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Optoform system consists of lens cells, mirror mounts, positioning stages, support rods, and mounting hardware, etc.
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This issue Dedicated to:

Ole Kirk Christiansen (1891 — 1958) was a Danish carpenter. In 1932, he
founded the toy construction company known as The Lego Group. Chris-
tiansen transformed his small woodworking shop, which initially sold house-
hold products, into a manufacturer of wooden toys. By 1934, he had officially
named the company Lego and established its fundamental principles.

Kristiansen made his toy products from birch wood that had been cut from
the forest, dried out for two years and then dried in a kiln for three weeks.
The toys were put together, sealed, sanded and primed before being painted
with three coats of varnish.

The pivotal shift to producing plastic bricks came after the acquisition of a
plastic moulding injection machine in 1947. Despite poor sales in the early
1950s, the company persevered in developing its plastic brick by eventually
using Acrylonitrile Butadiene Styrene (ABS), thereby achieving the neces-
sary "clutch power" or friction that holds two bricks together. This design for
the Lego brick was patented in Copenhagen on 28 January 1958.

Lego became the building blocks of children’s imagination for half a century.
It created form but it wasn’t necessarily functional.like most erector sets.

For digital subscription or suggestions email us at:

info@optomechanix.org
Chief Editor: Ali Afshari

Optomechanix is a quarterly journal of Opto-Mechani-
cal Institute of Design (OMiD), with technical articles
for practical, hands-on opto-mechanical engineers.

This magazine is privately founded.

Cover page photo: A monocular microscope assembled using “Construments” Optical Erector Set
Front back: Binocular microscope built entirely with Optoform
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In This Issue:

The Optical Erector set has been among the most fascinating educational toys in history. | don’t say this because | have
been an optics fan most my life but because this particular thinker toy does have a universal appeal among most children.
One of the first curiosities a child has is to be able to see small objects through a microscope, or to see a close up of the
moon through a telescope. Unknowingly, children also experience one of the most talked about scientific breakthroughs
by Galileo when he drew the craters of the moon through his telescope, or the details of an Italian bee through his
primitive microscope.

The first thing children notice in nature are the colors of rainbow, and how it could be generated by a prism-like piece of
glass. Our eyes are equipped with good optics to see the world, and it is our first, and foremost instrument for our curiosity.
So, it isn’t a false claim that this box load of optics, and prisms have a great appeal to children. With an optical erector
set, children could build a telescope or a microscope, and thy soon learn the rest of the parts in the box is needed to
hold the optics in place, and they become familiar with what optical instruments are like.

In this issue, we are going to explore how a truly original optics kit ishould look like by covering its entire instructions
manual. It’s incredible how well children were treated in these instruction books back in the days - almost like engineers.
Just look at all the hand-drawn illustrations, showing details of each instrument built with the contents of the kit. It clearly
shows how the vivid curiosity, and imagination of children are stoked the most when they have a properly written, and il-
lustrated user’s manual. This is what has been missing for almost half a century. Well, without further due, here it is: The
100-year history of the optical erector set, and an example of a well-illustrated, and written instruction manual.

Ali Afshari
Optomechanix

1930’s Construments set at OMID museum



100 years Development of the
optical erector set By Ali Afshari

The optical erector set has had the utmost love affair among op-
tical engineers. The fantasy to create a system that would allow
building optical instruments that are both playful, and truly func-
tional has been troubling designers, and end users alike. We
have a fair collection of these kits at OMiD museum, and | would
like to go over their innovative ways in assembling their pieces
into optical instruments. In every design process, as the designer
moves forward in creating function, they are always preoccupied
with form. Why is form so important?

From childhood, our brain learns new design concepts by memorizing their form. For example, in creating icons for Win-
dows or Mac, a microscope has a certain shape, while a telescope has its own universal shape. A spectroscope, or a
camera also have their own universal shapes. So, when we begin to build it with an optical kit, we would start with that
same universal picture in mind. To build a microscope for example, we begin by matching its already learned form in our
mind, and try to build it with the pieces present in the set. In post-mounted laboratory setups, form is not important, and
a researcher only focuses on function to get the result. This makes doing science way too serious, and we end up writing
dull papers children can’t read. So, here’s our first design criteria: If a child can’t play with it, it’s not an erector set.

Having this in mind, let’s look at a few examples of Optical Erector Sets. One good example is “Gilbert’s Opto Kit” (below),
manufactured from 1936 to 1940. It was sold for $2.50, and a child could make 22 different optical instruments with it. A
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Gilbert’s Opto Kit of 1936 in wooden box 25 x 22.5 x 6.5 cm at OMiD museum. Tubes are made of cardboard with outer
Aluminum foil covering. This design resembles the four-rod scheme of Microbech system by Spindler & Hoyer. The engi-
neering detail in the illustrations is amazing. It’s like treating a child like an adult to seriously learn how to read blueprints.
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more fascinating and higher quality set is the “Construments kit” set No.100, (cover page). Gilbert’s optical mounts utilized
steel rods and set screws to secure lens plates at any distance from each other, while Construments utilized long threaded
rods, and bolts. The nuts, and bolts method is the less expensive alternative but the drawback is the time it would take
to position the bolts along the rods. For a 100 mm rod with a thread pitch of 1mm, the bolt has to be turned 50 times
from either end to position it at the center of the rod. This is intentional in Erector-like toys, because it forces a child to
think instead of immediately reaching the final assembly. Some parents try to help their child in assembling these kits,
and they soon realize it takes more patience than they thought.

Curiosity is stoked the most by how various pieces go together to create form, and how they function together but also
by how it is explained in a user’s manual. Good illustrations are an important part of a science kit. They teach engineering
at an early age, and set a model for the youth to follow when they grow up. What always fascinates me is how beautiful
the user’s manuals were written for these kits in the past. My technical writing teacher was an old man, and he said to
us many times in class: “There are not so many of us left”! | remember telling him that | had written a book about camera
design, and Cal State library in Los Angeles had a copy. After the next class session, he greeted me with joy, and said:
“Ali, | read your book, and | thought it was wonderful! Why don’t you explain your illustrations? Focus on explaining your
illustrations”. Ever since then, | try to write less, and continue using more illustrations.

Ever since plastics entered toy business, children’s educational kits became easier to put together, and less thought
provoking. When you teach mechanics, there are just no replacement to nuts and bolts. The next example in our inventory
of optical sets is: “kit No.1” made by American Optical (next Page). This kit is not as playful as the previous examples. It
is more for verification of concepts from a text book, and it is more beautiful than useful. Its optical rails are so fragile
that lenses might fall off in field use. The only “instrument-Like” device you could build with it is an already made periscope
that is made of cardboard. | found very nice drawings in its patent application, not in its instruction manual.
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See the complete 100-page manual on page 16 ~ 39

Construments Ltd London, set No.100 of 1930 in brown fabric clad box. A larger, briefcase size was avilable with more
number of parts, and a smaller size called Set No. 20 was also available. Note “The White House” label. Could this be
the optical kit president Roosvelt’s children played with?! This design resembles Optoform circular mounts.
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The next one | would like to discuss is a quite heavy kit (5Kg) made by NTL (bottom of this page). This kit has been de-
signed to allow the end user to build a professional optical lab with a 1 meter optical rail. If | was a physicist, and wished
to buy my son an optics lab kit, | would have bought him this set. It doesn’t have X-Y stages that are required for higher
level experiments, but it does have rotary stages suitable for polarimetry. A high school teacher would show students
what to do with the parts in this kit: There are three light sources that would connect to a standard 12V power supply, a
Moon, and an Earth model to show lunar eclipse. There is also a good selection of filters, and image masks to perhaps
do some basic Fourier optics experiments.
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Adventures in Light and Sight

American Optical Kit No.1 has mounted lenses, color filter wheel, a light source, and lens carriers to secure them on a
two-piece, extendable optical rail. The illustrated manual has fair number of illustrations, but similar to an optics chapter
from a physics text book. There is a cardboard housing to consruct a periscope. Above, AO patent US2803986

NTL optical lab kit consists of nicely finished extruded optical rails, and carriers. lenses, light sources, and filters are held
in plastic lens mounts that are then inserted onto 100x100 mm lens boards. The lens boards have a friction tab on their
base that allow them to be mounted on lens carriers. This makes a fair quality optical rail system.
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NTL Optics Lab Kit

Now here is what proves me wrong in my philosophy about plastics entering the toy market. This is a fantastic kit that is
at its best in use of plastics (below). | hope | am not so fond of this kit because | like cameras, but no, it also comes with
this very serious manual that gives any kid the true feeling of being an optical engineer. | was only 18 years of age when
| arrived in US, and | saw this kit in the RadioShack catalog, and immediately fell in love with it. Unfortunately, it disap-
peared from their next catalog, and | waited 30 some years to buy one from eBay. It has precision injection molded parts

se-g‘a'a"s DPTICAL LAB KIT

“Optical Lab Kit” was distributed in the late 70’s by Radioshack for $29.95. This is a fantastic optical kit with beautifully
illustrated user’s manual. A 35 mm SLR camera could be built complete with a film advance mechanism, two sets of
lenses (normal, and telephoto) would allow the user to focus the image on a focusing screen before taking a picture.
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to build a single lens reflex camera, and even has a neck strap! The bottom right image shows an illustration to install
the mirror cage into the body. It shows how the shutter assembly, the mirror housing, and the viewfinder optics lay out
inside the camera.

There is a set of injection molded plastic lenses that are nicely laid on a red tray. These lenses can be placed inside lens
barrels that are cut in half (Page 7), so the lenses are placed in pre intended slots, and the two halves of the lens housing
are mated together to make a sealed lens assembly. | think microscope designers at Zeiss, Leica, Nikon, and Olympus
must have played with this kit when they were a kid, because most of their microscope illumination barrels are built the
same way. | cannot say enough about this set because it teaches not only optics, but it teaches the mechanics of motion
with its mirror flip up, and down mechanism, and shutter design. It shows how a film transport mechanism works, how
diaphragm blades are assembled inside a lens plus a bit of photography.

Building a microscope is at the center of this next optical kit which we are going to discuss shown at bottom of the page.
It's a German made product named “Optik Montage”. This is also a kit that proves me wrong again about use of plastics
in toys, but | still insist there is no replacement for nuts, and bolts in teaching it. There is a good emphasis on creating
form, and function in this highly versatile kit that fascinates the user. There is also good use of color in the injection
molded parts that makes working with it a pleasure. There is a 3D viewer with two stereo slides that makes it look like it
was bought from the store. The microscope is quite well designed, and putting it together, can teach a child how a self-
holding, three dimensional instrument can be built, and what is essential in its alignment. The user’s manual is well
written, and well illustrated.
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Neva Optics kit is a high quality laboratory set in wooden box with well illustrated user’s manual (right). It comes with
collimated light source, various frame masks, Equilateral prism, four post mounted lenses, and even candles!

“Optical Montage” is a colorful injection molded Erector set to create optical instruments. The parts fit into one another
nicely to make a microscope, 3D slide viewer, telescope, etc. It has a nice illustrated manual that would encourge the
user to build the experiments. An optical rail with carriers also allows lab-like experiments to be performed.
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The next kit | am going to discuss is no stranger to anyone (page 11), but | saw it for the first time at a camera show in
Orange County, California. An old couple had inherited two wooden boxes filled with optomechanics, and they had put
it for sale on their table at the fair. It was love at first sight. | didn’t have money at the time to buy it, and almost a year
passed, and no one else had bought it. This time, | only had $180 cash in my pocket, and they agreed to sell it. | took it
home, and it was two weeks of non-stop fun to study each and every piece, and how they went together! | had no user’s
manual so | had to figure it out on my own. A year later, | saw its ad in Laser Focus magazine, and | called them to send
me a catalog. The lady who picked up the phone was Linda Smith, and we are still friends to this day! | learned they

U.S. Patent July 30, 1991 Sheet 1 of 3 5,035,333
U.S. Patent July 30, 1991 Sheet 1 of 3 5,035,333
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Microbench (above-right patent drawing), and Macrobecnch (lower left drawing) began a sensation in optomechanical
prototyping using off-the-shelf components. Nanobench (right) was also introduced later for smaller sized prototyping.
Three mount sizes: 25, 40, and 150 mm square that could be mixed together to build almost any optical instrument.

O
OPTO-MECHANICS

25 years of Microbench catalogs from 1977 to 2002 in OMiD archives. Their 1992 “OPTO-MECHANICS” catalog was
one of the most well written, beautifully illustrated manuals ever put out for optical engineers. For some reason, Mi-
crobench wasn’t popular in US as much as it should. It was the perfect opportunity for a marketing power house (Thor-

labs) to make Microbench popular. 9
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Drawing by Ali Afshari

Like Microbench, Optoform offered beautifully engraved 25/30 mm
mounted optics, preventing them from ever being scrtatched.

were two Microbench sets made by Spindler &
Hoyer in Germany, and their actual cost was
$10,000. One kit was labeled: “Optics”, and other:
“Mechanics”.

Microbench is truly a masterpiece in design, and
precision. | am still an admirer, and a true fan of
Microbench. It utilizes the 4-rod system, in which
the optical axis is the same as its mechanical axis
of symmetry. A larger size mount called Mac-
robench (Patent number US3945600A) was in-
vented first in 1973 by Hartmut and sold by Klinger.
Microbench’s patent application was filed later in
1976 (German Patent 2636657), invented by
Detlef Mallwitz, and later a plastic version (US
Patent 5035333A) was filed in 1983 by Klinger.
The first Klinger catalog that introduced Mi-
crobench was printed in 1977 (page 9, bottom-
left), and it was a well illustrated 16 page catalog.
Their next catalog was 66 pages (blue), and
showed a larger range of accessories for Mi-
crobench as well as covering the Macrobench sys-
tem. It next appeared in Physitech catalog
(bottom-center). Later, as many companies nor-
mally do, and it’s not done intentionally to piss off
the already well established distributors, Spindler
& Hoyer opened its own US office in Milford, MA.

A new catalog was put out for both the Mi-
crobench, and X-95 optical rails, and accessories.
Microbench had a huge range of accessories in-
cluding detectors, a wide range of 25 mm mounted
optics, optoelectronics components, spectrum dis-
charge lamps, and motorized stages. Microbench
was well sized for building a variety of optical in-
struments (40x40x10 mm in Anodized Aluminum).
A second catalog was put out for Spindler & Hoy-
ers’s huge line of optical components. The nicest

A variety of in-
struments built
with Optoform 1,
by utilizing only
7 mounts, and 8
rods.



part of Microbench system is its wide range of 25 and 30 mm mounted optics with focal lengths, and lens shapes en-
graved on them. A yet smaller sized mount called Nanobench was later introduced for even smaller sized tasks.

Optoform (below), was invented by me back in 1993, and it’s a silly story how it all came about: Being a Microbench fan,
| realized there wasn’t a good user’s manual for it. So, | contacted S&H to convince them to commission me to write a
user’s manual. Peter Andreas was so much in favor of it after seeing my work (opposite page, top) but his bosses in
Germany said no. This was the attitude of most German companies at the time: The “If it’s not invented by us, we are
not interested in” philosophy. | think all | was asking for was a small recognition, and perhaps two Microbench kits. A few
years later, | invented the “Circular Microbench” as Linda called it at the time, so | could write a good user’s manual for
it! This is a tweak of Edison’s quote: “I look for what user’s manual people need, and | then try to invent something so |
could write it!” Optoform was cheaper to produce, and it used Allen screws. This was a major headache when assembling
corner connectors in Microbench system. My design allowed mixing different mount sizes from 25 mm to 150 mm in di-
ameter, and it utilized a 3-point lens mounting scheme which was superior to their four set screws coming from each
side of the square shape. Optoform was manufactured and sold by AF Optical since 1994. | wrote an elaborate user’s
manual for it (page 41), and saw how difficult it was to produce.

With over 25 years of marketing, Microbench was still not well received in US, and now there was the new Optoform
system to challenge it. Thorlabs, a marketing power house, saw its potential, and started copying Microbench, whose
patent had long expired. | remember my friend, Peter Andreas, president of Linos’ first reaction to it was: “They can'’t
compete with us. We have been doing this for so many years”. It took la year or so for Thorlab’s “Cage System” to lay
around most optics labs in US. | remember two years later, | saw someone leaned inside the linos booth, asking Peter
Andreas: “Excuse me, are you Thorlabs compatible?!” It was a sad story for Microbench. Thorlabs hired a design team,
and they began adding new components: The first was an easy to use Z-stage that utilized a flexure design. It was such
a good idea that Linos started copying it a year later. | saw in Microbench’s later ads: “The original Cage system”.

The “Moskito” optical set was created by Micos Germany. It was nanobench sized optical railmount system, and most
of its mriror mounts, and accessories are compatible with Nanobench. This system used extruded form to create cubes,
and lens carriers that snapped in place like X-95 system rail, and could be secured at any position via a thumb screw.

Thorlab’s first innovation after copying Microbench was the X-Y and Z stage, later copied by Linos (right). Having a
round shape, Optoform 1 allowed angular rotation around, i.e., an equilateral prism (leftt) for spectroscopy.
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The live tooling CNC to produce Optoform | (left). First prototype of new optoform Il in 2018 (right) starting to shape
new generation of optical erector sets that would require less tooling to produce. Optoform Il costs a quarter of the cost
of Microbench. It’s a more efficient system, and gets out of the way of optics. It’s lighter, more rigid, and more versatile.
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Optoform’s original PCT Patent 5,828,502 was inspired by the
Microbench system. Instead of corner connectors that were
mounted on the outside of mounting plates (top of page 10),
they were moved to the inside. The rounded shape of the
mounts reduced manufacturing cost, and it made them tube
compatible, and expandable to larger mounting plates (below).
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Optoform | was invented by me in 1994 (Patent No. 5,828,502). The name Optoform refers to a cage system that handles
both from, and function. To reach this goal, over six mounting plate sizes from 25 to 150 mm in diameter were designed
for the system, resulting in the largest number of components ever created for an Optical Erector Set.
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Newport’'s cage system introduced in 2017, was intended to
facilitate adding new mounting plates to an already assembled
4-rod system. In this design, the rods are clamped inside
semicircular open slots outside of the plates, thus allowing
their side way insertion and pull out. In Optoform I, the rods
having an array of mounting bores, are bolted inside the open
slots of the mounts via allen screws (P 14).
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With Armin Luft of Laser 2000, at AF Optical booth, PW 2007. With Dan Denison sales manager of OptoSigma (right)
at CLEO 2017. Their new 3-Rod rail system is a great idea that gives easy access to optics.

Thorlabs even infringed on one of the claims in my Optoform patent. The threaded bores at end of rods were my idea. |
mentioned this to Alex Cable at their booth in Photonics West, and he just said: “Why don’t you explain this in a letter,
and email it to me please”. | went back to my office (AF Optical Inc. at the time), and wrote it up, but before emailing it,
| said why not first email it to my Patent Lawyer Paul Ware. He immediately called me back to change my mind. He said:
“Do you have a million dollars? They will take you to court, and don’t even think about challenging them!”

Newport, and Melles Griott were both interested in acquiring Optoform from AF Optical but were not willing to give rea-
sonable royalties, until in 2011, when Edmund optics seized the opportunity. With the efforts of Linda Smith at Ceres, an
M&A agreement was signed between Edmund, and AF Optical, and their new “Cage System” entered Edmund’s catalog.
Microbench is currently being sold through Qoptiq catalog. | had many new ideas for Optoform, and invented an improved
version (Optoform Il). Edmund’s contract prevented me from pursuing it for 5 years, and that obligation has long elapsed.

