
Light touch 

Kaleidoscopes: More than fun 
In so few instances has h is tory pro
duced a single i tem that has brought 
such br i l l iance to an era as the kaleido

scope d id 180 years ago. Yet this s imple 
op t i ca l dev ice , of ten desc r i bed as 
merely a method of v iewing ref lect ions 
of an object, has impacted dai ly life far 
more than as an early toy. The kaleido
scope reveals many of the basic pr in
ciples of opt ics, and for this reason is 
also a great educat ional tool . 

The word kale idoscope is der ived 
from three Greek w o r d s : K Α Λ O Σ (beau
tiful), єιδoΣ (form), and ΣKOπєω (to see). 
To understand its or iginal popular i ty 
dating back to the early 1800s, one 
must consider the era in wΑhich it was 
invented. Colors were not prominent in 
dai ly life; bui ldings and c loth ing were 
without bright flare, and perhaps the 
most colorful items outside the natural 
wor ld were the stained glass windows 
in the local church . The kale idoscope 
represented a means of generating deep 
saturated colors in a variety of forms 
and changing patterns never before 
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imagined. Cons ider this comment by 
Dr. Roget f rom Blackwood 's magazine 
publ ished in June 1818: 
"In the memory of man, no invention, 
and no work, whether addressed to the 
imagination or to the understanding, ever 
produced such an effect. A universal 
mania for the instrument seized all the 
classes, from the lowest to the highest, 
from the most ignorant to the most 
learned, and every person not only felt, 
but expressed that a new pleasure had 
been added to their existence." 

The kale idoscope was invented in 
1814 by Sir David Brewster (who also 
developed the theory of complemen
tary co lors and the polar iz ing angle, 

and p rov ided a fundamental under
standing of the opt ics of crystals) . He 
was awarded a patent in 1817 by the 
Br i t i sh government. Pr io r to that t ime, 
good mirrors were relat ively rare (com
monly made from pol ished si lver or 
other metal) and were se ldom used in 
imaging appl icat ions, wh ich prec luded 
the development of a qual i ty kaleido
scope. 

The inner workings 
The ka le i doscope is a decep t i ve l y 

s imple opt ica l device. It is usual ly com
pr ised of an "object box," a mir ror as
sembly, and a v iewing aperture (see 
Fig. 1). The object box is f i l led wi th 
pieces of co lored translucent materi
als or a rotat ing wheel containing fil
ters or patterns that is i l luminated from 
behind. The mir ror assembly l ies in
side of the v iewing tube and is fre
quent ly t i l ted, especial ly when only two 
mirrors are used. The v iewing hole is 
usual ly centered at the opposi te end of 
the tube from the object box. 

The kale idoscope's pr imary attrac
t ion is the mult ip l ic i ty of symmetr ica l 
images. These images are produced by 
sequent ial ref lect ions f rom one mi r ror 
to another. The orientat ion of these 
images is determined by the geometry 
of the mir rors. Perfect ly symmetr ica l 
image forms are produced when (1) the 
ref lectors are or iented at integer frac
t ions or submult ip les of 360°, (2) the 
objects are p laced at the end of the 
ref lectors, and (3) the eye posi t ion is 
chosen to be the center of the mir ror 
images. 

Strict compl iance wi th the reflector 
or ientat ion requirement is essential for 
an attractive effect, whi le posi t ion in-

Figure 1. Two-mirror kaleidoscope. 

Figure 2. Three-mirror kaleidoscope 

Figure 3. Four-mirror kaleidoscope. 
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accuracies of the object and eye have 
relatively minor effects. Figure 1 de
picts a simple two mirror kaleidoscope. 
A tunnel diagram is also shown to indi

cate the number of bounces light must 
take to reach your eye. Tunnel dia
grams are methods of mapping images 
by exploding individual views along 
straight lines or rays. The pie shaped 
region labelled "0" is the direct (no 
bounce) view of the object; the regions 
labeled "1" are the one bounce view of 
the object; the regions labeled "2" are 
the two bounce views, and so on. 

Note that the object appears to "wrap 
around" the center of the pie and, if the 
mirrors are not flat or their orientation 
is not at precisely the correct angle, the 
multiple images will not register cor
rectly and the symmetry is destroyed. 
The basic symmetry of the device can 
be easily worked out by a capable sec
ondary school student. Note that the 
symmetry of the patterns is determined 
by the number of mirrors and the angles 
between them. It was Brewster's funda
mental observation that the mirrors 
must be oriented at an angle that is an 
integer submultiple of 360° and that 
the object must be located near the 
ends of the reflector. 

Figures 2 and 3 depict higher number 
or mirror geometries. Clearly, the 
greater the number of mirrors and the 
larger number of reflected images will 
result in a more dramatic appearance, 
yet this demands more accurate as
sembly of a kaleidoscope and flatter 
mirrors. The requirement for the angu

lar relationship between mirrors in a 
kaleidoscope is identical to the popu
lar "method of submultiples" for test
ing prisms and mirror assemblies, as 

descr ibed in Twy
man's book. Two mir
ror kale idoscopes 
usually have angles of 
18-22.5° (the 20th and 
16th submultiples of 
360°, respectively), 
and three mirror ka
leidoscopes are usu
ally equi lateral in 
form with mirrors ori
ented at 60° included 
angles. 

You can easily de
light in spending an 

entire day permuting different numbers 
of mirrors, angular orientations, and ob
jects. The added provision of a moving 
object enhances the excitement of the 
kaleidoscope, as Brewster noted. 

Building a kaleidoscope 
Kaleidoscopes can be readily as
sembled using cut glass mirrors, alumi
nized acrylic, or even pieces of alumi
nized Mylar®. Try using polarizing 
pieces (cut pieces of sheet polarizer) in 
the object box. Another variation is to 
put a polarizer in front of the viewing 
hole and a crossed polarizer in front of 
the viewing box. If birefringent pieces 
are used in the object box, a broad 
range of colors will be generated, de
pending upon the amount of retarda
tion of the samples. Small slivers of 
molded styrene are excellent birefrin

gent samples. Frequently, acrylic or 
glass hemispherical lenses are placed 
over the object box to image the out
side world into the box, providing a 
new colorful, yet distorted, perspec
tive on the world. 

Figures 4 and 5 show a disassembled 
three-mirror kaleidoscope and photo
graphs of typical kaleidoscopic patterns. 
These photographs were made using a 
Polaroid MP-4 camera with a 105 mm 
lens. The exposures were made onto 
Polaroid PolaColor film at f/8 using a 
Vivitar 285 strobe (at 1/4 power) in an 
Aristo light box. The object box was 
imaged at approximately 1:1 onto the 
film. [Photographs courtesy of Walter 
A. Chadwick, Polaroid Corporation.] 

Kaleidoscopes are now enjoying a sig
nificant revival, per
haps for the same 
reasons as in early 
19th century—as a 
means of introducing 
added brilliance into 
life. If you have never 
viewed a high qual
ity kaleidoscope be
fore, give yourself 
the pleasure of the 
experience. And try 
assembling a kaleido
scope yourself— 
you'll be amazed at 
the variety of effects 
you can create. 
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Figure 4. A disassembled three-mirror 
kaleidoscope. 

Figure 5. Typical kaleidoscopic patterns. 


