ﬂblé’ 2 X 1 x b_2_ 1" Order |45Y35LT | NORMAL | NORMAL | NORMAL | CROSSED | (ROSSED
T4 T4 2
DISTANCE from SECOND , -y
LENS (or PP2 of Second Lens) E xd =2x1 p e . Spacing MORE fhan [imit
T0 PP2 of COMBINATION = == = == Two | Two . POSITIVE ond NEGATIVE
F, 3 3 POS. | NEG NEG, Longer | NEG. Shorter
) * [PDS.First|NEG. First| POS. First [NEG.First
bl yviriainsad pp2 PPL & THE PPE ARE [ ooy | serr | — | — | — | LeFT | RucHT
TO ALl CASES N VCROSSED.”
: THIS IS ALLWAYS AS AS AL
,’,,’}Zﬁé[ “}ZEL EES e Tt casturr | PP2 | RIGHT | nhove | apove | pdove| LEFT | RIGHT
BE SYMMETRICAL %%ﬁsﬁﬁzjﬁ Order |vormar| — — —  |NORMAL | NORMAL
1S VERY CLOSE
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TWO POSITIVE LENSES .,
OBJECT-IMAGE (g [culafto™ LENS-BY-LENS

F=20" F,=10"
n PRIMARY
A IMAGE
- OBJECT AT l\ ll v
INFINITY U )
/,00 g F.le "I
< — A B‘,’.ogoﬂ ", ?
st . /
IZLENS: THE PRIMARY [MAGE
_ i T ==
A =oc0 | EQg,'ssméSEmND *\\
B = ONE FL.=20 Zﬁzs- /1S A CASE ‘l
)
]
n :
|
\
L
2 Lens:
F =l0u
A=z ts"F A
— x 0 X IS _ 150 .
casE42 = = = =6
SRR B= v oA T To+is © 25 &
L.add WLUM (oPTIONAL)
. B3 6
CASE 41 =T ===
TRl M= =5 = A (
y BT . QO'ILCAN USE
Ty E-F.L.= F x Mofrd Lens 25 joemia
i ORIGINAL =20x 4= 8.0" 2-LENS ComBo)

S

LENS SYSTEM as above but NEAR OBJECT

PRIMARY IMAGE.... Fi=20" £,=10" FINAL
A ...isusepas OBJECT IMAGE

AREAL QBIECT I

!

£y E
@ exag",flz’
. B‘@ 5"
AR 224 1 £nS o B”
:35" Fodﬁ
IS{’- LENS: 204 [ENS
F - 201«

A= 12" (THIS IS LESS THAN F, 50 IS CASE 2)

e _ EXA _20x (2 _ 240 p
ikl = FoA= 3512 = T8 - Qo)
- B _ 30 _
M= Yl 2..5x
20d(enNs:.
E :"—lO“
A =35" (30" +5")
_ _EXA _I0¥35 _ 350
CASE. 1~ = S b 2 DE22 = 22
d 2= B-F *35-10° 25

M= By = WL = 4x :
whole M = M of 18 LENS times Mof 228 =2 5x 4 .—.|f<
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problem, you have to locate the position of Prin-
cipal Plane No, 2, this being the reference line
from which the rear focal plane is measured,
Table 2 gives the needed formulas which arethe
same for alllens combinations exceptas regards
the direction in which the measurementismade,
Fig. 2 works out a sample calculation, this being
a continuation of the same setup shownin Fig, 1.
You now have all the basic data for this particular
lens system, If desired you can locate the rear
focal plane by a direct calculation of the back
focal length, as shown in Fig. 3 example.

OBJECT-IMAGE MATH, The four quantities in-
volved inany object-image calculationare shown
at the top of Table 3. If you know or can specify
any two of these, youcan calculate the other two,
The six standard cases shown will handle prac-
tically any situation.

Where two lenses are involved, as for Cases
4,5, and 6,youhaveachoice of method in making
the calculation. One method is to calculate the
image position lens-by-lens. In this method, the
image formedbythefirstlens becomes the object
for the second lens, Fig.4 is a typical example,
Fig.5 shows the calculation for the same lens
system, but with a near object.