Microbench, Optoform, and Thorlabs’ Cage system play an important role in prototyping labs. Many companies have
great interest in creating their own concepts. Micos Germany, lead by Lucius Amelung, produced two products that were
mainly a rail based system that allowed 3D setups. The Moskito was a Nanobench size mount (page 11), and their Cam-
pus mount, a larger version (65X65 mm), was also rail based. Owis also offered a similar design. OptoSigma introduced
a 3-rod system. The idea is why use 4 rods if you don’t need them? The result is a less crowded system that has easier
access to optics. Many ideas seem smart in beginning but fade away from the market because it is not a complete
solution to customers’ needs. Many ideas seem silly in the beginning but grow strong later. The A-Line system by Newport
was also a useful idea. With monorail, table top setups could be taken off to free table space, and then brought back in
place without losing their original layout. Newport claimed the original alignment could be maintained, and to prove the
point, an inerferometer was set up for visitors to play with at CLEO (page 15, top-left).
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New Optoform Il invented in 2019: The idea was to come up with a design that could be manufactured using Aluminum
extrusion process. Precision drilled, and reamed bores would consume around 5 minutes in CNC machining time, and
for a quarter million dollar live tooling machine, 12 mounts per hour translates to a sales tag of around $40. With the ex-
trusion process, the cost could be reduced to a quarter of CNC machining cost.

To summarize, while presenting the Gilbert, and Construment kits in this article, | humbly realized that my Optoform line
that | invented in 1993, and Spindler Hoyer’s Microbench invented in 1960°s, as well as Newport’s new monorail are all
similar to prior art, while we rubbed our magic lantern, claiming them as our own. Their inventors created a thought pro-
voking toy for children but we arranged it exclusively for adults. We did that by taking away the illustrative user’s manual
but we are really not talking about children here. It's our own inner child that has been deprived to this day because

Above, Fig.1 of Optoform PCT Patent PCT/US2019/020863 illustrates a lamp assembly with condenser, and collimation
optics. Left, Optoform’s lower cost eliminates the need to reuse parts, thus allowing modules remain assembled for, i.e.,
quick construction of an autocollimator (right) with minimal time, and effort utilizing only 6 - 8 screws.
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somehow, somewhere, we stopped investing in the education of our children. Ill devote the rest of this issue to an in-
struction manual that was done the right way. Most companies today, don’t spend the time to do it, rightfully so for eco-
nomic reasons. Lucius Amelung president of Micos at the time (later acquired by Pl in 2011), told me they hired a
photographer, and spent over 20K euros to produce a useful manual for their Micos optical rail system, and they were
still not satisfied with its outcome. | don’t know how construments did it. It's best user manual I've seen for a kit (next).

A-Line setup in Newport booth at CLEO 2017. The first With Thorlabs development/sales team at CLEO 2017.
time | saw it, | thought it was a joke. Now | think itmight Thorlabs continued adding new accessories to their cage
be a useful idea for table top setups. system, and now has its own elaborate set.

Above left, Gilbert’s Opto Kit (Page 4) resembles Microbench design, while Construments mounts (right) resemble round
Optoform mounts. New invention or copy? Inventors come up with new ideas without knowing much about prior art.

Traditional watchmaking lathe bed (still manufactured by French, Bergeon) resembles the A-Line system by Newport.
Newport utilized the same mounting scheme utilizing a set screw to both align, and secure their mounts.
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Construments Instruction Manual

Here’s what it used to be in instruction books for optics. Manufacturers
wrote the most easy to use, easy to teach, and easy to implement
manuals to stoke the vivid curiousity of end users. This is what’s miss-
ing today, and Optimechanix magazine says we need to bring it back.
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LIST OF CONSTRUMENTS IN “10"” OUTFIT.
Name No.
2 Ring Mounts (3a)
1 3in. Optical Tube (4)
1 1din. Optical Tube (4a)
2 Camera Caps (6a)
1 Distance Ring (8)
1 Small Pinhole Disc (9)
2 Split Rings (10}
2 Screwed Rods (3in.) (11)
4 lin. Screwed Bolts (12)
4 4in. Screwed Bolts (13)
15 Hexagonal Nuts (15)
1 Combined Spanner and Screwdriver (16)
1 Plano-Convex Lens (18)
3 Mirrors (3in. x 11/16in.) (19)
2 Mirrors (2in. square) (20)
2 Glass Slides (23)
1 Frosted Disc (lin. diameter) (26)
4 1 Transparent Disc (Red} (27)
2 Rubber Bands (37)
1 3/16in. Lens Stop (37a)
1 Instrument Stand (38)

Instruction Book.
LIST OF CONSTRUMENTS IN “10” PLUS OUTFIT.

Name No.
1 Optical Box (1)
1 Lid for Optical Box (2)
1 Serewed-Ring-Mount (3)
1 Lampholder (5)
2 Battery Clips (7)
3 lin. Screwed Bolts (12)
6 Terminal Nuts (14)
1 Bi-Convex Lens (17)
1 Glass Plate (3}in. square) (21)
1 Frosted Glass Plate (3}in. square) (22)
1 Focus Electric Bulb (24)
1 Bi-Convex Electric Bulb (25)
1 Blue Transparent Disc (28)
1 Green Transparent Disc (29)
1 Yellow Transparent Disc (30)
1 Red Opaque Disc (31)
1 Yellow Opaque Disc (32)
1 Green Opaque Disc (33)
1 Blue Opaque Disc (34)
1 White Opaque Disc (35)
1 Black Opaque Disc (36)
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OF CONSTRUMENTS IN “20” OUTFIT.
i Name No.
Optical Box (1)
Lid for Optical Box (2)
Screwed Ring Mount (3)
Plain Ring Mount (3a)
Optical Tube (3in.) (4)
Optical Tube (14in) (4a)
Lampholder (5)
Camera Cap (6)
Camera Cap (6a)
Battery Clips (7)
Distance Ring (8)
Small Pinhole Disc (lin. diam.) (9)
Split Rings (10)
3in. Screwed Rods (11)
lin. Screwed Bolts (12)
din. Screwed Bolts (13)
Terminal Nuts (14)
Hexagonal Nuts (15)
Combined Spanner and Screwdriver (16)
Bi-Convex Lens (17)
Plano-Convex Lens (18)
Mirrors (3in. x 11/16in.) (19)
Mirrors (2in. square) " (20)
Glass Plate (3}in. square) (21)
Frosted Glass Plate (3}in. square) (22)
Glass Slides (3in. x lin.) (23)
Focus Electric Bulb (24)
Bi-Convex Electric Bulb (25)
Frosted Disc (lin. diam.) (26)

Red Transparent Disc (lin. diam.) (27)
Yellow Transparent Disc (lin. diam.) (28)
Green Transparent Disc (1in, diam.) (29)
Blue Transparent Disc (lin. diam.)  (30)

Red Opaque Disc (31)
Yellow Opaque Disc (32)
Green Opaque Disc (33)
Blue Opaque Disc (34)
White Opaque Disc (35)
Black Opaque Disc (36
Rubber Bands (37)
3/16in. Lens Stop (37a)

Instruction Book.



List or Construments 18 “ 100" Ourrir.—Continued.

LIST OF CONSTRUMENTS IN “20” PLUS OUTFIT.

Name No 2  Mirrors (2in. 5('|u:1n‘.-) (20)
i Screwed Ring Mount (35 1 (:lass Ijlage (3}in. square) (21)
1 Plain Ring Mount (32) 1 lzrnle(: F.l;lss f”lnic 13I_}111. square) (22)
1 Split Ring (10) 6 (,:lass b[&drs .(.)m. x lin) (23)
6 Hexagonal Nuts (15) 1 Focus Electric Bulb (24
2 Plano-Convex Lenses (18) 1 Bi-Convex Electric Bulb (25)
4 Glass Slides (3in. x lin) (23) ¥: Rrombl Dhe Cingion). (a0
4 Rubber Bands (37) 1 Red Transparent Disc (lin. diam.)  (27)
1 Instrument Stand (38) 1 Yellow Transparent Disc (lin, diam.) (28)
2  Tubular Mounts (39) 1 Green Transparent Disc (lin. diam.) (29)
2 Caps for Tubular Mounts (40) L Blue Transparent Disc (lin. diam.) (30}
1 High Power Objective (41) 1 R."d Opaque Disc ’(S/Sin_ diam.) (31)
1 Mount for High Power Objective (41a) 1 \_ellow Opaque ]_Jlsc _(S/_Sm. _dmm.) (32)
1 Reflector (42) 1 Green _( Jpaque l?zsc {—n/}?m. (!1:1m.) (33)
2 Spring Clips (43) I Blue Opaque Disc (5/8in. diam.) (34)
1 Lens Stop (3in.) (44) 1 White Opaque Disc (_S/Hin. diam) (35)
1 Large Pinhole Disc (45) 1 Black Opaque Disc (5/8in. diam.) (36)
2 2in. Screwed Bolts (46) 6 Rubber Bands (37)
1 Glass Collecting Tube (47) 1 Lens Stop (3/16in.) (372)
1 Instrument Stand (38)
LIST OF CONSTRUMENTS IN “100” OUTFIT. 2 Tubular Mounts (39)
Name No. 2 Caps for Tubular Mounts (40)
1 Optical Box (1) 1 High Power Objective (41)
1 Lid for Optical Box 2 1 Mount for High Power Objective (41a)
2 Screwed Ring Mounts (3) 1 Reflector (42)
2 Plain Ring Mounts (3a) 2 Sl“"ﬂg_‘ Clips (43)
1 Optical Tube (3in.) ) 1 Lens Stop (din) o (44)
1 Optical Tube (14in.) (4a) 1 Large Pinhole D1§c (lin, diam.) (45)
1 Lampholder (5) 2 S__Cl‘e\\‘ud Bolts (2in.) (46)
1 Camera Cap (6) 1 Glass Collecting Tube (47)
1 Camera Cap (6a) Note~—The 20" and 20" Plus Outfits form the “ 100"
2 Battery Clips (7) Outfit.
1 Distance Ring (8) PRICE LIST OF CONSTRUMENTS.
1 Small Pinhole Disc (lin. diam.) (&) Name No. S
3 Split Rings (10) ] ~ o)
2 3in. Screwed Rods (11) R‘attery C‘h]) 7) Kl
7 lin. Screwed Bolts (12) Camera (:a1> (6) 6
4 Jin. Serewed Bolts (13) Qamcra ('.iip (6a) [
6 Terminal Nuts (14) Cap for Tubular Mount (40) 6
21 Hexagonal Nuts .(15) Disc (Transparent lin. diam. Red,
1 Combined Spanner and Screwdriver (16) ) _Ye]low, Green, Blue) (27)-(30) 3 per set.
1 Bi-Convex Lens (17 Discs (Opaque 5/8in. diam., Red,
3  Plano-Convex Lenses (18) .Y(-llm\'. Green, Blue, White, Black) (31)-(36) 2] per set.
3 Mirrors (3in. x 11/16in.) (19) Distance Ring (8) 2

9
HOW TO IDENTIFY CONSTRUMENTS.
1 ?s

PRICE LIST OF CONSTRUMENTS. —Confinned
Name Nao. Price
Wy, 78
Dry Battery (3} volt) 0
Facus Electric Bulb (24) 6
Bi-Convex Electric Bulb (25) 9
Frosted Glass Plate (3}in. square) (22) 6
Frosted Disc (lin. diam.) (26) 1
Glass Plate (3in. square) (21) 2 ¥
Glass Shide (3in. x. 1in.) (23) 1 |
(ilass Connecting Tube (47) 1 |
Hexagonal Nut (15) 1
High Power Objective (41) 2 6
High Power Objective (Improved) (48) 50
Instrument Stand (38) 20
Bi-Convex Lens (17) 20
Plano-Convex Lens (18) 2 6
Lens Stop (4in.) (40 3
Lens Stop (3/16in.) (37a) 3
Lid for Optical Box (2) 10 No. 1. Optical Box.
Lampholder (5 13
Mirror (3in. x 11/16in) (19) 2 No. 4. Optical Tube.
Mirror (2in. x 2in.) {20) 3
Mount for High Power Objective  (41a) 10
Mount for Improved High Power
Objective (48a) 1 6
Optical Box n 3o
Optical Tube (3in.) 4) 10
Optiecal Tube (1¥in.) {4a) 6
Pinhole Disc {Small) ) 6
Pinhole Dise (Large) (45) 6
Reflector (42) 16
Ring Mount (Screwed) [&)] 2.0
Ring Mount (Plain) (3a) 10
Rubber Band (37) }
$in. Screwed Bolt (13) b
lin. Screwed Bolt (12) i
2in. Screwed Bolt (46) 1
3in. Screwed Rod (11) 3
Spanner and Screwdriver (16) 3
Spring Clip (43) 1
Split Ring (10 1
Terminal Nut (14) 3
Tubular Mount (39) 1 6

No. da.

13-inch Optical Tube. No. 3a. Phin Ring Mount.

17



10 HOW TO IDENTIFY CONSTRUMENTS. HOW TO IDEN’_I'IFY CONSTRUMENTS. 11

. 5. Lamp Holder,

No. 6. Camera Cap. No. 9. Small I’mA
hole Dise. 1 inch
di

No. 7. Battery Clip. No. 8 Distance Ring. No. 6a. Camera Cap.

UUUTITERVEEAD RNV Y Y IR DAY @
No. 11. 3-inch Screwed Rod.
— No. 15
= Hexagonal
Doy R w Nut.

—

J - == =
No.10. Split Ring.  No 1z Lin  Scewed Bok  No it = No. 3.
Serewed Bolt, Terminal Rubber Band,
Nut. No. 24. Focus No. 25. Bi-Convex
Electric Bulb. Electric Bulb.

No, 16. Combined Spanner and
Screwdriver.

No. 26. Frosted Disc. No, 37a. Lens Stop, 4" Aperture,
No. 17. No. 18, .
Bi-Convex Lens. Plano-Convex Lens.

No, 31, Red Opague Disc.
No. 32. Yellow Opaque Disc.

i No 33. Green Opaque Disc, No. 27. Red Transparent Disc.
i No. 34. Blue Opaque Disc. No, 22. Yellow Transparent Disc,
| No. 35. White Opaque Disc. No. 20. Green Transparent Disc.
5 TR | | No. 36. Black Opaque Disc. No. 30. Blue Transparent Disc,
\‘D 19 Strip M]rror T x B No. 20, Square Mirror.
12 HOW TO IDENTIFY CONSTRUMENTS. INSTRUMENTS THAT CAN BE CONSTRUCTED 13

WITH THE CONSTRUMENTS “10” OQUTFIT.
| Model No. Description.
[ 5 Low Power Magnifier (3 Leg type).
|

6 Low Power Magnifier (4 Leg type).
11 Low Power Magnifier (Stand type).
- — 92 Low Power Magnifier (Stand type).
- 93 and 93A  Reflector.
94 Reflector (Lens type).
79 Reflectoscope.
No. 3. Tubular Mount. 95 Camera Lucida.
96 Pinhole Camera (Pocket type).
96A and 96B  Pinhole Camera (Stand type).
97 Lens Camera (Pocket and Stand types).
98 Photo Printer.
9 Photo Copier.
100 Slide Projector.
61 Kaleidoscope (Hand type).
No. 4la. Mount for 62 Kaleidoscope (Magnifying Hand type).
High Power Objective. 101 Ka!tidosc()g: (Slangd ly{)c Lt:{or !ranspaa{)::}lt objects).
102 Kaleidoscope (Stand type for opaque objects).
103 Periscope.
104 Crazy Mirrors.
105 Crazy Mirrors (Stand type).
106 Ophthalmoscope.

%

A

No. 38
1 2 Instrument: Stand,

No. 41. Hig
Power Ob;ccllvt

. 40, [i 5 )
N‘l?uhq::?]arc;[r:m:t'.’ No. 45. Large Pinhole Disc.

OV ARA Y VPN “I

No. 46 Z-inch Screwed Bolt,

INSTRUMENTS THAT CAN BE CONSTRUCTED

N WITH THE CONSTRUMENTS “20" OUTFIT.
0. 4. Lens Stop
#-inch Aperture, Model No. Deseription,
Electric Torch,
Spot Light.
Signalling Lamp.
Low Power Magnifier {3 Leg type).
Low Power Magnifier (4 Leg type).
Low Power Magnifier (Box type for Opaque
Objects).
10 Low Power Magnifier (Illuminated Box type).
13 Low Power Magnifier (Illuminated Box type).
29  Shadowscope for Dark Room.
30 Daylight Shadowscope (Horizontal Projection).
3 Shadowscope for Dark Room (Reflection type,
suitable for Living Objects).
No. 43, Spring Clip. 37 Camera Obscura (Toy Model).

) = =

No. 47. Glass Collecting Tube

e = R R

No. 42,

Reflector,

&)




14
“ 20" QurFiT.—Continued,

Model No. Deseription.

38 Pinhole Camera (Box type).

39 Pinhole Camera (Midget type).

41 Lens Camera (Short Range, Box type).

42 Lens Camera (Long Range, Box type).

43 Button Hole Picture Camera.

48 Electric Lamp Photo Printer.

50  Red Lamp for Dark Room.
61A and 61B  Hand Kaleidoscopes.
62A and 62B and 62C  Magnifying Kaleidoscopes.

63 IMluminated Kaleidoscope (Box type with Lamp).
66A and 668 Reflection Kaleidoscopes (Box type).
67A and 67B  Reflection Kaleidoscopes (FProjection type).
68A and 688 Refiection Kaleidoscopes (Projection type),
69A and 698 Hand Micro-Kaleidoscope.

76 Watch Projector (Reflection type).

&7 Epidiascope.

93 Reflector.

94 Reflector (with Lens).

96 Midget Pinhole Camera.

97 Midget Lens Camera.

104 Crazy Mirrors.

106 Ophthalmoscope.

The following Models can also be made from the 20 Outfit
by using an Optical Box (1) instead of the Instrument Stand
(38).

79 Reflectoscope.
89 Picture Scanner.
95 Camera Lucida.
96A and 96B  Pinhole Camera and Stand.
98  Photo Printer.
99 Photo Copier.
100 Projector.
103 Periscope.
105 Crazy Mirrors,

INSTRUMENTS THAT CAN BE CONSTRUCTED
WITH THE CONSTRUMENTS “100” OUTFIT.

Models 1 to 108 (excluding 27 and 28) can be constructed from
the “ 100" Outfit.

16 INSTRUCTION BOOK FOR

best optical results. Always use a soft silk handkerchiei or
chamois leather for polishing Lenses before inserting in the
Mount.

SCREWED BOLTS AND RODS. (Fig. 3.)

When fixing Screwed Bolts (12), (13), or (46) in the
Instrument Stand (38) or Optical Box (1) these should, wherever
possible, be inserted in the holes from the inside as shown al
“ A7 as it is easier to hold the head with the Serewdriver whilst
the Nuts (15) are threaded on, than to manipulate the Spanner
(16) within the Stand or Box. In the case of the Screwed Rods
(11), first thread a Nut (15) on for a short distance, thus
forming a “head,” then insert in the holes as in the case of the
bolts, as is shown in “ B.” It will be found, that by holding the
Nut on the underside with the fingers, the upper one can be
threaded on and screwed down tightly. As a rule, Nuis can be
screwed down sufficiently tightly with the fingers to obtain a firm
fixing, but there may be instances in assembling some of the

Bl
~12,130r46 ior38 1 s :

A, B.
Fig. 3.

models where the use of the Spanner (16) is necessary, for
instance in awkward positions; but remember not to damage the
screw threads by tightening up too much. An over-tightened nut
may result in twisting a portion right off the bolt or rod, at the
same time leaving you with a useless nut. As a general rule, in
assembling the models, fix all Screwed Bolts and Rods to the
Stand first. If the underside of the Nut is flat and the top is
slightly rounded, always see that the flat side is in contact when
screwed up.

ATTACHING RING MOUNTS. (Fig. 4.)

Ring Mounts (3) or (3a) may be fixed to the Instrument Stand
(38) or Optical Box (1) in various positions as shown at “ A"
“BY “C” D) “E” and "F.” Screwed Bolts (12), (13),
or (46), and Screwed Rod (11) are used according to the
model under construction. When fixing the Ring Mount (3) or
(3a) at a distance either above or below the stand (38) or Box
(1), as at “E” and “ F,” care should be taken to adjust the Nuts

CONSTRUMENTS OPTICAL OUTFITS 15

GENERAL NOTES AND INSTRUCTIONS.

