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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.




FINDING THE FOCAL LENGTH

COLLIMATOR

» MEASUPJNG‘“_"./\ 8

7 \M_A/erilsnea

F.L. 8Y
MEASURING =
MAGE DIA. OF MAGNIEIER

LENS IN SUN-
LIGHT 1S
SAME GENERAL

F.L.= FOCAL
PLANE DISTANCE

LENS

FOCAL LENGTH bv

AUTO-COLLIMATION
TARG\ET LENS r-' 6.15 o SCREEN
_:.\\\uln,%- ,ﬂ%
RS M
) cyample
OBJECT- . AxB _I0xI6 _I160
IMAGE F=a+ve -10+6- 26 =6.15"
CALCULATION
F 6 (Unknown) T
¢ T
%
TARGET,
\
2nd grep:
EOR 1y
F.L.from 5 .,
LENS MOVEMENT  EX. F=9x5=35:=6

10

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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