Fig.6 shows the alternate method, In this
method, you calculate the e.f,l. and PP's of the -
combined lenses, after which you can treat the
combination as a single lens with two reference
planes, It is then a Case 1 problem, Naturally,
you get the same answer with either method, With
a near object, as in this example, it is usually
simpler to convert the combination to its single
lens equivalent,

ga/wUL SETUP AS F16.5 but OBJECT-IMAGE

CALCULATION made from PPA
low caLeuLare

® EF.L.=8" é;F.L. and PPl
THEN...THE COMBINED
L Ip?': o LENSES ARE TREATED
OBJECT... 1s — z AS_ONE LENS wiTH TWo
MEASURED o MEASURING PLANES
FROM PP1
IMAGE — 7
1 e 18 MEASURED
{;‘M\v : H FROM PP2
) PR I HE
= _ IG'
'.‘ ot u" (l’ B/O >
>
: - 8"
A= 16" (nr+4")
FxA 8 X 16 128
CASE -2 = = = = o
B=A—F~T-8~-a8 — '
. B 16 THE IMAGE S SAME
m= =16 o (i)



F.

A... S OBJECT DISTANCE from Lens
B... /s IMAGE DISTANCE from Lens
. .is FOCAL LENGTH of Lens

M... s Linear MAGNIEICATION

(THE EQUATIONS ARE ARRANGED Fi

LUTION.

SIMPLE ARITHMETIC . . . MINUS MEANS ONLY SUBTRACTION)

OBJECT-IMAGE Equations
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FINAL NEG. !
LENS mace | MASE AL ogect| OBJECT IMAGE REne et NSRS Crirst WAGE | pipor LENS, FIRST
P | Tt [ e 5 S
P ; , b ot s BT T
: ! AN —'>l ;
L— Vo i — \u/secfﬂg'g.‘ 4" V:// (e A’l
A 8—l | [«—8 —A TERS LA | s T B A
POSITIVE LENS | POSITIVE LENS | NEGATIVE LENS| THE SECOND OF | THE NEGATIVE LENS| THE NEGATIVE LENS
WITH OBJECT AT | WITH OBJECT AT | WITH OBJECT AT | TWO POSITIVE | OF A POS-NEG | OF A POS-NEG
MORE THANONE | LESS THAN ONE | ANY DISTANCE | LENSES WITH | COMBINATION | COMBO WiTH
FOCAL LENGTH | F.L.FROM LENS VIRTUAL OBJECT | WITH OBJECT AT | OBJECT AT MORE
FROM THE LENS AT ANY DISTANCE | LESS THAN ONE | THAN ONE F.L.
TO THE RIGHT | F.L. FROM LENS | FROM LENS
1| B=(M+1)xF | Be(M-~1)xF |B=(l-M)xF | B=(I-M)xF | B=(M~I)xF | B=(m+1)xF|1
_EXA _FxA _FxA a_ FXA _ FEXA _FEXA
2|B=3—¢ |B=F¢=a |B=%¥xA |B=Fxa |B=TF-a =A-F |2
3|1 B=Axm B=AxM BR=Axm B=Axm B=Axm B=AXM 3
- B - B _B _ B _B 28
41 A= m A= M =M A= =M =M 4
-1 F F F = F =
-
Al FX B _FxB FXB FXB FxXB FxB
6/A=B-F |A*F+B |A"F-B |A=F-8 |A=F+e =8-f |°
- B _B _B _B _B _ B
_ _F . _F - _F ___F F __F
8 M=z—F Mgz |(M=gyrF |[M=gygpg |M=g-a |M=zx-¢ |8
_B-—-F _B+ F _F-8B _F-B _F+B _B-F
.9M—F M'F M_F M"F M'F = =€ 9
_AXM _A XM _AX M _AXM _AXM _AXM
0 F=Fsr |[F=m=1 F=T=m |F=T=m = M- = m-1 |0
- _B = B - B - _B . _B -
WF=ms1 |(F=m-1 |Fe7=m |F=T=m |[F=m-1 (F=m+i |V
12 F=A*B F=£_>¢_B - AxB _Ax8B _AxB _Ax8 |,
A+ B -A A-B A-B B-A A+ B
Two Cases: THE IMAGE IS THE IMAGE 18 TWO POSITIVE A POS-NEG {F DISTANCE A
(Shen A 1s BETwee| VIRTUAL, ERECT | VIRTUAL, ERECT | LENSES WILL HAVE | COMBO ARRANGED | IN CASE 5 1S
F and. 2F (shown), | ad MAGNIFIED omd REDUCED A SHORTER E.F.L.| IN THIS MANNER | |NCREASED, THE
THE SYSTEM IS | M 1S NEVER LESS | B 1S ALWAYS EHAN THE FIRST | WILL HAVE A GREATER E{E Ns; im(;_EAC:%L
PROJECTION --THE | THAN 1X...18 LESS THAN A ENS USED F.L. THAN FRST IRT
IMAGE 1S LARGER | GREATEST WHEN | and M 1S ALwAYs | ALONE LENS USED ALONE | TO THE LEFT
THAN OBJECT %Jeg DISTANCEQ LESS THAN 1X THE ;’MEAGE FORMED | THE S/ECOND LENS|  THIS sﬁzé 5% HAS
JUST UNDE VEX . BY THE FIRST LENS | OF THIS COMBQ A_LONG FRONT
TWHQAV,:,' %F:S g\ﬁﬁ& (ou)e E. L.ST \%ﬁ@: N ég_agrm.e;;gswéfz? IS OFTEN CALLED | FOCAL LENGTH,
BE LESS THANZ2F| THIS IS THE I«OBJECT/ 1 SECOND LENS LENS . NOTE DIS- | SOMETIMES A
ond.- THE IMAGE | QPTICAL SYSTEM | |— I CECOND TANCE A MUST | USEEUL FEATURE
WILL BE SMALLER | OF THE COMMON | ——A R e BE LESSTHAN | QR A Low-Rug
THAN OBYECT. A | MAGMIFIER OR | i Casgs can | Sozebls somt- | s Eola OFTHE | MAGNIEVING G
CAMERA IS A READING 6LASS | BE woORKED TIMES CALLED A i e
COMMON EXAMPLE ITH MIRRORS | “BERTRAND"LENS
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ALL ABOUT TELESCOPES