Before attempting to construct any of the models illustrated
in this book, read carefully the following instructions. Having
mastered these, no difficulty should be experienced in assembling
the models with the help of the illustrations and notes.

A full list of Construments for each model is given, and these
are indicated on the drawings to facilitate assembly.

MOUNTING LENSES, STOPS AND DISCS. (Fig. 1 and Fig. 2.)
Fig. 1 shows how Lenses (17) and (18), Stops (37a) and (44),
and Discs (9) (26-30) and (45), may be mounted in one of four
positions in the Ring Mount (3). Fig. 2 shows how the Lenses,
Stops, or Discs are mounted when using Ring Mount (3a). It
will be seen from Fig. 2" A" and " B " that the Plano-Convex
Lens (18) can be mounted with either the Plane or Convex face
towards the front of the Mount, according to the maodel; this
arrangement is also shown at “ A" “B” “ C,” and “ D,” Fig. 1.
After mserting the Lens, Stop, or Disc in the Ring Mount, it
must be secured by a Split Ring (10) pressed down evenly all
round; Fig. 2 “b"” shows the Split Ring in position in Ring
Mount (3a). When handling Lenses, always hold by the edges,

as at "a " Fig. 2, as grease and minute scratches are fatal fo the 14
101-18
A C. D.
Fig. 1

CONSTRUMENTS OPTICAL OUTFITS 17

so that the Mount is parallel with the Stand or Box, as failure
to secure this adjustment will result in distortion of the image
seen when using the Instrument.

A, B.
3or3a |

16

Model 41 (See page 49).

Maodel 42 (See page 50).

19
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MOUNTING OPTICAL TUBES. (Fig. 5.)

Take a Ring Mount (3), or (3a), complete with assembled Lens
(17) or (18), Stops (37a) or (44), Discs (9), (45), or (26)-(30),
according to the model. Attach the Screwed Rods (11) as
shown at “ A" complete with two additional Nuts (16) on the
free ends. When the Short Optical Tube (4a) is used, Screwed
Bolts (46) take the place of the Screwed Rods (11). Tnsert as at

Fig. 5.

“B,"” an Optical Tube (4) or (4a) in the Ring Mount (3) or (3a),
to suit the Model. Take another Ring Mount (3) or (3a), with
Stop for Lens (37a), or Disc if necessary, and pass it over the
Screwed Rods until the ends of the Optical Tube (4) are within
the Ring Mounts (3) or (3a). Thread the Hexagonal Nuts
(15) along until they support the second Ring Mount and the
tube is held rigid between them; two more Nuts (14) or (15) are
then put on and screwed up tightly. It is important that the
Serewed Rods (11), or Serewed Bolts (46), should be firmly held
to the Ring Mounts, which must be parallel,

MOUNTING REFLECTOR. (Fig. 6.)

The Reflector (42) is mounted in either of the holes on the
side of the Optical Box (1), or Instrument Stand (38), as shown
in Fig. 5, a Hexagonal Nut (15) being used inside the Stand or
Box, and a Terminal Nut (14) on the outside. Sce that the
Reflector is central with the large hole in the top of the Stand
or Box.

20 INSTRUCTION BOOK FOR

(3) Objects which are fairly flat, such as small insects, minute
moss plants, stamens of flowers, and dclicate objects generally,
which would be crushed by being compressed. can be given sufficient
space by first putting a Rubber Band (37) round each end of a
Slide before mounting the object. A second Slide is then placed
over the object and another pair of Rubber Bands secures the
two Slides together, The thickness of the Rubber Bands
encircling only one Slide, keeps the Slides apart.

CRYSTALS.

The study of crystals is both interesting and instructive. Many
cheap and common substances such as Hypo, Salt, Sal Ammoniac,
Epsom and Glauber Salts, can be used. Dissolve one or two
crystals in a very small quantity of water and transfer with the
Collecting Tube (47), a few drops of the solution to a clean slide,
as shown in Fig. 9. See that both the Tube and the Slide are
perfectly clean and free from dust.

Cover the slide over to exclude dust, and leave over night,
when crystals will probably have formed.

Medium Power Microscopes are most suitable for observing
crystals,

LIVE BOX. (Fig. 8B.)

For viewing living matter, insects, etc., a suitable Box can be
constructed by mounting the Distance Ring (8) between two
Glass Slides (23) secured by Rubber Bands (37).

AQUARIUM. (Fig. 8C.)
Specimens of Pond Water, Crystal Solutions, etc.. may be
examined with the aid of the Aquarium shown, which is easily

20
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Fig. 6. Fig. 7.

MOUNTING LAMPHOLDER. (Fig. 7.)

The Lampholder (5) is mounted on a lin. Screwed Bolt (12),
the slot of the Lampholder allowing for any height adjustment
within the Stand (38) or Box (1). The Bolt is secured to the
Stand (38) or Box (1) with Nuts (14) and (15), as in the case
of the Reflector, and as shown in Fig. 7, the upper or lower hole
being used as requived. See that the Lamp is central with the
large hole in the top of the Stand (38) or Box (1). The slot in
the Lampholder (5) allows for adjusting the position of the
Lamp (24) or (25).

MICROSCOPE ACCESSORIES.

(Mounting Specimens.)
SLIDES.

(1) Crystals of sugar, calt, fibres of cotten, wool, silk, hair,
etc,, cheese dust, pollen, tiny parts of flowers or insects, and many
other minute objects may He mounted on Glass Slides (23) with
the aid of a needle or knife blade. The specimens should not be
crowded, and only a small quantity in the case of crystals and like
subjects, being placed on the slide, especially when being used
under a Compound Microscope (Models 25 and 26).

(2) Flat objects, or objects capable of being flattened, such as
legs and wings of insects, small clippings of coloured cellophane
(for Kaleidoscope Models, (61), (75), (101), and 102),) picces of
fabric, silk, grasses, scales of fish, etc., may be mounted between
Glass Slides (23) held together by Rubber Bands (37) Fig. 8A.

CONSTRUMENTS OPTICAL OUTFITS 21

constructed.  Mount the Distance Ring (8) on a Glass Slide (23)
using Candle Wax, Plasticene, Putty, Gum, or other suitable
material to form a watertight joint between the Ring and the
Slide. The Aquarium is filled by means of the Collecting Tube
(47) as shown in Fig. 9.

LIVING MATTER. (Fig. 9.)

Interesting samples of living matter can be secured from ponds
or the sea-shore. Always select a pond with plenty of green
growth, and in the case of sea-water, stir up the sand at the
bottom before obtaining your sample. A convenient collecting
accessory can be made as follows :—

Cut a hole in the bottom of a
fishing-net to take the mouth of
a jar, and tie round the neck
with string,

This can be dipped into the
water for specimens. Some of
the larger ones will be seen
moving about, but the more
minute objects will be discovered
when the water is examined
under the microscope,

To fill the Aquarium, take the
Collecting Tube (47) and place
your finger over the end. Lower
the Tube into the specimen jar
and remove the finger ; the water
will rise in the tube; now re-
place your finger over the end,

Fig: 0. and withdraw the Tube. Hold
the Tube over the Aquarium and
release the contents into it by removing your finger.

Some of the larger specimens can be captured quite casily, as
the Tube can be placed dircetly over them,

HIGH POWER OBJECTIVES. (Fig. 10.)

The High Power Objectives (41) and (48) may be mounted in
their respective Mounts (41a) and (48a), with the Lens as at
“A"or "B The assembly is screwed on to the Ring Mount
(3). Two adjustments for focus are therefore available when
using Objective (41) and Mount (41a), but in the case of the
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Improved Objective, the Mount (48a) is screwed up tightly on
the Ring Mount (3), complete adjustment being obtained on the
Objective (48).

49 48 49 4‘8 4la 4| 4la 41

o

Fig. 10.

FINGER PRINTS.

A collection of finger and thumb-prints provides a fascinating
pastime, especially if each impress bears the signature, which
should be in black ink. No two persons possess the same
markings revealed by an impress, Imprints may be made on
Glass Slides (23), Glass Plates (21), White Card, or Paper.
When mzlkiug an imprcss, the I'm;;ur or thumb should first be
dipped in some material, such as face powder, grease paint, boot
polish, or rubbed on a piece of coal and then pressed on the glass
or paper. Slides and plates may be examined in a variety of
ways, for instance through a Magnifier such as Models 5, 6, 7, 15,
16, and 17 or Microscope Models 18, 19, and 20, dark ground
illumination being used. They can also be copied or enlarged
with Model 47, [)T‘u_a‘[ngr:lph{:d with Muadel 58, or printed direct on
photographic paper, using Model 49. The Magic Lantern, Model
51, can be used to project a picture on a screen or white wall, or
daylight projection may be made on the Frosted Glass Plate
(22) oi Models, 52, 53, 54, 55, or 50.

Fig. 11. Shows the methad of
mounting the Lens (18) in Model 7
and the method of mounting the
Frosted Disc (26) in Models 10and 13,
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MODEL 2.--SPOTLIGHT.
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
1 Plain Ring Mount (3a)
1 Lampholder (5)
2 Battery Clips (7)
1 Split Ring (10y
1 lin. Screwed Bolt (12)
2 4in. Screwed Bolis (13)
3 Terminal Nuts (14)
2 Hexagonal Nuts (15)
1 Bi-Convex Lens (17)
1 Focus Electric Lamip (24)
4 Transparent Dises (27-30)
Battery

Place the Bi-Convex Lens (17) in the Ring Mount (3a)
and  secure with a  Split Ring (10). Coloured Discs
(27-30) may be used behind the Lens. Fix the completed
Lens Mount to the
Optical Box (1) with
%in.  Serewed Bolts
(13) and Terminal
Nuts (14) as shown.
Mount the Lamp-
holder (5) on the lin.
Serewed  Bolt (12)
and fix in the lower
hole of the Cptical
Box with Nuts (14)
and (15). Pass the
Battery leads through
the other hole and
slide on the Lid (2).
It is important that
the Lampholder (5)
should be adjusted on
the Screwed Bolt (12)
for focus, and that
the Focus Electric Bulb (24) is central in the Box.

This Model is used for projecting coloured light in stage work,
and some interesting shadow effects can be obtained in a dark
room with coloured light. The strong beam will carry to a
considerable distance.

CONSTRUMENTS OPTICAL OUTFITS 23
ELECTRIC TORCHES, SPOTLIGHTS, ETC.
MODEL 1.-ELECTRIC TORCH.

Parts required : —

2 Plain Ring Mounts (3a)
1 Optical Tube (4)
1 Lampholder (3)
2 Battery Clips (7)
1 Split Ring (109
2 3in. Screwed Rods (11)
1 lin. Screwed Bolt (12)
5 Terminal Nuts (14)
6 Hexagonal Nuts (15)
1 Bi-Convex Lens (17)
1 Focus Electric Bulb (24)
4 Transparent Discs (27-30)
Battery

Insert the Bi-Convex Lens (17) in one of the Ring Mounis
{3a) and secure with the Split Ring (10). Complete the Optical
Tube assembly as shown
(see A, B, and C., Fig.
5, p- 18). Imsert the lin.
Screwed Bolt (12) in
the Ring Mount (3a)
(without the Lens) and
secure with Hexagonal
Nut (15). Thread on
another Hexagonal Nut
(15) and place the

Model L Lampholder (5) com-
plete  with the Focus
Ilectric Bulb (24) on the lin. Screwed Bolt and lock
with the Terminal Nut (14). It is important that the Focus
Iilectric Bulb (24) should be central with the Optical Tube (4),
and focussed to give the correct beam. Adjustment for focus is
obtained by positioning the Lampholder (5) using the Screwed
3ot (12) so that an evenly illuminated and nearly parallel beam is
thrown on to the object. The uses of a torch are numerous, but
mention may be made of a bedside lamp and bicycle lamp. The
use of coloured discs (27-30) behind the Lens (18) will be found
to produce some interesting results.
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MODEL 3. -SIGNALLING LAMP.
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
2 Plain Ring Mounts (3a)
1 Optical Tube (4)
1 Lampholder (5)
1 Battery Clip (7)
1 Split Ring (10)
2 3in. Serewed Rods (1)
1 lin. Screwed Bolt (12)
3 Terminal Nuts (14)
12 Hexagonal Nuts (15)
1 Bi-Convex Lens (17)
I Focus Electric Bulb (24)
4 Transparent ))iscs (27-30)

Mount Model 1 with-
out the Lampholder and
attachments, to Optical
Box (1) as in the pic-
ture. Mount a Lamp-
holder (3) and TFocus
Electric Bulb in  the
central  hole of  the
Optical  Box (1} as
shown (see also Fig. 7,
p- 19).

This is a useful Madel
for Scouts and Guides,
enabling the transmis-
sion of signals to be
made in Morse Code,
with cither white or
coloured  light, and in
the dark. The signals
are made by completing

Model 3. the electric circuit

through the battery and

lamp with the bare end of one of the leads, the other being fixed

to the battery with a Clip (7). A Tapping Key can be inserted
in the circuit if desired.

21
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MODEL 4. SIGNALLING LAMP. (Reflecting Type.)

Parts required ;-

1 Screwed Ring Mount (3
2 lin. Screwed Bolts (12)
1 din. Screwed Bolt (13)
7 Hexagonal Nuts (15)
1 Mirror (2in. x 2in.) (20)
>

2in. Screwed Bolts (46)

The previous Model
(3) can be converted
into this one by the
addition of a Mirror
and Mirror Stand
(Model 93). By means
of the Mirror, signals
are projected horizon-
tally as in the case of
the heliograph, an in-
strument n common use
for daylight signalling.
First assemble the
Mirror Stand  (Model
933, using Ring Mount
(3a) lin. Screwed Bolts
(12) and the Jin.
Screwed Balt (13) as
shown. Place the Stand
on top of the upper
Ring Mount (3) of the
Model and clamp  the
two together with 2in,
Serewed Bolts (46) and
Hexagonal Nuts (15) as
shown.

Model 4,

HINTS ON THE USE OF MAGNIFIERS AND MICROSCOPES.

Tllumination of Objects. 1f the object is transparent, eg. a
fly's wing, it should be illuminated from below with either the
Reflector (42) or the Focus Electric Bulb (24). Care should be
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Focus Electric Bulb (24) exactly right, so that a good light is
concentrated on the object to be viewed without glare, When
using the Lamp mount a Frosted Disc (26) below the object for
a Medium Fower Microscope and the Large Pinhole Disc (45)
for a High Power Microscope. The Lamp should be mounted as
low as possible, and the best position found by adjusting the
position of the Lampholder (5).

If the object is opaque, it should be illuminated from the side
or above, and it may be best, in some cases, to use a dark back-
ground. This is known as Dark Ground Illumination. It is
advisable to experiment with both Dark and Light Ground
Illumination, especially when using Medium Power Microscopes.
The black side of the Optical Box Lid (2) may often be useful
for this purpose.

SIMPLE MAGNIFIERS.

As their name implies, these instruments must not be expected
to give a high degree of magnification, but are very useful in
many ways. The illuminated Models (9-13) give particularly
good results. In the Models, 9, 10, 11, 12, and 13, it is interesting
to try either the Lamp, or the Reflector, in the upper or lower hole
in the side of the Instrument Stand (38) or Optical Box (1)
according to the degree of illumination required. The reflector
may also be tried with the white side or polished side as the
reflecting surface.

MODELS 5 and 6.—LOW POWER MAGNIFIERS. (3 and 4 Leg

ype.)
Parts required :—

1 Plain Ring Mount (3a)
1 Split Ring (10)
4 lin. Serewed Baolts (12)
4 Hexagonal Nuts (15)
1 Plano-Convex Lens (18)

Insert the Plano-Convex Lens (18) in the Ring Mount (3a)
with the curved or Convex side uppermost. Secure with Split
Ring (10). Mount the assembly on three Screwed Bolts (12)
cqually spaced as shown (Model 5).

taken to get the angle of the Reflector (42) or the position of the Model 5, Model 6.
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By the addition of another lin. Screwed Bolt (12) :1_nd MODEL 9. LOW POWER MAGNIFIER. (Stand Type with
Hexagonal Nut (15); (the four Bolts being spaced round the Ring Reflector.) ) o
Mount (3a) as in Model 6), it is possible to pass objects mounted Construct as Model 7, but use the Instrument Stand (38) with
on Glass Slides (23) between the legs of the Stand. the Reflector (42) attached to it instead of the Optical Box (1).
Model 5 is extremely useiul for the examination of detail, The Reflector (42) is attached to the Instrument Stand (38) as
where a high magniﬁ(‘:[tirm is not required, in objects such as in Fig. 6, p. 27.
postage stamps, erests, coins, maps, pictures, watch parts, finger- MODEL 10.—LOW POWER MAGNIFIER. (llluminated Box Type.)
prints, cte. 17 Parts required :—
S SeEal I Optical Box (1)
1 Lid for Optical Box  (2)
MODEL 7.--LOW POWER MAGNIFIER. (Box Type for Opaque I Lampholder (5)
Objects.) 2 Plain Ring Mounts  (3a)
Parts required :— ';‘ Tfm_tr:r_v_(_.lrps (7
1 Optical Box (1 ¢ ﬁpht_)ng; . (10)
1 Lid for Optical Box (2) 2 3in. .S‘(‘r(:\\:!:d Raods (117)
1 Plain Ring Mount (3a) l‘ 'lljn. h_cx:ciu\e‘rl Baolts H.‘)
1 Split Ring (10) ) Tenminal 1 uts (K )
2 lin. Screwed Bolts (12 6 l‘I‘c.\"ng.‘,’('m.ﬂ Nuts r_ljp
2 Terminal Nuts (14) 1 i?\-( onvex Lens {.lz}
4 Hexagonal Nuts (15) 1 Ifmns i'_IL‘L:lHl' Lamp [i-l)
1 Plano-Convex Lens (18) 1 Frosted Dise T'{Jn
Mount the Plano-Convex Lens 4 Coloured Discs (27-30)
(18) as in the previous Models Fix a Ring Mount (3a) to
(5 and 6). Pass the lin. Screwed the underside of the top of
Bolts (12) througl the holes in the Optical Box (1), with

the top of the Optical Box (1)
from the inside and secure with

Screwed Rods  (11)  and
Hexagonal Nuts (15} as

Hexagonal Nuts (15). Add two Model 7. Model 10, shown, leaving approximately
more Hexagonal Nuts  (15) - 2tin. of the Jin. Screwed
and place the completed Mount on the lin. Serewed Bolts (12) Rods (11) abave the Optical Box (1). Mount the Lampholder
and lock in position with the Terminal Nuts (14) as shown. (5) and Lamp (24) as in Fig. 7,p. 28, on the Screwed Bolt (12).
Sec that the Mount is parallel with the top of the Optical The Bi-Convex Lens (17) should now be inserted in the other
Box (1). Ring Mount (3a) and the Mount assembled on the Rods at

Opaque objects such as cloth, feathers, leaves, cic, mounted approximately 2in. from the Box. Adjust the Lampholder (5)
on Glass Slides (23) can be examined with this Model, _“"J top central in the Optical Box (1) and at a distance from the Ring
of the Optical Box (1) acting as a stage "U‘_' supporting the Mount (3a) to give a good illumination without the image of
Slides (23). Focussing is carried out by adjusting the height of the Lamp appearing on the Frosted Disc (26) when viewed from
the Ring Mount (3a) above the Optical Box (1). above; this will be found to be approximately as shown.

For the examination of transparent objects such as wings of
insects, certain flower petals, fish scales, soap films, etc., and
MODEL 8.-LOW POWER MAGNIFIER. (Stand Type.) semi-transparent subjects, for instance, crystals, mica, celluloid,

Construct as Model 7, but use the Instrument Stand (38) films, silks, etc., this Model will be found useful. When viewing
instead of the Optical Box (1). semi-transparent subjects, the Frosted Disc (26) should be
removed from the lower Ring Mount (3a). Contrasting illumina-
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tion may be obtained by using the coloured Discs (27-30) as for
instance in the case of whitish objects. Focussing is carried out
by adjusting the height of the upper Ring Mount (3a) above the
Box. Always keep the top of the Optical Box (1) and Ring
Mount (3a) parallel.

