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AUTHOR'S PREFACE 

THE subject of stereoscopy and its photographic applications to 
the various sciences and to industry is one which has been sadly 
neglected in modern photograph.ic literature, for, with the present 
exception, there does not appear ( 0 be any recent work on the 
subject, in our language, although a certain amount of attention 
has been given by the French and German authorities to stereo­
scopk literature. 

In view of this fact, and also because of the growing interest in 
applied stereoscopy, it ,,"as felt that the present was all appropriate 
opportnn.ity to publish such a book. 

Not only is stereoscopic photography being taken up again 
"ith increasing zeal-as judged by the activities of the stereo­
scopic societies, and by the sales of apparatus-but .its principles 
are finillng greater application to microscopy, radiography 
(X-ray work), astronomy, aerial and land survey, optical instru­
ments, to educational purposes and also to magazine and catalogue 
illustration. Already on the Continent, the anaglyph is being 
used to an increasing extent for the stereoscopic illustration of 
commercial catalogues. and for books and magazines. In this 
country also the enterprising proprietors of The Illustrated 
London News have added considerahly to the value of their 
pUblication by the regular inclusion of excellent anaglyphs. 
There is little doubt that when once the value of this realistic 
method of illustrating solid objects is realised, it will find a firm 
p\a<:e ill aIt, industri,,\ "nd engi"""1"illg cat;;log\le5; it is the 
next best trung to viewing the actual objects depicted. There 
is no comparison, for instance, between a stereogram, or an 
anaglyph of a piece of machinery, an automobile chassis, a 
piece of apparatus, a group of statuary, or an arcrutedural 
object, and tbe commonplace fiat photographic illustration of 
any of these. The enterprising manufacturer who has the 
foresight to equip his travellers with a set of stereograms and a 
viewing stereoscope, will undoubtedly score over rus competitors 
not similarly equipped. -

Not only in industry and literature illustration has s1 
vii 



PREFACE 

an important field, but also in science. By its aid the micro­
scopist, for example, is able to observe stereoscopically and to 
photograph the minute solid objects revealed under his 
microscope and eventually, in the stereo. pbotographs to 
obtain permanent records in relief of these objects. The 
astronomer employs stereoscopic principles not only to detect 
the presence of faint stars and binaries, but also to show in 
realistic relief the features of the moon, comets, certain of the 
planets and also the proper positions in space of stars of greater 
magnitudes forming the constellations. The racliographer is 
enabled by stereoscopic X-ray pictures to locate exactly foreign 
bodies in the human system, to sho\\" the position of flaws, air­
pockets or defects in castings, metals, or other materials, 
and to re\·eaI the jnternal structures of organic bodies and 
interiors of composite bodies and mechanisms. Numerous 
other applications could be cited, did space permit. 

In education also the use of the stereoscope has proved a 
valuable means of representing objects, places, scenes, peoples, 
inrlustries and similar subjects, in their true relief, to pupils 
in elementary schools. It is found that a more lasting impres­
sion and a much better idea of the subject is obtained by the 
scholars than when ordinary single photographs are employed. 

In advanced schools and in colleges also, the stereogram has 
unlimited possibilities in enabling the student to visualize complex 
diagrams and objects. He can obtain a valuabJe reference 
record, in this manner, to assist his studies. Thus the anatomical 
student can retain realistic impressions of dissections; the 
geometrical student, three-dimensional objects, curves and 
diagrams; the chemical student, atomic c1iagrams, crystal 
formations and the like ; the engineering student, realistic views 
of machines, engines and constructions. 

Having outlined very briefly the wide range of application of 
stereoscopy it may be as well to add a few words regarding the 
scope of the present book. 

Realising the necessity of maintaining a popular as well as a 
technical interest in stereoscopy, the theoretical and analytical 
sectiolls have been kept to minimum proportions, and the treat­
ments and accounts given made as simple as possible. It would 
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easily have been possible to fill this volume entirely with matter 
relating to stereoscopy of a theoretical or hypothetical nature ; 
such a work would, however, ha'·e only a very limi ted field of 
appeaL We tmst, therefore, that the more advanced reader 
of this book, will withhold any criticisms of technical incom· 
pleteness, or lack of more serious treatment of the principles 
involved, but will bear with the author in his avowed objects. 
It is hoped that the bibliography at the end will provide useful 
references for those wishing to pursue the subj ect more thoroughly. 

As regards the photographer, enough has been said, we trust, 
to convince those who have not experienced the fascinations of 
stereoscopy to make the experiment. No one who has once 
taken up stereoscopic photography in earnest will willingly 
revert to "flat" photography. It is shown in this book how 
stereoscopic pictures can be made with the simplest of single·lens 
or two-lens cameras, and as there are in existence one or two 
Stereoscopic Societies, in this country to look after his interests, 
there is no valid excuse for not taking up this attractive hobby. 

The Royal Photographic Society has also a section devoted to 
Stereoscopic Photography; the Annual Exhibitions of the Society 
show a rapidly increasing- interest in the stereoscopic exhibits. 

In conclusion, the author wishes to place on record his 
appreciation of tile assistance of Etlglish Mechanics and The 
World of Science-a pioneer paper which publishes stereoscopy 
articles, Messrs. The City Sale and Exchange, Underwood 
Keystone Stereographs Ltd., Watson, Baker, Atha Swift, Beck, 
Sands Hunter, and the other firms which have kindly loaned 
illustrations, and also to Col. van d'AJbada (Wide-Angle Stereo­
grams), Charles Benham (Miscel1aneous). Capt. McCaw (Aerial 
Photography), Mr. Hollis (Astronomy) ,Mr. Taverner (Microscopy), 
Mr. Dowdy, and others who have been kind enough to help. 

A very convenient stereoscope for viewing the illustrations in 
this book is the "Lothian," particulars of which will be found in 
the Instmments and Apparatus Section. 

" Sandhurst," 
Farnham. 

January, I926. 

A. W. JUDGE. 
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CHAPTER I 

I NTRom.:cr ORY. 

THE value of photography to mankind depends almost entirely 
upon the truthful records which it gives of different subjects 
as the eye sees them. Lea'~ing out of these considerations the 
question of photographic mani pulation for artistic, or impressional 
effects, it will be evident that the ordinary, flat photograph 
does 1I0t depict the subject as the eyes perceive it, but only as 
one eye does, and lhat it loses thereby a good deal of its value 
and interest . The ordinary photograph, invaluable as it is for 
many purposes, fails to provide a truthful impression of the 
picture seen by the eyes. 

A moment's refl ection will indicate the reason for this, for 
one has only to remember that the objects composing the subject 
photographed. possess sOlidity or depth, and are situated at 
different distances from the camera; the ordinary photographic 
print depicts these three-dimensional objects, and their distances 
from tbe camera , in hvo dimensions, on])". That is to say it 
endea yours to record volumes in an area. 

Fortunately , there is a redeeming feature in connection with 
our interpretation of fl at photographs , namely, in the association 
in the picture of our impressions of light and shade, relative 
sizes of Objects, and perspective effects. Each of these factors 
is concerned with our experience of viewing with the two eyes 
(binocularly) the actual objects shown. Thus we are able to 
idenWy solid objects by their light and shade effects, distances of 
objects by their relative sizes ; the more distant objects fonn 
images of relatively smaller size, the well-known principles of 
perspective are also of great help when viewing flat photographs. 

There is, however, a vast difference between the reaJ or visual 
picture and the "flat impression " one ~f any subject. Similarly 
it can he stated there is a great difference hetween the viewing 
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STEREOSCOPIC PHOTOGRAPHY 

of the binocular, or stereoscopic photograph and a monocular, or 
single photograph. 

Gaze at any subject, say, a landscape, group of objects on a 
table, or at the foliage of a tree, with one eye, for a time and 
then open the other eye; the result will be surprising, more 
especially if one dissociates one's binocular impressions of the 
subject, as far as it is possible, in the former case. The result 
will be even mOTe marked if one is confronted with a new scene 
when one eye is kept closed, and the other is afterwards opened. 
There is just as much difference between the single and double 
eye views as between the single and stereoscopic picture. 

The word "stereoscope" is dcriycd from stereo-solid, and 
scopeo-I view. In stereoscopic photography, the single lens of 
the ordinary camera, which corresponds to the single eye, is 
replaced by two exactly similar lenses mounted in the camera 
at a distance apart equal to that of the eyes in the head. In 
this way, the two pictures obtained correspond to the two pictures 
(or inlages) formed on the screen (or retina) at the back of the 
eye; as we shall see later, these pictures are not identical, but 
differ from one another in one or two important respects. Having 
obtained these dissimilar pictures it only remains to devise some 
convenient means of viewing them, or of merging them into a 
single picture impression as in the case 01 the eyes; although the 
latter see two dissimilar views, the mental impression is that of 
a single picture in relief. The familiar piece 01 optical apparatus, 
],;nown as the Stereoscope, enables this merging to be done quite 
easily; the result of viewing these dissinlilar pictures in the 
stereoscope, is then to receive the correct impressions of relief, 
similarly to binocular vision. As we shall mention more fully, 
later, it is not really necessary to use a stereoscope, for with a 
little practice the pairs of pictures (known as Stereograms) taken 
with the stereoscopic camera can be merged with the unaided 
eyes. Many stereoscopy workers never use a stereoscope when 
Yiewing prints. 

As we shall show in the foJlO\,ing chapters, the principles of 
stereoscopy find many important applications in education, 
science and industry. 

It will be necessary, before proceeding to an account of these 
2 



INTRODUCTORY 

applications to become thoroughly conversant with the structure 
and use of the eyes, the principles of binocular vision and the 
photographic application of t.hese principles, that is, in stereo­
scopic photography. \\"0 shall also indicate how stereograms 
can be drawn or constructed without the aid of a camera, and how 
they can be viewed without a stereoscope. The photo&>Taphic 
apparatus employed for taking stereoscopic pictures of various 
kinds is described in the following chapters, together with 
the app,uatu5 for viewing stereograms. 

It is not proposed, in the present considerations to enter into 
any account of the history and development oi stereoscopy, 
from the times of Aguilonius,* to those of the di~covercr, Sir 
Charles \Vheatstone, or to the admirable work of Sir David 
Brewster-to whom we owe the present form of stereoscope. 
Those who are interested in the hi~ torical side would do well to 
consult the original works, or records of Fran~ois d 'Aguillon, 
the J esuit of Brussels (1613), Gassendus (I568). Baptista Porta 
(I593), Galen (1550), and the later works of Helmholtz, Alexandre 
Prevost, J ohannes ~'[iillcr, Wheatstone and Brewster. A useful 
bibliography is given at the end of this volume, which, although 
incomplete as regards indi,idual papers, is fairl y complete as 
regards original volumes. An interesting review of the subject 
is given in a Paper on " Stereoscopy Restated," by Dr. W. French , 
read before the Optical Society, May la, I923 . 

• Agui lonius Opticorum. 
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CHAPTER II 

THE CAUSES OF STEREOSCOPIC VISIO!'(. 

The Eye and Stereoscopic Vision.-In order to understand 
properly and to appreciate tbe subject of stereoscopic vision, and 
of stereoscopic photography in general , it is very essential U1at 
the reader be thoroughly acquainted with the basic principles of 
human vision. This involves a knmvIedge, not only of the manner 
in which the eyes are focussed and directed, but also of the internal 
stmcture of the eye itself. It is proposed, therefore, to give, as 
an introduction to the subject of stereoscopy, a hrief description 
of the human eye and its functions. 

The Human Eye.-Tbe eye is a wonderful piece of optical 
apparatus, and possesses many remarkable adjustments and 
properties. It consists of an almost spherical bal! situated in a 
spherical chamber; it is tims able to rotate or turn in any 
direction. It has a circular opening in front, through which 
light can pass to the lens which forms an image of the object 
viewed on a curved screen situated at the back of the eye. 

Referring to Fig. I, the transparent concavo-convex portion A 
is termed the Cornea, and is situated immediately in front of an 
adjustable aperture diaphragm, of annular form, h.'Ilown as the 
Iris D. The latter is coloured and is opaque, except for its centml 
aperture C, which is h:nO\l'l1 as the Pupil. This aperture is 
capable of being enlarged Or contracted automatically, by means 
of certain involuntary muscles of the iris, in weaker or brighter 
jigllt, respectively. Behind the cornea and iris, is situated a 
peculiar type of lens E, built up of layers or shells, increasing in 
densi ty towards the centre; it is ternled the Crystalline Lens. 
The index of refraction of the outermost layer of this lens is the 
same as that of the medium in contact with it, so that no loss of 
light by reflection occurs in passing into the lens. Behind this 
lens, til ere is a space L, or posterior chamber, filled with a 

4 



THE CAUSES OF STEREOSCOPIC VISION 

transparent jelly-like substance termed the V,'trco1<S H1tmo1tr; 
this substance is enclosed in a thin, transparent membrane 
known as the HyalO1'd ]lJ embra1U!. The space B, or anterior 
chamber between the crystalline lens and the cornea is filled with 
a watery substance of saline content. known as the AquC01tS 

Humour. Enclosing most of tJle posterior chamber is a membrane 
I, called the Choroid Coat or Uvea; this is saturated with a black 
and opaque mucus, called the Pigmcntu11l N1grtmz. The screen 
upon which the images are formed by the crystalline lens is 
termed the Retina, It is shown at K in the illustration, and 
form s the lining of the choroid, The retina is a network or 
ramified system of nerve filaments connected with the Optic 
Nerve, ]If, leading to the bmin, It is the action of light upon 

FI(:;. I.-TilE HUMAN EVE, IN SECTION (EVERETT). 

these nerve filaments of the retina which gjves rise to the sensation 
of vision, There is a yellow spot on the retina just above the 
optic nerve, which has a central depression known as the Fovea 
Ce1ltralis, and at which 'v-ision is most distinct. Vision is not 
distinct at the place where the optic nerve is situated; this is 
known as the Blilld Spot, 

The crystalline lens possesses the property of being able to 
alter the curvature of the front of its surface, so t:lat objects 
situated at different distances can always be made to form 
sharp images on the retina; here we have a variable section lens 
of constant focal length for all distances of objects, The lens 
increases its convexity for nearer objects and reduces it for more 

5 
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distant ones. The image fonned on the retina, in the case of 
normal vision individuals, is real and in verted; the mental 
impression is that of a real and erect image. 

This adaptation of the eye so as to keep objects at different 
distances always in focus is tenned its Acc01'nmodation. The 
nearer range (If accommodation, or least distance of dist?'nct 
'{'ision is ahout si:l' illcltcs*; within this distance objects cannot be 
seen distinctly. The furtiJest range of accommodation is a very 
great distance, incorrectly termed infinity, but usually taken as 
the distance at which rays incident on the eyes are parallel. 
Apart frum the accommodation and pupil contraction and 
expansion of tile eyes, the complete spherical ball system con­
taining t.he cornea and crystalline lens can rotate in its socket 
~o that the optical a.."\.es of the two eyes can be directed in any 
direction and to any distance, within the limits of movement. 
We shall refer later to the part which this convergence and also 
accommodation play in stereoscopic vision. 

In connection with optical problems involving the use of the 
eyes, as in stereoscopy, these may satisfactorily be treated if the 
optical system of the eye be regarded merely as a convex lens 
of constant focal length , forming an image of the object vie,,"ed 
on tbe curved screen or retina of the eye. Specific calculations 
would, of course, inyolyc a knowledge of the curvatures and 
refractive indices of the layers of the crystalline lens; and of the 
properties of thick lenses; this data is on record, and can be 
found in advanced works on optics. 

An example of this sinlplified method of regarding the eye as 
a lens-screen combination is depicted in Fig. 2. 

An Elementary Explanation of Binocular Vision.-In 
the present considerations, the principles underlying the subject 
will be dealt with; in this respect it must be emphasised strongly 
that only by a con-ect understanding of the optical principles 
can the reader hope to reap the full benefit in stereoscopic work. 

Recapitulating, we see that each eye consists of an 
almost perfect optical system, comprising a lens system and 
a screen or retina upon which the image formed by the lens 
is projected" In effect, then, the eye may be regarded as a 

• It is Ilsu aJ to assume th.lS distance as 10 inches, in calculations. 
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camera-albeit more highly de,'eloped than any mechanically 
constructed ones-in wluch an image of the object observed 
is fanned on the retina or screen. Instead, however I of forming 
a permanent image as in the case of a photograph ic plate, the 
retinal ilnage is merely an impression , as it were, which is con­
veyed to the brain through the agency of the optic nerve, and 
there interpreted as the vision observed. 

The eyes are capa ble of 
swi\'elling in their sockets. 
in the case of normal indi­
viduals, so that when any 
object is observed the optical 
axes of the eyes con verge 
to that object. Further , the 
curvatures of the .. lenses" 
of the eyes can be varied 
automatically so as to focus 
upon the retina either near or 
distant objects. In normal in­
diyiciuals the m_inim~lm dis­
tance for distinct vision is about 
sb.:: inches and the maximum, 
infinity. The eye thus scores 
o\'er the photographic lens in 
that its "lens system" can 
vary its shape, or configuration, 
so as to majntain always the 
same focal length, irrespective 
of distance of the object ; 
this is termed the "accom­
modation " of the eye, 

The separation or distance 
apart of the human eyes is F,c. ,. 

about 63 to 69 millimetres, in I l.LUSTRA'TI N'G TUE. OfSSUfILAR VIRW 

average cases, i.e., about 2! OF 'THE Two EVES. 

to Zt inches. 
When a near solid ohject is viewed, the left eye, being to 

the left of the centre line (Fig. z), will be able to see 

7 
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rather more of the object than an eye situated on the centre 
line. Similarly the right eye will see more of the right side 
of tbe object. 

In lhe illustration referred to, the left eye sees (at an oblique 
angle) the left side ab, and the normal face bd of the cube, but it 
cannol observe tbe rigbt side cd. Similarly the right eye sees 
the right side cd, and the face bd, but nothing of abo The image 
eJ formed upon the retina of the left eye will , therefore, be slightly 
different from that of the right eye, as we have attempted to 
depict in Fig. 3, which represents the left and right eye images 
of a small cube seen at a short distance away. 

W 
a b 

FIG. 3 .-LEFT Al\D HJGHT HAND VIEWS OF CunEo 
(This is a stereoscopic pai.r of images.) 

:\ow since the brain combines these two dissimilar images 
into a single image, the result is that this latter image gives the 
appearance of solidity or depth, which we speak of here as a 
stereoscopic or binocular vision effect. 

The degree of solidily will depend upon the size of the object 
"iewed and upon its distance from the eyes. Thus a large object 
placed near the eyes will show much more solidity than a small 
object placed at a distance. That is the reason why distant 
landscapes and clouds appear to be flat, for the two images formed 
on the left and right retinas are practically identical, since the 
light rays from distant objects are almost parallel. In this 
connection it follows that if a fiat surface, such as the face bd 
of the cube in Fig. 2, is viewed normally, the two retinal images 
will be identical, and no solidity effect will, therefore, be 
experienced . 

Close one eye and vjew a solid Object in the middle distance 
for a time with the other eye. No stereoscopic effect should be 
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experienced, although to most people the inherent knowledge and 
impression that the object viewed is a solid one creates the false 
idea that one eye can experience the solid or depth effect; this 
fal se impression is assisted also by our knowledge of perspective 
and light and shade effects; we 
know that the size of an object 
appears to diminish the farther 
away it is, and associate image 
sizes of recognisable objects with 
distance. 

Tha t there is no single-eye 
solidi ty effect can be demon­
strated by viewing against a 
dark background a number of 
unfamiliar objects of various sizes, 
w:ith one eye only, and without 
having seen them with both eyes. 
I! will be found difficult to 
place their sizes and distances 
from the eye correctly. Similarly, 
a picture taken \'lith an ordinary 
camera, which comes in to the 
one-eye category of unfamiliar 
objects, does not always give 
any true idea of sizes and depths; 
this picture corresponds to the 
single-eye view. 

Reference to Fig. 4 will serve 
to show how stereoscopic effect 
diminishes with increased distance, 
The object M is situated at a 
greater distance than N; con­
sequently it su btends a smaller 
angle", than that of N , viz., " 
at the eye, and the rays of light 

FIG. 4. 

from M to both eyes are less convergent than those from N. When 
M is sufficiently far away the light rays from it become almost 
parallel, and, therefore, the retinas of both eyes have similar images. 
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A t this stage it becomes necessary to point out an important 
difference between binocular vision and stereoscopy, as we shall 
henceforth term true rendering by photography, or other artificial 
means, of solidity and depth. 

The eye is capable of focussing only those objects which are 
situated at a certain distance or in a given normal plane; all 
other objects arc out of focus when the eye '1:iews a definite 
object. 

Consider two objects M and N (Fig. 4) and focus the eyes 
upon M, say. Then the images N will not only be ou t of 
focus and indistinct on the retinas, but these indistinct images 
will not fall on the corresponding points of the eye; the left-eye 
image "'ill be displaced, as it were, to the left , and the right-eye 
image to the right. The practical result of this is that the 
image of N will appear double. 

This effect can readily be demonstrated by placing a pencil, 
or finger, at about 8 to I2 inches from tbe (\\'0 e)'es, and centrally. 
II now a distant object be viewed there will at once appear to be 
two indistin ct images of the pencil or finger. If the eyes he 
focussed on the pencil the distinct object will appear double. 

As we shall show subsequen tly, stereoscopy renders all objects 
in focus, irrespective of their distance from the camera, whilst 
binocular vision shows only one set of objects in focus, namely 
those lying in a given normal plane. Thus the focus of the eye 
does not change in the case of stereoscopy (once the photographs 
are in focus) in vie\\!mg the images of objects situated in different 
planes, whereas in binocular \~i sion the focus changes constantly. 