This is the best illustrated and most easily
understood book abouttelescopes and astronomy.
6 books in one! Includes "Telescopes You Can
Build", "How To Use Your Telescope', "Home-
built Telescopes”, "Telescope Optics'', "'Photo-
graphy With Your Telescope’, "Time In Astron-
omy’' plus completely new material on collima-
tion and adjustment, observingthe sky. 192 pages
plus cover, No. 9094

HOMEBUILT TELESCOPES

Better than any other bock on mirror grinding
for the amateur. Profusely illustrated, easy to
understand. Covers grinding stand and siroke,
forming curve, chamfering, testing, finding focal
length, correcting techniques, parabolizing, etc.
...also mechanical construection, 36 pages.

No. 39066

PHOTOGRAPHY WITH YOUR TELESCOPE

How to take exciting photos of moon, planetsand
stars; long distance shots of birds, animals, etc.
through the ''big eye" of your telescope. Youcan
choose the power! Covers the refractor and re-
flector as cameras, using photographic optics,
mounting camera, auxiliary lenses, etc. plus
tables on spacing, image sizes, fields, etc. 36
pages. Most optics available from Edmund Sei-
entific, No., 9078

HOW TO USE YOUR TELESCBPE

A down to earth introduction to astronomical
telescopes and the stars, In simple language,
profusely illustrated. Features moon map, se-
lected sky objects, etc, Covers selecting your
telescope, power, light gathering, field of view,
telescope performance, what eyepiece is best,
equatorial mounts, collimation and adjustments,
About Barlow lenses and power boosters, ob-
serving and comparing the planets, observing the
sun, splitting doubles, telescope arithmetic, etc,
32 pages. No. 9055

TIME 1N ASTRONOMY

About solar, sidereal, standard time,ete. Valu-

able charts and easy to understand iliustrations.

Also tells you, in simple terms, other important

{actors about time. How to use telescope setting

circles and how to adjust an equatorial mount,
No., 8054

TELESGOPES YO8 CAN BUILD )

How to make 27 different telescopes and 10use-~

ful accessories, Optical parts available from

Bdmund Scientific, Nineteen astronomical tele-

scopes from a 1.6" eguatorial refractor to 6"

reflector. Eight terrestrial scopes. 36 pages.
No. 9065

WRITE TODAY FOR YOUR FREE EDMUND CATALOG
EDMUND SCIENTIFIC CO

TELESCOPE GPTICS

Graphically clear book onopticaldesign covering
focal length, image-object problems, graphical
ray tracing, homemade eyepiecesand objectives
(mirrors and lenses) and more. Tables anddia-
grams, 32 pages. No. 8074

MOUNTING YOUR TELESCOPES

Easy-to-read book explains how to mouni re-
flectors and refractors, Illustrations help youto
see and compare different types of mounts, com-
ponents, accessories, drivesete, Covers tripods

vs pedestals, 'floating" cradles, homemade
counterweights. 36 pages including covers.
No, 9082