MODEL 11.--LOW POWER MAGNIFIER. (Illuminated Stand Type.)

Construct as in the previous Model (10}, but use the Instrument
Stand (38) instead of the Optical Box (1),

MODEL 12.-LOW POWER MAGNIFIER. (Stand Type with
Reflector.)
Construct as Model 11 using the Reflector (42) in place of the
Lampholder (5) and Focus Electric Bulb (24).

MODEL 13.-LOW POWER MAGNIFIER. (llluminated Box Type.)

This Model is constructed in exactly the same way as Model
7, lin, Screwed Bolts (12) being used to support the Ring Mount
(3) instead of the Screwed Rods (11). See Fig. 11, p. 29.
A Lamp (24) is mounted centrally in the Optical Box (1) as in
Fig. 7, p. 19.

MODEL 14.-LOW POWER
MAGNIFIER. {Compound
Type with Two Lenses.)

Parts required :-—

Plain Ring Mounts (3a)
Optical Tube (4a)
Split Rings (10)

2in. Screwed Bolts  (12)
Hexagonal Nuts (15)
Bi-Convex Lens (17)
Plano-Convex Lens  (18)
Insert the Plano-Convex
Lens (18) in one Ring Mount
(3a), and the Bi-Convex Lens
(17) in the other, securing
, cach with a Split Ring (10).
Mount the Optical Tube (4a)
between the Ring Mounts
= (3a) as shown with the lin.
Screwed Bolts (12) and Hexagonal Nuts (15). The Ring Mount
(3a) containing the Bi-Convex Lens (17) is the eyepicee of the
Instrument,

=l SV S B
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apart and secure with Hexagonal Nuts (15). Screw the two
Screwed Ring Mounts (3) together and fit on the Cap for the
Tubular Mount (49).

In this Model the Lenses (18) are arrangedl at a greater
distance from the object, as shown, the Instrument being mounted
on three legs. Prints, fabrics, drawings, process blocks, and
various other subjects can be minutely examined with this Model.

MODEL 17.—MEDIUM POWER MAGNIFIER. (Four Leg Type with

Stage.)

Parts required :-—

1 Screwed Ring Mount (3)
1 Plain Ring Mount (3a)
2 Split Rings (10)
4 lin. Screwed Bolts (12)
12 Hexagonal Nuts (15)
2 Plano-Convex Lenses (18)
1 Tubular Mount (39)

1 Cap for Tubular Mount (40)

This Model is exactly the same as the
previous one (Model 16) as regards the
Lens arrangement. An extra Ring Mount
acts as a stage for supporting slides.

Model 17.

Mount the Lenses as in the previous Model 16. The four
Screwed Bolts (12) are then fitted to the Screwed Ring Mount
(3), spaced as shown, and locked with Hexagonal Nuts (15).
Thread on to each lin. Screwed Bolt (12) another Hexagonal
Nut (15) and pass the lin. Screwed Bolis (12) through holes
in the Plain Ring Mount (3a) and lock with Hexagonal .\;}lts
(15) as shown. Adjust the nuts holding the Lower Plain Ring
Mount (3a) so that the Mount is parallel with the upper one, and
just clear when the instrument is standing.

HIGH POWER SIMPLE MICROSCOPES.

Before using any of the Microscopes in this section it is
advisable to read the section on Microscope Accessories, etc., on
pages 19-21.

The following three Models are made by using the 1ligh Power
Objective (41) screwed Lens downzwards, as in Fig. 10, page 22,
into the Mount (41a)—the whole being then serewed to a Ring
Mount (3) as shown in the first picture below. Note that the
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MEDIUM POWER MAGNIFIERS.

A higher degree of magnification is obtainable with the
following Models owing to the Lens arrangement.

MODEL 15.--MEDIUM POWER MAGNIFIER. (Hand Type.)
Parts required ;1 —

I Secrewed Ring Mount (3
1 Distance Ring (8)
1 Split Ring (10)
2 Plano-Convex Lenses (18)
1 Tubular Mount (39)
1 Cap for Tubular Mount (40)

The Lenses (18) are inserted in the Tubular Mount (39) as
shown diagramatically, and separated by the Distance Ring (8).
Serew the lens assembly on to the Screwed Ring Mount (3) and
fit on the Tubular Cap (40).

For examining detail parts of micro slides or photographic
negatives this Model will be found most useful, The Model
is placed directly on the Slide or negative to be examined and
held up to direct light.

Model 15. Model 16.

MODEL 16.—-MEDIUM POWER MAGNIFIER. (Desk Type.)
'arts required :—

1 Secrewed Ring Mount (3)
2 Split Rings (10)
3 iin. Screwed Bolts (13)
3 Hexagonal Nuts (15)
2 Plano-Convex Lenses (18)
1 Tubular Mount (39)
1 Cap for Tubular Mount (40)

‘Mount the Lenses (18) as shown. TInsert the lin, Screwed
Balts (13) in the Screwed Ring Mount (3) at equal distances

CONSTRUMENTS OPTICAL OUTFITS 3

tneld of view, though small, gives a high magnification, and onlv
very tiny objects can be seen all at once. Note also that the
rHigh Power Objective must be very close to the object. You
get the right focus by screwing the Objective or the Mount either
up or down.

MODEL 18.—HIGH POWER SIMPLE MICROSCOPE. (Slide Type.)
Parts required :—

1 Screwed Ring Mount (31
1 High Power Objective (41)
1 Mount for High Power Objective

(41a)

This Model is used for placing directly upon a microscopic
zlide and then holding both slide and magnifier up to the light,
with the eye very close to the hollow end of the Objective (41).

Model 18 Model 19.
MODEL 19.—HIGH POWER SIMPLE MICROSCOPE. (Pocket or
Desk Type.)
Parts required ;: —

1 Screwed Ring Mount (3)
4 din, Screwed Bolts (13
4 Hexagonal Nuts (15)
1 Glass Plate (21
1 High Power Objective (41)
1 Mount for High Power Objective

(41a)

This is the same as Model 18, but mounted on four in.
Screwed Bolts (13) inserted in the four holes of the Ring Moun:
on either side of the slots. (Model 17 shows this position of the
bolts.) This again is for viewing microscopic slides, which should
be placed between the four legs of the magnifier after first
placing the magnifier on the Glass Plate (21). Glass Plate, Slide,
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and Magnifier can then all be raised to the light for viewing.
Note that the High Power Lens must be close up to the object
viewed. Both Objective (41) and Mount (41a) should therefore
be screwed well down to secure the right focus.

MODEL 20.—HIGH POWER SIMPLE MICROSCOPE. (Four Leg
Type with Stage.)

Lens arrangement for

Parts reguired :—

Model 21,
1 Screwed Ring Mount (3
I Plain Ring Mount (3a) the under side of the v % 5
4 lin. Screwed Bolts 12) Stand as in Model 23, N 2 S
12 Hexagonal Nuts (13) and placing a Plano- N N %
1 High Power Objective (41) Convex Lens curved side 3§\\
1 Mount for High Power Objective downwards in the Ring 12 §§
(41a) Model 20 Mount from below, as %
i - in Fig. 1, page 15, and N
This is the same as Model 19, but mounted as shown in the the Frosted Disc (26) %
picture.  The space between the two Ring Moums (3) into the lower Ring :
and (3a) accommodates the slide or object to be viewed. Mount from above. The
. lower Lens thus concen-
MODEL 21.—MEDIUM POWER DISSECTION MICROSCOPE. brates the light and the
{Stand Type.) Frosted Disc (26) pre-
Parts required :— vents it being  too Model 21,
1 Screwed Ring Mount (31 L\n'lhant. The. slide or
1 Lampholder ) object to be \.’N:\\'L'd‘lé then placed on top of the Instrument Stand
2 Split Rings (10) (38) between the Frosted Disc and the upper Lenses.
3 lin. Screwed Bolts (12) Note.—The Optical Box (1) may be used instead of the
3 Terminal Nuts (14) Instrument Stand if desired.
6 Hexagonal Nuts (15)
2 Plano-Convex Lenses (18)
i BiConves Elscteiz Bulb (25 MODEL 22.-MEDIUM POWER _DISSE_CTION MICROSCOPE.
1 Frosted Disc (26) (Slnd‘ Type. As Model 21 but with Reflector.)
1 Instrument Stand (38) Parts required :—
1 Tubular Mount (39) 1 Screwed Ring Mount (3)
1 Cap for Tubular Mount (40) 2 Split Rings (10)
& W iU > 9
First assemble the Lenses (18) as shown in the diagram ; ‘111:1:.:;E:;:]\“§:.[r:“hb H:%
on page 35, one in the Ring Mount (3), and one in the 5 Hexagonal Nuis (15)
Tubular Mount (39). Now mount on the Instrument Stand (3%) 2 I'Ia—un-l'()m'v\ T eiices (18)
by means of two lin. Screwed Rods as shown, and mount the I distrament Sticd (38)
Bi-Convex Electric Bulb in the side of the Stand (as n Fig. 1 Tt;i:ular Mount (39)
7 page 193, A strong diffused }ighl can be I:)blailu'd .2'1-7 1 Cap for Tubular Mount (40)
examining transparent objects by fitting an extra Ring Mount 1o 1 Reflector (42)
6 INSTRUCTION BOOK FOR CONSTRUMENTS OPTICAL OUTFITS 7

MODEL 24.--HIGH POWER SIMPLE MICROSCOPE. (Stand

Type A.)
Parts required :—

2 Screwed Ring Mounts (3)

1 Lampholder (5)

1 Split Ring (10)

1 lin. Screwed Bolt (12)

2 lin. Screwed Bolts (13)

Lens arrangement for 3 Terminal Nuts (14)

odel 22 6 Hexagonal Nuts (15)

‘§:“ Construct  Model 22 1 ljlann-("mwca_' Lens (18)

S| as Model 21, but sub- 1 Focus Electric Bulb (24)

% stitute a Reflector (42) 1 Frosted Disc (26}

% | for the Lampholder and 1 Instrument SInnfl : (38)

§§ Lamp. 1 High Power Objective (41)

\%\\ | The Reflector (42) 1 Mount for High Power Objective

§\\ | may be used in either (41a)
\\\‘i}~ centre or lower hole of Model 24 is exactly as Model 23 but with the Frosted Dise
3 § the Tnstrument  Stand (26) in the lower Ring Mount (3) and the Focus Lamp (24)
. (as in Fig. 6, page 19). used instead of the Reflector (42) and mounted as in Fig. 7, p. 19.

Tty also using cither the MODEL 25. HIGH POWER COMPOUND MICROSCOPE. (With
Model 22, white or the polished Lamp.)

side of the Reflector to Parts required :—

see which gives the hest 2 Screwed Ring Mounts (3)

results with the objects to be viewed. 1 Plain Ring Mount {3a)
i 1 Optical Tube (4)

MODEL 23, HIGH POWER SIMPLE MICROSCOPE. (Stand 1 Lampholder (5)
Type.) 1 Distance Ring (8)

Parts required :— 3 Split Rings (10)

2 Serewed Ring 2 3in. Screwed Rods (11
Mounts  (3) 1 lin. Screwed Bolt (12)

1 Split Ring (10) 2 lin. Screwed Bolts (13)
2 din. Screwed Bolts (13) 5 Terminal Nuts (14)
3 Terminal Nuts (14) 14 Hexagonal Nuts (15)
5 Hexagonal Nuts  (13) 3 Plano-Convex Lenses (18)
1 Plano-Convex 1 Focus Electric Bulb (24)
Lens  (18) 1 Instrument Stand (38)

1 TInstrument Stand  (38) 1 Tubular Mount (39)
1 High Power 1 Cap for Tubular Mount 40y
Objective  (41) [ 1 High Power Objective (41)

1 Mount for High L 1 Mount for High Power Objective
Power Objective (41a) (41a)
Attach Model 18 to the 2 Spring Clips (43)
Instrument Stand (38) as Madel 23, 1 Large Pinhole Disc (45)
shown, 2 2in. Screwed Bolts (46)
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This is a very effective instrument giving a high degree of
magnification to microscopic subjects. To construct this Model,
first of all make-up the Eyepiece from two I'lano-Convex Lenses
(18), Distance Ring (8), and Tubular Mount (39) and Cap (40)
exactly as Model 15. Then mount the Optical Tube (4) between
two Ring Mounts (3).

Now take the High Power Objective (41) and screw it for a

If.
1
e |17
) s
¥
3
46
4ol 41
2 45
P 3&
1018

Lens arrangement for
Model 25 or 26.

Model 25,

few turns into its Mount (41a). You now have three assemblies,
i.e., the Eyepiece, the mounted Optical Tube and the Objective.
Screw the Eyepiece to the upper Ring Mount and the Objective
to the Jower Ring Mount as shown in  the diagram.
The next step is to attach a third Ring Mount (3a) to the
underside of the Instrument Stand by means of two 2in. Screwed
Bolts (46), the free ends of which project upwards, ready to
take the optical unit you have just screwed together. Note the
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5 Terminal Nuts (14)
13 Hexagonal Nuts (15)
3 Plano-Convex Lenses (18)
1 Focus Electric Bulb (24)
1 Instrument Stand (38)
1 Tubular Mount (39)
1 Cap for Tubular Mount (40)
1 High Power Objective (41)

1 Cap for High Power Objective
(41a)
1 Reflector (42)
2 Spring Clips (43)
1 Large Pinhole Disc (45)
2 2in. Screwed Baolts (46)

Model 26 is exactly as Model 25 but a Reflector (42) is used
instead of the Focus Lamp (24), the Reflector being mounted
as in Fig. 6, page 19.

MODEL 27.—HIGH POWER COMPOUND MICROSCOPE. (Im-
proved Model with Lamp.)

Parts required as for Model 25, but the improved High Power
Objective (48) instead of the High Power Objective (41) and
the improved Mounl (48a) instead of the Mount (4la). See
Fig. 10, p. 22.

MODEL 28.—HIGH POWER COMPOUND MICROSCOPE. (Im-
proved Model with Reflector.)
Model 28 is exactly as Model 27 but with Reflector (42) instead
of the Lamp and Holder. The Reflector is mounted as in Fig.
6, page 19,

MODEL 25.—SHADOWSCOPE FOR DARK ROOM.
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
1 Lamp Holder {5)
1 lin. Screwed Bolt (12)
2 }in. Screwed Bolts (13)
1 Terminal Nut (14)
4 Hexagonal Nuts (15)
1 Focus Electric Bulb (24)

Construct as shown. To use the Shadowscope, place an
opaque object in the beam of light. A small object should be
placed nearer to the Shadowscope than a large one. All manner
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upside-down position for this third Ring Mount as in the picture
of Model 23. Now take a few turns with hexagonal nuts (15)
on to the free ends of the screwed bolts to support the optical
unit, and mount as shown in the picture.

The third Ring Mount on the underside of the Stand takes the
large Pinhole Disc (45) inserted from above, and a Plano-Convex
Lens (18) from below, with the curved side of the Lens towards
the Lamp. Secure both the Pinhole Disc and the Lens with
Split Rings. Now mount the Lamp (24) in its Holder (5) in the
lower hole of the Stand as shown, and attach the free ends of
the wires to the Battery.

Nore—When placing slides between the High Power Lens
and the top of the Stand, be careful to sce that the pin-point of
light from below is illuminating the part of the slide you wish
to examine. Do not be disappointed if you do not get a clear
image at the first attempt. Try screwing the High Power
Objective up or down, making sure also that the Lamp is in a
directly upright position and
directly underneath the Pin-
hole Disc. Many High Power
Microscopes costing  guineas
do not give better results, so
that it is worth a little patience
to get things exactly right.

IntporTANT.—All the parts
of the instrument should be
centred most carefully. The
position of the large Pinhole
Disc (45) is most important
and it ghould be moved until
the best position is obtained,
MODEL 26.- HIGH POWER
COMPOUND MICROSCOPE.

(With Reflector.) Z
Parts required :— S %/,
2 Screwed Ring Mounts (3) \ = 7 |
1 Plain Ring Mount (3a) % %
1 Optical Tube (4 Ex
1 Lampholder (5) E%j Z
1 Distance Ring (8) {ﬁ?/’ tH

3 Split Rings (10) 27 02

2 3. Screwed Rods  (11) i/%/.

1 lin, Screwed Bolt  (12) |7,

2}, Screwed Bolts  (13) Model 26. e
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of objects may be used. Figures such as animal heads may be
cut from card or sheet metal. Mechanical toys may be shown
working, Japanese flowers expanding, insects, flowers, leaves, etc,,
may be shown in sithou-
ctte. Shadowscopes may
be used for examining
the form of screw
threads, projecting
geometrical figures, lines
of magnetic force, jets
or drops of water, etc.
Projections of moving
objects such as a work-
ing model of a steam
engine are particularly
interesting.

Muodel 29 may be used
in the position shown to
project shadows on the
ceiling or it may be
turned on its side to Y,
project shadows on the Model 29,
wall.

More information on Shadowscopes is given in the article,
Experimental Optics No. 3, in the July issue of the Construmag,

page 82
MODEL JD.)—DAYLIGHT SHADOWSCOPE. (Horizontal Projec-
tion,
Parts required :—

1 Optical Box (1)
1 Lampholder (5)
1 3in. Screwed Rod (11)
2 lin. Secrewed Bolts (13)
1 Terminal Nut (14)
4 Hexagonal Nuts (15)
1 Frosted Glass Screen (22)
1 Focus Electric Bulb (24)

Construct as shown with a Frosted Glass Screen (22) in the
back of the Optical Box (1).

Model 30 is for use with small objects which are held between
the Lamp and the large central hole of the Optical Box so that
the image of the object is projected on the Frosted Glass Plate
at the back of the Box. Lace, paper cuttings, toy animals, small
leaves, flowers, parts of a watch, etc.. are suitable objects.
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Model 30.

MODEL 31. SHADOWSCOPE FOR DARK ROOM. (Reflection
Type.)

Parts required :

As for Model 29 with
the addition of the parts
required for Model 93.
Two of the Terminal
Nuts (14 and  lin.
Serewed Bolts (13) will
not be rvequired.

Place Model 29 so
that the large central
hole of the Optical Box
(1) is in the upper sur-
face of the Box. Place
Model 93, with the Mir-
ror (20) reversed, so
that its Ring Mount (3a)
projects  through the
hole of the Box.,

When in  use, the
Mirror (20) reflects the
beam of light hori-
eontally so that it may be thrown on a wall or sereen,

Model 93 may alse be mounted above the Optical Box (1)

Model 31,

DEL 33.—DAYLIGHT SHADOWSCOPE. (Vertical Type.)
3uild this exactly as Model 32, but use the Frosted Glass
een (22) instead of the Glass Plate. If now you hold the
ects to be projected between the Instrument Stand and the
tical Box and look down on the Frosted Screen, you will see
m projected thercon as silhouette “ pictures.””  For small
ects only.

DEL 34.  PHOTO-SHADOWGRAFH.
ixactly as for Model 32, with the addition of the following :

1 Lid for Optical Box (2)
1 Plain Ring Mount {3a)
1 Camera Cap (6)

3uild up cxactly as in Model 33 above, but use the Frosted
58 Screen for focussing, prior to taking the photograph of the
ect you have placed in position over the light. Then, in a
k raom, put your photographic plate in place of the Frosted
88 Screen, slide the Optical Box Lid (2) firmly into position
make the box light-tight, and switch on the Focus Lamp for
ew seconds to make the exposure. Then switch off the lamp,
wve the negative and develop and fix in the usual way., Or
Camera Cap (6) may be used to screen from the light and
1oved for a few scconds to make the exposure,

mportant. Use of Cut Film or Photographic Paper. Cut film
shotographic paper (3}in. square), (the latter to take the image
zct _without the use of a negative), may be utilised instead of
ss negatives.  In this case rest the Glass Plate (21) on the
zes at the back of the Optical Box in order to provide a flat
port for film or paper. Then replace the Optical Box Lid (2)
ore taking the photograph. It is necessary to place the
ssted Glass Sereen (22) on top of the film or paper to keep
lat.