On the Causes of Relief.- We have seen tbat the principal 
reason why it is possi ble with the two hwnan eyes to perceive 
objects in three dimensions in relief, is due to the formation of 
dissimilar images upon the two retince, and to their recombination 
mentally. Thus it is that two" flat" pictures of a solid object, 
or series 01 objects at different distances can be recombined so 
as to give the well-known sensation of solidity and perspective. 

The principal causes of the perception of relief, are believed 
to be the accommodation of the eyes, and their convergence; the 
exact part played by each of these factors is not agreed upon by 
all anthorities, but it is generally conceded that whilst the con-
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ycrgence plays a part of secondary importance, there is a certain 
relation between the accommodation and convergence of the 
eyes when Yiewing objects of diHerent size and at different 
distances. On the other hand some authorities' contend that 
the cOI1ycrgence and visual fOCllS, and their yariations as the 
eres sweep o'·er the field do not pia,· any yital part in lhe 
appreciation of distance. 

It is considered that the recognition of a familiar type of 
perspective systenl is important in assisting the "stereoscopic" 
impression. Further, it is believed thal just as one docs not 
require to assume any special mechanism by wh ich the inverted 
image of an observed object upon lhe retina is erected before 
il is perceiYed, so one is led to lhink that there is nothing which 
can intelligently be called a "mechanism" of stereoscopic 
vision , which may simply be a manifestation of that remarkable 
cerebral faculty which recei\'es, collects, co-ordinates and inter­
prets all the sensory impulses which are continually reaching 
it, and employs them to build up the conception of the objects 
around us, which we commonly associate with stereoscopic 
vision. 

The Accommodation of the Eye,-When the eye views an 
object placed at a definite distance from it, the image on the 
retina has a definite size. As the object is moved away from the 
eye, so the re tinal image becomes smaller and smaller in size. 
There is another highly important fact about the eye, namely, 
that it is capable of altering its focal length, so that objects at 
widely varying distances can readily be focussed on the retina, 
i.e., seen sharply. Thus, as an observed object is moved away 
from the eye, it will always remain in focus. The curvature of 
the crystalline lens can be varied by muscular means so that 
the shape of the lens can be adjusted to always give the 
correct focus for objects seen at different distances; of course, 
only one object at a time can be observed clearly. The range of 
the visual accomtnodation of focus varies from about 6 to 12 

inches, to infinity. The effort required to vary the visual focus 
and the curvature of the lens is different at different distances, 

Binocular 'Visio1t (/,lid Stereoscopic Se'llse. R. J. TRUMP. Optical Society Traru;­
actions. Vol. 25. 1 923~4, NO·5· 
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and it is thus conceivable that one of the causes of the impression 
of distance is the physiological and mental efforts called into 
play during the accommodati on process. The eye will thus 
associate the focal length of its lens, i.e., the curvatures, with the 
particular distance of tbe object viewed. 

Convergence of the Eyes. Parallax.- If a pair of similar 
objects such as A and B (Fig. 5) be viewed with a single eye 
L, (the other being shut) placed anywhere along the line AB, 
extended, only the object B will be seen. If, however, the other 
eye R be opened, it will observe the two points A and B in virtue 
of the images a and b form ed on tbe retina. The nearer the 
obj ects A and B together, the smaller will be the angle ARB 
and the distance ab between the retinal images. 

FlO. 5.-ILLUSTRATING TUE PRINCI PLE OF PARALLAX, 

Furtber, as tbe objects A and B recede, the one from the 
other, the angle ARB will become larger and larger. It will, 
in fact, form a kind of measure of their separation, or distance 
apart when the objects are within a certain range. Thus, if 
B be displaced to B' , the larger angle ARB', and (the distance 
ab ' on the retina) will form a measure of their relative distances 
apart. 

Consider next tbe effect of an object (Fig. 5) receding gradually 
from the eyes. Assuming that it is primarily at the minimum 
distance of distinct vision B' , the two eyes L and R must be so 
directed inwardly that their optic axes meet at B' , the angle 
between them being LB'R. For a minimum distance, of say 
6 incbes, this angle is about 23t degrees. When the object is 
at B, the angle of convergence will be LBR, that is to say , less 
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than LB'R. Again , as the object recedes to A the angle is 
reduced in value to LAR. Ultimately, when the object is at a 
very great distance away. i.e., at infinity, the optic a...xes become 
parallel as sbo\\iJ1. Each eye, then, in observing objects varl'ing 
in distance from six inches to infinity, varies the convergence of 
its optic axis through an angle of about llt degrees. It will , 
therefore, be apparent that the amount of convergence of the 
two eyes (used naturally) is an indication of the distance away 
of the object viewed , and that our stereoscopic perception of 
objects is to some extent dependent upon tbe com'ergence of 
the optic axes, 

Referring once more to Fig. 5 it will be e\'ident that if the right 
eye be closed and the left eye be moved a little to the right, the 
object A will appear from behind B , and will also seem (0 be more 
to the right, relatively to B. When A and B are close together 
there will be only a small amount of relative movement as the 
eye is moved. On the other hand, if A is a long way behind B, 
the same movement of the eye to the right, say, will cause a much 
greater displacement of A, relatively to B. This lateral dis­
placement of one object relatively to another is termed Parallax. 
In estimating, mentally (or visually) tbe different distances, or 
the solidity, or depth of an object, parallax plays an important 
part. A movement of the head sideways results in parallactic 
displacements of objects at different distances, and one is able 
to state which object is in front of another, and to form an 
impression of their relative dispositions. 

What is true of one eye is, of course, true of both, so that any 
movement of the head sideways causes parallactic displace­
ments of the images of objects situated in different planes, on the 
two retinre. Similarly, when the two eyes view a solid object, 
the effect of parallactic displacements enables the different 
planes or depths of the object to be separated, and the impression 
of relief to be experienced. 

In the case of a plane figure normal to the line 0' sight, the 
retinal images remain the same when the eyes are displaced 
laterally by a small amount, and, therefore, no parallactic move­
ments occur and no stereoscopic effec~ is experienced; the two 
retinal images are not necessarily alike ill this case, due to the 
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two "jew points, unless, however th e plane is to all intents, 
normal to both optic axes. 

A Possible Explanation.-Binocular vision has been a 
controversial suuj ect; even to-day there is nO unanimity of 
opinion. It is not our purpose, howe"er, to take up the cudgels, 
but we mention a probable explanation, which has been put 
forward by Prof. .J. D. Everett, F .R.S., namely, that to each 
point in the retina of onc eye there is a corresponding p ain,t, 
s imilarly situated , in the other eye. Under ordinary circum­
stances an impression produced on one of these points is un dis­
tingui shable from a similar impression produced on the other 
poiot . When bolh arc similarl), impressed, at the same moment, 
the effect is simply more intense than if one were impressed 
a lone. In effect, then, "'e ha,'c only onc field of view for OUf 

two eyes, and in any part of this fi eld of view we obsen·c only 
one image of grealer brightness (han \\'hen seen by the one ey~, 
alone, or else we see two overlapping and usually indistinct 
images. The latter effect may be illustra ted readily by the pencil 
experinlcnt previously referred to; if the pencil or a finger 
be held between one's eyes and a wall, and the wall be focussed 
on, two transparent or out-of-focus images of the pencil will 
be observed; each image corresponds to that seen with the 
one eye, Our yisual impressions do not, however, indicate 
which image corresponds to which eye. 

One may ask, what, then, is the advantage in having t\\'o 
eyes in order to obtain apparently one image? The answer 
to this question is that the (\1'0 eyes in order to see a poiot as 
single must rotate in their sockels, that is, must allow lhe optic 
axes to converge upon the poiot to a greater or lesser extent 
so tha t the two images of the point observed fall upon corresponding 
points on lhe retin",. This convergence of the optic axes pro­
vides us with a valuable means for judging distances, which is 
more precise than that obtaioed by adj ustiog the foci of the 
lenses of the eyes. The parallactic displacement of distant 
objects relatively to near objects or vice versa also furnishes a 
useful aid in judging the comparative distances of two points. 
Tbe overlapping of the different images seen by the two eyes 
enables the relief or solidity of the object observed to be 
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clistinguished , as distinct from the parallactic impression of 
perspective. 

Field of Stereoscopic Vision.- \\"e shall now consider 
briefly the region or field of view in which stereoscopic effects 
can be observed. If the head is kept in one position, the normal 
erect one, say, and the single eye is moved in its socket to its 
maximum sidev,rays limits , it has a field of view of about 1800 

horizontally. If moved vertically up or down, it bas a field of 
"lew of about 135 0

; both field:;; include indirect as we)] as direct 
Yision. 

\Vhen both eyes obseryc an 
object ahead, the two fields of 
view overlap, forming a distorted 
conical region. Referring to Fig. 6, 
this region is indica ted by the 
letters ABC; B is point focussed 
on, and is the point of inter­
section of the optic axes, and .·1 
and B are points whose images fall 
upon the corresponding points of 
the retina. The corresponcling 
poin ts have been defined as those 
points on the retina whose nerve 
filaments are united, and which 
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are equidistant in the same direc- FIG. 6 .- iLLUSTRAT1!'G THE 'FIELDS 

tion from the centre of the yellow OF \ 'I EW uF THE HUMAN EYES. 

spot (macula luteal. This yellow 
spot is actually yellowish in colour, and is destitute of blood-vessels 
except the fin est capillaries. It is more sensitive to light than 
the rest of the retina, and is the central portion of the normal 
field of view. The important point with which we are here 
concerned is that stereoscopic vl:st"on is only possible within the 
region ABC (Fig. 6). 

The angular size of this space is about go' in man 34' i..., a 
rabbit, IS ' in a fowl, and about S' in a carp (in water). 

Direct and Indirect Vision .- \Vhen any point, such as D, 
is observed and compared with the fix.ed point B, stereoscopic 
vision is said to be direct; if it is compared with any otber 
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point, such as E , the stereoscopic v ision is indirect. In each case 
the precision of observation of depth is greater as the point E 
approaches D , and as D approaches B. The point B is, of 
course, constantly changing, each of the eyes rotating, about the 
centres of spheres of about I O mm. radius; the lens, therefore, 
rotates about these centres. 

The entrance pupil of the eye mQ\·es slightly in a horizontal 
and also a vertical direction as a conseq uenee. This has led to 
ex periments with the object of producing solidity or depth effects 
with a singJe e.ve, in conseq uence of the relative movements of 
the images from this cause. These movements only occur in 
indirect vision, and cannot give rise to a true perception of depth. 
In surveying an object with both eyes, we run our eyes quickly 
over the surface, so that we attain an instantaneous single 
\'ision of a particular point where the optic axes meet, but at the 
same time we receive a rather indistinct impression of all other 
points ,,·ithin our field of view; it is this impression \vhich. when 
carefully analysed, gives rise to the three-dimensional or relief 
effect experienced. 

Before procccding to some analytical considerations of the 
subject, an account will be given of the important, but secondary. 
causes of binocular \·jsion effects. 

Seconda ry Causes of Stereoscopic R elief.- We lia ve 
referred to the principal causes of stereoscopic vision, namely, 
the accommodation and convergence of tbe eyes, and the 
parallactic displacement of their images. It is now fairly well 
established that stereoscopic vision is not due to any particular 
con tributory cause, but rather to a number of simultaneously 
experienced efiects, which are mentally interpreted as the sensa­
tion of distances, relief or solidity, and to which we give the 
name stereoscopic vision. 

There is a number of minor, or secondary factors which also 
assist in creating the stereoscopic impression, and which by 
association and experience help us to appreciate the solidity and 
depth of objects viewed. 

The principal of these secondary effects are perspective and 
light and shade. 

Perspective.-If a row of posts, or trees, of equal heigbt, be 
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viewed from one end . it is obvious from the fi rst principles of 
optics that the nearest post ,,~11 form the largest image on (he 
retina . and that the farthest post will give the smallest image. 
The intermediate posts give intennediate sizes of image, with a 
result that if the posts are eq ually spaced there will be a general 
triangular effect, the apex being at the remote post and the b3.:;(' 
a t the nearest post, somewhat as sho\\'n in Fig. 7. 

Whenever obj ects situated a t different distances and haYlnR 
rectangular or straight port ions are viewed from one position. 
this perspective effect occurs and is associated with distance, 
even in flat , two-dimensional yiews. The artist, \\ hen painting 
landscapes and scenes, introduces perspective effects to enabJe 
the eyes to appreciate the impression of distance. This associa­
tion of perspective with distance is a valuable aid to binocular 

Illl l\\IIIIiIl~III'II\ \ 1II I 

FiG. 7. 

yision : it is also very helpful even to the single eye, for with 
the Ja tter the correct idea of depth and d istance can be obtained; 
thus. the single eye can appreciate a picture or painting almost 
as well as when both are employed; in some cases the single 
eye can obtain a better idea of solidity and depth. in viewing a 
painting. than with both eyes. Plate 2 shows some stereo­
scopic examples in which the perspective principle is well 
illustrated. The lower illustration shows the influence of light 
and shade in aSSisting binocular vision impressions. 

It is not possihle. here. to discuss the geometrical principles 01 
perspective; these are dealt with in appropriate works on the 
subject. It is sufficient to note that the general perspective 
effect consists of a series of real. or assumed lines radiating from 
a distant " infinity" point. giving a series of triangular impressions; 
in other words a series of lines convergmg towards the eye from 
a distant point. 
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(a) 

• • 
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• • • • 

(e) 

(d) 

F IC . 8.-]nusTR .... Tl!\·G "1»:t: EFFECT OF PERSPECTJ"'E IN STEREOSCOPY . 
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That perspecti" e is a real aid to stereoscopic vision may be 
demonstrated by a few simple experiments : incidentally the 
method wlllch we shall em ploy explains how stereoscopic line 
pictures may be constructed . We shall here assume that the 
reader is familiar wi th the use of the stereoscope. In Fig. 8 
the left-hand dots are eq ually spaced, whilst the right-hand ones 
are separated from them by unequal distances or parallactic dis­
placements. Thus the distances apart of the pairs of points E, C, 
D, E and F, are greater than those of A and G by the amounts 
2, 4,6,4 and 2 mm. respecti\'ely; the distance between the pairs of 
points of A and G are 70 mm. B)' increasing the separalions 
(or parallactic displacements) of pairs of points, rela tively to that 
of a given pair of points, the f ormer will, in the stereoscope, appear 
to be the 1IIore distant points. Similarly by reducing the separa­
tion distances, the points ,,,ill appear nearer to ll,e eyes. The 
two sets of points in the diagram (Fig. 8 (a) ) form a stereoscopic 
pair, but some difficulty will be experienced due to these points 
lying in the same line. 

H is here that perspective assists, for uy arranging the pairs 
of points, with exactly the same separations as before, but a t 
heights in proportion to their parallactic displacements (given 
above), the stereoscopic effect becornes much easier to obtain. 

In a similar way, a series of parallel lines separated by ll,e 
same distances as the points in Fig. 8 (a) does not , without some 
difficulty in viewing with the stereoscope, stand out in different 
planes; tills will be evident frorn Fig. 8 (c). 

If, however, the lengths of the lines are proportional to their 
parallactic displacements, as in Fig. 8 (d), it becomes much easier 
to observe the stereoscopic effect. I t is in this manner, in general 
views, that the presence of perspective aids or guides the eyes, 
so that the necessary change of convergence occurs automatically. 

It is these perspective effects wlllch help the eyes to observe, 
in the binocular sense, long streets, buildings, avenues of trees, 
rivers and roads. 

An interesting application of the method described and which 
is known as the principle of parallactic displacement is illustrated 
in Fig. 9. Here the two sets of let ters in -the left and right hand 
groups are exactly similar in size and shape, and are on the same 
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line or level. Some of the letters, however, have been given a 
very small amount of displacement sidewa"'s, so that the actual 
distances apart of pairs of corresponding letters are not the same 

STEREOSCOPE 
:iHO WS THE SE 

LETTERS IN 
DIFFERENT 

PLANES . 

STER EOSCOPE 
SHOWS THESE 

LETTER S IN 

DIF F ER E NT 
PLANES . 

FIG. 9.-c\ (;uoo EX.>\:\lI'LE OF P ,\ICo,I.LACTIC !)I!;PLACE:'.IE!'T. 

in CY ('ry case, If this stereogram be yiewed in a stereoscope 
the displaced letters will appea r to stand out or to recede from 
those which ha\'e not been displaced. 

Eftect of lIlumination,- Another contributory help to the 
stereoscopic sensation is the Ijghting of the objects \·iewed. If 
the object is illuminated from one side, there \I'ill be a pronounced 
gradation of tones and shadows, which will help , considerably. 
to throw out its solidity or depth ; this is the basis of lighting 
for portraiture, where the half-tones gi\'e the proper sense of 
roundness or depth. On the other hand, if the same object is 
illuminated from both sides, there will be a loss of solidity and 
depth . due to the absence of, or reduction in, the half-tones. 
Similarly, when an object is photographed with a stereo-camera, 
lighting plays an important part. For example, if a simple 
object, such 3 S a globe, be illwninated from one side, and observed . 
or photographed against a dark background, it will show "­
satisfactory gradation of tones, sufficient for the eyes to appreciate 
its rOWldness, or solidity, If, on the other hand, the globe be 
illuminated e\'en!y all o\'er, the solidity effect is greatly diminished 
or even lost. 

Sinlilar results are obtained when photographing objects which 
are strongly illuminated from the front , or from more than one 
direction. For example, if a round pillar or column be illuminated 
from one side, it will exhibit its roundness in the half-tones and 
darker portions of the unlit side. If, however, it be illuminated 
by a strong light in front. or by equal beams of light from two 
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sides, there will be fewer, or no half-tones, and the sense 01 
roundness in both single and stereoscopic pictures will be lost. 

The effect of the shadows and half-tones observed when thc 
eyes are yiewing solid objects, is to enhance considerably the 
stereoscopic effects observed; indeed, without such shadows, 
it \"'ould be impossible to distinguish crests and hollows on ~U1 

object. Moreover, one associates the sensation of sOlidity with 
the shadings and variations of tone of objects viewed, so 
that even with the single eye it is quit.e easy when looking at 
different objects, to say wruch are solid, or have depth. The 
painter takes full advantage of this effect in executing his pictures, 
so that with the combined effects of perspective and light and 
~hade, the eyes receive "all1able assistance in identify ing the 
sizes, solidities and distances of the component objects. This is 
one reason, also, why the single eye can obtain almost the same 
impression as both eyes, in the case of the actual subj ect , 
when vie\\'ing a picture. 

As a further example of tbe effect of the tones of an object 
as a stereoscopic aid, may be mentioned the \\tell-known fact 
uf progressive loss of stereoscopic effect when viewing an 
ou t-door scene in fading light ; in trus case the half-tones become 
lost into a common, tmiform illumination of fading intensity . 

The Limiting Stereoscopic Distance.- It is a common 
experience that when Yiewing a number of o1.:>jects at different 
distances. as for example, buildings, trees or even undulating 
and hiUy ground, that the nea rer the objects tl,e greater are the 
relief effects experienced. On the other hand , objects a long 
way off appear flat and non-stereoscopic. Thus, if one is viewing 
a landscape, with trees and buildings in the foreground and 
middle distance, whilst the nearer objects stand out in relief or 
solidity, the distant trees and hills appear to be fla t and without 
depth or 50lidity. 

Let us examine the cause of this effect . Referrin g to Fig. 1 0 

it will be seen that the more distant object P requires a smaller 
convergence of the eye than a nearer one ]'VI, and also that the 
farther away P is from the eye, the more parillel the optic axes 
become, and the more similar tbe two retinal images of objects in 
the plane of P. It is evident , therefore, from first principles, 
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that stereoscopic effect becomes progressively less the farther 
away an object, of given size, is situated from the eye. 

We have referred to the size oj tlze object, for it is evident that 
if a large object such as a big building is seen at a distance, it 

FIG. 10. 

will show more relief and depth than 
a smaller one at the same distance; 
a mountain some miles away will 
appear ill good relief, whilst a smaller 
excrescence, hilI or mound, much 
nearer, may appear fairly fiat. 

H is evident that the lateral width 
of any object su btends a certain angle 
at the observer's eyes, the angle being 
greater, for nearer objects and for those 
of greater widths. Thus a distant 
object, if sufficiently big, may subtend 
a greater, or the same angle at the 
eyes than a smaller and nearer one, 
and therefore, may give about the 
same, or even a better impression of 
solidi ty and depth. 

As poin ted au t, on page 3 J, if the 
angles subtended at the eye, by 

geomclricall)1 similar objects at corresponding distances are the 
same, tlze nearer objects will give the belter impressions oj relieJ, 
owing chiefly to the fact that their linear dimensions arc more 
comparable to the binocular separation. 

Let us now consider what is the limiting distance from the 
eyes, at which the sense oj stereoscopic vision ceases. Actually, 
there is a definite distance "head, which represents the stereo­
scopic infinity, as it were, such that all objects situated between 
this range and infinity appear without relief ; the eyes cannot 
distinguish, unaided by optical instruments, the planes in which 
these objects lie, or their distances. 

The H oropter. Parallax.- We have seen that there is an 
upper limit to the convergence of the eyes; for a minimum dis­
tance of object, of 10 inches, this angle is about IS' to 16' for 
distinct vision. The angle subtended by the base formed by the 
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distance between the two eyes (intcrowiar distance) at the object 
viewed is termed the convergence or parallact£c aug/e, or parallax. 
There is a lower limit to this convergence, fixed by the power of 
perception, or acuity of vision ; this limit can best be demon­
stra ted by reference to Fig. II. 