FUN WITH OPTICS

Dozens of optical projects for youngorold, care-

fully worked out and diagrammed, How to build

telephoto lenses, astro telescopes, closeup cam-
era lenses, microscopes, drawing projectors,
slide viewers, etc. with optics from Edmund.
32 pages. No, £050

HOW TO CONDENSE AND PROJECT LIGKT WITH LENSES
Explains various projecting systems as they

apply to photography and other subjects, 29dia-
grammatic illustrations show types of project-

‘ing systems, lamps, condensers, etc. Also dia-

grams of ray paths, tables of data, Complete
listing of components for projection. 15 pages.
No, §044

HOW TO BULLD OPAQUE PROJECTORS

Project magazine pages, photos, drawings,

charts, ete, in black and white or color. Detailed

designs for 8 different projectors, 18 pages.
No. 9314

ALL ABOUT MAGNIFIERS

How to make slide viewers, tripod magnifiers,
jeweler's eyepieces, illuminated magnifiers.
20 pages. No. 8002

COLLIMATION AND COLLIMATORS

Describes all types and covers: angle accuracy,
tests for flatness, parallelism, alignment, dis-
placement, tilt, parallax, resolution, azimuth

(horizontal) angles, etc., plustest hints. Approx..

50 drawings. 36 pages. No, 8072

THE SCIENCE OF MGIRE PATTERNS

Written exclusively for Edmund Scientific Co. by
physicist and OP artist Dr, Geral Oster of
Brooklyn's Folytechnic Institute. You need only

an understanding of high school mathematics to .

enjoy it. Covers through experiments: Moiré
Patterns in Everyday Life, The Moiré Kit, Seeing
Moiré with Screens, General Approach, Inter-
pretating Moiré Patterns in Terms of Projective
Geometry, ete. 40 pages, 45 illustrations.

No, 9068

10t EAST GLOUCESTER PIKE

g\ Y \"7: ) Z’O\;“
IDEIFHRIR

ND. 3100

EDMUND ""HOW TO MAKE IT"" ILLUSTRATED BOOKLETS

FIBER GPTICS IDEA BOOK
Completely illustrated booklet gives over 100
exciting design and application ideas for {iber
optics, Whether you're a designer, inventor,
artist or hobbyist you'll be amazed at the many
uses of fiber optics, Booklet includes important
facts about fiber optics plus many exciting ideas
for unusual decorations, uses and gadgets for
home, school, indusiry and Science Fair projects,
No, 9085
SOLAR HOUSE MODELS
Demonstrates principles used infull size Thom-*
ason homes; includes plans for building working
model 18" x 18" x 15", Construction kit avail-
able separately. Covers construction of 5 full~
size homes with sidelights on living in one. 32
pages. No. 89069

SOLAR ENERGY AND SOLAR FURNACES

How to make solar furnace with Fresnellenses.
Including solar cooking grille, how tofire jewel=
ry, etc. 14 pages. No. 9053 -

ALL ABOUT TELEPHOTO LENSES ~
Fascinating discussion of telephotography. Build
several telephoto attachments for use with any
camera. Compare favorably with commercial
telephoto attachments, 36 pages, profusely illus-
trated. No. 8036

ULTRA CLOSE UP PHOTOGRAPHY
How to stage and photograph insects, smallani-
mals, microscopic organisms, miniature
scenes, 16 pages, No. 9042
BUILDING A CONDENSER ENLARGER
Factual, easy-to-follow instructions. 7illustra-
tions with dimensions., procedures. 16 pages.
No. 9038
'HOW TO BUILD SLIDE PROJECTORS”
A complete manual in 20 pages covering the
optics and construction of 35mm slide project-
ors. Plans include several inexpensive utility
designs, micro projection, rear projection, and
overhead slide projector. No. 9014
EDMUND UNHUE LIGHTING HANDBOOK

Every day, new discoveries anddevelopmentsin
the Unique Lighting field are hurling out of dis-
cotheques and light-show houses, bombarding
interested indivgddals with bits and pieces of
"what it's all about". Edmundhas gatheredthese
fragments ofinformation and combined them wit
their own ideas and techniques to bring you the
most comprehensive study on Unique Lighting
yet published. Covers: black light; strobes; pro-
jectors; slides; color wheels; screens; color or=
gans; mirrors; light boxes; MusicVision; fum®
movies; light sources; and more. Bound in ¢
11-1/2" duo-tang "add-to" folder, pages v
punched to fit standard loose-leaf binder. Each
section is on adifferent color stock for easy ref-
rence, 106 pages. No.#8100
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