DEL 35.—SHADOWSCOPE FOR DARK ROOM. (Downward-
Throw for Small Objects.)

Yarts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
1 Lampholder (5)
2 3in. Screwed Rods (11)
1 1lin. Screwed Bolt (12)
1 Terminal Nut (14)
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nsing lin. Screwed Bolts (12) and Hexagonal Nuts (15). In this
case the abject may be placed on the Optical Box between it and
Model 29. This enables living objects such as minnows, water
beetles, pond life, ete., to be projected on a wall, instead of on
the ceiling. L

MODEL 32, -SHADOWSCOPE WITH GLASS STAGE.

Parts required :—

1 Optical Box (h
1 Lampholder (5)
2 3in. Screwed Rods (1
1 lin. Screwed Dolt (12)
2 4in, Screwed Bolts (13)
3 Terminal Nuts (1)
10 Hexagonal Nuts (13
1 Glass Plate (21)
1 Focus Flectric Bulb (24)
1 Instrument Stand (38)

Mount the Optical Box (1)
with the large central hole down-

wards, to the Instrument Stand
(38) by means of two 3din.
Screwed Rods (11). Fig. 30,
page 16, will help you to do this,
Mount the Focus Lamp (24) in
its Holder (5) as shown in the
picture and thread the free ends
of its wires through the opposite
holes of the Instrument Stand
ready for attaching to the
Batterv. Block up the small
holes of the Optical Box with
din. Screwed Bolts and Terminal Nuts to prevent escape ot
light.

Model 32,

Instead of replacing the Optical Box Lid (2) nse instead the
square  Glass Plate (210, through  which the light from
below will shine.  This (ilass Plate will serve as a con-
venient * stage " on which to rest articles or objects which you
wish to view in silhouctte on the ceiling, Tnsects ina ™ live box,”
mimows or water beetles in a glass dish, and various other
living things of a suitable size can thus be seen greatly enlarged
on the ceiling affording endless interest in the study of their

movements,

10 Hexagonal Nuts (15)
1 Focus Electric Bulb (24)
1 Instrument Stand (38) =

Mount the Optical Box (1) and the
Instrument Stand (38) exactly as in
Models 32, 33, and 34, but instead of
mounting the Lamp in the side of the
Stand, mount it inside the Optical
Box as in Fig. 7, page 19. Then close
the lid of the Optical Box, and you
will have the light from the lamp
shining downwards through the cen-
tral hole of the Optical Box.

Place a sheet of white paper or
white card on the table underneath
the Instrument Stand (38), and pro-
jeet the silhouette image downwards
by placing the slide or other object
on top of the Instrument Stand.

Model 35,

MODEL 36. PHOTO-SHADOWGRAPH. (Downward-Throw.)

Parts required :—

The same as for Model 35 with the addition of the following—

1 Ring Mount (3 or 3a)
1 Camera Cap (6)

Construet exactly as Model 35, but use a piece of photographic
paper instead of the white paper or card. The Camera Cap (6)
may be used on a Ring Mount (3) in the large central hole of
the Optical Box, in order to make exposures.

Use in a dark room, exposing by means of a few scconds’
illumination from the lamp in the Optical Box, and then
develop in the usual way.

MODEL 37.—CAMERA OBSCURA. (Toy Model.)
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2
1 Ring Mount (3 or 3a)
1 Split Ring (10)
1 4in. Screwed Bolt (13)
1 Terminal Nut (14)
1 Bi-Convex Lens (17)
1 Piece of White Card (made to instructions)
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First attach a Ring Mount (3) or (3a) to the lower small hole

at the side of the Optical Box by means of a din. Screwed Bolt

and a Terminal Nut as shown in

Maodel 37,

the picture. Notice that this
brings the small central
hole of the Box directly
in the centre of the Ring
Mount. Now insert the
Bi-Convex Lens (17)
into the Ring Mount as
in Fig. 1, p. 15, securing
with a Split Ring as
usual. Cut a piece of
white card the size of
the side-wall of the
Optical Box and insert
into the Box so that it is
opposite  the mounted
lens. The picture makes
this clear. Then slide on
the Optical Box Lid (2).
1f you now hold the lens

towards any well-lighted object such as a tree, a building, a
window, etc., and look sideways at the white paper or card
through the large central hole of the Box, you will see an image
projected on the white surface. Though this is a toy model it
well illustrates the principle of the Camera Obscura which pro-
jects a focussed image through a small aperture in an otherwise
dark room or box.

MODEL 38 —PINHOLE CAMERA. (Box Type.)
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box 2
1 Ring Mount (3 or 3a)
1 Camera Cap (6) or (6a)
1 Small Pinhole Disc (9
1 Split Ring (10}
4 lin. Screwed Bolts (13)
4 Terminal Nuts (14)
1 Frosted Glass Plate (22)

Construct Model 38 as shown. The small Pinhole Disc (9) is
fixed in the Ring Mount (3 or 3a) by means of a Split Ring (10).
To take a photograph, place the Frosted Screen (22) on the
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1 Frosted Dise (26)
2 Tubular Mounts (39)

1 Cap for Tubular Mount (40)

Insert the small Pinhole Disc (9) into a Tubular Mount (39)
securing with a Split Ring (10) as usual. Next fasten together
two Ring Mounts (3) back to back and screw on the Tubular

Alodel 39.

Method of mounting
Model 39
Mount centaining the Pinhole Disc. On the other Ring Mount
screw on a Tubular Mount containing the Frosted Disc (26) for
focussing the image. Or the Frosted Disc may be inserted in the
Ring Mount itself as in Model 43. To give stability and to pre-
vent movement during expoesure Midget Type and Button-Hole-
Picture Cameras may be mounted on the Instrument Stand (38)
as shown here, the Ring Mounts being first affixed, back to back,

to the Stand,

MODEL 40.-PINHOLE CAMERA FOR
TRANSPARENT OBJECTS.
Parts required :—

1 Optical Box (1)
1 Ring Mount {3 or 3a)
1 Lampholder (3)
1 Small Pinhole Disc (9)
1 Split Ring (10)
2 3in. Screwed Rods {11)
1 lin. Screwed Bolt (12)
2 }in. Screwed Bolts (13)
3 Terminal Nuts (14)
10 Hexagonal Nuts (13)
1 Frosted Glass Plate (22)
1 Focus Electric Bulb {24)
1 Instrument Stand (38)

Model 40,
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ledges at the back of -
the Box and then _..-/f
pont the pinhole to-

wards a well-lighted

window.  You will %’“‘ -
see the image of the %
window on the &-.:::
Frosted Screen. =
Mark the distance g \\%:

i

from the window at
which the image is of

suifable size. Now 13 E%
put the Camera Cap = ‘?\%
(6) or {6a) over the :::‘S %
end of the Ring I

=

A

Mount so as to sereen
the pinhole, and re-
move the Camera to a
dark room so that you
can substitute a photographic plate for the Frosted Sereen.
Slide in the Lid of the Optical Box (2) to make the camera
light-tight and take it back to the spot previously marked.
Remove the Camera Cap in order to make the exposure. Note
that a much longer exposure is needed with a pinhole than with
a lens (a full minute or more) and that the camera must not be
moved until after the cap is replaced. There is no focussing
required with a pinhole, and though such a camera is only a toy,
it is interesting to note that traffic or people may pass in front of
it during exposure without appearing on the photograph, which
will only show stationary objects, such as a building.

One may also observe eclipses of the sun or moon on the
Frosted Screen without injuring the eves, or try other experi-
ments both with the screen or photographically.  Read the article
on Pinhole Photograph in the July issue of the Construmag, p.
128,

Model 38

MODEL 39.—PINHOLE CAMERA. (Midget Type.)
Parts required :—

2 Screwed Ring Mounts {3

2 Camera Caps (6

1 Small Pinhole Diise (N

2 Split Rings (10

2 din. Screwed Bolts (13)

2 Terminal Nuts (14)
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Mount the Pinhole Camera Model 38, to the Instrument Stand
(38) by means of two 3in, Screwed Rods (11), exactly as in Model
32, but having the Focus Lamp (24) mounted through the lower
small hole at the side of the stand instead of the central one.
Small opaque objects, transparencies or slides, may then be seen
on the Frosted Glass Screen (22) placed on top of this model,
and afterwards photographed by means of the electric light
below them.

MODEL 41.—LENS CAMERA. (Short Range Box Type.)

Parts required ;—-

1 Optical Box N
1 Lid for Optical Box (2)
1 Screwed Ring Mount (3
1 Camera Cap (6)
1 Split Ring (10
4 Jin. Screwed Bolts (13
4 Terminal Nuts (14)
1 Bi-Convex Lens (17)
1 Frosted Glass Screen (22)
1 Stop for Lens (37a), (44) or (45)

Model 41 is con-
structed as Model 38,
but a  Bi-Convex
TLens (17) is substi-
tuted for the Small
Pinhole Disc (9). A
Stop for the Lens @)
(37a) or (45) is fixed
on the side of the
Ring Mount (3) not
occupied by the Lens. - -
The Lens may be =
fixed in either of twe /
positions. Model 41.

To take a photograph proceed as follows. FPlace the Frosted
Glass Screen (22) in the back of the Optical Box (1). Place
the Camera with the Camera Cap removed at a suitable distance
from the object. This will be about seventeen inches and
twenty-one inches for the outer and inner positions of the Lens
(see p. 17). The image on the Frosted Glass Screen should now
be clear, and by moving the Camera may be brought into a suitable
position. Mark the position of the Camera and then remove il
to a dark room and load with a 3}in. x 3}in. photographic plate.
The sensitive side of the plate should touch the ledges at the back
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of the Optical Box. Shde the Lid of the Optical Box into
place and cover the Ring Mount (3) with the Camera Cap (6).
The Camera Cap should be capable of easy removal. Replace
the Camera in position in front of the object and expose, develop,
etc,, in the ordinary way.

For iurther information see the Photographic Articles in the
Construmag, especially " The Lens Camera,” p. 149, August,
1933. Another article on “ Photography with a Box Camera ™
appeared on p. 4 of the Consfrumay, February, 1933,

MODEL 42.LENS CAMERA. (Long Range Box Type.) Sce p. 17,

Parts required as for Model 41, and in addition

1 Plain Ring Mount (3a)

Model 42 is similar to Model 41, but the Serewed Ring Mount
(3) is fixed inside the Optical Box (1) and the Plain Ring Mount
(3a) is fixed outside the Optical Box. There are two positions
in which the Bi-Convex Lens (17) may be fixed in the Screwed
Ring Mount (3), The innermost Lens position is for very distant
objects.  The other position is for objects at a distance of about
fifty-six inches.

Tor taking a photograph use the same method as described
under Model 41, but the distance of the Camera from the object
need not be so exact as for Model 41, providing the distance
exceeds six feet.

MODEL 43.—BUTTON-HOLE PICTURE CAMERA.

Parts required :—

2 Screwed Ring 38

Mounts  3() 3? 40
2 Camera Caps (6)
2 Split Rings (10} T 10 ’
Z  4in. Screwed Bolts {13) 44
2 Hexagonal Nuts  (15) 18 /
1 Plano-Convex

Lens (18) 'l

1 Frosted Disc (26) I
2 Tubular Mounts  (39) 3
2 Caps for Tubular |4

Mounts (40)
1 Lens Stop (44) or (37a) Model 43,
First place a Lens Stop (44) into a Tubular Mount Cap (40).
Then insert a Plano-Convex Lens (18) with the curved side
inwards and secure with a Split Ring (10). Put the Camera

insert the Frosted Dise (26) into the lower Ring Mount and
secure by means of a Split Ring (10). Then screw on to the
lower Ring Mount a
Tubular Mount (39)
with its Cap (40),
and the camera is
ready for focussing.
This is a highly
interesting and novel
kind of camera, since
it reduces  portraits,
objects, etc., to a
very ting size so that
the photos have to be
viewed through a
magnifier. A large
collection  of  these
tiny photos can thus
be contained on one
page of an album.

Madel 45.

MODEL 46.—MICRO-REDUCING CAMERA. (For Photo Negatives.)
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
2 Screwed Ring Mounts (3
1 Camera Cap (6)
1 Split Ring (10}
2 3in. Screwed Rods (11)
2 }in. Screwed Bolts (13)
8 Terminal Nuts (14)
2 Hexagonal Nuts (15)
1 Frosted Dise (26)
1 Instrument Stand (38)
1 High Power Objective (41)
1 Mount for High Power Objective

(41a)

This is another new and ingenious form of camera for making
tiny photo-prints {about an eighth of an nch in diameter) from
negatives, The negative is to be placed on the ledges at the
top of the Optical Box (1) under the Shde Lid (2) and then
exposed directly under an electric light.  The construction of this
maodel can be clearly seen from the picture. The High Power
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Cap (6) on to the Tubular Mount (39) and screw to the Ring
Mount as shown. Maodel 43 may be mounted to the Instrument
Stand as in Model 39 and use the back Ring Mount (3) to
contain the Frosted Disc upon which you can focus the image.
A second Tubular Mount and Cap must then be affixed to the
back Ring Mount as shown in Model 39. Read the article on
“ The Midget Camera” in the Constrimag, September, 1933,
See also Model 97.

MODEL 44, BUTTON-HOLE PICTURE CAMERA. (2 Lens Type.)

Parts required :— 1
2 Screwed Ring Mounts (3) 44
2 Camera Caps (6)
2 Spht Rings (10)
2. 3in. Screwed Bolts (13)
2 Hexagonal Nuts (15) 2 1
2 Plano-Convex Lenses (18) | i 4
1 Frosted Disc (26) 4“ 38
1 Lens Stop (37a) ]
1 Instrument Stand (38) 1 5
2 Tubular Mounts (39) 39
2

Caps for Tubular Mounts  (40)

e

Model 44,
Build up Model 44 in the same way as Model 43, but mount
a second Plano-Convex Lens (18) in the Ring Mount (3) to
which the Tubular Mount (39) is attached carrving a Lens in
the Tubular Mount Cap (40).
MODEL 45.—MICRO-REDUCING CAMERA.
Parts required :—

2 Screwed Ring Mounts (3
1 Split Ring 10y
2 lin. Screwed Bolts (13)
2 Terminal Nuts (14)
1 Frosted Disc (26}
1 Instrument Stand (38)
1 Tubular Mount (39
1 Cap for Tubular Mount {40)
1 High Power Objective {41}
1 Mount for High Power Objective

(41a)

Attach Ring Mounts (3), one above and one below, to the In-
strument Stand (3R) as shown, and screw on to the top one the
High Power Objective (41) inserted into its Mount {41a), Lens
inwards. The Objective should be screwed well down. Now

Objective (41) is screwed to the upper of the two Ring Mounts
(3) just as in Model 45, and the lower Ring Mount contains the
Frosted Disc (26) and accommodates the Camera Cap (6). The
distance of the High Power Objective from the Optical Box
must be as in the picture, regulated by the number of turns of the
nuts on the 3in. Screwed Bolts which are used for mounting.

A Frosted Disc (26) is inserted into the lower Ring Mount (3)
and with the negative in position on the ledges of the Optical Box
(1), a reduced image of the negative will be seen projected on
the Frosted Disc (26). To observe the image, the instrument
may be held horizontally with the negative facing a light. Focus
by screwing the Iligh Power Objective (41) until the image
becomes clear. Then in place of the Frosted Disc (26) insert a
Construments Photographic Disc and place the Camera Cap (6)
in position. The instrument should now be placed in such a
position that a light falls directly on the negative. The exposure
may best be made by illuminating the negative for a second or
two according to the density of the negative.

Model 47,

AModel 46,

MODEL 47.—PHOTO COPIER AND ENLARGER.
Parts required : — 2

1 Optical Box (1

1 Lid for Optical Box (2)
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1 Ring Mount (3 or 3a)
1 Lampholder (5)
1 Camera Cap (6 or 6a)
1 Split Ring {10y
3 din. Serewed Bolts (13)
3 Terminal Nuts (14}
4  Hexagonal Nuts (15)
1 Plano-Convex Lens (18)
1 Frosted Glass Screen (22)
1 Focus Lamp (24)
1 Instrument Stand (38)
1 Tubular Mount (39
1 Lens Stop (44 or 37a)

This Model is best constructed in two sections. First attach a
Ring Mount (3) to the Optical Box, using }in. Screwed Bolts
(13), leaving the free ends projecting. Screw on two extra
Hexagonal Nuts (15) for about two-thirds of the way down
the Screwed Bolts as shown. Take a Tubular Mount (39) and
insert first a Lens Stop (44) and then a Plano-Convex Lens
(18). The curved side of the Lens must be uppermost, Secure
with a Split Ring (10} and then screw the Tubular Mount on
to the Ring Mount. Stop up the two side holes of the Optical
Box with two din. Screwed Bolts (13) and Terminal Nuts. The
upper part of the picture shows this assembly ready for mounting.

For the lower part, mount the Focus Lamp (24) flush with the
side of the Instrument Stand as shown.

This is for the purpose of illuminating the object to be photo-
graphed. Now insert the free ends of the Screwed Bolts into
the corresponding holes of the Instrument stand and secure from
below the Stand by means of two Terminal Nuts (14). Yon
will thus see that the Tubular Mount projects downwards
through the large centre hole of the Instrument Stand, ready to
take the Camera Cap (6),

To use the Copier place it on a flat surface. Place the object
to be photographed immediately under the Lens; attach the bare
ends of the Lamp wires of the Battery to give the necessary
illumination. Remove the Lid of the Optical Box and put the
Frosted Glass Screen (22) in its place, frosted side downwards.
You will then see a clear image of the object below. Focus by
screwing the Tubular Mount up and down until the image is at
its clearest, and then photograph in the vsual way. Pictures from
books, coins, medals, signatures, fingerprints, postage stamps,
Howers, grasses, lacies’ watches, butterflics and all manner of
fiat or flattish objects can be photographed by means of this Model.
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I Plain Ring Mount (3 or 3a)
1 Lamp Holder (5)
1 Camera Cap (6 or 6a)
1 1lin. Screwed Bolt (12)
4 din. Screwed Bolts (13)
5 Terminal Nuts (14)
2 Hexagonal Nuts (135)
1 Glass Plate (21)
1 Tocus Electric Bulb (24)
I Instrument Stand (38)

shown in the diagram,

(13) which secure the
Ring Mount (3 or 3a)
are also employed to hold
the Optical Box (1) to
the Instrument Stand
(38). Mount the Focus
Lamp (24) as shown,
centrally below the Lens
aperture.  lixpose as
before by removing the
Camera Cap (6 or 6a)
after having connected

Battery.

Model 49,

MODEL 50.—RED LAMP FOR DARK ROOM.

Construct exactly as Model 2, but instead of the Lens in the
Ring Mount, insert the Red Transparent Disc (27).

Note that it may be advisable to use two or more of these
discs to reduce the intensity of the light, especially when using
very rapid plates,

This Maodel is similar
to Model 48, but the
Optical  Box (1) is
attached to the Instru-
ment  Stand  (38) as

The Jin. Screwed Bolts

up the Lamp to the

CONSTRUMENTS OPTICAL OUTFITS 55

When the Frosted Plate (22) has been substituted by a photo-
graph plate and the Lid of the Optical Box placed in position, the
exposure is made by conneeting up the Lamp to the Battery for
the necessary interval,

MODEL 48.—ELECTRIC LAMP PHOTO PRINTER.
Parts required :—
As for Model 30, with the addition of the following :—

1 Ring Mount (3 or 3a)
1 Camera Cap (6 or Ga)
3 lin. Screwed Baolts (13)
3 Terminal Nuts (14}

Construct  exactly
as Model 30, but place
a Ring Mount (3) or
(3a) over the large
central hole of the
Optical Box (1) in
order to hold the
Camera Cap (6) or
(6a). The two small
side holes of the
Optical Box should be
stapped up with din.
Screwed  Bolts i
order to make the Op-
tical Box light-tight.