Let R and L be the positions of the 
right and left eyes, respectively, and b 
the distance between them. The 
distance of an obj ect B from R and 
L is d 1 and d, respectively; the angle 
RBL is evidently the convergence, or 
parallax. Let a circle LRB be described 
through these points; this circle is 
termed the Horopter. 

Referring to Fig. II, and considering 
a point B' outside the horopter, and 
calling the angles LBR and LB' R, 0 and 

B' 

F I G. II. 

81, respectively. and f)-()ll = -.!:!..o, we have for the line BEl 
which is normal to the horopter. 

length BB' =e= - M. d" d,. / b . (r) 
If the intemcular distance b is small compared with the distance 

of the object B, we may assume that d, =d,=d (say), and 
(I ) reduces to the form 

e=-fj,O .ti!_ 
b 

(2) 

There e is the depth of the object viewed, d its distance from 
the eyes, and b the distance between the eyes (2t ins.) 

The quantity fj, 0 is the change in the convergence between the 
front and the rear of the object. It is termed the Differential 
Parallax. The smallest limit of the differential parallax, it will 
be seen, corresponds to the smallest depth of a distant object which 
can be seen. 

Limit of Stereoscopic Perception,-Helm.holtz considered 
the minimum value of the differential parallax, in the case of the 
human eyes to be one minute of arc. Later investigations show 
that in the best t rained observers, th;s limit may be as low 
as 8 to r o seconds of arc. The usually accepted normal value of 
the differential parallax is 20 seconds of arc. 
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\Vith this inlomlation it is easy to compute what is the 
maximum distance of stereoscopic _perception , or in other words 
what is that distan ce of an object, beyond which no sensation 
of relief is experienced ; all small objects between this distance 
and in finity will not be resolvable as regards deptb . 

L 
t P 

6~.. 2'0 ... . ' ' 
I ' 
R 

R 

F IG. 1 2 . 

Rt.-fl·rring to Fig. 12, and using ti1C prCyiOllS notation, the 
dis tance R (known as the Stereoscop':c Range) of tbe obj cct P , 
when the differential parallax is 20 seconds, is given by the 
n:lation 

a = R . ..J tJ. where a= 65 mm. 

or 65 ~R. mm. 
1 0,300 

Whence R ~ I O,300 X 65 mm. = 670 1IIetres (very nearly). 
This is the limiting distance of stereoscopic perception. 
We can now simplify the formula (2), for this special case to 

d' 
e ~ 67

0 
metres (3) 

The above rcsult shows that if the differential parallax is 
taken as being 20 seconds, the greatest distance to which stereo­
scopic pcrception is possible is about 670 metres, that is about 
; mile. 

For fin er perceptions than this the limiting distance is greater. 
The formula ginn in (3) can be applied to any given examples. 
Thus, if an obj ect has its nearest point, at, say 200 metres, from 
the obsen 'er, the greatest depth e which can be distinguished 
stereoscopically is given by 

2 00 x 200 
e~~~ 60 metres (approx. ) 

Methods of Increasing the Stereoscopic Range.-It is 
possible by emplo)~ng optical aids to ,;sion , which introduce 
greater separation between the vie\\~ng poin ts of the two eyes, 
and magnijicahon, to extend to a considerable degree the range 
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of stereoscopic perception. It is not difficult to show that if 
the separation between the eyes (a) be increased 11 times i.e., 
to a distance ~,W , by optical means, and lenses be introduced 
into the instrument to gi"e a magnification of distant obj ects 
of 111 times, then the stereoscopic range will he increased /It. x 11, 

times. 
Thus, if the inter-ocular base be increased, artificially, by ten 

times, anel telescopes of 30 times magnification be employed, the 
stereoscopic range will be increased 30 x TO times = 300 times; 
in this caSe the limiting distance will be 670 x 300 = 201,000 

metres, or abollt 125 miles. 
The general formula for such optical instruments is as follows :­

d' 
e ~ 670 1Iln metres (4) 

This fonnula is applicable to tlle case of tbe range-finder, and 
binocular telescope. 

The error of esthnait'on of djstan cc e for such instruments is 
given by the formula (4). 

Thus in the case of a range-finder (mn ~ 300) focussed on an 
object at 6000 metres, we have 

Error of Estimation e = 6000 x ~oo metres 
300 x °70 

= 179 metres . 
Formula 4 shows that the error 

of es#mation increases as the square 
of the distance . 

Similarly the degree of stereoscopic 
perception varies inversely as tli e 
square of the distance; i.e., it 
decreases at a greater rate than the 
distance. 

Stereoscopic Distance Relations. 
-The relation between the distance 
of an object and its reference plane, 
from the eyes, is important. It can 
be expressed in another way to that 
of the preceding method. 

FIG. J3. 

If a point such as P (Fig. I 3) be si tuated in front of a given 
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plane AB, and observed by the eyes L and R, separated by a 
distance b (~65 mm.), then the left eye will appear to see the 
projection of P on AB, yiz., at B, and the right eye its pro­
jection on AB at A. 

Then we have the relation X~Y =1' 

" X-y X 
or b~-y=y-1 

Now we have seen that the minimum stereoscopic angle is 
20 seconds of arc, so that the separation a at any given distance 
X. is given by the relation 

X ~ 180 x 3600 . a~I03IOa. 
7[ X 20 

Combining these two relations, and SUbstituting for b its value 
65 mm ., we have 

X X IOOO X . 
I03IOX 65 ~ V - I (ill metres.) 

X 
Whence Y ~ --X 

1 +
670 

This may be written in the form Y ~ - _r_ 
I I 

x+ 670 

When X is infinite, we have X ~ 0, and therefore 

y = 670 metres. 

This is the limiting stereoscopic range, as before. 
The relation between Y and X can be expressed in the form 

X 
Y ~ I + '00149 X metres. (3) 

It holds for all cases of stereoscopic vision, and enables the 
distance of a point P (Fig. 13) namely (X-Y) to be determined 
for any given distance of the reference plane AB, for stereo­
scopic relief to be possible. 

For example, suppose it is required to find the distance at which 
a statue must be placed in front of a screen situated at 50 metres 
from the observer, so that stereoscopic relief will just be apparent. 
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Here X ~50 and l' ~ -- ~ ~46'5 metres. 
1 + '00149 x 50 

The distance of the statue from the screen is X - Y ~ 50- 46'4 
= 3'6 metres. The farther the screen i s moay f rom the observer, 
the greater will be the distance oj the statue f rom the screen, for 
stereoscopic relief. 

The expression (,\"- 1') deduced from the above relation (3) 
is as follows 

.Y' '00149 X' 
X- l '~ 670 + .~ ~ 1 + '00 149 X (4)· 

For rough purposes we may neglect the ten11 in X ; when we 
have the relation X - Y ~ '00149 X, , which expresses the fact 
that the poss~'bility oj stereoscopic vision decreases hwcn cly as 
the square ~r Ihe distallce frolll Ihe observer to the prillClpal plane of 
the objecl . 



CHAPTER lIT 

PHOTOGRAPHIC PRINCIP LES IX STEREOSCOPY. 

BEFORE any useful application can be made of stereoscopy in 
its various branches, it is necessary for the reader to be quite 
conversant \'<lith some of the underlying, or basic principles. 
Since the subject of stereoscopy is bound up, as it were, with 
photographic optics and also with the physiology of the human 
eye, it is necessarily somewhat complex. It is no wonder, 
therefore, (hat the exact interpretation of the relief and perspec­
tive effect, experienced by the human eyes, has not yet been 
really satisfactorily explained, although a number of important 
facts han: accumulated. 

The General Principle of Stereoscopy,- The human eyes 
receive what may be termed surface images of objects in three 
dimensions, ,:.e., solid objects. The combination of the two 
eyes, their mechanisms and the brain interprets these impres­
sions in such a way that the well-known perspective and solidity 
effects are experienced. Now, in stereoscopic photography, the 
two lenses of the camera, or if a single lens camera is employed, 
the two positions of the lens, form similar images, and the stereo­
scope enables the eyes to recombine these images so as to give 
stereoscopic vision . 

From the photographic view-point, it is essential therefore 
that the photographic images formed be accurate scale reproduc­
tions, without distortional or other defects, of the object. The 
optical centres of the lenses must be given the same separation 
as that of the human eyes viewing the results. 

F ocal Length of Viewing Lenses.-In order that the stereo­
scopic photographs (stereograms, as we shall tenn them), may 
reproduce physiologically the same impressions as regards the 
relative sizes of objects in different planes, and of the solidity 
of these objects, it is essential that the angles subtended by these 
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objects at the eyes, shall be reproduced in the stereoscope. 
This necessitates the following important condition that tlze 
stereoscopic prints or transparencies shall sub/cnd the same angle 
allhe optical celtires oj the pholographic lellses. as the object sub­
tends at the eyes. 

If a stereoscopic negative has been obtained with lens of a 

A 

! 'IG . 1-l.-Jr.LUSTRATIN G PRiNCIPLE OF VIEWING LEN S OF ST'EREOC;COl'E . 

gi"en focal length j (Fig. 14A), then the angle subtended at each 
lens by its picture is given by the relation 

tan _Q_ !!j where d is the diagonal of the plate. 
2 2 

This relation is true for distant objects. 
Now for near objects, the distance OD, that is the camera 

extension will be greater; call it J '. Then we have 

tan _I) _ d 
2 2/, 

It is necessary when viewing prints made from these negatives to 
select the focal lengtb of the lenses that the angle subtended by 
each print at the optical centre of each lens shall be the same as q. 

Thus in the lower figure the angle AEB must be equal to 8. 
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Then we have 
tan AEB 

and tan AEB 

tan 8. 
b 

2 2a 

where b is the diagonal of the simihtrly shaped stereoscopic 
print, and a the focal length of the viewing lens. 

Enlargements from Negatives.-This result leads to an 
important conclusion in connection with enlargements from 
small stereoscopic negatives, namely that if the prints are en­
larged, say, three times, they must be \~ewed in a stereoscope 
having approximately three times the focal length of the taking 
lenses. If enlarged n times, then the focal length of tbe stereo­
scope should be n times that of the taking lenses (or camera 
extension). 

This is the condition for a correct impression of the object 
as seen in the stereoscope. 

If a magnified stereogram be ~ewed in a stereoscope with 
lenses equal in focal lengtb to the taking camera extension, the 
resuJt will be too large a viewing angle. The objects viewed will 
appear to be brought nearer to the point of observation, and flattened 
or fore-sllOrtellcd in depth. In other words there will be an 
erroneous impression of perspective, distance and solidity. 

If the stereogram is reduced in scale from the negative, and 
viewed with lenses of focal length equal to the extension of the 
stereo camera used for taking the view, than the image will appear 
to be farther off, mid exaggerated in its fore-and-aft dimensions, 
i.e., the retief or solidity effect will be enhanced. 

Hyper -Stereoscopy.-The method of employing a different 
lens separation instead of that of the human eye (65 mm. say), 
in order to obtain the most natural relief, 'when viewing the 
pictures in a stereoscope, is termed hyper-stereoscopy. Its 
application in practical stereoscopy is important. 

The principle of the method will be understood from Fig. IS. 
Suppose it is required to photograph an object E, with a stereo 
camera ha\~g its lenses FF placed at a distance apart equal 
to the normal eye separation. Then the images dc will subtend 
a certain angle at the lens, which we shall term 8· 

Next suppose that another similar object, of twice the linear 
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dimensions of B, be placed at twice the distance from lhe plane 
of the lenses FF. In order to obtain the ""\.IDe size of image 
on the plate, or what is more important the same subtended 
angle of the image at the lens, each lens will have to be moved 
sideways to the position F ,. In each case, therefore, the object 
(.'lor B) \\'ill subtend the same angle 0 at an eye (or lens) placed 
at F, or F. 

~ 
,:W, 
, " 

, I 

FI G. ]5. 

C, <i, 

We can generalise, by stating that if one object, " times the 
size of another is to be photographed stereoscopically so as to 
give the best relief, the lens separation must be ., times that of 
the smaller object, and the distance a\vay, n times. 

Another way of expressing the results is that when we take a 
stereoscopic photograph with a lens separati01' equal to n times 

that of tlze eyes, the stereoscopic effect will be that of an object!:_ 
n 

tile Silt seen at _!_ the distance. 
n 

Actually, it is found that the smalle, model at the shorter 
distance gives a more pronounced or realistic effect; the larger 
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model shmvs a flatter result, more like a bas-relief . whereas the 
smaller one gives a better fore-and-aft relief effect, and accen­
tuates the bollow and projecting parts. 

The principle of hyper-stereoscopy is of much assistance in 
(lbtaining a true impression of distant hill or mountain scenery, 
without actually exploring it, by employing tbe extended base 
method . 

Formula for Stereoscopic Work .- Lens SeparatiOll.-In 
order to obtain the most natural stereoscopic effect in th e case 
of an object of known dimensions situated at any given distance 
from the camera, it is necessary to vary the lens separation 
according to the distance and depth of the object, and also its 
actual length or lateral dimensions. 

Colardeau* gives the following useful f(lrmula. based upon a 
rational analysis of the problem :-

If B ~ length of base, D ~ distance of principal plane in object 
to camera (or eye) . and P ~ the depth of the object, then 

2 D 
B ~ roo ' P (P + D). 

For example, if a statue is situated in front of a dark curtain 
at a distance of 10 feet from the camera, the depth of the obj ect 
(from the statue to the curtain) being 2 feet, then in order to 
ascertain the length of the base, that is the lens separat ion, 
which will give pictures showing, when viewed in the stereoscope 
the m ost 1ultural rehej, we have D = 10, P = 3, 

2 10 
and B~roo' 3(IO -i- 3) 

~ '86 feet ~ 10'4 inches. 

The above formula may be applied to distant objects such as 
hills, or mountains, to obtain the lens separation giving the 
best relief effect. 

Image Size and Lens Separation.- There is another aspect 
of the method of employing a different separation of the stereo­
camera lenses to that of the normal eyes, namely, upon the size 
of the image seen in the stereoscope. 

H the image yjewed, or the impression obtained, is to be that of 

•. Trait';; General de Stereoscopie' (E. Colardt:au). 
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'2' TAKEN WITH LENS SE:PAR"TION OF ,~ INS 

13. 1 TAKEN WITH LENS ":;EPARATION OF 5 INS 

NOTE" FLATNESS IN / , ANO OISTORTEO. OR ELLIPSOIOAL APPEARANCE IN 13 

TO SHOW THE EFFECT OF DIFFERENT SEPARATIONS . ON THE 
STEREOSCOPIC RESULT . 
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the same size as the object. then the lens .\t'parntinn UI}/$/ be rqua! 
to that of the eyrs. H the lmilgc yicw('ri is to nppear larger tkm 
th;:t of the object, the lenses 1l1t1~t be c1o~er together, and if it is 
to appear smalltr. fartllC'f apart. Thi:-. leads to til(' following 
g-cTlf'ral rule: Tire lincar dimellsions of lilt' illlf(t.( seen ill lit '.!. 
stereoscope are /'mr erse0' prclportiOl/.uilO Iltt' /t'ns scparali(l}/ flllP/o_\'td 

relic}/. faking 'Ih~ pl/()top,raphs. The oiJjt'ct i:-;, of ('ourse, as~unwd 
to he at the same distance. 

Tile abO\'e results can readily bt' Undl'TStuod. b~' ('oT1-;idering 
the adual an{!:lC's ::iubtC'l1ckd at liw lensl.'s, b~' a gi\'('.'n nhjl.~Ct. 

Thus in Fig. 16, H. C and 1) rl'prcs('nt, re~pt'cti\"\dy. the kn<; 

o 
, 
" ' , .,/11,' , 

<.' 1// <; b1 

, 
A: /D .fc I" Ie 

I ' 

hr.. 1 e.. 

positions corresponding to Jen s separations l e~s than, equal to, 
and greater than that of the eyes. [I will be obsen-ed thai when 
less, as in B, the subtended angle b is greater than the normal 
angle c, whilst in D it is less than c. Since the impression of 
magnitude depends upon the angle subtended by the object 
at the eye, it follows that in E, the object will appear, in the 
stereoscope, greater, and in D, smaller th, n the real size. If 
the stereosco pic image is to be seen at a definite distance, the scale. 
or size, of the object photographed will va~y inversely as its distallce 
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f rom the len s('s. This fa ct i ~ sufficiently apparent th at it 
requires no further explanation. 

Print Width and Separation.- lt is "ery important when 
mounting stereoscopic prints , that each print be of th (" C(lrrect 

\\'idtJl, and furth E'r that corrc:sponding points on the two print.3 
be tlt the correct distan ce apart ; otherwise undesirable on :-r­

lapping or loss of "jrw will occur. 
Space will not permit u:;; to dt'a l with the geometrical aspects of 

the questi on, but it ca n he shown that the ~epara tion of corre5~ 
ponding points on :-.h~r(_'f)scLJpi c print:- depends upon the ey t'~ 

separation, th f' stcreo:-copc l en ~ focus and ab o Upul1 tlie di ::; tance 
at which th e image is to he seen in the ~ ter('(Jscope. Thus, if 
n =stereOSCopl" lens focal length , or w st;:U1ce of the print. from 
the ,-icwing lens, D = lh e di s.tance at which the stereoscopic 
il11uge is seen and .\ = the dis tance bch\"t:!cn the e5-es (ur separation) 

Then }l axil1lllm Width of Image = I) - a .\" 

" 
S " f C' d" f ' I . I) - CI \ eparauoTl 0 orrcspon mg 'omtson .)nnts = -D - . -

For example. if D = 36 ins., n = -J- in~ . , and .\ = 2} jns. , then 

the maximum image \\-idth wiiJ he 3
6-\::.3 X 2~ = 20 in~ .. and th e 

separation of corresponding point:-.. on the print will bt;: 

3~6..J x 2~ = 2 '22 in !' . Tn thi :-; case, it will be seen the scale of 

the prin t5 ,,"ill be ~ = ...':. th tha t of the image. 
3 9 

Th e "max/'mulIl ii-'idtlt of th f p rill! is equal to ilw separation 0/ 
tlte correspolldillg poillts Oil Ihe Iwo prillls, as a little consideration 
win show, 1n the example giYen this width is 2'22 ins. 

In order to permit of the widest intages being seen, it is obvious 
that the fucal length (If the ,"iewing lens must be small. Thlls, in 
the above example, if the locus, a, had been 3 in. instead of 4 in. , 
then the width of image seen in the stereoscope would have 
been 2 7~ in. insiead of 2 0 ins. 

Magnified Views of Objects.- From what has gone belore, it 
\\~II be e"ident that the method to be employed for obtaining 
n stereoscopic impression, showing objects much larger than 
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they aChmll.'" art', depends upon the distance of the objectg 
from the camera, and 1Ipon the dis tance apart of the lenses. 
Thus, if it is dL'sired to obtain a \"jew in the s tl'reoscope, of, say 
a piece of mechanism, sucb as th~ works of a watch, three tilnes 
the na tural s ize. the lens separation must be o}H'-tliird the normal 
eye :ieparation (6) mm. ), that is 2( mm. The' image will then 
appea r at three times the distance away of the actual obj ect 
photographed. Similarly for a fin..' tjlnc~ magnifica tion, tll(' 
It'lb ~paration mnst be one-fifth of 63 mm. , i .e., 11'6 mm.; the 
image will appt:a r at fixe time, the object's distance. 

In g('ncr~t1. for a m agnifkcltioD 1/ times that (If the original 
object we ha \"(' : 

Separation of Camera Lenses = : times eye separatit'm. 

= 65 millilnctrcs . 
/I 

= 2'.1 inchc-". 
'/I 

Distance of Jmag~ = 11 (Distance of Object) 

In the ljmiting case for an infinite magnification, the sepa ra­
tion of th e camNa lenses will be zero, but the distance of the 
image- wi1l he at infinity. Ob\-iollsly stereoscopic \-is ioll ceases 
with zero separation, and the aboye -rule has then no real 
significance. 

Further reference is made to the subj ect of magnified views in 
connection with the Chapter on the stereoscopic photography 
of small objects, 
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~TERLO:-;'C:()PY WITIJ .-\ :--I~(;LE LE:\S CA:'IIE1{:\. 

THE (Jrd inar~- pliotog-rapiJer \dw ha~ not yet taken up this 
int eTe~t\ng \w.\1)ch of photogr .. ,phy u:;unHy runs away 'with the 
id(,a that it is nccess(;l ril~ ' (:':xrt'n~i\,l' and complic[lted. Many 
amateu rs \dlO are interestcd an.' afraid to make a start for this 
n'ason, although if thc}' had an idea that is was as simple and 
il:- incxpensinl as ordinary photograph,", there would be little 
Ill'~itatjon in making the initial plunge, 

:\t the oubct ,,'C' can ~t;lt t· that it is just as ta!'y to obtain 
'lcreoscopic prints as it is tu take ordinary photographs. and 
;I~ inC'xpcJ1sivc, for th e ordinar.\· single plate (or film) camera 
can be L!mploycd, \\'jth the addition of a small accessory readily 
made. The deyeloping and printing processes are, of course, 
the same as in flat photogri'lph.'·; it is only the trimming and 
mounting of the prints which require a little care. 

To tJmst' who ,\"ish to tClke up stereoscopic photography in 
preference, or supplementary, to ordinary photography, and 
desire to use onc of the special two-len s cameras, there is a range 
of these from the cheapest models costing two or three pounds 
(i. e., no dearer t11an an ordinary hand camera) up to the highest 
grade cameras (corresponding with U,e high price reflex and 
other focal plane ordinary cameras) costing from twenty to 
sixty pounds. The initial cost of a stereoscopic camera is not 
a lways a criterion as to t1,e quality OT reality of the results; 
one has seen equally good results obtained , under suitable con­
ditions. with a Diascope, Glyphoscope, and similar stereo­
camrras, as with refl ex and focal-plane wide-aperture lens 
expensive stereo-canleras. It is a gratifying fact that any 
camera, provided with suitably spaced lenses of equal foci , will 
gi,·c just as good stereoscopic relief and perspective as any 
other camera, irrespective of price. The cheaper models of 
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~tereo-Camt.Ta5, similarly to ti l(' ordin i:tr~ · chea P C:l meras. arl' 
limikd as regards focussi ng rangt.' and rx po:-:ure hltituci1'5 ; ",lIibt 
these feat un.::s limit tht~ ir lI sefulness. tliey gin' the \"l OT)' important 
property 4,.l{ • fool-proofedne';:!.!'>, · fur the beginner ur amatcur C~ll1 
al\\,<1)"5 obt3in suitabk photographs of in tt.' rnwdiate ~md di:;tant 
objects in (l rdina ril~' g<")L)d light. H{' knows that it is nut po:-sihh' 
to gC t nearer objec ts in fOC ll :- , (Jr to photograph in bad lig ht. 
and , if ,yi sc. dops not attempt tn, On the other hand. if he \\'en ' 
gi\'~n ;_t camera fitt ed with 0. wide-aperture lcn~ (£1-\-.5 say) 
and focal-plane sh llt~ (' r gi \'ing :;; rh._'l'ds lip to 1 - ] , clO~ second, Ill' 

would get 3 ycry small percen tage of good results, due to th t' 

\'ery wide la titude Or range of lens. ;;;tops and sJltl1t cr speeds; he 
might hit on th[' correct s top .1J1d ~p(_'(' c1 for a gin.'11 suhj tct. 
hut wouJd be just as un(,ertain ab(lut other subj C'c t~ and con­
ditions. ' \"r do not wish thc!-'(' remarks to 1)(' interpreted as an 
indication of the unsuitability of l:xpcnsj\'e apparatus, but merc'l," 
as to the inad\'isability of thl' Ikg-inner or amateur using such 
appaLltus in the early stages; tJH' competent photographer, a~ 
a result of his experience , will be "bte to get consist.ently the b(:~t 

possible re~ult s only with those ca meras poss(:ss ing all the neces ­
sary refinement:; and "'ide ranges o f speeds and lens apertures, 

Before describing in the next chapter some typica l stereo­
cam eras of \'ariolls grades , it is proposed to show how satisfacto ry 
stereoscopic pictures can be obtained with urdinary single lens 
cameras. A number of altemati'·e methods will be considered 
in turn, commencing with the simplest and proceed ing to the 
more involved ones later. 

Single Lens Stereoscopy, withou t Accessories.-Any 
camera , which will t ake an ordinary fiat print type of photograph, 
is also capable of making eq ually good stereoscopic prints; th t 
better the camera, the higher will be the standard of the resul ts, 
just as in flat photography. 

Vlith a single lens camera one is limited in the choice of subjects 
to those which show no movement (for at least 30 seconds), for 
it is necessary to move the camera and change the plate or fi lm 
between the two exposures, essen tial for stereoscopic effects. 

The camera is set up facing the sub1ect, which may be any 
sti ll object ; for example, a vase of flowers, group of statuary , 
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a piece of mach inery, a hird's nest, a still landscape, or a street 
scene. The subject is focussed up on the ground glass sen'cn, 
which in this case should hm'e a pair of intersecting pencil lines 
at its cent re, and the photngmpl! taken as usual, );ext, the 
camera I::; shifted sideways bodily b:' about 2 ~ inches; this can 
be done b~' modng it along a hoard. stand, or table, or by mO\'ing 
thl' tripod legs sO that U1E' camera is shifted by this amount; 
It is a good plan in thl..! latH:f \a~e to have a plumb-bob hanging 
from the ('entr(' (Jf the tripod top. and to measure the shift at the 
p~)inl of 1.h(' bl)\); in each position thC' camt::ra ought to he lcyel, 
as ~.hO\\"n by t}le bubble. The ca mera is directed to the same 
view a:-: bdore-and it is here that tbe intersecting lines on til(' 
g r0und gl"$s screen help- and another photograph taken with 
the :,tlme stop and :-,hutter ~etring. It is not absolutel~· 

necessary to direct the camcra, it ca ll he slid along sideways. 

FIG. 1 ;. - STEHEO~C:OPI C I'fIOrOGHAPHY OF STILL OBJECTS wlTn SINGLE LF.~S 
CA~ERA. 

Tbe prints from the two negatives will fom1 a stereoscopic 
pair, which when yiewcd in a stereoscope give true relief effects. 
To obviate the necessity of re-focussing, or positioning the 
canlera , in the second case, with the aid of tJle ground glass 
screen, two points, or sighg on the camera body can be used 
instead; these sigh ts arc directed on the same object in each 
photograph. It is not difficult (0 obtain stereo-photographs of 
individuals with this method, a lthough a little patience is neces­
sary on the part of the subjects photographed. 

Stereoscopy by Shifting the Subject.- In many cases, 
where the stilJ object photographed is capable 01 being handJed 
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convenicntl~' , the camera can be kept !'.ta ti onar~·, and th(' two 
\'jew:;; obtained by moy ing the suhject boclil.· .. ~id t' \\"ay!i (i.e .. at 
right angles to th e lens axi ~) by the tlsual amount (2 ~ inches for 
normal subj ec ts). .-\ glid ing board on which the (lhj ects can he 
placed will be found <1n ad \-an tagc.:: for thi ~ t~' l)(' of \\·(Irk. If 
two ma.rks be plaCt·c\ un the nxt'u guide nS the ~lidin ~ board, 
corresponding to til(> abon~ s.eparation, this will be. found to 
facil it ate t he taking uf the photugraphs. A plain background 
"hould he pro\'ided, and the illumination shou ld be ., paraIJd ," 
i.e .. not conceIl trateci . A.lterllately the obj ect may he rotated 
slightly, to gin' th e t\\O ,'iews. 

"Iany subj ects- for (' xample. tlowers. statuary. obj ects of 
interest in the home, 5tuffcu bird::. ,ind animal~, ('urios and 
educa tional m(Jd f' I:;~an bt· de~t1t with quitt' sa tisfactorily in 
this manner. 

,Ye shJll refer to otlH:-r mE'th od~ in subsequent chapters. 
T he Sliding Len s Method. - It is possible to employ a half­

plJt c (6~ >< -+1 in .) stand ca mera to obtain stereoscopic pictures. 
if the h'ns is mounted in a ~pecial panel which is arranged so as 
to slide horizontally a total di c;tanc(' of 2~ in. 1t is necessary 
to fit a central partjtion inside the camera, in order to prevent 
the li ght admitted during the exposure on one side from fogging 
the other part of the plate. ]n effect, we have two cameras 
formed inside the half-plat e one, \\'ith a single lens which slides 
oyer to each of the component cameras in turn, and with a single 
large plate, on which both of the stereoscopic photographs are 
impressed. It is, of course, necessary to transpose the prints 
made from the negatiyc in this case, or if glass transparencies 
are taken, to cut the glass and transpose the two sides. Stereo­
scopic pictures can also be made with a fixed lens half-plate 
camera by utilising alternately the two halves of the plate, and 
moving the camera side\\'3 ys between the exposure; it is neces­
sary to mask off the half of the plate not being exposed in each 
case. By select ing the left half of the plate for the ribht hand 
position, and vice-versa, transposing the final prints can be 
avoided. 

The Use of a Sliding Camera or Boa rd.- There arc several 
methods of making a simple sliding device for shift ing the camera 
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between lh t' exposun:::", \\ hen taking :; tCft:oscopic photograplis. 
On e lTIetlloci i ~ to mount a llat board on thL' tripod top, as ~ho\\'n 

a c o 
.t 

o 

in Fig. I8 (a), and to pro"ide 
two slo t~ in another board, 
so that it can slide sideways 
by the required amount , and 
can be clamped in each 
po~ition. The camera i~ 

moun led on a screw affi__\':ed 

to the upper board , and, 
tlll.' refore. mon 's with it.. 
The amount of the separa­
tion of t1le lens positions 
ca ll be \"aried in this case, 
and if a suitable scale i::;. 

proyjded much \\seful work 
can be done. 

Alternatin_'ly the camera 
can be placed in a wooden 
tray, a, sho\\"n in Fig. I 8 (b), 
of the same fore-and-aft 
length, but 2~ in. or so 
\\"ider than t he base of the 
camera. The tray is 
mounted rigidly On the 
tripod head, and the camera 
is merely slid from one side 
to the other when making 

FIG. I S.-lLLl.STR .... TING SEn:: RAL exposures; it is necessary 
Al.TI::RNATI\·£ i\JETHODS OF SrEREO- to allow for a small angular 
SCOt' Y \nTH A Srl'Gl.E LE !"S CA~!ER"' , movement of the tray when 

photographing near objects, 
but this is unnecessary for objects beyond about sixty to eighty 
times the "focal length of the lens from the camera. 

Another useful scheme is to mount a rigid board, a little larger 
in area than the camera base, on to the tripod head, and to drill 
two holes a and h, or make two slotted holes, as 5hO\.l/11 in Fig. 
18 (c ). The camera is located on the board by means of a pin 
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~c rewed through the tripod ~c rL' \\' hole, and is bodily' lifted an d 
transferred to th t! other hoJe, fur the second photograph: if 
th e camem can also be damped in each po~ iti on it will a \'uid 
moving it accidentally when drawing the dark slick l lr making 
an exposure. 

An off!"N s J o tt~d boa rd. held at (JIll' end to til(' tripod Iwacl a~ 
shown in Fig. IS (d), can also be u:-cd with a rigid drsit,'ll of 
tripod. All that is nec('ssar.\' in this case is to (IX the ca mera 
at tli e inn er end of tlle slot (nearer the tripod) for tIlt' 
fi rst exposure, and to slide it to the appropri atc mark on the ~ I (lt 

scalt: f UT tht· :-.econtl exposure. Other method_.; for sliding 
the carnera will no doubt :-ugge::.t themselycs to tl1 \..· k t 'l' l1 

worker . 
Swinging Devices for 

Single Lens Cameras.­
An impruYemellt on the 
foregoing dcyi ct's . most of 
which lKcessitate un­
clamping . or remo\'ing the 
camera, before it can he 
"hitted, is the single or 
double link method "hown 
in Fig. 19. In each of these 
methods the camera is 
moun ted on another board, 
plate, or ann, and is mere­
ly swung Oyer on a pivoted 
link , or on two links , from 
the left to the right 
position. In Fig. 19 (a) 
the camera is clamped to 

a slotted metallink, which 
is pi voted to a board or 
table mounted on the 
tripod head, After the 
first exposure the camera 
is swung through 180°, 
by rotating the link Over 

: .: :. a , 

FIG. { g.-T ilE SWI !·'G I t'G CAM ERA HAS t.: 
(S l NGLE I~ESS) ,\fl!:TfI OD . 

to its extreme position , and the 
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camera unclamped and pointed in the p roper direction; it is 
possible to \"aTy th e inter-lens distance in this casc. 

Fig. 19 (b) illustrates (in plan \'iew) a much better method , 
in which a pair of hinged links are employed, sO that the ca mera 
remains paraiJel in its two extreme positions. and no clamps 
or screws are re.quired ; b~' the provision of suitable adjusting 
stops on each side, the separation distance can be \'aried as 
required. It should be pointed out that in this method the 
camera mOyes in a horizontal plane from one position to the 
(Jther. It is also possible to arrange for the camera to swing 
in a \"Crtica l plane, as sho\\"n in .fig. ' 9 (c). hy substitu ting a 
pair (or two pair5) of yertical links for the horizontal ones pre­
,-iOllS]Y described. Adjustable separa tion can read iJ,V be arranged 
by the provision of screw stops to ]inlit the lowest position of 
the upper board , or by the simple expedient of inserting a piece 
of wood between the upper and lower members. 

Single Lens, Single Exposure Methods.-Each of the 
methods previously described necessitates the making of two 
5rparate exposures, and in some cases the changing of the plate 
in between ; it. is also necessary to moyc the camera bodily from 
one position to the other. These methods are quite satisfa ctory 
for sti ll subj ecis, and where the lapse of a short time inten ·aJ 
docs not matter. Attempts have been ma.de, in the past, to 
employ a single lens camera, so as to obtaill two photographs 
to form a stereo-pair with a single exposure only. The principle 
of most of O,ese methods lies in the use of a single photographic 
plate, large enough to contain the t\\"o stereo-photographs at 
their proper separation , and the employment of a special optical 
attachment to Ole Jens or camera front for giving two distinct 
views of the subj ect photographed, at the correct separation . 
It is well-known that half a photographic lens (i.e., divided or 
masked diametricaJly) will give a correct photographic image 
on the ground glass screen, but of reduced light intensity; this 
fact is made. use of in one or two forms of stereoscopic adapters 
for single lens cameras. 

A popular fitmeDt of this type was the adapter invented 
many years since by Theodore Brown, and illustrated diagram­
maticaUy in Fig. 20. Here a pair of surface-silvered mirrors, 
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P, Q, inclined at a \·ery slight angle are a ttached to the tripod or 
camera body , so as to face the camera lens a short dist<.mce 
away from it. Imagine that in place of the mirrors P, Q, a 
plain mirror were substituted, then the {:,rrouod glass screen arb 
of the camera would giYe an image of the distant "iew secn by 
reflection from thi s mirror. As, hO\\'cyer, there are two plane 
mirrors, P and Q, two "jews of tltl' distant scene or ubject , AB, 
photographed will be seen on th e grouncl glass screen. Each of 

:' 

,/ ,I 

/1 ,I' 

f 1 / ' 

" ' C"'M[ru. , ". 