Take into a dark
room and place the
negative on the ledges
at the back of the Box with the film side uppermost, and place a
sheet of photographic printing out paper face downwards on
the negative, and then the Glass Plate (21) to keep the paper
fiat. Replace the Optical Box Lid (2). Now place the Camera
Cap on the Ring Mount. To make the exposure connect the
Lamp wires to the Battery, and then remove the Camera Cap for
a few seconds according to the density of the negative, and
develop and fix in the usual manner.

Maodel 48,

MODEL 49.—ELECTRIC LAMP PHOTO PRINTER. (lmproved

Type.)
Parts required :—
1 Optical Box (1)
1 Lid for Optical Box (2)
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MODEL 51.--MAGIC LANTERN.

Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
1 Serewed Ring Mount (3)
I Plain Ring Mount {(3a)
1 Lamp Holder (5)
3 Split Rings (10)
3 lin. Screwed Bolts (12)
3 Terminal Nuts (14)
6 Hexagonal Nuts (15)
3 Plano-Convex Lenses (18)
1 Bi-Convex Electric Bulb (25)
1 Tubular Mount (39)
1 Cap for Tubular Mount (40)

Model 31,

Fix a Ring Mount (3) inside the Optical Box (1) using lin.

Serewed Bolts (12) so that the free ends project outwards ready
for taking the upper mounting. Insert into the Ring Mount a
Plano-Convex Lens (18) with the curved side of the Lens
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towards the inside of the Box. This acts as a condenser. Now
mount the Bi-Convex Lamp (25) in its Lampholder in the central
hole at the side of the Optical Box so that the Lamp is directly
underneath and exactly central with the Lens. Thread the free
ends of the wires through the remaining hole ready for attaching
to the Battery. Now fix a Ring Mount to the free ends of the
projecting Screwed Bolts at the distance shown and insert into it
a Plano-Convex Lens (curved side upwards). Place a third
Plano-Convex Lens (curved side downwards) in the Tubular
Mount (39) separated from the Lens already there by a Distance
Ring (8). (See dizgram.) Place the Tubular Mount Cap (40)
aver the Tubular Mount and screw on to the upper Ring Mount
as shown in the picture.

Attach Lamp wires to the Battery by means of the Battery
Clips (7) and project the light on to a wall or screen in a dark
room. See that the patch of light is properly circular and equally
illuminated. Tf it is not this means that the Lamp is not properly
central. Toy strip magic lantern slides, microscopic slides, toy
films, and many other suitable subjects may be projected by this
Model by holding them between the upper Ring Mount and the
large central hole of the Optical Box. To secure the sharpest
possible image, focus by screwing the Tubular Mount up or down.
An endless amount of entertainment and experiment is provided
by this Model.

MODEL 52.—DAYLIGHT MAGIC LANTERN. (Type A.)
Parts required :—

1 Optical Box (1)
1 Serewed Ring Mount (3
1 Plain Ring Mount (3a)
1 Lampholder (5
3 Split Rings (10)
2 3in. Screwed Rods (1)
1 lin. Serewed Bolt (12)
2 Jin. Screwed Bolts (13
7 Terminal Nuts (14
6 Hexagonal Nuts (15)
3 Plano-Convex Lenses (1%)
1 Frosted Glass Screen (22)
1 Bi-Convex Flectric Bulh (25)
1 TInstrument Stand (33
1 Tubular Mount (39)
1 Cap for Tubular Moum (40)
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1 Lampholder (5)
3 Split Rings (10)
2 3in. Screwed Rods (11}
3 lin. Screwed Bolts (12)
2 lin. Screwed Bolts (13)
9 Terminal Nuts (14)
10 Hexagonal Nuts (15)
3 Plano-Convex Lenses (18)
1 TFrosted Glass Screen (22)
1 Bi-Convex Flectric Bulb (25)
1 Instrument Stand (38)
1 Tubular Mount (39)
1 Cap for Tubular Mount (407

Lens arrangement for
Mode! 53

Construct the lower half of this
Model as Model 52 including the
Plano-Convex Lens inserted in the
lower end of the Ring Mount, with
the flat face of the Lens towards the
Lamp. Before mounting the Optical
Hox on the free ends of the 3in, Rods
fix 1 Ring Mount (3) with Tubular
Mount (39) attached in the position
chown in the drawing—that is, mid-

Model 33, way between the Instrument Stand

(38) and the Optical Box (1). It will

be noticed in this Model that the Ring Mount is not attached to the
Optical Box directly but by the 3in. Rods. The Lenses are arranged
as follows—one Plano-Convex (18) is inserted into the Ring
Mount, curved side upwards. The other Plano-Convex is placed
in the Tubular Mount with the curved side downwards. The
Lenses arc arranged with their curved surfaces facing one another.

Use the Model as No. 52. Tt will be interesting to make a
comparison between Models 52 and 53 and note which of them
gives better results,

30
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Fix a Ring Mount (3) to the Optical Box using 3in. Serewed
Rods (11) instead of the }in. Screwed Bolts, leaving the free
ends of the rods projecting outwards ready for mounting the
Optical Box to the Instrument Stand (38). Place one Plano-
Convex Lens into the Ring Mount with the curved side upwards,
and another Ilano-Convex Lens into the Tubular Mount Cap
{40) with the curved side downwards.
Secure the Lenses by means of Split
Rings (10), push the Cap on to the
Mount and serew on to the Ring
Mount. (See Model 80.) For the
Tower part of this Maodel fix a Ring
Mount (3a) to the under side of the
large central hole of the Instrument
Stand (38) and insert into it another
Plano-Convex Lens with the curved
side upwards, i.e., the flat side towards
the Lamp. Mount the Bi-Convex
Lamp (25) as shown, and then fix the
Instrument Stand to the Optical Box
by means of the free ends of the
Serewed Bolts, securing firmly with
nuts,  Focus by sliding the Tubular
Mount Cap up or down. To obtain a
rather larger magnification  when
viewing small objects, mount the
Optical Box a little closer to the

Model 52, Instrument Stand and use the Lens
positions as in Model 51,

Use the same kinds of subjects as for the Magic Lantern,
placing the slides, etc., on top of the Instrument Stand and
projecting the image upwards so that it appears on the Frosted
Glass Screen (22) which you will place on the ledges of the
Optical Box with the Optical Box Lid removed. Focus until the
image is sharpest by screwing the Tubular Mount up or down.
Many interesting demonstrations may be given with this * Day-
light " type which, of course, gives even better results in a dark
room.

MODEL 53.~-DAYLIGHT MAGIC LANTERN. (Type B.)
Parts required :—

1 Optical Box (1)

1 Serewed Ring Mount (3)

1 Plain Ring Mount (3a)
CONSTRUMENTS OPTICAL OUTFITS o6l

MODEL 54,—LOW POWER PROJECTION MICROSCOPE.

Parts required :—

1 Optical Box (1)
1 Screwed Ring Mount (3
1 Plain Ring Mount (3a)
1 Lampholder (5)
1 Distance Ring (&)
2 Split Rings (10)
2 3in. Screwed Rods (11
1 1lin. Screwed Bolt (12)
2 din, Screwed Bolts (13)
9 Terminal Nuts (14)
10 Hexagonal Nuts (15)
2 Plano-Convex Lenses (18)
1 Frosted Glass Screen (22
1 Bi-Convex Electric Bulb (23)
1 Frosted Disc (26)
1 Instrument Stand (38)
1 Tubular Mount (39)
1 Cap for Tubular Mount (4
2 2in. Screwed Bolts (46

Model 54.

Construct this Model as follows :—the central Ring Mount (3)
is fixed to the Instrument Stand (38) by means of two 2in,
Screwed Bolts (46) and the necessary Nuts. The Optical Box
(1) mounted above the Ring Mount by two 3in. Screwed Rods
(11). In the Tubular Mount place a Distance Ring (8) and
then inscrt a Plano-Convex Lens (18) with the curved side
downwards, In the Ring Mount attached to the underside of
the Instrument Stand place another Plano-Convex Lens and
secure with a Split Ring.

Ensure that the Lamp is fixed centrally with the aperture in
the Instrument Stand, and that the Model is adjusted to stand
vertically.

Place the object to be viewed on a Glass Slide across the
aperture in the Instrument Stand and iight the Lamp.  Focus the
image on the Frosted Glass Sereen (22).

When viewing objects which are thin and very transparent it
will be found advisable to place a Frosted Disc (26) in the Ring
Mount below the Instrument Stand.
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MODEL 55.- MEDIUM POWER PROJECTION MICROSCOPE.
Parts required :—

22 1 Optical Box (1
i 2 Screwed Ring Mounts  (3)
1 Plain Ring Mount (3a)
1 Lampholder (5)
1 Distance Ring (8)
3 Split Rings (10}
2 3in. Screwed Rods (1)
1 lin. Screwed Bolt (12)
2 lin. Screwed Bolts (13)
7 Terminal Nuts (14)
16 Hexagonal Nuts (15)
3 Plano-Convex Lenses  (18)
1 Frosted Glass Screen  (22)
1 Bi-Convex Electric Bulb (25)
1 Instrument Stand (38)
2 Tubular Mounts (39)
2 Caps for Tubular
Mounts (40)
2 2in. Screwed Bolts (46)

When constructing this Model
it will be helpful to refer to
Model 54, In this case, however,
din. Serewed Rods (11) are
attached to the Instrument Stand
and the upper Ring Mount (3)
is secured to the Optical Box (1)
by two 2in. Screwed Bolts (46)
instead of the other way round as in the previous Model. A
Plano-Convex Lens is inserted into the Tubular Mount Cap and
another Plano-Convex Lens into the Tubular Mount, the curved
faces of the Lenses being arranged to face one another. It will
be best to screw on the Tubular Mount and Cap to the lower
Ring Mount before the upper Plain Ring Mount (3a) is placed
in position, as the available space is smail. To the underside of
the Instrument Stand (38) fix a Ring Mount and to this attach a
Tubular Mount to which bas been fitted a Plano-Convex Lens
with the curved side facing downwards,

To secure greater magnification the position of the Lenses may
be altered in the following way. The Lens in the central Tubular
Mount is lowered into the Ring Mount and the Lens in the
Tubular Mount Cap is placed on a Distance Ring in the Tubular
Mount.

Model 35.
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This instrument is useful for projecting images of very small
objects such as cheese mites, pollen, cte., which can hardly be
seen with the naked cye. Focus the images until they become
sharp by screwing the High Power Objective up or down.

MODEL 57.—-HIGH POWER PROJECTION MICROSCOPE. (Dark
Room Tvpe.)

Parts required :—

1 Optical Box (1)
2 Screwed Ring Mounts (3)
1 Lampholder (5)
1 Distance Ring (8)
1 Split Ring (10}
3 lin. Screwed Bolts (12)
3 Terminal Nuts (14)
6 Hexagonal Nuts {15)
2 Plano-Convex Lenses (18)
1 Bi-Convex Electric Bulb (25)
1 Tubular Mount (39)
1 Cap for Tubuiar Mount (40)
1 High Power Objcctive 41
I Mount for High Power Objective

(41a)
2 Spring Clips (43)

To construct this Madel take the Optical Box (1) and by means
of two lin. Serewed Dolts (12) attach a Ring Mount (3) to the
inside below the aperture, securing with two Hexagonal Nuts
(15) on the outside. On the outside of the Box a second Ring
Mount (3) is attached by means of Hexagonal Nuts (13) as
shown. Now fix the High 'ower Gbjective and Mount (41) and
(4la) to the upper Ring Mount as shown.

The Ring Mount which is inside the box accommodates a two-
lens Condenser, constructed as described for Model 56, This
Condenser, when screwed to the Ring Mount in the Optical Box,
comes just over the Lamp and the Lampholder should be
mounted in the lower hole.  For this Model use the Bi-Convex
Bulb (24).

This is for minute microscopic vbjects only, such as mites,
maosquitos, botanical sections, ete.  Hold the slide between the
High Power Lens and the top of the Optical Box, or secure by
means of the Spring Clips (43), and project on to a white screen
or sheet of white card in a dark room. Be sure to see that the
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Read the article on * Micro-Photograph in the Home,” p. 15
of the February issue of the Construmag.

To use, place the microscope slide, or other object to be viewed,
between the Instrument Stand and the lower Ring Mount, light
the lamp, and focus on to the Frosted Glass Screen (22) which
you can rest on the ledges at the top of the Optical Box. Insects’
legs, all kinds of small objects mounted between Glass Slides
(23), and many other small objects may be seen enlarged in a
circle of light on the Frosted Screen, which should be placed
frosted side downwards.

MODEL 56.—HIGH POWER PROJECTION MICROSCOPE.
Parts required :—

1 Optical Box (85}
2 Screwed Ring Mounts  (3)
1 Lampholder (3)
1 Distance Ring (8)
1 Split Ring (10
2 3in. Screwed Rods (11)
2 2Zin. Screwed Bolts (46)
1 lin. Screwed Bolt (12)
2 }in. Screwed Bolts (13)
9 Terminal Nuts (14)
10 Hexagonal Nuts (15)
2 Plano-Convex Lenses  (18)
| Frosted Glass Screen  (22)
1 Bi-Convex Electric Bulb (25)
1 Instrument Stand (38)
1 Tubular Mount (39)
1 Cap for Tubular Mount {40}
1 High Power Objective (41)
I Mount for High Power

Objective (41a)
Construct Model 36 as shown.
A Ring Mount (3) is fixed to
the under side of the Instrument
Stand (38). To this Ring
Mount screw a Tubular Mount
containing  two  Plano-Convex
Lenses (18) separated by a i
tance Ring (8) and fixed by a
Split Ring (10). This arrangement acts as a Condenser and
focusses the light from the Bi-Convex Electric Bulb (23) on the
object under observation. The Lamp should be adjusted care-
fully into a position which gives the best results.

Model 36,
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Lamp is exactly
central  to  the
Condenser
above it, and
focus by screw-
ing the High
Power  (bjec-
tive up or down
until the image
is at its clearest
in the circle of
light. A screen
distance of two
to four feet is
suitable.

Model 37.

MODEL 58.—LOW POWER PHOTO MICROSCOPE.

Parts required as for Model 54

Construct as Model 54, but after focussing on the Frosted Glass
Screen (22), substitute a Construments Photographic Plate or
Paper. »

Noi:-— In this and the next two Models (59 and 00), you may
use the Camera Cap (6a) after fixing a Plain Ring )Iutm} (3a)
to the under side of the Optical Box (1) to accommodate it.

MODEL 59.- MEDIUM POWER PHOTO MICROSCOPE.
Parts required as for Model 35.
The construction of this Model is exactly the same as that of

Model 553, but it is used for photographic purposes.

Place the specimen that you wish to photograph on a slide and
secure with the Spring Clips (43). Focus wumtil a sharp image
is obtained. The Model is then removed to a dark room, and
a photographic plate is substituted for the Frosted Glass Plate
(22). The Optical Box Lid (2) should then be |_Jlacc\l in position
above the photographic plate.  The exposure is then mu‘dc by
connecting up the lamp for a few seconds, the time depending on
the density of the subject under examination.

62
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MODEL 60.- HIGH POWER PHOTO MICROSCOPE.

Parts required as for Model 36,

This Model is identical with Model 36, and for the purpose
of taking pholnggphs is operated exactly as described for Model
39, a photographic plate being substituted for the Frosted Glass
Screen after focussing,

Read the article on * Photomicrography  on p. 64, of the
Construmag, May, 1933,

MODELS 61A and 61B. HAND KALEIDOSCOPES.
Parts required : -

2 Ring Mounts (3) or (3a)

1 Optical Tube (4)
2 Split Rings (10)
2 3in. Screwed Rods (1)
8 Hexagonal Nuts (15)
1 Lens (17) or (18)
3 Strip Mirrors (19)
2 Rubber Bands (37)

Take the Strip Mirrors (19) and place them in the form of
a triangle and secure with Rubber Bands (37) as shown at “ A"
Note that the Mirror surfaces should all face inwards. Insert the
triangle of Mirrors in the Optical Tube (4) as at “ B.” Fix
the Lens Stop (37a) in one of the Ring Mounts (3a) with a
Split Ring (10) (this is the eve-piece).  Mount the Optical Tube
(4), complete with Mirrors, between the two Ring Mounts as
described and illustrated in Fig. 5 A, B, C.

c

Model 627,

Mirrors for Models 61A and 618,

The Hand Kaleidoscope may be used to view all manner of
small objects either black and white or coloured. Place the
objects where they are well illuminated from above and look
at them through the Kaleidoscope. Move either the objects or
the Kaleidoscope or revolve the Optical Tube and observe the
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MODEL 65.-ILLUMINATED KALEIDOSCOPE. (Stand Type B.)
Build as Model 64 but use a Reflector (42) as in Fig. 6, p. 19,
instead of the Lampholder (5) and Electric Bulb (24).

3

Model 65.

Model 664,
MODELS 66A and 66B.—REFLECTION KALEIDOSCOPE, (Box
Type.)
Parts required : —
As for Model 63 together with the following—

2 lin. Screwed Bolts (12)
I 4in. Screwed Bolt (13)
3 Terminal Nuts (14)
1 Square Mirror (20)

Build Model 66A or 66F exactly as Model 63 but fit two
lin. Screwed Bolts (12) and one 3in. Screwed Bolt (13) 1o the
top Ring Mount to form a Mirror Holder, (See diagram.)
Place the Square Mirror (20} on the holder and adjust its

posiliinn with the upper Terminal Nuts (14) of the Mirror
Holder,
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cifects obtained. Suitable objects for examination are—black
threads on a white background, or white or coloured threads
on a black background, match sticks, wire, wool, sweet
wrappings, tinsel, coloured inks on blotting paper, etc.

MODELS 62A, 62B and 62C.—MAGNIFYING KALEIDOSCOPE.

Models 61A and 61B may be converted into Models 62A and
62B by fixing a Bi-Convex Lens (17) with a Split Ring (10) in
the opposite end of the Model from the Stop. View through
the end containing the Lens.

To build Model 62C fix a Plano-Convex Lens (18) with a
Split Ring (10) in the opposite end to the Stop of Models 61A
or 61B (37a) and view through the Stop.

MODEL 63.—)!I,LUMINATED KALEIDOSCOPE. (Box Type with
Lamp.

Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
1 Screwed Ring Mount (3)
1 Plain Ring Mount (3a)
1 Lamp Holder (5)
1 sSplit Ring (10)
3 lin. Screwed Bolts (12)
2 Terminal Nuts (14)
4 Hexagonal Nuts (15}
1 Bi-Convex Lens (17}
1 Plano-Convex Lens (18)
1 Bi-Convex Bulb (25)
1 lin. Frosted Disc {26)

Attach any of the Models 61 or 62 to the Optical Dox (1)
with Lid (2) in the same way as it is attached to the Instrument
Stand (38) in Model 64. The distance of the Kaleidoscope from
the Stand should be adjusted to give the best effiect. An Electric
Bulb (25) is fitted to the Optical Box (1) as in Fig. 7. p. 19,
A Frosted Disc (26) may be mounted in a Ring Mount (3a)
below the large central hole of the Optical Box (1) to prevent
glare.

MODEL 64.—ILLUMINATED KALEIDOSCOPE. (Stand Type.)
Parts required as for Model 63, but the Instrument Stand
1 38) instead of the Optical Box (1).
Build as Model 63 but use the Instrument Stand (38) instead
of the Optical Box (1).
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Place the object in its usual position under the .Ka]Ci}!(]SCUl:}t
and look into the Mirror with the eye close to it. You ‘.}'11]
then see a reflected image by looking into the horizontal reflection
of the Optical Tube.

MODELS 67A and 67B.REFLECTION KALEIDOSCOPE. (Projec-
tion Type.)

Build as Models 66A or 661 hut fix a Ri{‘nnve_x Lens (17)
in the upper Ring Mount (3) to act as an cye-piecc, and a
Plano-Convex Lens (18) in the lower Ring Mount (3) at the
bottom of the Optical Tube (4) with its curved side downwards.
The lenses are fixed by means of Split Rings (10). ’

Use Model 67A or 67B in a dark room. Hold a sheet of
white paper or card from 15 inches to 18 inches from the Mirror
and the Kaleidoscopic image will appear on it Mluve ih‘e
paper backwards or forwards until the most distinet image is
obtained. By turning the Optical Tube (4) or by moving the
slides or other subjects to and fro, you can create an ever-
changing display of patterns and designs.

MODELS 68A and 68B. -REFLECTION KALEIDOSCOPE. (Projec-
tion Type.)

Substitute a Plano-Convex Lens (18) for the Bi-Convex Lens

7) in Model 67A or 67B. _

I l{: ]lheSL' Models in the same way as Models 67A or G?B but
hold the white paper or card at a distance of about 4 inches
from the Mirror (20).

MODELS 69A and 69B.—HAND MICRO-KALEIDOSCOPE.

Construct exactly as Model 62A or 628 but fix a PIapo-Convcx
Lens (18) in the Ring Mount (3) not already occupied by the
Bi-Convex Lens (17). Use a Split Ring (10) to fix the Lens.

Hold the Model very close to the abject to be viewed (il?blll}t
1 inch from it) lakin;{ care to have the object in a good T!ght.
Hold transparent or semi-transparent objects up o the light.
Try the effcet of using either end of the Kaleidoscope as the
eye-piece.

MODEL 70, MICRO-KALEIDOSCOPE. (5tand Type.)

Mount Model 69 on an Instrument Stand (38) in '.rhe same
way as Model 65. To illuminate the Object which is placed
on the Instrument Stand (38) use either a Reflector (42) or
an Electric Lamp (24), fixed to the stand in the usual way.
For lamp illumination uwse a Ring Mount (3a) below the
Instrument Stand (38) with a Frosted Dise (26) as in Model
63,
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MODEL 71.-- HIGH POWER MICRO-KALEIDOSCOPE.

(unstrugl as Model 63 but screw the High Power Objective
(411 and its Mount (4la) to the lower Ring Mount (3) of the
Kaleidoscope before fixing it 1o the Instrument Stand (38),
using Zin. Screwed Dolts (46) instead of lin, Screwed Bolts
1121, Refiector or Lamp may be used for illumination.

3_h MODEL 72— TELE-KALEIDOSCOPE.
Parts required ;-

2 Serewed Ring Mounts (&3]

D” 39 1 Optical Tube 4)

2 Split_Rings (10

40 2 din. Serewed Rods (1)
-d—|8 4 Terminal Nuts (14)

” 4 Hexazonal Nuts (15}
1 Bi-Convex Lens (7

I Plano-Convex Lens (18)

2 Strip Mirrors (19)

2 Rubber Bands (37)

Lens arrangement for 1 Tubular Mount (39)
Madel 72 1 Tubular AMount Cap (40)

Construct as shown with a Plano-Convex Lens (18) in the
Tubular Mount (39 and a Bi-Convex Lens (17) in the Ring
Mount (3) at the other end of the Optical Tube (4). View
through the Bi-Convex Lens end af the Kalcixlusmh(» and a
telescopic effect will be obtained.

MODEL 73.- REVERSED TELE-KALEIDOSCOPE.

Parts required : —As for Madel 72 but in addition—

I Distance Ring  (8) I Plano-Convex Lens  (18)

Model 73 is constructed in the same way as Model 72 but
14 the Tubular Mount (39)
is fitted with two Plano-
Convex  Lenses (18)
separated by o Distance
Ring (%) as shown in
diagram.

Look into the end of
the  Kaleidoscope  con-
taining the Bi-Convex
Lens at bright objects at
the end of a room, such
as  flowers, windows,
furniture, ete.  The
Kalerdoscopic  patterns
are thrown to o distance
as when looking through
Madel 73. a4 reversed lelescope,

w1
(™

INSTRUCTION BOOK FOR

Model 74 is particularly interesting and novel. 1t may be
:.lsn:-f] m davlight or in a dark room for projecting kaleidosénpic
mmages, patterns, etc., on the Frosted Glass Sereen (22) which
rests an the ledges at the top of the Optical Box (1). Objects
for use should be mounted over the illuminated Frosted Disc
(26} on the top of the Instrument Stand (38).  Small objects
should be mounted in a Glass Slide (23). Transparencies,
coloured threads, small opaques illuminated from above, ﬁn);
cellophane or celluloid scraps sandwiched between glass slides,
mn:{\‘h sticks, cinema films, ete. make interesting bhjccts for
study,

MODEL 75.—PHOTO-KALEIDOSCOPE,
Paris required ;-
As Model 74.
Build in exactly the
same way as Model
74 bur  attach a
Camera Cap (6) to
the lower Ring Mount
(3). A Construments

T
iy ;J//
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MODEL 74.—PROJECTION KALEIDOSCOPE.
Parts required : —

1 Optical Box (1)
2 Screwed Ring Mounts  (3)
1 Plain Ring Mount (3a)
1 Optical Tube (4)
1 Lampholder (3)
2 Split Rings (10}
2 3in. Screwed Rds (11)
1 lin, Serewed Bolt (12)
2 Jin. Screwed Bolts (13)
5 Terminal Nuts (14)
14 IIL‘.\ulhl'ill\Il Nuts l,‘],;l
1 Plano-Convex Luens (18)
3 Strip Mirrors (19
I Frosted Glass Sereen  (22)
1 Focus FElectric Bulb (24}
1 Tlin, Frosted Dise (26)
2 Elastic Bands (37)
1 Lens Stop (37a)
1 TInstrument Stand (3%
5

2in. Screwwd Bolts (460
Buill up a Hand Kaletdoscop
{Model 61}, but before securing
the 3in. Rods to the upper Ring
Mount (3) insert their free
endds through the holes on either
side of the large central hole 1
of the Optical Box (1) and Model 74,

secure them ide the Box by

Terminal Nuts (14). This assembly is then mounted on the
Instrument Stand (38) with two 2in. Screwed Rolts at a distance
from the Stand (38) as indicated in the picture. A Plano-
Convex Lens (18) is inserted into the upper Ring Mount (3)
from inside the Optical Box (1), the curved side of the Lens
being upwards.  Adjust the distance of the lower Ring Mount
(3} from the Instrument Stand (38) so that a clear image is
obtained on a Frosted Glass Plate (22) resting on the ledges
at the top of the Optical Box (1).

The Instrument Stand (38) is provided with a Ring Mount
(3) on dis under side inowhich a Frosted Dise (26) is fixed by
means of a Split Ring (101 Lamp illumination may be used
as shown or Reflector (42), fitted as in Model 26, may be used
instead of the Lamp and Lamp Holder.
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Attach a Lampholder (5) and Bi-Convex Electric Bulb (25) to
the Optical Box (1) as shown. In the picture the Lamp is not in
a suitable position. See Models 87 and 88 for correct Lamp
position.

MODEL 77.—WATCH PROJECTOR.

Parts required as for Model 47.

Build up exactly as Model 47, but use for projecting the
image of the face of a watch on the Frosted Glass Sereen (22).
mounted in the back of the Optical Box (1). Owing to the
thickness of the watch, the lens distance from it is not quite
the same as in Model 47. Adjustment for sharp focus may be
made by fixing the Optical Box (1) at a slightly different distance
from the Instrument Stand (38).

MODEL 78.—EPIDIASCOPE. (Direct Projection.)

Parts required ;—

1 Optical Box [88] 4 Terminal Nuts (14)
1 Lid for Optical Box (2) 1 DBi-Convex I (17}
1 Screwed Ring Mount (2] 1 Bi-Convex Electric Bull (25)
1 Lamp Holder (5) 1 Tubular Mount (39)
1 Split Ring (1 1 Tubular Mount Cap (40)
4 din. Screwed Bolts (13)

Construct according to the diagram. Attach a small picture to
the centre of the Lid (2) of the Optical Box (1), using a little

Photo-Plate or Photo-
Paper may be sub-
stituted  for the
Frosted Glass Screen
(22) wnd a  photo-
graph of the Kaleido
scopic image may be
taken,

wax or with
Indiarubber
Bands. Cigarette
cards, postage
stamps, crests,
etc., are suitable

= subjects, The
Moadel 76, position of the
Electric Lamp
(25) should be

72
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MODEL 76.-WATCH PROJECTOR. (Reflection Type.)

Parts required ;— carefully ad-
1 Optical Rox (n justed so that as
1 Ring Mount (3a) much light as
1 Lamp Helder (%) possible falls on
1 Split Ring (10) the picture.
4 lin, Serewed Balts (12) Hold a sheet of
2 lin. Serewed Bolts (13) cardboard at a Model 78.
6 Terminal Nuts (14) suitable distance ) ]
i Hexagomal Nuts (15) in front of the Epidiascope to catch the image and move the
I Bi-Convex Tens (17) cardboard until the image is as sharp as possible.
1 Square Mirror (20} A full deseription of Construments Ipi opes is given in
I Bi-Convex Tleetric Bulb (25) the March-April issue of the Consirimag, 1933, p. 50.
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MODEL 79.--REFLECTOSCOPE.
Parts required :—-
1 Ring Mount
(3) or (3a)

1 Split Ring (10)
2 Screwed Rods (11)
2 lin. Serewed Bolts
(12)
1 din, Screwed Bolt
(13)
13 Nuts (15)
1 Lens (17) or (18)
1 Mirror (200
1 Instrument Stand
(38)

The Ring Mount (3)
or (3a) should be fixed
at a  suitable height
above the Instrument
Stand (38) so that the
object  viewed is in
focus.

This  instrument s
a  "“peep-show” for
viewing small pictures,
and can be used as a
A Maviescope” for
cinematograph  films,
which are passed be-
neath the lens.

Mover. 79,

MODEL 80. -RAMSDEN EYEPIECE,
Parts required :—

2 Split Rings (10
2 Plano-Convex Lenses (18)
I Tubular Mount (39)
I Tubular Mount Cap (40)

Maodel 80,
) an}l one Lens (18) in the Tubular Mount (39) and the other
in the Tubular Mount Cap (40), using Split Rings (10) as in
Model INagram, o
The Ran}sden Eyepiece is used in various optical instruments
such as microscopes and telescopes.
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Model 82,

Model 83

MODEL 83, HIGH POWER PROJECTION MICROSCOPE.
Parts required ;

1 Optical Box (1)
I Lid for Optical Box (2)
2 Serewed Ring Mounts (3
1 Lamp Holder (5)
I Thstance Ring (8)
1 Split Ring (10}
3l Serewed Molts (12
1 lin. Scerewed Bolt (13
5 Terminal Nuts (14
9 Hexagonal Nuts (15)
2 Plano-Convex 1.enses (18)
1 Syuare Mirror (20
1 Bi-Convex Electric Bulb (25)
1 Tubular AMount (39)
I High Power Ohbijective (41
I Mount for High Power
Objective (41a)
2 Zin. Screwed Bulis (463

34

CONSTRUMENTS OPTICAL OUTFITS 75

MODEL 81. REFRACTING ASTRONOMICAL TELESCOPE.
Parts required :—

1 Screwed Ring Mount {3)

40 39, Al 3 J‘ 1 Plain Ring li\Tnunt I‘.ia))

. 1 Optical Tube (4)

3 Split Rings (10)

2 3in. Screwed Rods  (11)

4 Terminal Nuts (14)

4 Hexagonal Nuts (l;)

1 Bi-Convex Lens (17)

ModelEl. 2 Plano-Convex Lenses (18)
1 Tubular Mount (3
I Tubular Mount Cap (40)

Mount the Optical Tube (4) between two Ring Mounts
(3a) as in Fig. 5, p. 18  Fix a Bi-Convex Lens (17)
in one Ring Mount (3a) by means of a Split Ring (10). Serew
a Ramsden Evepiece (Model 80) on the other Ring Mount (3).
View through the Ramsden Eyepiece which may be used to
focus the image which is inverted. Model 81 is a miniature
Reiracting Astronomical Telescope.

Model 81 may be used to view the moon, distant buildings,
landscapes, etc. It is impossible to obtain a high magnification
with so short an instrument.

MODEL 82.- MEDIUM POWER PROJECTION MICROSCOPE.

Parts required :—

1 Optical Box (n
1 Lid for Optical Box (2)
2 Screwed Ring Mounts 3)
1 Plain Ring Mount (3a)
1 Lamp Holder (5)
1 Distance Ring (8)
1 Split Ring (10
2 3in. Screwed Rods (11
3 lin. Screwed Bolts (12)
1 in. Screwed Dolt (13)
3 Terminal Nuts (14)
17 Hexagonal Nuts (15)
2 Plano-Convex Lenses (18)
1 Square Mirror (20)
1 Bi-Convex Electric Bulb (25)
1 Tubular Mount (39)

Model 82 is used for horizontal projection. Tt is used for
throwing an image of pond life on a screen, The pond life is
put into an aquarium constructed as in Fig. 8C, p. 20.
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Muodel 83 is used for horizontal projection. It is used in the
same way as Model 82 where the objects are very small or
where a higher magnification is required.

MODEL 84. CHEMICAL MICROSCOPE.
Parts required :—

2 Screwed Ring Mounts (3)
1 Optical Tube {4)
1 Lamp Holder (5)
1 Distance Ring A8)
2 Split Rings (109
2 Jin. Screwed Ruods (11
1 }in, Screwed Bolt (13)
4 Terminal Nuts (14}
9 Hexagonal Nuts (15)
4 Plano-Convex Lenses (18)
1 Focus Electric Bulb (24)
1 Instrument Stand (38)
2 Tubular Mounts (39
1 Tubular Mount Cap (40
1 Stop for Lens (44a)

Model 84,

Model 84 is used for observing the growth of crystals,
formation of bubbles or precipitates. Vapour or spray is not
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so likely to dim the lenses of the objective which are somewhat
removed from the vessel in which the change is proceeding.
This form of microscope gives moderate space in which to work.
Focussing is carried out partly by means of the terminal nuts
on the Instrument Stand (38) and finally by turning the Objective.

MODEL 85.-MEDIUM POWER PROJECTION MICROSCOPE OR
PHOTO-MICROSCOPE. (For Opaque Objects.)

Parts required :—

1 Optical Box (n
1 Lul for Optical Box (2)
2 Serewed Ring Mounts (3)
1 Lamp Holder (5)
1 Camera Cap (6)
2 Rattery Clips (7)
1 Split Ring (10}
2 3in. Screwed Rods (1)
3 din, Screwed Bolts (13
7 Terminal Nuts (14)
100 Hexagonal Nuts (15
1 Spanner and Screwdriver (16)
2 Plano-Convex Lenses (18]
1 Glass Plate (21
1 Frosted Glass Plate (22
1 Focus Eleciric Dulb (24
1 Lens Stop (37a)
1 Instrument Stand (38)
1 Tubular Mount (39
2 2in. Serewed Bolts (46}

Model 85 is used for projecting larger objects than can be
projected with Model 55. Model 85 may be placed aver a
small dish or watch glass or any object of width not exceeding
about 3 inches. The Microscope may also be used to view
portions of much larger objects providing it can stand on them.
The object must be illuminated from the side or from above,
Of course, the Camera Cap must be removed when the apparatus
is used as a projection microscope.

It will be found that if the upper Ring Mount (3) and Camera
Cap (6) be removed. the resulting projected image is larger. The
Photo-microscope must then be used in a dark room and the
Focus Lamp (24) unscrewed until evervthing is ready for an
exposure. The Lamp is now screwed up again, when the
necessary exposure has been given. Alternatively, one battery
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The parts required for constructing Model 86 are the same
as for Model 85, omitting the components of A (Tubular Mount,
2 Plano-Convex Lenses, Split Ring, Lens Stop) and substituting
the High Power Objective (B) for A, B. consists of (41) and
(41a).

MODELS 87 and 88.—EPIDIASCOPES.
Parts required :—

1 Optical Box (1)
1 Lid for Optical Box (2)
I Plain Ring Mount (3a)
1 Lamp Holder (5)
2 DBattery Clips (7)
1 Split Ring (10)
4 lin. Serewed Bolts (12)
2 lin. Screwed Bolts (13)
5 Terminal Nuts (14)
7 Hexagonal Nuts (15)
1 Spanner and Screwdriver (16)
1 Bi-Convex Lens (17}
1 Plano-Convex Lens (18)
1 Square Mirror (20)
1 Glass Plate 21y
1 Frosted Glass Plate (22)
1 Focus Electric Bulb (24)
1 Rubber Band (37)

The method of mounting the Lens and Mirror are shown in

diagram A.

The position of the Focus Lamp should be adjusted until
the image of the object on the Screen is as bright as possible.
The illumination of the object is very important. The Lamp
should be in such a position as to illuminate the object as
brightly as possible. At the same time the Lamp must not give
an image on the Screen. To prevent stray light from the Lamp
falling on the Screen, a little tin foil (chocolate wrappings) may
be fixed with an Indiarubber Band so as to cover the upper side
of the Lamp. The tin foil prevents the light from passing

upwards and also reflects extra light to the object.

The Ring Mount carrying the Lens may be fixed at various
distances from the Optical Box according to the size of the
image required and its distance from the Epidiascope. Exact
focussing may be carried out by adjusting the Ring Mount.
Again, the Plano-Convex Lens may be substituted for the Bi-
Convex Lens if smaller but brighter pictures are required. Small
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wire may be disconnected from the battery until everything is
ready for an exposure, and then the bare wire pressed into
contact with the battery terminal for a suitable number of
seconds.
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Models 85 & 86,

MODEL 86.—HIGH POWER PROJECTION MICROSCOPE.

Maodel 86 is used for projecting larger objects than can be
projected with Model 56.

It is exactly similar in construction to Model 85, except that
the High Power Objective (B) is substituted for the Medium
Power Objective (A). (See diagram.) This Model may also
be used as a Photo-microscope. The previous remarks relating
to the removal of the upper Ring Mount and Camera Cap apply
to this Model also.

CONSTRUMENTS OPTICAL OUTFITS sl

images arc suitable for photography and for preparing photo-
graphic enlargements.

Only small objects may be used in conjunction with Model 87,
such as coins, face or works of a watch, crests, postage stamps,
cigarette cards, insects in a live box, pond life in an aquarium,
crystals in a watch glass, or on a glass slide, fowers, etc. The
object, if white or coloured, should he placed on a sheet of
black paper or card, and if dark, on a sheet of white paper or
card.

Models 87 & 88

The Mirror of the Epidiascope is for the purpuse of
preventing the inversion of printed matter on the Screen. If
the inversion of the image is unimportant, the Mirror may be
removed and the image projected on the ceiling, or the
Epidiascope may be used without the Mirror, but turned on its
side so as to project the picture on to a Wall or Screen,

35

78

80



82

84

82 INSTRUCTION RBOOK FOR

To Find the Correct Screen Distance.

This is easily done by using the Epidiascope without the
Mirror and turned on its side. A candle flame or flash-light may
be held at the back of the Optical Box where the object is
usually placed. It is easy to obtain a sharp image of the flame
or filament of the flash-lamp on a Screen when the Screen is
at the correct distance from the Epidiascope. The Screen distance
so found will be nearly the same as for the Models. Remember
that the nearer the Lens is fixed to the object the further is
the image from the Epidiascope, and the fainter it will be. Also
when using the Plano-Convex Lens (18) the Screen will be much
nearer to the Epidiascope.

It is very important that the Epidiascope should be used in
absolute darkness. The light from a fire or glowing coals will
completely spoil the effect. Even moonlight shining through
curtains or a window-blind should be avoided.

Mounting Small Pictures for Direct Projection.

Sandwich the picture centrally between a piece of black paper
and a glass Plate (21). Pass two elastic bands round the paper
and plate to hold them together. The picture so mounted may
be placed in the back of the Optical Box which may then be
closed by sliding in the lid.

A Better Form of Epidiascope.