"CAn r>=; ~ ~ -. "" .. ~- .4t-_: ,;' ' 
• • _ - - - ..::.. - , - " "URR'Ott& 

- .. / 

"" 

~~~:. 
FIG . .!o.- Tn£ BROW:S :>'II}HI.OR lJE\'JCE. 

the views is identicaJ ·with that which would be seen by the 
camera lens shown below so that a stereoscopic pair of pictures, 
ac and be, is obtained in the c~unera, corresponding to the view­
points of the equivalent two Jen s stereoscopic camera shown 
in the lowermost part of Fig. 20. By altering the relati\·e 
inclination of the mirrors, the separation of the images can be 
varied; the nearer the obtuse angle between them approaches 
1800 the smaller will be the separation. It is not necessary 
in this case to transpose the prints, but llwing to the reversal 
effect due to the reflections at P and Q there will be a reversal 
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of the right and Jeft sides of the pictures as yicwed subsequently 
in the ~tc_rco~cope .: thus an,\" words Or printing photogTaphed 
will read the rC\'efSC wa~· . Thi~ defect is remediable by printing, 
in a parallel beam of light (as in " long box) the negatives through 
the glass (or film) side, or by making u'e of one of the transfer 
pr<1CC5S(,S. 

FIG. 11. 

FIG . ..!I .~TJLE STEREO PH 01·OllL'PLJ ("OX. F1G .. L!.-_\LTERNAT""E METIIOD 

rSlXG AOJUSTADLE FIXED jl.lIklwRS :\1, and :.\1 2 . .A.XI) A :\l!RIWH. :\1\), ROTAT);:O 
BETWJ::J::N THE T\\"o EXf'QSU 1{ES. 

Another method devised originally by the same inventor is 
that shown in Fig. 21, and known as the Stereo-Photoduplicon. 
In this case the camera lens receives two distinct pictures, by 
reflection from the surfaces of two pairs of mirrors. The writer 
hit upon this method before knowing of its pre,~ous discovery, 
",hen using a surface-silvered right-angled glass prism and two 
mirrors. In this case there are two reversals at the mirrors, 
so that the final prints are correct as regards right and Jeft­
handedness. but it is necessary to transpose the prints. 

A disadvantage of these devices is the loss of light by reflection 
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at the mirror surfaces, a.nd the nN'd for optical fiatnes!'- of the 
mirro~ themselves. 

M. Dinesmann* has recently placed on the market an ingl:niolls 
in ex pensiYf~ arrangement of siln: r on glass mirrors, for obtaining 
with a sin gle lens cam era, and a :-ingl(' rxpo;;.urr a sterco~copi c 

p"ir of photograph,. 
Use of Two Cameras.- l t is possible to obtain excellent 

stereoscopic results by using two ca meras of identical con::;truction 
and focal lengths, by mounting one rigidly on a tripod head 
table and alJowing the o ther to be clamped in an~- position along 
" slot in the t able. 

Altenlativcl)", the two cameras can be connected togerh(,r 
at t}w ir bases, and tllcir shutler relcasl'~ abo connec ted in such 
a mann er that the one release operates both :;;hutt ers. The 
two cameras should have lcn!'cs of identical aperture and focal 
length, and furth er, the shulters should work at the sa me speeds. 
This method can only be applied to sma ll cameras, however, 
for it is otherwise impossible to obtain the correct sepa ration 
betwcen the Jen~es (2 J ins.). For this n'ason c~uneras taking 
plates Or films of grea ter width than 2 to 21 inches a re ruled out. 

Ko duubt, by a careful examination and sclection of the 
cameras from stock, t"·o suitable ones might be found . 

• Jlhoto R t'!vut' . May 1.5, 1925. 
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CHAPTER \" 

THE :->LLECTlO:\ OF ('A ~1.ER:\ S AXD ACCESSORIE5;. 

PARTI CU LARS arc gin'l1 in Chapter \T of various stereoscopic 
cameras, now obtainable, and there it is pointed out that under 
fa \'ourable conditions the cheaJX~r cameras gin> quite satisfactory 
results. In comm on, howcYc'r, ,dth ordinary cameras, in 
scope, application and results they are limited by tht ir lenses ill1d 
their general design. In the hands of a skiJled worker, the more 
<,Iaborate camera "ill enable a wider range of subjects to be 
photographed under mOre unfa\'ourable conditions. Thus it 
,,·ill be possible to obtain well-defin ed s tereogram' of rapidly 
1l10\' ing objcct~, to obtain better negatiyes in poorer light--due 
to faster and wider apertun: lens-to photograph with the 
hand-held camera mo\"ing objects or poorly illuminated subj ects 
for whi ch a stand would be required with the less expensive 
cameras , to obtain better definition, more uniform illumination 
over the plate, and greater freedom from distortion . , .. II of the 
foregoing fact ors count in the case of serious photography of 
difficult subjects. 

Let us examine. briefly, the essentia ls of a first-class stereo­
scopic camera. The necessar\' features are (I ) Higidity. (2) 
Good Lenses. (3) Convenient Focussing. (4) Good Shutter or 
Shutters. (5) Lateral and Vertical iV[OI·ements. (6) Convenient 
Film or Plate H olders. (i ) \Yeather-proofedness. (8) Com­
pactness. (9) Efficient and Conl"Cnient ,"iew Finder. (10) 
Pro \'ision for attachnlent of Accessories, if required. 

R igidity,- When the camera is extended ready for use, the 
lens panel must be quite rigid in relation to the body and plate 
or [lim holder. Otherwise any \·ibration, or e\'en tbe act of 
releasing the shutt er, will cause a movement of the image on 
tbe plate; when used on a stand in the open, with the wind 
blowing, it is essential to have both a rigid tripod and rigid lens 
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front. Jt is in this respect that all-me ta.l u.nh construct ion 
cam eras, stich as the Vt'rascope, and Contcssa-Xcttel Steroco 
models score, for the lenses are s~curel l' attached to the rif(id bod,' 
of th e cameras. The better makes of hellows cameras, howc\"(~r, 
will be found to possess rigid mechan isn1 for t'xtl'nding the 
camera front, and for focussing. 

\~'hen purchasing a new or second-hand camera, the rigidity 

of the lens panel and body should be testcd, in the workin~ 
position. 

Lenses.-Sufficient has already been rnentioned on th€' subj ect 
of lenses to indicate the nccessjty of tile best lenses that circum­
:-;tances will permit being used. The 1a test dcsil:,YJ1S of the morc 
expensi\"c stereo-camera ha\'c exccUcnt lenses, of apertures 
1'/3,0 to F/4.5, well matched and !(iving good definition. little or 
no distortion, a flat field and even illumination over the whole 
plate. A special feature of such lenses is their abilit,· to gi" e 
good negati\'es under most adverse circumstances as regards the 
nature, the lighting and the mmunent, of the object photo­
graphe.d. Another advantage, more pa.rticularly where tbe 
small s izes of plates are used, for example the 45 x 107 mm. 
ones, lies in the fact that the negatives will stand a f:lir amount 
of enlargement and yet gi"e good detail; the "Titer has frequently 
made 12 X 12 inch enlargements from negatives, the image 
portions of which m easured Ii inches square. A wide aperture­
lens also ob"iates the need of a tripod in the case of most 
ordinary subj ects. 

Focussing.- Although in tiJe case of certain high grade 
cam eras of the fixed focus, rigid box fom""!, it is the rule to obtain 
sharp negatil'es of objects situated at distances beyond about 
10 feet from the camera, yet there are occasions when the use of a 
focussing device enables special subj ects to be photographed, 
and special conditions to be taken advantage of. In the case of 
fixed focus cameras such as the Verascope, supplementary 
lenses are obtainable' lor photographing Objects at gft., 6ft . and 
3 ft. , or even at a few inches from the camera; one has examined 
some excellent stereograms obtained \lith such lenses. 

The advanced stereoscopic worker will, no doubt, favour the 
inclusion of a separate foclIssing adjustment. however. Of the 
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;n"aiJ,lhle t.'"1)(':'> there are (n) Th e sliding kns mount variety. jn 
which til e' Tutation of a milled head (/11 onc of the len s mounts 
work ... screw thrc(ld dC\"lcCS of quick pitch which m oye the lenses 
in and Ollt. A 5ca1e is usually engran'd on the periphery of the 
mount , and b~' a simple connecting-rod 111€'chanism both m ounts 
can be JTIon'ci s il11l1ltan cou::; l~ ' as shown in Fig. 2.1. SomE' of the 
Erncmann cameras empl oy thi s method. (b) A type of lazy-tongs 
nwcil;mi~m, SUell that the lens panel always moyes pa ralk' i with the 
plane of the plate, F O(U:":-;Ulg i~ carri f'd nut uy operating one of th e 
bzy-t(mg~ link .. in a lakra l direction (to th(' axe~ of th e k nses) 
h,\- mean~ of a ~cr('\\" and nut df'\-icc. A ~ca !e of distances i!=:. 

pl"Oyidccl. Thl' ::\l'ttel Stert·ax* camera ha~ this arran gem en t . 
(c) rho th e' U5:.ual reRe:.: camHa mechanism, in which the front panel 
can','.'ing- the Jt.:n~6 i:-:; a ttached (0 [\\'0 paralld bra-.:s rack::;, o jJ('rated 
h." a long pinjon, or pa~r of pini uns rotated by the hand focllssing 
~rn.' \\', Tht'!'L' ~h;' r('o- rc ftex cameras represent almost the last 

)')1" .:i. SU/JJ:-(; 'JUl '.'''T Foc n.sl.'\'(; 
, \ HRA"'~,E!>Il:.:-; T. 

\I'DI'd in reflJ1 C:' ment, and arp 

accord ingly \,c_r~r at tractiY€' 
instruments to usc. Typical 
examples of such cameras are 
the Ernemann Eastman 
Stereo Graflex, and the Men· 
tor Stereo Refl ex cameras, 

There is also a camera, 
Imown as the Heidoscope. 

in which a srparatt' lens of \\'ide aperture is providrd in conjunction 
with a mirror type focussing \'iewer. In this case the focussing 
lens aperture is F/.3.o. By an ingenious adjustable device the 
view-finder can be used for direct or indirect viewing as desired, 

Shutters.- It is important that efficient shutters should be 
fitted to stereoscopic cameras, The majority of modern cameras 
employ tbe sector or Sliding plate type of sh utter mechanism. 
but th ere arc a Ie,,' examples 01 local plane cameras a \·ailabJe. 
In the lorn1er case a similar type of shutter to that employed in 
ordin ary cameras is used for each lens, and the two shutter 
releases and reset mechanism levers Cl r e so connected tha t they 
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work simuhaneously. The shutt ers fitt ed an'"' usually arranged 
to gi\'c time, bulb and instantaneous cxposl1re~; the latter rang\.' 

from one sec. to 1 / 100 sec, in some example~ . from l Is scc. to 
1/rso sec. in other~, aDd in onc or two cxpensiyf.' instrum('nt :; 
up to 1/300 and r!4oo sec. exposures. These rated expos-un.'s '1f(", 

of course. nominal ones; the ~lctual ones arc ply)babl y 
appreciably s lo' ... ·cr than these valu(,s. Some excl'"llent results 
can, however, be obtained \\"iUl the shorter speed set tings: one 
has spen some splendid examples of ~ tcreograms, illustrating 
men jumping and di\·ing. horses and dogs jumping, aeroplanes 
in flight and motor cars at speed. The sliding plate t,'pc of 
shutter is seldom found on the better types of camera , as, n\ving 
to its construction, and to the. inertia of the rdatively heavy 
parts. it cannot give the shorter exposures required. Here it 
sl)()uld be m ention ed that to obtain the best use from wide 
aperture or ' fast' lenses, it is essential to be able to give rapid 
exposures. 

The focal plane shutter is undoubtedly the ideal for rapid 
phot(lgraphy, and in the smaller sizes of stcreo·camcra u\ving 
to th e long ,,·idt" and small depth of the plates used , vcry rapid 
eA-posures can be obtained; in the case of one of the writer's 
stereo-cameras, the fastest exposure is rated at rlZ5DO second; 
actual1y, of course, it is slower than this. 

For the same exposure interval the focal plane shutter enables 
almost twice as much light to reach the plate; it is, therefore, 
much more efficient than the sector shutter. 

One drawback of most focal plane shutters is their inability 
to give a slower r instantaneous' speed than about 1(15 second. 
Thus the range I sec. to r /1O sec., say, is not usually provided 
for , and one is forced to use the bulb or time exposure 
setting j namely , one release movemen t to open, and one to 
close; it is necessary to use smaller aperture setting" of the 
iris diaphragms in such cases. The sector shutter undoubtedly 
scores in respect to the slower I instan taneous I speeds, and in 
its ability a lways to give' bulb ' expos,!res. 

As regards the operation of shutters, it is unfortunately a 
common fault of many cameras to place microscopic shutter 
release knobs Or levers in inconvenient positions, so that there 
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is a tendency to shake the camera in releasing the shutter. 
P~rsonaHy , the u:-;e of an antinoU5 release is preferred for hand 
work ; the felease of thi ~ can be arranged in any con\'enient 
position 10 suit the operator. and there is no tendency to rock 
the camera. 

Lateral and Vertical Movements,- Althoug-h the majori ty 
of stCTeo·cank ras arc fitted with i1xpd lens panels , a few of the 
mOre expensiy\: instruments art' pruyidl.:-d either with lateral 
or WiUl \'crtica i adjustments for the lens pane l. In the ronner 
case the cIlm era ca n be lI sed for panoramic pictures. Thus, in 
the ca :-;(' of til l' Sl t:' Teo-J)ec krullo- !\ (:' tt tl 10 IS em. camera, One 
(J f the sh'rl'o J en~C'=- is fitted with an eccentric corn'ertibJe metal 
plate, for thi s purpose, whils t in ano ther model of th e same 
instrument onc of the knses. is fix('d on a metal plate ~o that 
it has lhe proper fuca] length for stereo work , and can be taken 
off the lens panel. and placed in the middl e of a second lens 
panel, which Can be fitted to th e' camera fur panoramic picture 
pholograph,· 

The l\lentor stereo C;:U11era ha3 a lso a scparat(' front panel 
proyidcd for th\:.· same purpO~t, 

As r('ga rds the rising front, tbis is frequently required for 
archi icc tural ~ tlld it:' ~, for th e pho tography of taU buildings, tTees 
and other obj ec ts; its use cnable-s the pho tographer to ohtain 
th e> req uired pic ture without tilting the camera, so that s ing le 
picture di stortion does not occ ur. * Ob\'ious!y the lenses ntted 
should have a sufficient co\'cring power, when the s liding front 
is in its extreI1lC position, 

Film and Plate Holders,- \\'here expense is not a primary 
consideration, the stereo-camera should be prodded with plate­
holders, or plate magazine, and a film-pa ck adapter. It is often 
necessary to carry se \Tral types of plate-slow, mediwn or 
rapid ordin:lry, orthochromatic, panchromatic or backed plates 
-so that the appropriate emulsion can be selected at tbe las t 
moment to suit the light and other photographic conditions. 
The single plate holder enables this to be done conveniently . 

The plate changing magazine carries twelve plates , and fits 

... V jde also D, I 'n . 
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on the back of the camera s; imilarl~ ' to (\ s ingle slide. By the 
mere act o f depressing a milled screw or knob, pulling out the 
magazine body-slide, just a:-o 0 11(' \\-ould remm'e the s lide . Or 

cover, of an ordinary single-plate holder before exposing tht.' 
plate; and pu!'hing the boc1y-slidL' in again the top, or exposed 
plate is transf(,rfecl to the bottum of the pack. whilst the second. 
or unexposed plate is brought to til(' top position. 1n this way 
twelve plates may be exposed and changed quickly in tum . 
Each plate is fitted to a thin metal ~h (,Cl th , pro\'iclecl \\'jth indenta­
tions or proj ecti ons which precluci L' th e possihility of wrong 
loading. in the clark room. The magazin f' has, of COUrsf'. its 
own draw-slide-usually of :o: heet 1TI(" t a l~for preventing light 
from reaching the plates when iltr magazin e is rcmo\'ed frum 
the camera. An indica tor i::, al.;o fiti('ci, to show th e numher 
of the last pla te exposc:d; this is 3 necessary fitting. A 
typical magazine is 5110\\11 in position in Fig. 33. Th e 
nell'antage of th e plate magazi11C is that it enables a number of 
plates to be carried integrally with the camera, and tbat rapid 
plate changing can be carried out ; for tourist purposes, and where 
sC\'eral photographs have to ht' taken rapidly, this is a marked 
aell'antage, On the other hand, its usc adds to the weight of 
th,' camera, and single plates cannot he del'eloped without the 
extra trouble and incol1\'eniencc of extracting them from estimated 
positions in the pack. The act of changing the plates also stir, 
up the air , and any dust which may happen to be in the 
camera interior. The plate-magazine is usuaUy atted to the 
45 x 107 mm . size of camera, where the question of weight doe!) 
not count to any appreciable extent. 

The Film P ack H older.- The film pack holder i, a neat 
and convenient means of carrying a large number of films about, 
and for using them in batches of one dozen , The film pack 
adapter is a light metal holder , provided with an ordinary draw­
slide, and a hinged back; the latter, enables the film pack-a 
rectangular packet of twelve films enclosed in ' a black, card box 
-to be inserted, There are twelve paper tags exposed after tbe 
pack is loaded, and the flat films are ch ... ..,ged in tum by pulling 
in order each tag out as far as it will go, and then tearing it off, 
The tag nearest the camera ;s always pulled when changing a 
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film. Alter the whole of the films have been exposed, they may 
he removed and developed singh· or together as desired. 

The film pack. owing to its lightness and con\'enience, affords 
a conveni ent method of carrying a large stock of Jiims, as when 
tuu ring countries where 5u pplles are unobtainable. The user is 
limited to t he common film emul~ions and speeds in ordinary 
usc, ho\H>\ T T. For the highest standard and range of general 
results, the dry plate is undoubted l,. superior to the film. 

Film Cameras.- B efoT C' concluding this section, reference 
~h oll id be made to the tyP(\ of ~t_ereo-carnera-of which the 
Jules Richard Homeos is a good example-which employs 
unlinnry cin ema film wound on spools. The latter measures 
only 6J ~.; 2~ .... 21 in ches, and is fitted with Zeiss F '-{ j lenses of 
tixed focus. A lever sets the shutter, which gi \-('~ an accurate 

range of exposures from 1/8 to 1/150 sec.; Jonger exposures 
may also be given by setting the shutter on .. time." The 
HomOos camera takes daylight loading spools of standard 
cinematograph film; each spool carries a metre (just over a 
yard) corresponding to 26 pairs of stereoscopic pictures. The 
pictures of a pair are staggered relatively to each other, that is 
to say what would normally be the space between a pair is filled 
up with two pictures belonging to other pairs, so that no gaps 
are left, and no film space is wasted. -During exposure tI,e film 
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is pressed int o contact wiih a pla te of glass, so tha t it is trul y in 
the focal plane. The film winding key registers automatic,uly 
the number of exposures. The positi" c films arc printed on a 
strip of cinema positi\'e fUm , a s~cia l printing machine, which 
automatica lly transposes the pictures, being employed. The 
stereoscope for v iewing the pictures is shown in Fig. 25. 13y 
pulling a rod, each pair o{ pictures on the strip can be brought 
into position. and the whole 26 pairs viewed successi\'el)' . The 

ad\'antage of this type of fi lm stereo-camera is the small amoun t 
o{ storage spare of the positives obtained, for a number o{ films 
can be wound on to one spool when not in usc. The individual 
pictures measure about I inch deep by 1 inch wide. 

Finish and Bulk of Camera.- The stereo-camera should , in 
common with other types be finished externa lly so as to lI"ith ­
stand the elements. The leather Or exposed metal fini shes an­
excellent ; the all-metal types of box camera possess the 
advantage of being able to resist climatic effects in aU countries. 
and the ravages of tropical insects. The folding camera protects 
the lenses and other parts, and occupies less space. Personally, 
leaving other considerations for the momen t, we prefer the 
leather-co\'ered metal case, {olding type, of stereo-camera; when 
closed the hinged {ront protects the lenses, shul ter and diaph­
ragm apertures against both wet and dust. For tropical use, 
cameras containing wood or leather p,,~ts are unsuitable, the 
metal type being best. 

View Finders.- Tbe type and the position of the view-
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fin der is of great importance in connection ,vith stereo-cameras, as 
the· latter are necessaril}- of small dimensions, and therc is not much 
room a vailable fClr fitm cnts. There are two prin cipal types of \'iew­
tin der favoured- disregardin g the reflex type, in which the fuU­
~iZl'd piclure i~ seen <lnd foru:-sed, to the moment of (!xposure­
namely. the prismatic or inclined mirror, and the direc t \'i sion 
t YPl'. The li rst l y pe rna bles t ilt- ca mera to be heJd al a lower 
It' \·t..:! than the eyes, namcl~', at che:;;t h:~ \' el ; the point of view 
is, therefore, lQ\n:r th an the v isual one; m orco\'er, it is difficult 
in the smalk·,. sh es of ste reO-C:1 I11 t'ra to pick tip th e details in the 
~ma ll \'it'wel" :;0 far from the ('.\'(_'_ 

Th e s{;'cond type is h}' far the most popular on!;', an d rightly 
:--0, fo r one is a bk in many Casts to obtain a large fi eld of \'iew , 
and to hold the ca mera much steadier. The sq uare, conca\'e 
kn~ Yi ('w -fmder, witb it ~ pepp-sight to locate the objec t yicw ed , 
i~ th e bes t kn uwn of th ese. :\ pair of straight lin es at right­
angle::' in ter:-;E'cts the square lens , and enables the centre of the 
tid d of view to be ascert ained. 

Thi ~ t ,qJ(_~ usual!,\' folds dO\\'n ft a t on to the top or side of the 
camera , the peep-hole bracket folding first and the lens after­
wards; springs and hinges are fitted for this purpose. 

The better position for the "iew-finder is probably on top of the 
camera and offset , so that the cam era can be held central. In 
using \·jew-finders o f the direct-dsion ty pe it is important to 
check the correct positi on of the peep-sight Or pointer relatively 
io the eye, as this distance gm'erns the ~ ize of the fi eld of vie\v , 
b~- u ~ing a ground-g)ass ~creen t)lC fleld of "iew of th e ,-iew­
find er may be checked. If \ 00 large in the latter, a mask may 
be pasted or otherwi se mounted on th e lens of the linder, or the 
peep-hole moved awa), from the lens; if too small , the peep-hole 
should be moved towards the lens. 

In using a focussing-scale, it should be remembered that 
th" uenrer the object to the ca Jllera , tlie s·maller will be the true field 
of .' I'etc: in the finder, so that the \'iew-finder requires a correction. 
A good plan is to engra\'e with a diamond point another rectangle, 
on tIle lens face , corresponding with the nearest distance, as 
shown by the focussing scale, for use at shorter distances. Many 
close-up views have been spoilt, owing to the photographer 
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omitting to remember that the Yie\\" -find l~ r gin~:" too big a fi e1d 
of "iew under the:.:c conditi ()n~. 

An oth er form o f direct tinder, po~~cssing man,\' acl , 'antagrs is 
that iilustrated in Fig. 32 on the l ca Plaskop ca mera : this I"" 
no Jens , but in place a rdatively large win" fram (, is prO\'idecl with 
a centra l ho le mount, and at the rea r a \'('(:'-notc l1 cci bar. Th('::oc 
two component ... fold d O\\11 fl at on tile Lop of the camera. In 
Oil £' Ememann focal-plane stereo-ca mera, there i ~ an ingeni ous 
arrangement , wherrhy thr, front folding CQ\'e r al so constitutes 
it direct \' i ~' \\" -fil1d eI I th ere bein g a large square ()rifice in the 
coyer, and a foldin g rear sight : the square hole is covered with 
an0ther folding plate when the camera is closed up. 

~J any stereo-cameras are fi tted witb two independent v iew­
fin ders, one being a " brilliant " Or pri sm finder and the o ther a 
direct one. In one example, on one of the writer's camera, there is 
a folding , inclined, mirror type "iewer, and (t direct onc fonned 
in the camera lens CQ'-er. 1t shouJd be mentioned , in connection 
with "iew-finders, that it is a perfectly easy matter to make a 
direct ,-iewer as outlin ed in Fig. 26, from a sheet of tin , or brass ; 
these should be blackened with a matt photographic paint 
aft en" anls . The correct angle of "iew of the find er can readily 
be ascertain ed, for the ratio of the distance CP (P being the 
peep-sight position) to the side A B , should be the s[.me as the 
ratio of the lens focus to the smailer side of the plate. 

Thus CP = lens_ focal_length 
BA side of plate 

This field of view is correct for the infinity setting of the camera. 
Accessories.- It has heen mentioned that the canlera should 
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be designed so that accessories may readily be fitted, if desired. 
Th e term accessories includes tripod attachment, screw nuts, 
self-photography dcyiccs such as the Richard Cunctator, and the 
Photoclip. lC\'els, antin ous or bulb releasE's, magnifiers, and 
colour screens and the like. 

Colour Screens.- lt is frequently necessary to employ colour 
screens whe11 using panchromatic plates in order to obtain the 
true rendering of colour tones ; further, in connection with the 
use of colour photography , sllch as the Autochrome process of 
Lumi ere~, a special ::;c reen is required for each lens. Stereo­
cameras must. therefore. he prodded with some means for 
holding th e::;L: ~crecn~ either in front of or hehind the lenses ; 
a cOJ1\'enicnt method is to have the colour Screens supplied in 
ci rcular spring mount.s and t.o fit these, b~ - pushing O\"l: f , to the 
!Jac ks of the lenses inside the camera; they are this pro tected 
by being inside the camera. 

The writer has used the ordinary \rratten 1(. 3 screens supplied 
in the form of gelatine strips, by shaping circular discs (placed 
between two pieces of paper when cutting with the scissors). to 
flt between the two lens components; one component must , of 
course, be Ull screwed in order to insert the gelatin e filnl . The 
ad\'antage of this method lies in the important [act that in this 
position the foci of the lenses arc not interfered with. If a glass 
screen he pJac\:'d behind the lens. the effect will be to increase 
the effective focaJJcngth 50 that u'hen j O(1lssillg scales are V!'orked 
to, these 'lcdl all be -incorrect , due to the refractive effect of the. 
g lass: it should be added that the usual colour screen consists 
of t\\'o discs of optically flat glass \lith the stained gelatule film 
cemented between them. 

Focu ssing the Picture.- Although the focussing scale is the 
more con\-enient for small stereo-cameras, yet on many occasions, 
more particularly, with still-life objects, close-up views and for 
special purposes, it is necessary to use the method of focussing 
directly on the screen. It is very important in the case of the 
45 x lOi DUn. and 60 x 130 mm. sizes, to focus the small images 
"ery sharply. for the s tereoscupe viewer magnification is such 
that any " ery small out-of-focus effect is greatly magnified. 

The first essential is a good piece of ground glass, of ver), fin e 
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grain: this may be made by the somewhat laborious process o{ 
rubbing an old negati" e down , on a piece of plate glass, using 
\'ery tine emery or carborundum (the latter of the type known 
as F FF is suita ble) or e\"en knife-powder. 

The writer prefers to use an ordinary lantern platt' (i.t' .. 
transparency plate) whic h has been slightly fogged, developed 
and fixed. The s light amount of fogging gi\'es minub.:.' grains 
of s ilver in the emulsion , and an excellent almos.t graiJl ~ l c!':­

screen results ; some photographers prefer perfectly plain gl a~s. 

The second essen tial is a focussin g magnifier, for gi\'ing an 
enlarged image, \yhich can be examin ed critically ; most scienti fic 
instrument makers, and photographic limls, sell small magn ifier, 
for tllis purpose, a magnification of between 2 and -f is usua ll y 
enough for most practical purposes. 

A useful focussing magnifier may read ily be made fw m a 
common double-com 'ex single lens, and a piece of metal tubing 
as shown in Fig. 27 . The lens is held by spring rings mad!.:"' either 
from split tubing or bent wire, and the edge is turned or fi led 
down progressively until the image on the screen is sharply in 
focus at the normal distance of the eye for v iewing. The interior 
of the tube should be finished matt-black. Tn an emergency 
a cardboard tube may be ri gged up for the purpose, 

The Scaleometer, pocket, measuring microscope, supplied by 
Messrs. Ottway & Co., of London, is also a most useful focussing 
magni.fier. When focussing on the screen , it is a good rule to 
make the sharpest images, not those in tRe dead centre of the 
plate, but about half-way between the centre and the edge, 
Always focus with the full lens aperture on the most prominen t 
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object requi red, ~ topping down afterwards; the table of hyper­
foca l di'tancc, on page 64 will be found very useful. 

Some photographers cement a microscope cover-glass to the 
ground-glass ~cn.·en, in about the position pre\;ously recommended, 
~Uld foclis the' aerial> jmage by means of a magnifying Jens of 
low pO\l"or (, to 10). 



CHAPTEH Yl 

STEREOSCOPlC (:\MEIL\:-;. 

"'E han" referred to the matter of the choice of stereoscopic 
cameras, and have mentioned the fact thnt these arc 110 more 
expensive in first cost than single lens cameras, and that th eir 
working cost is no greater-ill many C~1 5CS where a ~ingle pair 
of prints or a transparen cy only i:;: taken, materials arc not a 
seriOlls item. \\"c shall commence this section with a short 
account of the simpler fonns of camera on the market, and then 
proceed to the morc ('x pensive types, preceding our description s, 
however, with a few remarks upon camera ~Jzes and choice of 
lenses. 

Choice of Camera an d Lens.- To those com mencing stereo­
scopic photography, the question of the size of camera, type, 
and lens usually offers a certain amount of difficulty . and rightl" 
so, for it is only by experience that onc ultimately arrives at th e 
ldeal type of camera for one's work. 1t is a com mon experience, 
unfortunately, for the beginner to select an unsu itable type, 
when no outside advice is ava iJable. The -first point to settle is, 
of course, the price which one can afford to pa)' , and in this 
respect the more ambitious, but impecunious stereoscopist has 
now the advantages of purchase of excellent cameras by extended 
payments. 

The cheapest stereoscopic cameras at present are probably the 
45 x 107 mm. (Ii x 4t in.) all-metal types, of the transparency­
positive kind. Second-hand canleras, in larger sizes, namely, 
up to 3t x 3! in. , can usually be obtained ,quite inexpensively from 
the leading camera firms; they give very good results as a rule. 
Further, the second-hand lists issued periodically by such finns 
as Chas. Baker (High Holbom ), The City Sale and Exchange 
(Fleet Street). W. Watsons (High Holbom) , and Sands Hunter 
(Bedford Street). London, frequently contain references to 
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st.ereoscopic camera fronts complete with shutters, and usually 
with lenses. The keen amateur wiJ) not find it difficult to build 
his own sterescopic camera, or to adapt the front to another 
camera. 

The beginner is well ad"ised to commence with a cheap type 
of camera, with which to obtain his experience, just as in ordinary 
photography one should commence with a Brownie, l\'lito, or 
similar inexpensive camera. 

11105e proceeding to specialise in this branch of photography, 
and who ha\'c th e necessary experience and wherewithal to 
purchase. will find a range of excel1 en t cameras from £8 or £10 

up to £60 and above, fitted with various refinemen ts, such as 
\\'ide-anglc lenses, wide-range sector or focal plane shutters. 
focussing mechanisms of the direct reading scale or reflex type, 
plate~cha.nging magazines, autochrome screen attachments, rising 
fronts and o ther improvements. 

As regards lenses. one shou1d procure th e best wlthin one's means ; 
the best results are obtained with the higher grades of lenses. 
Moreover, a good lens yields crisp, well-d efined negatives which 
will give good enlargements, if required. 

Tra n sparen cy or Print ?- There are two classes of stereo­
scopic work~ rs, firstly, those who prefer to foUow ordinary 
photographic practice and employ plates of normal size, from 
2~ x 2 ;- in. to half-plate, or two lantern plates (3t x J} in.), and 
to make prints for the nnal result , and secondly those who employ 
the smaller sizes of plate, namely, 45 x 107 mm. (Ii x 4t in. ), 
and 60 x 1.,0 mm_ (2-l x 5" in_J, and to make transparencies from 
their negatl\'cs, thc former being. of course, positi\-e prints on 
glass similar to lantern slides_ 

Each method has its merits. In the former case the ordinary 
simple photographic processes of single lens photography can 
be followed; moreover, the contact prints made can be used for 
presentations to one's friends, or for albums. The prints can 
also be hand-coloured, giving enhanced st ereoscopic eHeet. In 
the latter case tIle transparency undoubtedly gives a much more 
brilliant result, due to the greater latitude of the plate's emulsion, 
as compared with bromides or P.O.P ., so that more realistic 
results are obtained . The transparency sizes are usually too 
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smaIl for contact pdnts, to give sufficient detai l, but on the other 
hand quite good enlargements can be made if the taking lenses 
are good ones. These smaller plates arc l e~s expenslYc to 
purchase, and they require a smaller quantit~' of ciE'\"C'iopC'T ; 
more plates or films can also be carried conyeni ('ntl~ ' than in th e 
case of the larger print-type stereo cameraS. 

The transparency Ca mera is also much less bulky, and it can 
also be ll sed as a ,-iev,:ing sterco~cope, in most Cases. 

The only difficulty experienced with these smel l! plat {:'~ is. that 
due to specks on the plate before th e exposure is made: these 
become magnified considerabl y in the final result, and often 
resemble pieces of coal in relative size. Similar1~' , unlcs5 suitable 
precautions aTe taken. the nega th'cs often exhibit a grallUlar 
effect , which depreciates the final result. \,Vith suitable precau­
tions, how(."\,('r, both of these difficulties c<.m readily be obviated; 
the experienced photographer is seldom concerned with them. 

Summing up the pros and cons, the print method of stereo­
scopy is the easier one, whilst the transparency method is cheaper, 
gl,'es better stereoscopic results, but requires a higher degree 
of skill in manipulation. 

The Choice of Lenses- The optical properties of the two 
lenses of a stereoscopic camera are probably the most important 
fa ctors governing the final results obtained; poor lenses cannot 
be made to give conSistently good results. The two important 
properties of lenses with which the stereoscopic worker is 
concern ed are, firstly , the Focal Le1lgth, and secondly, the 
Maximum A perlure of the Stop. 

It is important that the two lenses used in the camera should 
be properly" paired ," that is, should have the same eq ui valent 
focal lengths, and the same working apertures for eq ual plate 
illumination. In this way the two images will be similar 
in brilliancy and in size. 

Most reputable lens manufacturers will "pair " lenses for 
stereoscopic work, when the lenses are ordered, at a slight 
extra cost. 

A good deal has been written concerning the most suitable 
focal lengths to employ, but in many cases the plate sizes for 
which the lenses are used have been overlooked. 
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Th e li se of a loug local lellgth o f lens gives a better and more 
acruratc rendering of pcrspecti\-c-more nearly that experienced 
hr the human eye, but it reduces the effect of solidit), and depth 
in the fin al stereoscopic resuJt , unless the viewing stereoscope 
has long f OCli S lenses also . Moreoyer, it is difficult to obtain 
much foregrollnd (ill focus) wlWI1 distant objects ha 'i.·oe also to 
be included . The seneral pictoria.l effect obtained by lenses 
of relativcl,' long focal length in respect to Ihe size of the plate 
used is not 50 marked , but i;.; more truthful than in the case of 
5borter foci lenses used on the ~ame plate: the field of view is 
also smaller. \Vhen hill or mountain scenery is photograph ed 
with long focus lenses, the relatiyc sizes of the images on the 
nega ti" e of far and intermediate obj ects is much greater- and 
hence morC natural- then \,-hen short focus lenses are used ; 
the latter cause a relative diminution in the size of ciist,mt objects 
and therefore reslilt in a Joss of proportion, the nearer objects 
appearing to be larger than they actu alil' are. 

\Ye have assumed th e ordinary normal focus lens stereoscope 
in the abo\'€ considerations, but if the stereograms arc d ewed 
with len,os of appropriate focal length the stereoscopic 
effect will be th e same in all cases. Long focus lenses are, 
gen eraJJ~ ' speaking, more difficult to work with , and more 
accurat l' focussing is required ; usually. also, a smaller stop 
lnrlst be emplo_\'ed in Qrder to obtain sufficient depth of 
definiti on. 

Short focus lenses are undoubt edly casier to work \\-'ith, as 
their " infinity " distance:- (i.e., the distances beyond wh ich 
e\'erything is equally in focus) are shorter, and the stereoscopic 
effect therefore better , distant objects photographed with such 
tenses tend to lose their appearance of magnitude. The fo llowing 
table give!' the usual sizes of stereoscopic camera plates in present 
usc, in both English and metric measure, and also the local lengths 
01 the lenses employed in modem ca.meras . 

An examination of this table shows that the shortest 
locus lenses ba\'e a local length about 25 per cent. greater than 
the smaD side of the plate, whi tst the longest focus lenses have 
focal lengths about 50 to 75 per cent, longer than the small side 
01 the plate. 
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A good average focal length to employ i, onc about 30 to ~o 
per cent. longer than the ,mlll side of the plate. 

TABLE 1\ 0. I. 

STEREOSCOPIC CAMERA PLATE SIZES :\1\1) F OC.\L L ESGTHS. 

-I 
Focal Lt-ngth 

Plal{' size Plate size Focal H. ,nil} 
}\. 1I\ c.ht!~. Focal Ll'~lglh. Sm~\!~ side (If 

Lcng-tn . I'latl' 

n11l1 

Short I.ons I Short Long '( ~ care!;t) 
~id{'. SIde. Side Sldp. 

r 5;; !l 1.'::2' 

45 '°7 'r 'It 

~ 
'''' 2i 1.33 
"5 '1 J..t5 
75 3 !.55 
no 31 1 .50 

'30 'i .'il I 
,on 3; 1.1,7 

I.!O 

70 'I 51 { 90 31 r.;:;;;: 
'30 

I ~o 41 1.7 1 

r o 31 1.33 
, Ro 3~ 71 l30 .5 ~ 1,45 

'40 51 1.55 

CO 3i £.20 

' 00 150 43! 5~ 15° 5i 1 . .')0 
,So 71 1.80 

In con nection with the question of actual focal lengths, a 
yery important point to remember is that the shorter the focus 
th e greater the depth of focus, anel the nearer the infinity point. 
For the fixed-focus type stereoscopic cameras, which are now 
popular in the 45 x 107 mm. sizes, the use of a short focus lens 
means th at all objects beyond about 10 to 12 feet are always 
in focus, so that one d ifficulty experienced by the beginner, 
namely, the estimate of distances for setting the focussing scale, 
is removed. 

The following table shows tbe approximate Infinity Distances 
for lenses of different focal lengths and apirtures; the aperture 
used affects this distance, as ,,;1] be observed from the values 
given ; the larger tbe aperture the farther away the infinity 
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di;;tancE', and 'cice versa. The "allles, in the table h<I,'e been 
compult'd from the foI1owing fmnnd<.l 

100 f' 
D = ---- feet 

I 2 y S ' 
where D i::. the hyperlocal (or infinity) distance in fed , f the lens 
fOt'a} length in in cbes, and ,<; the clpcrture. or lens Stop number. 
(A , top of /,8 is taken as g-i\-ing S =8; 116"3 gi\-es S = 6-3 , 
and '0 on_) 

T.-\BlE ~ (l. z. 

~Hn\\,I~C, THE J:-':F l \"iTY {OJ{ HV PERfOC.\L} DI:;';T_\:\CE~ 

H1J, DJ FF[UI~ST LENSE~. 

Focal Length 
fJf LI'ns In I 

In('ht'~. I , 

" , .! _'i q 
~·5 17 
'0 .!j 

Li ::q 
4.0 " 4·5 51' 

'" 'j .5 '4 
1,,0 10<) 
".j 117 
;(1 1 .~\~ 

} -l·3 

7& 
(j~ 

'7 
.!J 
30 
}:-l 

4" 
.'i" 
tq 
7H 

"' 

Apt·rturl':>. 

I " j , lt) 

5! 4, 3 
7 5J 31 ,j 

"I "! 41 3t 
(14 /'i 41 

", '3 <11 "I 
17 " 8; 

'7 " lS ) O~ 

OJ '" '3 
40 3 ' '3 
48 3$ '7 '" 5" ;; V 
"j 5' 37 26 

)IQSl focussing types of camera are provided with a focussing 
sca le ; for these the values giYen in Table 2 will be found very 
useful Suppose, for example, it is desired to photograph an 
object 8t feet away from a camera, fitted with 2! in _ lenses ; 
the table shows at once that in order to get the correct definition 
at 81 feet. a lens stop of 116-3 must be used, when everything 
between 8j- feet and infinity will be in focus, as well as objects 
2 or 3 feet nearer the camera _ For critical definition , for enlarge­
ment purposes, it is better to use the figure in the next column 
to the right for lens stops (J18 in the present example)_ For 
focussing distances with a given lens and stop, the hyperlocal 
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distance given in the table is the best 3\'erage pos ition to se t 
the focussing scale to, in order to secure critical definition, and 
maximum depth of focus at this distance. 

In the case of fixed focus cameras, the table shows' the nearest 
distances at which it is advisable to photograph objects. Thus, 
in the case of a stereoscopic camera, fitted with fixed lenses of 
2!- in . focus and maximum lens apertures of JI8, it is inadvisable 
to attempt to photob'Taph objects nearer than ahout 5 ft.; by 
stopping down to fill objects up to \\;thin 4 feet of the camera 
wil] be well defined. For transparencies which arc magnified 
a good deal in the \'iewing s tereoscope, and for enlargements, it 
is betier to take the next figure on the left for the hyperfocal 
distance. 

In works upon optics it is usually stated that if the lens scale 
be set at the byperfocal rustance, then all objects situated from 
olle-half the hyperlocal distan ce to in fin ity will be in focus. Thus, 
in the case of a 3,1 in_ focus lens with an aperture of f IG.3 . the 
hyperlocal rustance is 16 feet, and aU objects between one-half 
of this distance, viz. , 8 feet , and infinity should be in focus. 

For stereoscopic work, having regard to the magnifications 
employed in viewing the results, we prefer to consider the next 
figure on the left , \-iz .. 23 feet , and to assume that the above 
nile applies; tbus, aU objects between 12t feet and infinity are 
considered to be in focus : this rule works quite well in practice. 

Two Lens Cameras- The simplest form of stereoscopic 
camera consists of a common camera body of rectangular section, 
fitted ,,;tb a pair of lenses of equal focal lengths and working 
apertures, and provided with a partition in the centre of the body, 
to separate the two views. It is easy to understand that instead 
of using two similar single-lens cameras side-by-side, several 
of the common features of each can be combined. Thus a single 
body, shutter, plate-bolder, focussing arrangement, scale view­
find er and tripod screw can be employed, with the result that 
the camera is simplified. Except for the fact of the two lenses, 
the larger shutter , and the partition, the steresocopic camera 
construction is identical with that of the single lens one. 

Shutters.-In the cheaper fonns of stereoscopic camera, a 
_simple metal box (usually of aluminium) is employed for the 
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camera body, and the shutter arrangement consists of a single 
sliding plate de\-ice, which operates by moving inside the camera 
across the lenses. The speed is controlled by the tension of the 
spring on the shutter, and can sometimes be varied by means of 
a miUed screw fitted for the purpose. A sliding plate is also 
used for the lens apertures, usually three pairs of holes of 
different sizes are arranged in this plate. This type of sliding plate 
shutter is usually arranged sO as to give time exposures (but not 
often for ,. bulb" ones). It is simple, sturdy, and reliable. 

F,(,; . :::S-ILLUST){Al'Il\'w THE ~'\RR_"KG£;\IEKT OF " STENEOSCOPIC CA!'IEnA. 

The most popular type of camera shutter is the between-lens 
or sector type, similar to that commonly employed on ordinary 
C<Ul1eras. Both of the sh utter setting and shutter releasing le,·ers 
arc connected together in sllch a way that they operate together. 
Th(' best sector shutters, in stereoscopic cameras, will give 
" instantaneous" speeds down to 1-400th second (nominal), 
in addition to " time" aneI "bulb" exposures. 

The best shutter is, no doubt, the focal plane one, but this 
type is fitted only on a few of the more expensive stereoscopic 
cameras. It possesses the advantages of greater speed range 
(i.e., very much higher speeds), much greater shutter efficiency, 
and the very important property of equality of exposures. It 
is difficuJt with two separate sector shutters to obtain the same 
shutter speeds at each of their scale settings; if the actual speeds 
of the coupled shutters are not the same, the result will be unequal 
exposures in the two yjews. 

The focal plane shutter in the ordinary way will give speeds 
down to 1-loooth second. In the case of the smallest (45 x 107 
mm.) stereo cameras, owing to the r(:.latively small ,,~dth of the 
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plate, and, therefore of travel of the focal plane shutter, very 
short exposures can be obta ined. The self-capping focal pl,ulC 
shutter is pre( rable to the open slit type, since the shutter can 
be wound irrespective of whether the dark slide has been drawn 
or no\. Most modern focal plane shull ers are now of the seIf­
capping type, although there ar c still Ol1 e or two open slit 
types sold. 

The focal plane type shutt er is favoured in Germany, and 
is found on many cameras emanating from that country . 

The focal plane shutter requires expert manipulation on 
account of its very wide range of speeds, and it s high efficiency; 
it is, as we have mentioned before, much morc difficult, relat ively 
speaking, to obtain correct exposures under all conditions. 

Typical Stereoscopic Cameras.-One of the reasons put 
forward for the lack of practical interest in stereoscopy is the 
expensive nature of the equipment, which places it beyond the 
reach of the ordinary individual. Whilst this has been true to 

a certain degree, it should be pointed out that apart from the 
possibility of obtaining stereoscopic photographs with a single 
lens carnera, and to which we have referred in Chapter IV. 
There are now on the English market several cheap but really 
efficient stereoscopic cameras, several o~ which are described in 
the follo"ing pages . We have been fortunate in being able 
to test a number of these instruments, and have been agreeably 
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surprised at the results obtained. Given fair light conditions, 
and it steady hand, excellent stereoscopic pictures can be obtained 
with no very special knowledge of pbotography, and as easily 
as with a Kodak or similar hand camera. Fig. 29 shows the 
new Glyphoscope film-pack camera, recen tly introduced by 
Messrs. the City Sale and Exchange, the English agents for 
M. Jules Richard , of Paris. This camera, which resembles the 
well-known plate model , which costs only £3, is 01 the metal 
box form, provided with fixed focus single lenses of aperture 
f/12 and focaJ lengths abou t 22 ins. \\lith such short focus lenses, 
all objects beyond a b Ollt 10 or 12 ft . are always in focus; for 
short er distances than these a smaller stop, or the special 6ft., 
3 ft., and 1)' It. magnifiers supplied become a necessity. 
The film pack of 12 films fits neatly in the hinged metal holder at 
th e b'Jck l th e films measuring 45 by 107 mm.-a standard size. 
Three apertures or lens stops are provided, the adjustment for 