Model 88 is a better form of Epidiascope constructed in exactly
the same way as Model 87, but with the Tubular Mount (39)
and with Ring Mount (3) instead of Ring Mount (3a). In this
case the Lens is mounted in the Tubular Mount instead of in
the Ring Mount. (See B.)

MODEL 89.—PICTURE SCANNER.
Parts required :—

1 Ring Mount (3) or (3a)
1 Lamp Holder (5)
2 Battery Clips (7)
1 Split Ring (10}
2 lin. Bolts (12)
1 }in. Bolt (13)
2 Terminal Nuts (14)
7 Hexagonal Nuts (15)
1 Spanner and Screwdriver  (16)
2 Glass Slides (23)
1 Focus Bulb (24)
1 Frosted Disc (26)
& INSTRUCTION BOOK FOR

For daylight usc the Reflector (42); Battery Clips and Focus
Bulb are not required, but Reflector (42) may be attached to
the Tnstrument Stand to reflect the daylight on to the picture.

Mount a small picture from a cinematograph film between two
Glass Slides held together with Rubber Bands, Place this
prepared slide on the Instrument Stand of Model 89 and
illuminate the picture. Rotate the Scanning Dise at various
speeds and look through the Scanning Disc at the picture. The
faster the disc is rotated the clearer the picture becomes,

It is advisable to make the disc as heavy as possible. And it
may be loaded by attaching paper clips round its edge. A heavy
disc rotates longer than a light one, and the clips may be arranged
to give suitable balance,

MODEL 90.—HIGH POWER PHOTO-MICROSCOPE.

Parts required ;—

Tubular Mount (30
Cap for Tubular

Mount (40)

1 Optical Box (1
1 Lid for Optical Box (2}
2 Ring Mounts (3)
1 Lampholder (3)
1 Distance Ring (8)
2 Split Rings (10)
1 lin. Serewed Bolt (12)
2 din. Screwed Bolts  (13)
7 Terminal Nuts (14)
12 Hexagonal Nuts (15)
3 Plano-Convex Lenses (18)
1 Trosted Glass Sereen (22)
1 Focus Electric Bulb  (24)
1 Lens Stop (37a)
1 Instrument Stand (38)
1

1

1 High Power
Objective (41)
1 Mount for High
Power Objective (41a)
2 Spring Clips (43)
4 2in. Screwed Dolts  (46)

Model 90,
Construet according to diagram. Read also Model 91,

36
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2 Rubber Bands (37)
1 Instrument Stand (38)
or _
1 Optical Box (n

1 Seanning Disc.
The Scanning Disc is made as follows :— "
Cut out a cardboard disc of radius 1dins. Draw radii on the
card every 15 deg. Number these radii 1, 2, 3, etc to 24 Make
points on these radii as follows. On radius 1, make a point Jin.

12 15

A

PAPER CLIP
NING DISC

oo
-

=
R =

Model 89,

or 16/32in. irom the centre of the disc. On radius 2, mark a
point 17/32in. from the centre of the disc. The distances from
the centre of the disc of the points on radii 3, 4, 5, etc,, are
18/32in., 19/32in., 20/32in., ctc., each distance increasing by
1/32in. for the next radius, The distance along the radius 24
is 30/32in. of an inch. At each of the points marked along a
radius, pierce a hole about 1/16in. in diameter. The leg of a
pair of compasses or dividers may be used for this purpose.
Finally, pierce a hole in the centre of the dise 3/16in. in diameter.

Muodel 82 is an arrangement for scanning a small picture such
as a small lantern slide or portion of a cinematograph film.
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MODEL 91.- MEDIUM POWER CHEMICAL MICROSCOPE.
Parts required :—

2 Ring Mounts (3)
1 Lamp Holder (5)
2 Split Rings (10)
2 3in. Screwed Rods (11)
1 din, Screwed Bolt (13)
5 Terminal Nuts (14)
7 Hexagonal Nuts  (13)
2 Plano-Convex Lenses
(18)
1 Focus Bulb (24)
1 Frosted Disc (26)
1 Instrument Stand (38)
1 Tubular Mount (39
1 Stop for Lens (44)

Mount a Ring Mount (3)
on to the Instrument Stand
(38) by means of two 3in.
Screwed Rods (11), and
have it separated from the Stand by two Terminal Nuts (14)
as in figure, with its screwed part projecting downwards
through the centre hole of the Instrument Stand. Flace the
lin. Frosted Disc (26) into the Ring Mount, and fix with a
Split Ring. Now insert two Plano-Convex Lenses with a “ Stop
for Lens” (44) between them as in small diagram on the right
into a Tubular Mount, fixing them by a Split Ring, and screw
it on to another Ring Mount, Fix the Ring Mount to the top
of the 3in. Screwed Rods, with the Tubular Mount projecting
towards the Instrument Stand. Mount the Focus Lamp (24) in
its Holder and fix the Holder to the top Ring Mount by means
of a jin. Screwed Bolt (13) as in figure so that the Bulb just
rests between the top of the bottom Ring Mount and the bottom
of the Tubular Mount.

Crystals, etc., may be viewed on slides through the top of
the top Ring Mount, and slides must be placed on top of the
bottom Ring Mount (between A and B in figure).

The Model may be focussed by screwing the Tubular Mount
up and down.

Model 91.
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MODEL 92— LOow POWER MAGNIFIER. (Stand Type.)
Parts required :—

1 Plain Ring Mount (3a)
1 Split Ring (10)
2 3in. Screwed Rods (11)
" 8 Hexagonal Nuts
(15)
1 Plano-Convex Lens
(18)
1 Instrument Stand

(38)
This Model is in-
tended for viewing ob-
jects which are too large
to pass in between the
supporting Rods (11) in
Maode! 11, the magnifier
should be mounted in
the Instrument Stand as
shown. Note that the
Lens is uppermost.
Adjustment for Focus
is made on the screwed
Rods.

Mope. 92,

MODEL 93..—REFLECTOR.
Parts required ;—

1 Ring Mount (3) or (3a)
2 lin. Screwed Bolts (12)
{ #in. Screwed Bolt (13)
5 Hexagonal Nuts (15)
1 Square Mirror (20)

Morer. 03, Mober 64,

:»\_djuslmclnt of the angle of the Mirror (20) is obtained by
raising or lowering the two Nuts (14 or 15) rhic y
S il { r 15) on which the
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should be placed below the Instrument Stand (38) to reflect
light on the object. Alternately the Reflector (42) may be used.

Parts required :—

Ring Mounts
Optical Tube
Camera Caps
Pinhole Disc
Split Ring (10)
lin. Screwed Bolts (12)
Nuts (14) or (15)
Frosted Dise (26)

—O B B
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This model is useful as a reflector for Model 11.

Model 93A is as Model 93, but with the face of Mirror (20)
reversed.

MODEL 94.—REFLECTOR (with lens).

Parts required :—

As for Model 4, and in addition :—

1 Lens (17) or (18)
1 Split Ring (10}

For Model 94 a Plano-Convex Lens (18) can be mounted as
shown or with the convex (curved) side uppermost. Note that
the Mirror (20) should make an angle of 45 deg. with the
Ring Mount,

For Model 94A a Bi-convex Lens (17) is used instead of the
Plano-Convex Lens (18) of Model 94.

MODEL 95.—CAMERA LUCIDA.
Parts required :—

2 Ring Mounts (3) or (3a)
I Split Ring (10)
2 Screwed Rods (11
2 lin. Screwed Bolts (12)
3 din, Screwed Bolts (13)
15 Nuts (14) or (15)
1 Lens (17) or (18)
1 Square Mirror (20)
1 Instrument Stand (38)

Stand the Model on a sheet of white paper, with the Mirror
facing towards the light and the inside of the Instrument Stand
shielded from the light. Now hold a lighted candle in front
of the mirror, varying the distance until a clear image is
reflected on the white paper. A clear image may also be
obtained by varying the height of the Ring Mount carrying
the Lens in the Instrument Stand. Well illuminated objects,
placed at a suitable distance from the mirror, will be reflected
on the paper and can be traced or photographed.

For some distances of object the Lens (17) or (18) may be
mounted in the upper Ring Mount, and in this case the lower
Ring Mount need not be used.

For viewing transparent objects, the reflector (Model 93)
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In assembling the Camera (shown diagrammatically at A)
care should be taken that the Optical Tube is firmly held
between the Ring Mounts, which must be parallel (see Fig. 5,
A, B, and C). When taking photographs, it is necessary to
support the Camera so that
no movement takes place
during the exposure. This
may be done by resting the
model on the Instrument
Stand (38), as shown in
Model 96A. Note that the
two slots in the Ring
Mount (3 or 3a) rest in
the large hole of the Stand. §
The Camera may also be |
mounted on the Stand as
shown in Model 96B. To
take a trial photograph,
remove the Camera Caps
and point the pinhole to a good source of light. Hold the
frosted disc over the free end and adjust the distance between
the pinhole and the object until the image on the Frosted Disc
is of suitable size.

MoneL 96,

Mones  9%n
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MODEL 97.—LENS POCKET CAMERA.
35 Parts required :—
As for Model 96; in addition ;—
1 Plano-Convex Lens (18) instead of
Pinhole Disc (9);

37a | Stop (37a).
’/ This model is constructed exactly as
' Model 96, the lens (18) and the Stop

(37a) being used in place of the Pinhole
Dise (9). Mountings for this model are
the same as for Model 96. See Models
96A and 96B. Read the article on * The
Midget Camera,” in the Constrianag, September, 1933,

l\-h
o
-
B
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MoprL  97.

MODEL 98.—PHOTO PRINTER.
Parts required :—

2 Ring Mounts {3) or (3a)
2 Camera Caps (6) or (fa)
2 }in. Screwed Bolts (13)
2 Nuts (14) or (15)
1 Instrument Stand (38)

i The Photo Printer
i is for obtaining
positives  from a
negative taken with

lH
il
I |£
3| il =
;I il 333 either the Pinhole or

Pocket Lens Camera,
6a FiLm NeGaTive as Models 96 and 97,
Put a Disc of
Photographic
Printing Paper with
the sensitive side uppermost, in the lower Cap (6 or 6a). and
place the Disc Negative over this, and replace the loaded Cap
on the Ring Mount (3 or 3a). All is now ready for printing.
Remove the upper Cap and place the model immediately below
an electric lamp. The time taken to obtain a satisfactory print
will depend upon the brightness of the lamp and the distance
between it and the model, a little practice will soon give you the
correct length of time for exposure. After exposure, the top
Cap should be replaced, and the Model taken to a dark room,
where the print may safely be removed and finished by
developing and fixing in the ordinary way.

PRIATING BareRr
Mone. 98,
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6a) on the lower Ring Mount and remove the Frosted Disc (26).
Take the Model into a dark room, and place a Disc Film or
Disc of Photographic Printing Paper over the upper Ring
Mount and cover with a Camera Cap. Replace the Model over
the object and expose for a suitable length of time. After
exposure, develop and fix as usual,
_ Model 99 may be used to project smal magic lantern slides,
cinematograph pictures (cut out and sandwiched between two
Glass Slides (23) encircled by Rubber Bands (37), prepared
slides of crystals, insect
parts, etc. The FPhoto
Copier (without
Camera Cap) 15 placed
on white paper
immediately below an
electric lamp., The Slide
is placed on the
upper Ring Mount
with the object over
the hole in the Mount.
An image of the object
will be projected on to
the white paper and may
be sketched or photo-
graphed.
MODEL 100.—
PROJECTOR.
Model 99 may be
slightly  modified  as
shown in Model 100, in
which the Optical Tube
(4) is omitted and the
lower Ring Mount is
reversed. This Model
is not quite so suitable
for photography.

Movper 100

MODEL 101.—STAND KALEIDOSCOPE FOR TRANSPARENT
OBJECTS.

This is Model 102 without the Cardboard Disc and Mount.
Parts required :—As for Model 62, in addition—

2 lin. Screwed Bolts (12)
6  Hexagonal Nuts (15)
1 Instrument Stand (38)

38
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MODEL 99.—PHOTO COPIER.
Parts required ;—

2 Ring Mounts (3) or (3a)
4)

1 Optical Tube (

2 Camera Caps (6) or (6a)
1 Split Ring (10)
2 3in. Screwed Rods (11)
2 lin. Screwed Bolts 12

14 Nuts (14) or (15)
1 Plano-Convex Lens (18)
1 Frosted Disc (26)
1 Instrument Stand (38)

Sheet of Black Paper

Assemble the Optical
Tube (4) as shown in
Fig. 5 A, B, C.

The Lower Ring
Mount (3 or 3a) is
fitted with the Plano-
Convex Lens  (18).
Mount the completed
unit on the Instrument
Stand (38) with
Screwed Bolts (12) and
Nuts (14 or 15).

This Model will copy
small  pictures, coins,
stamps, diagrams, etc
Place the Model on
black paper or a dark
baseboard, with  the
object to be copied,
immediately below the
Lens, and resting on the _
black paper. Cover the
upper Ring Mount (3 or
3a) with the Frosted
Dise (26) and place the
Model in a position
where as much light as
possible falls on the :
object. An image of the object will then be seen on the Fn:usted
Disc. The Nuts (15) on Screwed Bolts (12) should be _nfljustctl
until a sharp image is obtained. Now place a Camera Cap (6 or

MopeL 9.
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Mount the Hand Kaleidoscope (Model 62) on the Instrument
Stand (38) as shown.

Stand the instrument on a well illuminated white card and
place the object to be viewed over the hole in the top of the
Stand. Slides containing coloured cellophane clippings, pieces
of cinematograph film, ctc., can be mounted between Glass Slides
(23), as shown in Fig. 6; and placed on the Instrument
Stand.,

MODEL 102.—STAND KALEIDOSCOPE FOR OPAQUE OBJECTS.
Parts required :—
As for Model 101--in addition :—

1 lin. Screwed Bolt (12)
4 Hexagonal Nuts (15)
1  White Cardboard Disc
3in. diam.

Mount the
Cardboard Disc as
shown. Sece that
the two Nuts (15)
on the top of the
Disc are locked
together to prevent
them screwing up
when turning the
Disc.

Adjustment  for
focus can be made
an the two
Screwed Bolts
(12), securing the
Kaleidoscope to
the Stand, and also
on that on which
the Disc is
mounted. Place
the objects to be
viewed on the Disc
and revolve  the

Moner 102, Disc.
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MODEL 103.-—PERISCOPE
Parts required :—

2 Ring Mounts (3) or (3a)
4 lin. Serewed Bolts (12)
2 lin. Screwed Bolts {13)
10 Nats (14) or (15)
2 Square Mirrors (20}
1 Instrument Stand (38)

This Model is composed of
the Mirror Stands (Models 20
93 and 93A) and Instrument LA
Stand (38). One Mirror 13~&/ N2
Stand (Model 93A) rests in
the large hole of the Instru- 33"
ment Stand, and the other
(Model 93) is placed below it 3
as shown.
Stand the Periscope on a 20
table; objects on the table in Ppd
front of the lower Mirror will L
be seen in the upper one, or 15
objects above the table in [
front of the upper Mirror 13 3a
will be seen in the lower one. ~
You can arrange the Peri- Monez. 103.
scope so that you ean watch what your friend is doing outside
a window without being seen by him.

Try the effect of revolving the upper Mirror whilst looking
into it.

Use the Periscope to read the cards in a pack held behind and
above the head.

MODELS 104 and 105.—CRAZY MIRRORS.
Parts required :—
As for Model 93 (but two of these). In addition :—

2 lin. Screwed Bolts (12)
2 din. Screwed Bolts (13)
6 Nuts (14) or (15)
1 Instrument Stand (38)

Arrange two Reflectors (Model 93) as shown in Model 104.
An alternative arrangement is Model 105,
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MODEL 107.—PICTURE SCANNER. Paris required :—

1 Optical Box (1)
2 Screwed Ring
] : Mounts (3)
e o1 1 Lampholder (5
| 1 Distance Ring (8)
§ 3 Split Rings (10}
"ﬂ 2 3in. Screwed
Rods (11)
A + 1 lin. Serewed

Bolt (12)

38 P 5 Terminal Nuts (14)
F: 14 Hexagonal
3 Nuts (13)
- 3 Plano-Convex
18" 10° Lenses (18)
AmTorloses 1 3}in. Square Frosted
Glass Screen (22)
1 Focus Electric
L Bulb (24)
2.1 Stop for Lens (37a)
\ 1 Instrument 7
Stand (38)
ScapuoDectont 3 Tybular Mounts (39)
2 2in. Screwed
Bolts (46)
Model 107. 1 Scanning Disc

Directions for making which are to be found in the description of
Model 89,

This Model may be used to show distortion of a projected
image through a Scanning Disc. Project on to the Frosted Plate
such an object as a knitting needle so that it may be seen as
the Scanning Disc is rotated. Now move the knitting needle
to and fro and note no distortion, yet when moving it up and
down, the needle will appear bent, and if moved rapidly, wilt
appear entirely broken up. (As in figure.)

TITTTT 777
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Look downwards into
the Mirrors so that half
of the face is seen in
each. Move the Mirrors
until the image of the
nose is not distorted.
Now close one eye, the
“ other eye” appears to
close in the Mirrors.
Place a printed card
with the print facing one
of the Mirrors, the print
can be read in the other
Mirror.  Many other
experiments  may  be
v carried out.

{ MODEL 106.—
OPHTHALMOSCOFPE.

Take a Square
Mirror (20} and place a
Plano - Convex  Lens
(18) with the flat side
on the Mirror; the Lens
may be lightly stuck on if desired, with a little Canada
Balsam.

Mope  105.

Stand in a position where a strong light enters the eye, zu:.d
hold the Ophthalmoscope close up. A 4111;;111_\' magnified eve
image will be seen, as well as some of the internal structure,

Mover 106
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MODEL 108.—PROJECTION PICTURE SCANNER.

Parts required :—

1 Optical Box (1)
2 Screwed Ring Mounts (3)
1 Lamp Holder (3
2 Split Rings (10)
3 lin. Screwed Bolts (12)
1 Terminal Nut (14
8 Hexagonal Nuts (15)
3 Plano-Convex Lenses (18)
1 Focus Electric Bulb (24)
1 Scanning Dise

1 Stop for Lens (37a)
2 Tubular Mounts (39)

Model 108.

This Model is used for projecting an image through the

Scanning Disc on a Screen in a dark room.
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Form around your
Opto-Mechanical
Design

Give it form, it will function

In every design process, as the designer moves forward in creating function, they are always preoccupied with form.
Why is form so important? To build a microscope for example, we begin by matching its already learned form in our mind,
and try to build it with the pieces present in the set. In post-mounted laboratory setups, form is not important, and a re-
searcher only focuses on function to get the result. This makes doing science way too abstract, and we end up writing
dull papers that lack design, and creativity. So, here’s the first criteria: If your child can’t play with it, it’s not an erector set.
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Optoform 40 Basic Kits
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Optoform’s Basic Kit 40

Basic Optoform Kit 40 is moderately arranged to allow performing various optical experiments. This kit is not only a
starter kit but it can also be considered as an advanced set to perform many optical experiments to fulfill much higher
level of expectations. This kit includes components from Optoform 40, and Micromax 25as well as Microptic 50.

Basic Optics Kit 20-914

The accompanying optics set 20-914 is designed to supply the necessary optical elements for laboratory experiments.
There is a condenser lens with matching reflector to collimate the Halogen lamp output. There is a single slit for spec-
troscopy experiments. There is a 10X objective, and 10X eyepiece set. There is also a beamsplitter, and mirror set to
build an interferometer, autocollimator, and an equilateral prism for spectroscopy. The lamp socket 50-359 is connector-
ized with a connecting cable for standard 4 mm power supply sockets.

41 www.optoform.com



Our Instruction Manuals

Optoform’s user’s manuals have been compiled to follow the
tradition of Erector sets for children, and adults alike. Every page
is lavishly illustrated to show how each instrument is put to-
gether. As your knowledge of Optoform increases, so does the
level of sophistication in your assemblies. Download them from:

www.optoform.com