these being shown in the centre, and marked 0, I , and 2 

respectiwly. The simple sliding-type shutter used and which 
has Ol1e instantaneous speed, which we should judge to be about 
I-25th second, and a tjme release, is set by means oj the sliding 

FIG. 30. 
SUQ \YI;.l"G i\IEl'HOD OF US1NG C AM.ERA, WHE SHUTTER PORTIOS 

REMOVED, AS A STEREOSCOPIC YIEWER . 

screw head shown to the right of the left-haJld lens. The camera 
support consists of a smooth hole in the camera body, into which 
fits a vertical tapered peg camed on a ball-and-socket joint on 
the tripod-a common arrangement of this type of camera. 
The camera is held quite r igidly with this form of tripod bead. 
An interesting and useful feature is that the camera can 
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also be used as a stereoscope, or d c\\"ing apparatus, by s imply 
detaching the front portion containing the shutter, and placing 
the holder (supplied), fitt ed with a {;round glass, in placo of the 
usuaJ film pack, behind the transparency to be \·jcwed. The 
ideal conditions of \'iewing the tran~parcnc~' with the ~all1 e l CI1 ~cs 

as the negatives we.re obtained are thus realised. 
The results of OU f tests with this camera showed \'~ry clearly 

that exccUent pictures can be obtained with no mor(' trouble 
than with ordinary single lens t\p(' cameras. Fig. 31 shows 
the Discopc stereoscopic camera which is made in til e 
60 by J30 mm. s ize, giying ncgati\'t;:s rather larger th an in the 
preced.ing exan1ple, and pm.sibly mon- suitahle for single prints , 
a_nd in which dust markings are Jess important. The body of the 

FIG , J I-TliE DISCOPl': C."1I!1,R A. 

camera is lnade solidly in one piece in a composition which is 
unaffected by ordinary or tropical climatic conditions. It is pro­
vided with a bush for the tripod bead, similarly to the Glyphoscopc 
camera previously described. The camera is fitted with fixed 
focus achromatic lenses working at FIB, and is provided also with 
two other smaller stops. A metallic shutter of the sliding plate 
type is fitted, giving instantaneous exposures of I-25th, I-50th, 
and I-loath sec., and also time exposures. A cable release is 
also provided. 

The camera is provided witb a direct vision view finder 01 
ample proportions. The complete outfit of camera, screen and 
three single metal slides retails at £3 55. There are canvas and 
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lea ther cases supplied with the outfit. The overall dimensions 
are 6 by 3 by 4l inches, and the weight I lb. 6 oz. 

I-t may be added here that flat-film pack adapters and extra 
slides, as well as roll-film holders arc obtainable at slight extra 
cost for use with the Discopc camera described. 

The new l ea Plaskop camera is yery similar to that illustrated 
in Fig. 32 , and is another example of an inexpensive apparatus 
capable of producing good stereo negati \'es. There are two 
45 by 107 mm. models marketed, namely, the 603 type which 
measures 5.6 by 2.4 by 3.4 inches, and weighs 12 azs., and which 
j ~ titted \dth t\\"o single achromatic lensb, and the 603/2 type 
of tlie ~ame dimensions. \\'eighing an ounce more, but fitt ed 

FIG , 3~ .-THE I CA I'LASKOP CAMERA. 

with two l ca ")\O\'ar" anastigmats of aperture F /6.8, and 
6 cm. focal length. Both models are provided with a simple 
time and instantaneous shutter. The outfit includes six metal 
slides, and a direct vision yiew-finder is fitted to each model. 

From the examples given, it will be evident that the amateur 
or beginner in stereoscopic photography need not be 
prevented from enjoying this fascinating branch, either on the 
score of first cost of apparatus or of materials ; the small plates 
used are quite inexpensi\'e, whilst the fact that only one positive 
print on glass, or transparency, need be made is also some com­
pensation to those accustomed to making numerous prints from 
their negatives. 
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1t is now proposed to describe one or two typical stereo-cameras 
now on the market , for the interest of those who desire to obtain 
the best results under all conditions, and to whom the first cost 
is not the sole considera tion. In this matter it may be added 
that a relatively expensive camera is a good investment, for good 
second hand prices can always be realised , the depreciation 
being fairl y small , under normal conditions. One of the best­
known stereo-cameras in both this country * and in France is 
the \ 'erascope, illustrated in Yigs. 33 and 3.f. It is made in 
a nwnber of different models, in the s ize -15 mm . by 107 mm., 
varying in detai ls, lenses and other refinements. The 
1\0. :2 vis. model , is of all-metal construction, \,,"ith fixed 
focus, rapid rectilinear lenses of apertures of F (8. The 
lense!; are of short fOCU5, so that aU obj ects at and beyond about 
9 ft. from the camera are in sharp focus; for shorter distances 
supplementary magnifiers are provided . In the hands of the 
nO\'ice and in experienced the fixed focus aJl-meta I st.ereo-camera 
proyidL'S a fool-proof arrangement, with which a high percentage 
of successful results is obtainable. A sliding plate type shutter 
gidng ::,,10\\", medium an d fast" instantaneous ,. speeds, as well 
as time exposures, is Jitted; it is set each time by sliding the 
small knob shown, in its slot to the left. and releasing a direct 
vision view-finder; and also a ground-glass reflector type (the 
viewing opening for which is shown in the middlc of the upper 
side, and the small lens below the shutter reset knob), 

The shutte.r release. is by finger, or antinous release. This 
camera can be supplied ei ther with magazine changing box, 
film pack adapter, or roll-film holder. The tripod upon which it 
is mounted, has a tapering socket which fits in a taper hole in 
the camera; it has also a ball-and-socket joint for tilting the 
camera in any position, 

The Model 6 Verascope illustra ted in Yig. 33 is a highly 
developed model, containing many refinements. It is made in 
the 45 x I07 mm. size, in metal construction, plated with oxidised 
silver. A range of lenses is available for selection; the model 
illustrated is fitted with Berthiot " Ste~or" anastigmats F 14·5· 

• We are indebted to !\lessrs. City Sale and Exchange, Ltd" London, for the 
particulars here gh'cn. 
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The shutter fitted is known as the "(Iu'onomos," and gives 
instantaneous speeds from 1/8th sec. to 1/150th sec. and time; 
a table is provided showing actual and marked speeds. 
Diaphragm "ariations ranging from F /4. 5 to F /16 are provided 

FIG 33.- TilE YERA!'CQI'E 1\' 0 . 6 ::\IODEI... 

This camera is fitted witb a rising front which enables the lenses 
to be raised one-third of an inch above the normal1evel , or, by 
reversing the camera a faJli ng fron t is obtained. Two circular 

FIG. 3 .J.-::'.l oo}::!.. 7 VERASCOPE SHOWiNG Ct:N CTATO r. (S.ELF- P ORTk .... l1'L'RE) 

])E\"jCE IX POSlTiOK . 

spirit levels are fitted for levelling purposes. Two view-finders 
are provided. namely, a direct vision one, and a brilliant box-form 
reflector type; the latter shows the image exactly as on the 
plate. The shutter is set hy the swinging t r igger shown hetween 
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the two lenses; it can be released either by [lnger or antinous 
release. This model can also be arranged for natural colotlr 
photography . Special Autochrome lilter5 and pla te carriers 
are suppli ed to suit the camera. A plate changing box is pro­
v ided as standard , but single slides or fi lm holders can be ~u pplied. 

This mode] is admirably s1lited to tropical and touring purposes, 
as there are no parts made in organi c materia,ls. It is always 
ready for use and plates Cill) be changed, by means of the magazine 
changing box, in a second or two. The results obtained with 
this camera, when used properly. are aU that can be dcsin.'d, 
whilst its manipulation is qui te simple and fool-proof. 

Another \' erascope model is fitted with a high speed 
</ Chronomos" shutter, giving in:;tantaneous speeds ranging 
from r/8th to r /400th second. It is particularly suited to the 

F IG. 35.-THI·: l eA STE REO l DEA L C." ~! ERA. 

photography of rapidly moving objects, e.g., horses galloping, 
athletic movements, locomotives and automobiles. 

The NO.7 Model Verascope is a de luxe camera, fitted with 
seli-portraiture and natural colour photography equipment:; 
in general specification it resembles the No. 6 model, but FJ4.5 
lenses are fitted as standard. A 7 x I3 cm. Verascope model is 
also made by the firm of Jules Richard. This is, of course, a 
larger model, giving stereoscopic pictures 2f inches square. It 
is fitted with F/4.5 Zeiss Tessar or Voightlander lenses, provided 
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with iris diaphragms, in place of the sliding diaphragms of the 
other models. Means are prm-ided for focussing this model. 
as the foci of the lenses are Jongcr, and the nearest " infmity " 
distance much greater than in the case of the other models. 
Fig. 36 illustrates the l ca Polyskop camera which is made in 
the -+5 X r07 mm. size; it weighs, complete, 39 azs. It is '"CIY 
complete in equipment, and its manipulation is a simple matter. 
Special features of this camera are the F/+5 Zeiss Tessar lenses, 
which art" fitted in a focuss ing deyice operated by a IC\'cr on the 

FIG. 3t1.-TuE l eA P OL YSKOp C,":"IER.-\. 

top of the camera, Compur sector shutter gi\'ing speeds of r sec. 
to r /250th sec., besides time and bulb, iris diaphragms both 
controlled by the single dial marked (Fig. 36), view-finder of the 
direct vision type, pro\'ided with centre lines, rising front, single 
slides and plate-changing box are provided. It is a very compact 
camera, well made and well finished. IVIetal construction is 
employed throughout, a leather type of covering giving the 
camera an attractive appearance. 

The Mentor Stereo. Reflex Camera shown in Fig. 37 represents 
one of the "last words" in stereo-camera refinement. It is 
made in four different sizes, ranging from 45 x 107 mm. to go x 180 
mm. ; the three larger sizes may also be used for panoramic 
pictures, a special single lens panel being provided for trus purpose. 
One of the pair of stereo-lenses may be used, or a speci&.l wide 
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angle lens fitted. The camera open::: to th e inilnity position. and 
the full -sized picture can be focussed on the ground-glass screen 
in the upper viewing hood right up to the moment of exposure. 
A focal plane shutter giving time, and instantaneous speeds up 
to 1 /1000 sec., is fitted. The camera collapses and both hoocl 
and bellows fold lip compactly into a rectangular shapE'. 

The l ea :\Iinimul11 Palmos camera employs 6 x 13 em. plates. 
It is of the folding bello\\'s t,·pc. with rigid struts at the corners 

FtG. 37 ~TlIE MENTOR STEREO HEFLEX CAlIElI,\. 

of the lens panel when opened out for use. Focussing is by means 
of helical lens mounts, connected together by means of a rod; 
an engraved focussing scale is employed. A ground glass screen 
is also prm'ided for stand focussing. The shutter fitted is a 
focal plane one, which is capable of gi\'ing instantaneous exposures 
from r /30th to 1 / 1000 sec., time exposures can also be given, two 
pressures on the release being necessary, one to open and one 
to close. Carl Zeiss Tessar lenses of aperture F/4.5 are fitted; 
adjustable iris diaphragms interconnected by hinged rod are 
also provided. This model has a large folding type of direct 
vision view-finder, consisting of a large wire frame prC'vided with 
a bar with central hole, and a rear-sight. 

Tne Stereax camera (Contessa Kettel) is made in the 6 x 13 mm. 
size; a smaller model (Duchessa-StereQ), is made in the 45 x 107 

mm. size. These cameras are provided with folding bellows, the 
lens panel being held out by a lazy-tongs movement. Focussing 
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is done by means of a milled head which actuates a screw, moying 
one of the lazy-tongs members; the lens panel is maintained 
parallel to the plate alJ the time. A focal plane shutter is fitted 
giving time, and instantaneous exposures from l /1Oth to 1/I200th 
second. The camera is fitted with F /-t ,j Zei~5 Tessar lenses, 

FIG , :~b'-TIIE CO:"'TES<;A :SETTEL STERE .... X CA;.IER .... 

adjusta ble, and coupled iri s diaphragms being pro,·idcd. Single 
metal plate cameras, plate magazin es and film pack a.dapters 
are supplied. There is a direct \;sion large-sized wire view-finder. 
The whole camera is vcry compact when folded up. 

Another modern stereo-camera, which possesses many refine­
ments, is that known as the Heidoscope. It is a box-form camera 

FIG. 39.-HEIDOSCOI'E STEREO-HEFL1:.X C."~1ERA. 

fitted with a focussing arrangement for the lens, actuated by the 
milled head sbown on the lelt. A special feature of this model 
is the reflex finder, having a separate lens of aperture F/2, which 
shows the fuJI-sized picture on its ground glass screen. Tbis 
image can be focussed and viewed from above, or at eye-level, 
a metallic mirror being provided for this purpose, together with 
a 2! times magnifieL In this way, it is possible to ob,erve the 
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picture and to focus the two stereo-lenses right up to the moment 
of exposure. A Campur sector shutter gi\"illg speeds of I sec. 
to 1/200th sec .. time and bulb exposures. is fitted; the speeds 
are set by means of the milled head shown on the right. There 
is a self-locking rising and falling front. This camera is mad" in 
the 45 x rOj mm'l and 60 x 130 mm. sizes, and is Htted with Zeiss 
Tessar F /+5 lenses. 

Messrs. GoeTz also make a Stereo Tenax camera, on the lines 
of their well-known, larger , single lens Tenax. It is a focussing. 
foldin g, lea ther bellows model, fitted with Goerz Dagmar F/4.5 
lenses of 2~ in. fOCIlS, and a sector-type shutter g iving time and 
bulb exposures, and" instantaneous" exposures from I sec. to 
1/150th sec. It measures r~ in . x 2f in. x 5~ in ., and weighs 
18 ozs. 

There are, of course, many other makes of stereo-cameras, 
chiefly of French and German origin , which space considerations 
preclude descriptions of here. From the typical cxmnplcs gi\'en, 
however, a general idea of the design, accessori e!>, fittings and 
operation will have been obtained. 
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THE YIEWIXC OF STEREOGRA...'IS. 

HAYJX C outlined the principles of binocular vision, let us now 
consider the practical applications of these to the taking and 
viewing of phot.ographs in relief, confining our attention in the 
present instance to methods of viewing objects stereoscopically. 
It will be asslImed that pairs of photographs, each taken with 
the appropriate lens of a stereoscopic camera, are avai lable for 
the purpose. To recapitulate, each photograph of a stereoscopic 
pair is taken from a different view-point . For ordinary close 
range subjects, such as buildings, streets, portraits, and the like, 
it is usually only necessary to take two equal-sized photographs 
of the same objects , from two positions separated laterally by 
about 2~- inches; it is sufficient merely to shift the camera 
la terally by this amount in the case of still objects photographed 
with a single lens camera, and to take another photograph under 
similar light and exposure conditions. Prints from the two 
negatives thus obtained \\-ill fonn a stereoscopic pair, which if 
viewed in a stereoscope or by one or other of the methods 
described next , and \vhich require no stereoscope, ,,,,ill show 
the natural relief. 

Stereoscopic Effects without Photographs or Stereo­
scopes. *~It is possible to experience stereoscopic, i.e. relief and 
pcrspectiYe, effects \vithout the aid of the camera, or stereoscope, 
as will reacliJy be appreciated from the following simple test. 

Draw two circles or black dots, about t inch diameter at a 
horizontal distance apart of about 2 inches; it will render the test 
easier if these are drawn near the top edge of a sheet of white 
paper. If the eyes be focussed on these dots in the ordinary 
way, both will be seen distinctly, but if the paper be held at 
about IS to 18 inches from the eyes and the dots be observed 

• Several more advanced examples arc given in Chapter XU-
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with the eyes accommodated for a ]ong range. or infinity, th{'~' 

will be found to merge into a single centra] dot; in mo~t cases 
there is also a fai_nter or ghost image on each side. It is better 
to hold the paper in front of the eyes at the distance mentioned, 
and whilst still looking at a distant object to slowly move the 
paper upwards, and with out altering the position of the eyes 
to look at the dots; they wil1 appear to travel inwards and to 
merg. Thi s experim ent should be repea ted with dots or circles 
at wider !'eparations. np to that of the normal eye, na.mely . 

• • FI G. 4 o.- h Lr5TRAT1:"G THE :,\iETHOD OF I\IERGING Two DOTS. 

about 2~ inches, and also with a dot on onc side and a circl e 
on the other, or a short horizontal line on the one s ide and a 
\'erticalline of equal length on the other. It should be possible 
to merge the dot into the circl e in the former case, and the two 
lines into the fonn of a cross in the latler case; dots of different 
colonrs may be blcnd~d in a similar manner. 

Some persons ~lre able to merge objects in this way \vithout 
difficulty. and can Yiew stereoscopic prints without the aid of a 
stereoscope. It is also possible by "crossing" the eyes, or 
squinting. to obtain a stereoscopic effect when viewing a " pair .. 
of illustrations and without the aid of any "iewing apparatus. 

The reader should practice the dot-merging experiment, and 
then endeayour to view stereoscopic lllustrations, such as those 
given in Chapter XII. and the (cs( chart reproduced later. 

The reader can also. knowing the principles involved, and 
which \yc haye previously Quthned sufficiently. make his ovm 
stereoscopic line and shaded i11ustrations, and with the exercise 
of a little ingenuity can build up, graphically, some remarkably 
interesting stereograms. To makc clear the principle employed, 
Fig 41 has been prepared; it shows two control points , or foci, 
L and R, at 2t inches apart in this case, and each at 21 inches from 
the line Xl". The images of any two objects (in this case circular 
rods, or circles), A and B, as viewed by lenses at Land R respectively 
are shown at a, b and a', b' respectively; these images correspond 
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to tJlOse which would be thrown on a ground glass screen Xl'" by 
lenses situated at L and R respectively, and each of focus 2t 
inches. By projecting these images below, as shown, a 

stereoscopic pair is obtained. 
It is necessary before 
attempting to \'iew this 
result in the ordinary way 
to transpose the left and 
right hand diagrams, so tbat 
the lelt becomes the right 
and the right the lelt ; this 
is done because, similarly 
to wbat occurs when objects 
are photographed, the images 
are reversed in posi tion. 1 f 
the diagram is not reversed. 
but is viewed directly in a 
stereoscope, there occurs a 
curiollsopticai iUusion known 
as a pscudoscop£c one, wrueh 
is the reverse of stereoscopi c 
relief; anyon e who has 
looked a t the llegati ve of a 
smail stereoscopic pair, sllch 
as those obtain ed on a 45 x 
107 mm. plate, will appre­
cia te the strange optical 
effect experienced. 

It should be pointed out, 
also, that the above method 
reverses the relati ve posi­
tions of the objects A and 

FIG .. p .-]U; USTRATING ]\lETlIQD OF B. Using the photographic 
CONSTRUCTING A STEREOGRA:'II . analogy again, we are looking 

(reduced diagram). at what corresponds to the 

negative, and in order to obtain the correct relative 
positions of~the images a, b, a,', b' we should have to do 
the equivalent of making a print; the print, in so far as it 
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concerns the true relatiyc po~itions of th(' objects photographed. 
is reverse from the Ilcgati\-e. Thu~ to olJt3 in the correct right 
and left hand image::- of Fig .. .p we must cithrr apply OUT 

construction not to the real position:" of .-J and R. hut to thrir 
mirror, or looking- glass. imagf's, or alt{'rnatiY(~Jy \0 f('Y('r;;;c-, or 
U::.(:' th(' looking-gla::-:s images of a. b, a', and oJ. 1 t is nul nt>cc~sar~' 

to do th!!', howcyer, for s,impk bb.ck-and-whitt· diagram!:'. where 
rc\'er:,-al is of 110 consequence. since the stereoscopic cffL:ct 1~ 

lInalt~red. In connection with thb method (If cun:;truction, 
the nearer the object::. . 1 <lnJ B and the bigger thty arc, the 
grpatcr will he the reJief C'ffC'ct experienced. 

A nD/her method of making stercogral11s of solid ohjccf.s, and One 

\\"hich c:.tn he applied to many useful cclucation;:tl and instrllctin" 
purpo:-e.::, i~ to acttla ll .\' draw, to the correct !:>caJc, the object, 
firs.tly a~ seen with tl1(' right eon', ~ay, a lld s{'('ollcll~' as seen with 

l:IG .. p.-SHOWINC f'.lETHOD OF DRAWING STEREOSCOPIC Dl. ... CkA MS. 

the left. The drawings may be done to any scale, but must 
both be equal in size, or reduced to equal-3ize, and to the ordinary 
stereoscopic print size (3 by 3 inch) if to be viewed in an ordinary 
stereoscope. 
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A simple piece of apparatus can be rigged up, as shown in 
Fig. 41 consisting of a vertical wooden board or cardboard 
screen, provided ",,-itl1 two peep holes at the same horizontal 
distance apart as the eyes of the person making the drawings. 

By the Rid of suitable models, some useful stcrcograms 
can be prepared at little expense in the case of simple 
objects. 

Stereograms by Tra nslation or Rota t ion .-Stereograms 
may also be made by using one eye, and one peep-hole only, 
if the object, or group of objects be given a displacement side­
ways of, say, z! inches, or be rotated a little about a vertical 
axis. The same methods can also be used with a single lens 
camera. 

Simple Viewing Devices.- The principle to be obser\'ed 
when viewing stereoscopic prints or illustrations is for the right 
eye to see only the print taken with the right-hand lens, and the 
left eye that ,,-ith the left lens. Both views should appear 
superposed . Unless Ule observer is able to merge the \;ews in 
the manner pre\'iously indicated, be will find it impossible to 
concentrate the attention of each eye on its respective illustration, 
so that some artificial aid becomes necessary. 

One of the simplest methods of viewing a stereogram is that 
illustrated in Fig. ~3 and consists of a ,-ertical black screen 5 
placed in front of the two views A and B of the stereogram , and 
moved backwards or forwards until it just about occupies the 
posi tion indica ted. It will be evident that the black screen 5 
prevents the right eye from seeing the left "iew and the left eye 
from observing the right \'iew. A little practice is required, as 
in the case of the merged dots (Fig. 40), and as before it is better 
to practise with stereoscopic prints of smaller lateral width and 
separation than the full-sized ones, and after sufficient control 
of the eye muscles has been acquired to gradually increase the 
width of the prin ts and also their separation until, in the latter 
case, tbe full 2t inches has been ohtained. 

A convenient way to carry out this method, or rather to 
practise it , is to place the two reduced width stereoscopic prints 
against a book on a table and to bend a piece of tin Of cardboard 
in the form of an angle so as to make t he screen S (Fig. 43). 
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The eyes can be then arranged at the required level, near th, 
edge of the table. After a certain amount of practice, th' 
screen 5 can be dispensed with in many cases. 

r
--------------- --­: -------_ --_.- if --_ 
F---- -- ------

FIG. 43-A SDII'LE )IE1'HOD OF YIf:W'It'iG Snml-:QCRAMS. 

= -=- .... 

It is not difficult to those who have practised viewing print 
\,,-ith the merged dot or the single screen method to view an: 
stereoscopic pair by merely holding two adjacent fingers of th 
hand vertical and in front of the eyes at the distance (10 to I 

inches). giving non-interference between the eyes. 
Elliott's Stereoscope.-An interesting viewing device, whid 

dispe~sed with lenses, mirrors, Or prisms, was invented b: 
Elliott in 1834, and made some five years later. It require' 
the use of transposed prints, that is, the left print was plaw 
on the right hand side of the viewer, and vice-versa, and depended 
jn its application, upon the cTossing of the optical axes of th 
eyes at a point nearer to the eyes than the prints under vie" 
Referring to Fig. 44, a box K was provided with two symmetrica 
viewing or peep-holes a and b, and another hole C in th 
centre of the opposite face. The left eye observed the left 
photographed view at B through the holes band c, and il 
virtue of the position of these holes was unable to perceive th 
other right view A . Both views appeared superposed, or merge, 
at C, due to the crossing of the optic axes at this point 
Although it was not so convenient or so easy to use as thl 
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urdinary prism or lens t)-PC stereoscope, this lens-less \'ie"'er 
mark ed a distinct s tep in the progress of the subjcct. 

-' - A- · 

FIG, H ' 
El.l.IOTT 'S STf; KEOSCO PE, 

Wheatstone 's Stereoscope.- The 
fir5t successful stereoscope of practical 
Iltility was that iIl\"ented by Prof. 
"'hca tstone in r.R_18, and first ex hi bited 
at th e British Association :\l eeting held 
in tha t year at ); ewcastlc. It 
depended in principle on the \ 'iewing 
of tilt' prints of a s tereoscopic pair by 
rdlcction from two mirror:;; set at 
ahout 45° to the prints. Referring to 
Fi g. -45 1he left ;1nd right prjnts were 
placed as shown a t. .-1 and 13, and were 
Yie\\"ed by the left and right eyes 
through holes a and b in a screen Sand 
by refl ection from mirrors 1.11' and ll[ 

respecth'cly, O\dng to the refl ection 
proce~s the prints were re\'ersed , that 
i:" to say, although the combined 
effect was stereoscopic the \"iew Or 

o bject \\'as rc\'crsed from left to right ; 
thus any printing in the originals 
would rcad backwards/ and right­
banded persons would appear to be 

left-handed , exactly as if yie,,-ed through a looking-glass. The 
prints .--:1 and B were moved towards or away from their mirrors 

~---- . .. - - .-~ 'i{ - --- - ;;.:..:- -~ 

~---.-.- - - -::M:--------k:c: __ n~ 
',I" 1',1 

)~lidr·· .. ~ 
~ fl1- _1'11' 

FtG, ,t5-SHO\\'I~G PRINCIPl.E OF \\' m,: t..TST ONE'S S TEREOSCO PE, 

by a right- and lelt-handed screw and wheel K. Although the 
Wheatstone stereoscope is still in use f9r viewing large photographs 
-one has seen some, excellent fun-sized radjographs of the 
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human body*- jt suflC'fS from the above disadvantage, frolll 
bulkiness, 10s5 of light , and for the 1110 St dfectin;! results 
reqllires surfacr s i_lycred mirrors- olhc'rwise double refl ections 
are obtained from the fronl anci back surfaces of the glass . 
This stereoscope W;l S undoubt edly th e first real (l()\.-ance made. 

Brewster 's Stereoscope.- Th c popular type of st creo~opc 

in liSt; to-d:'IY for viewing ordimuT stc.: rf'oscopi C' prints is due to 

Sir Va\'id Brewster, wh o applierl til l." principle of optical rrfraction, 
in pl:l Cl' of n:'fh:c ti on, and therehy o\ 'crcanl C til(' inherent 
djsa c}\'antages of the latter method. Th e Brewst{'r stereoscope 
employs prism::-, or kn~ sections, to enable each eye to see its 
appropriate \'jew , and to merge the twc yi f'w S thus seen by both 

eyes. 
Referring to Fig. 46 it "ill be scen tha t the chect of the left 

prism is to refmct the li g- ht rays proceeding from the left view 
.-:1 B and to cau5.t.! th e. left e~re to appear to ~ee this view , not in 

! L 

. q'~----··' 'JJ I 
F I G. 4 <r--1l.L USTRATII'G PRINCIPLE OF BREW STE R'S S TE REOSCOPE. 

its true position, but in a central one A j Bl between the two prints. 
Similarly, the right eye also appears to observe its right view 
riB in the same central position, tIle net result being the required 
merging of the separately seen views; t hus the real conditions 
of stereoscopic viewing are fuliilled . 

• A complete instrument is shown In Jo" ig. 127. 
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Tho prisms I, and I, employed are not plane, but curved or 
lenticular ones, and are usually made by taking a double convex 
lens of three or four inches rliameter, and cutting square­
shaped wedge-like pieces from near the edge. In this way it is 
possible to focus the prints viewed, as well as to obtain stereo­
scopic effects. 

Most people are familar \\;tl, the ordinary print viewing type 
of stereoscope, so popular many rears ago, with its square 
lenticular prisms, mounted in a wooden frame, provided with a 
velvet-edged light-exclurung hood and wooden guide for Sliding 
the print-holder when focussing the photographs. A wooden 
partition was also provided to assist in preventing interference 
of the two yjews when observing same. This pattern was 
designed by Oli"er Wendell Holmes, and originated in America. 
An example is shown in Fig. 47. 

Fra. 47.-0RDIl-:AR\' STEREOSCOPE. 

There is aJso another type of stereoscope which is some­
what on the lines of Wheatstone's, but two mirrors are used per 
picture, and both pictures face the observer. Here the double 
reversal gives the cOITect disposition of objects in the stereoscope. 

Other Types or Print Viewers.-There is a number of altern­
ative types of stereoscope for viewing prints. but all of these follow 
the same basic principle. They range from the small foliling metal 
types provided with means to vary the distance between the 
viewing lenses (or inter-ocular adjustment, as it is tenned). to 
the large outfits resembling retouching desks in appearance for 
viewing large sizes of stereoscopic photographs, and similar to 
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the aerial and topographical stereoscopes in present use. A 
neat portable stereoscope is that supplied with the Sunbeam 
Tours series of photographic reproductions of traycl, zoological 
and similar subjects. 

The Carl Zeiss Stereoscope.-This stereoscope, which is 
illustrated in Fig. 48 is an exceedingly well-designed and 
constructed apparatus, provided with all of the necessary adjust­
ments. It contains an ocular or eyepiece unit. which can be slid 
bodily up and down the rod shown and clamped anywhere; 
rotation is pre\'ented by a key in the body-sliding in a keyway 

FIG. 4 S-THE ZEISS STEREOSCOPE, SHOWN I N INCLINED POSlTIO/>.', 

cut in the rod. The simple ocular "iewing lenses are of 15 mrn. 
focus, but two better achromatic lenses of 10 mm. focus can be 
supplied. The print or transparency holder accommodates 
pictures of 6 by 9 em., and can be tilted (with the eyepiece rod) 
to any desired angle relative to its base, and clamped in tbis 
position. The lens holders are provided with interocular adjust­
ment, operated by the simple method of rotating a large milled 
head on one or other of the lens holders; both of tbe latter are 
connected together in such a way that they move outwardly or 
inwardly by the same amount, i.e., symmetrically. A pninter 
and scale enables the ocular distance to be set, so that for any 
future occasion the correct separation may be noted. 
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The ~tagc carrying the photographs is accessible from a ll 
three ~ides; clips arc provided to hold the prints or transparencies. 
\\Th en viewing the latter , equality of illumination (from behind, 
(If c(lur~(') is gi\'cn by means of a frosted class screen immediately 
behind the !'-ilidf' carrier. and also by the aid of an (lpa l glass 
rencctor in the horizontal base of the apparatus. A scale i5 
pro\"idcd at thE' top of the ,"iew-holder, graduated in metric 
mca~ur('. The 10 em. focal length ('~'epiece lenses arC preferable 
when ,"jcwing photographs obtaint'd \\"jth ordinary modern hand 
cameras, :,inee the biter h,IYe len5t'!s of about thi~ for:",\ lPngu1. 
] t is a hasic Llet in stereo~copy tho. t :"tert:'o:,c()pic p rinb ~h(Juld 
be \·jewr<! \\'jth JCllf'E'S of tilt' sam(' foci a~ tho;;;c employed in the 
phot.ographing' ca.ll1er~l. For thi:.' r('a~on, thost' camcra:-- Wllich 
hy ~ simple cOll\'ersion (e.g., rel11m'ing the sh utter unit) enable 
them 10 be used as yiewing ~tcrco~cope~, gi\'e better results than 
wIlen the rt'suits arc \'icwcd with stereoscopes of different Ioei. 

1n pa~sing. it should be mentioned that the Zeis~ stereoscopes 
are suppli ed in \\'ooden ca~('s, compltte with sets of stereoscopic 
photograph:-i. The hItter include Some most original and unique 
,ubjccts. 

Box Type Stereoscopes.- A popular type of stereoscope is 
the enc losed, or box form, proYided for transparencies The 
carli er models could be used also for prints, a hinged lid , ("ontaining 
a reflecting mirror, being prO\'ided for illuminating th e photo­

FIG. 49 - B ox STEREOSCOPE WITH 

:">liRROR Tap. 

graphs. 
The ordinary box yjewer, 

illustrated in Fi gs. 49 and 50, 
is fitted with fixed \'iewing 
lenses, proyjded \\"ith a 
common rack-and-pinion 
focussing de"jce operated by 
th e nlilled screw shown on 
the left. Tbe more expen­
siye instruments have inter­
ocular adjustment also. The 

glass transparency-which is simply a lantern-slide type of 
print on glass, \~ewed by transmitted Jight-is inserted through 
a slot in the side (shown just below the focussing scrcw in 

88 



YlE\\T\G OF STEREOCHAJIS 

Fig. 50), a clip being proyided to prewnt it s falling uut whilst 
being yiewed. A grou nd-glass screen behind the ~lid e, 

and jUH out of focus in 
respect to the yi ewing len.::.c=" 
giyes the necess3 ry diffu~f'd 

and eyen illuminatiun of the 
transpar~ncy. The slide i:-. 
yiewed by facing any suii.­
able ~ou rct> of illumination, 
:,0 that the ground-gJas'; 
screen is ill um in ated dircctJ.\·, 

This form oj \"ie\\"er is 
prohably the be,t of any, a5 

it enables a far better rang!.: 

JIG, 50 Or~n!:-':Aln' Bu .... 
FOH!>1 STE](lw)o;nJl'E. 

of t 0I1(:5, and a considerable increu:-,L' in hriUianC\' t(J be obtained . 

Collapsibl e Stereoscopes .~Figs. 5I and 5; illustrate t\\'o 
types of collapsible In<:tallic stereoscopes, for pockl't requirements; 
each can be folded up when not in u~e. The former stereoscope 
has a sliding arrangement for focu~sing; th(· pidure~ are inserted 

F IG. jl.-FoLD1NG Focr;ssP'G 
STEREOSCOPE. 

FiG. j2.-FoLOIN(; F""m 
Focus STEREOSCOPE. 

horizontally. The latter is a fixed focus device, in which the 
dides are inserted vertically from the top. There is a number 
of vuch devices in existence, but the two shown are modern 
examples supplied by Messrs. The City Sale and Exchange. 

The Pulfrich Reflecting Stereoscope.~ The reflecting 
steleoscope 01 Dr. C. Pulfrich, made by the firm 01 Carl Zeiss, 
J ena, and supplied here by )1essrs. Atha and Co., London, 
possesses many advantages for viewing large prints, over the 
original Wheatstone stereoscope. In the first place the prints 
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employed can be contact ones from the negative, and do not 
require reversal as with the \~lheatstone instrunlent. Secondly, 
the prints can be illuTIlina ted evenly from one source of light, 
in the front; and thirdly, the whole apparatus is portalJle and 
can be assembled from its components, on the containing box. 

The principle of the stereoscope will be apparent from Fig. 53. 
Here the pictures fornling the stereo pair are shown at P, and P, 

FIG. 53.-ILl.t:STRATJ~G PRIXCIPLE OF THE PULl'RJCH-ZEISS 
LARGE PRINT STEREOSCOPE. 

situated in the focal planes of lenses L, and L,. On each side 
behind the lenses are two glass prisms ABC D, which enable 
the pictures P, and P, to be observed by two internal reflections, 
from the faces A.B and BC in each case. This double reflection 
does not cause image reversal as in the case of a single reflection. 
The effect apparent to the eyes placed at A, and A, is that 
indicated by the dotted lines above; the pictures actually at 
P, and P, in the stereoscope appear in the dotted positions P, and 
P,. The distance between the upper far points F, and F, is 
equal to the distance 'between the lens centres, i.e., to the lens 
separation. The amOlmt of angular deviation of the rays 
due to the two mirrors is about 120°. In order to view 
the pictures \\~th lenses of approximately the same focal 
lengths as those employed in taking the pictures, the stereo­
scope is also provided with a revolving eye piece consisting of 
three lenses of respective focal lengths 100, ISO and 200 mm., 
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and one empty ring for taking a lens of some other focal 
length. This stereoscope is pa rticularl\' suitable for large 
prints of pictorial \'iews, portraiture, st ill objects. ~-ra.\· plwto-

FIG 54 .-SUOWIN C THE l'ULFRICH-ZElSS STERIW!oCOf'I-: I:>' l'S!;. 

grapbs, aerial and land survey photographs. The original set 
includes fifteen mounted stereo pairs of photographic prints, 
principally of examples illus-
trating the application of 
stereo-photogranunetry. 

Stereoscopes with Re­
versing Prisms.- It has 
already been shown that the 
positive prints from a stereo­
scopic negative require trans­
posing, in order to correct 
for the lens reversal effect. 
In the case of transparencies 
this is done in the special 
printing frames provided for 
the purpose, or by cutting 
the positives, transposing, 

F IG. 55. 
RE\':eRSll' C PRIS:\I STEREOsCOPE. 

and mounting on a glass slide similarly to a lantern slide . 
"'hen coloured transparencies, such as Lumiere autochromes, 

are used, no printing is required, ~ the positive is made by 
a reversal process on the negative direct. The only method of 
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transposing these culoured \"jews hitherto available was by cu tting, 
t ran sposing and mounting up again - they callnot be transposed 
in the ordinary way, ~incc there is no equi\"alent printing process. 

A stereoscope (fi g. 55), now amilable. is proyided ,,-ith 
prismatic yit'\\"ing lensts, which r('\'er~e, hy an optical method, 
th(; two \-jews, 50 that the correct disposition of the two views 
is oili aincd with out (ut ling the glas::; slide. The appa ratus is 
also applicable to ordinary tran5parency slide:', and sa\'es a good 
d('al of trouble in the printin~ and mounting. 

Automatic Stereoscopes.- The ordinary hand type of 
st(T('oscope descriued has been elaborated in many ways, so as 
to enablt"' a series of ,·jews to hi: ~ecn one a fter the other, without 
ha\'ing io insert them separately, These automatic stereoscopes 
have rcached a \'ery high standard of perfection, thanks t o the 
ingenui ly of J ule:; Richard and others, and hayC' become- a 
drawing-room inno\'cnion to a small ext ent in thi s country 
but mort' ~o on the Contin ent. The first autOmatic dcdces, 
many of which are st ill jn active lISE', consisted of long 
{'ndh'",~ chain pair~, provided with \\-ooden or metal carriers 
for the prints (mounted on cards) or slides, By rotating a 
handle on one- side of the containing cabinet, the slide 
was changed_ 1n the case of prints, these were \-ie\\-cd at 
the top of the iraq'l of the vertically arranged chains; \\'hen 
t1l(' handle was giyen a turn, the ca rd was released from its 
\'Crttcal position against a retaining dip, and allowed to drop 
into a horiz.ontal posi tion on th e \'iewing side, thus lea\-ing the 
next print ready in its \'ertical position, This m ethod, it will 
be seen, js very similar to the bo::\ magazine camera plate-changing 
mechanism, 

Fig, 56 illustrates the Am erican cabinet-foml stereoscope, but 
in tbis case modiJied by Jules Ricbard. In the ordinary chain­
operated stereoscopes the space necessary for the changing of 
the \'iew n ecessitates the use of lenses of fairly long foci, which is 
a disad,·antage. In tbe model shown (he turning of a handle 
on the machine drops the chain down below the line of vision, 
and then ro tates it, bringing the next view up at the correct 
angle for viewing_ As tbe views do not rotate in front of the 
lenses there is no disturbing movement t o tire the eyes. It also 
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aJJows thc use of short focu~ len:':(':'. !'o that large imagt.':' arc 
ohtained. Th e chains hold fi ft ~· pictu res. which are casily rcmon'd 
and ne,,- ones in serted, The machine has an adjust~h l e foc us, 
and there is ai:,:o a dc\-ice, op('rLl ted by pulling a ring, for 11l(l \-ing 

the lenses on.'r so that tilt' titl t· of the picture ma~' be s('('n. 

FIG. 56- THE AMEIUCAN Tn'£ C ABIXET STER E OSCOT'ES 

The Taxiphote Stereoscope.- The Taxiphote is an instru­
ment which has been specially designed for viewing. classif.\'ing, 
storing, and projecting stereoscopic transparencies made with 
the stereoscopic cameras_ 

It takes the foml of an elegant cabinet, the base of which 
contains a series of small drrtwers for storing the transparencies. 
Each drawer accommodates four Ambroine boxes which take 
the glass transparencies, each in a separate grom-e. At th e top 
of the instrument is the opt ical arrangement . consisting of a 
pair of eye-pieces containing spedal Jenses, which give defmition. 
coupled with true perspecti,'e, and natural relief, and also a 
mechanical de\'ice to hold the series of transparencies which is 
to be viewed. 

The eye-pieces are provided with rack-and-pinion focussing, 
so that the pictures can be brought into sharp focus by merely 
turning a miBed head. The distance between the eye-pieces can 
also be adjusted. By one simple movement an)' transparency 
can be brought into position for viewing without di sturbing the 
order or touching the transparencies \~ ith the fing-ers. 

The Taxiphote raises the required plates from a grooved box, 
places it opposite the eye-pieces. and then replaces it into the 
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box again without changing its order. These boxes with t\venty­
fi\'c groO\'es can be used equally well for the negatiyes as for the 
positiYes. 

In its base arc tweh'e boxes, each with twenty-five grooves, 
thus gi\'ing a storag(, capacity of three hundred yiews. These 
boxes can be changed instantaneously. One of the boxes is 
placed on a platform , a lever pressed with a very simple move­
ment, and the required plate is in position brfare the eye-pieces 
of the stereoscope. 

FIG. 57-THE TAXH'HOTE AUTOMATIC STEREOGRAM VrEWl~G DEV'CE. 

One of the advantages of this apparatus is that the central 
clear band of the positiYe between the two views may be used 
for writing the title of the picture with ordinary ink on the 
gelatine. This is very simple, as the space is considerable, and 
one writes in the ordinaJ~' way. By simply lowering a small 
handle the picture is covered and the title appears. 

It frequently happens that the distance between the eyes is 
more, or less, than the nomlal distance of 65 millimet res adopted 
for the space between the eye-pieces of the stereoscope. In 
order to obtain a perfect centre for the eyes and the eye-pieces 
of the Ta..xiphote, a simple adjustment for altering the distance 
between the two eye-pieces from 45 to 75 millimetres is fitted. 
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This range meets aU cases. A dial with suitable divisions enables 
the obserycr to find at once the most convenient position. 

Stereoscopic transparencies for use in the stereoscope require 
no cover glasses or binding. The Taxiphote keeps lhe trans­
parenci es in convenient order, ready for inspection at a moment's 
notice, and free from dust and the danger of breakage. If 
desired , th e Taxipbote can be supplied with special reversing 
prjsms which obyiate the necessity for transposing. This is 
particularly convenient to those using the Lumiere autochrome 
process. The Taxiphote is made in a variety of woods and 
different styles of design and finish. 

The instrument is supplied in ,"m-jous sizes to take trans­
parencies of the following sizes: 45 x 107 mrn., 6 X 13 cm., 
7 x 13 cm. , IO X 15 Clll . (postca rd size), 8~ x "7 Clll .• and 
6ft x 3t in. (English standard size) . 

The Taxiphote can also be used for the proj ection of trans­
parencie~ on a screen, up to a \-ery large size, for private entertain­
ments, or for use in small halls for lectures, etc_; it can be 
successfull y used for the production of bromide enlargements 
or enlarged glass transparencies. 

Test Charts for Stereoscopic Vision .- The degree of 
stereoscopic vision possessed varies in different individuals; 
some persons can merge stereo-pairs of photographs wjthout the 
aid of stereoscopes, whilst others are able only with difficulty to 
a ttain stereoscopic vision of photographs. The inter-ocular 
separation distance also varies with different people, so that the 
ordinary fixed lens type stereoscope sometimes fails to merge the 
objects viewed. A further failing frequently met with is that of 
focal and anastigmatical differences between the two eyes of an 
individual. It is for tbese reasons that the best stereoscopes 
are fitted wjth interocular adjusting lenses, each lens having a 
separate focussing device. 

When there is any doubt as to the quality of st.ereoscopic 
vision possessed by any person recourse should be had to a 
standard test chart of the type indicated in Fig. 58. This chart 
was devised originally for the purpose ~f ensuring that observers 
using the Zeiss stereo-telemeter and stereo-comparator were 
capable 01 detecting the smallest differences in the relative 
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distancl'!' of ohjects, and to obtain quantitaii\'C' eyidence, i.e. , 
expressed in figures of tht: exact degree of stereoscopic. yis ion 
P<)ssi.;~5cd . 

Hcferring to Fig. 58, if thi:; ~u.:r('{I:-;c(lpic pair of s.ilhouette 
objects be viewed in a. stereoscope, they will he found to li ~ in 
different planes ; indct'd, the skreoscopic effect is somewhat 
remarkable \\"jill n urm~tl \+,jnJ1. Hcfcrring to Diagram (r), tile 
circle is nearC.5 t in distanct' and th e cen tre dot farth est. th e 
square and trianglt: being interm ed iate. In Diagram (2) a 
planNarr sy::.tem j, seen in rdid aga inst a starry background. 

F i Co . .:;8-T1IE ZEISS TEST CHART FOR STEREOSCOPIC \"1510]'; TJ'STS. 

In ()) there is seen a circular ring looped on two wires cOIlYerging 
(in perspectiyc) to an apex near the obseryer. The vertical 
lines in (4) and (5) are at different distances from each other, 
some appearing ( 0 stand Ollt in relief. In (6) the smallest circle 
is the nearest to the eye, \I'hilst the circle immediately beneath 
it is the farthest aWHY. the lower left cirrJe being next in order 
of distan ce. Diagram (7) is a fine test of stereo-vision. A good 
observer should be able to see no less O,an eight objects, each in 
a different plane to the other ; the vertical arrow is nearest and 
the peculiar double loop (figure eight) sign in the upper middle 
the farthest. In (8) the steeple outline stands well back relatively 
to the outer circle and the dots also appear to lie in different 
planes. 
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If the printing in the centre of the largest and blackest circle 
(enclosing the other diagrams) be examined carefully, the words 
will be found to lie in different planes, Thus the word " Zeiss" 
is well in front of "Carl " and" .lena," but ,til three are well 
behind the word " Priifungstafel. " Also, some of the letters 
of the latter word are in different plane" but it is diJlicult in the 
present reproduction of the original test diagram to detect this, 
owing to a stight blurring of the printed letters. In lhe original 
transparency (of similar size) this relief effect can readily be 
djscerned by persons of normal vision. 

A later test chart produced by Dr. C. Pulfrich, of 
.lena, for Carl Zeiss, contains ten numbered silhouettes, 
representing ships, steepl es, airships, etc., each of which has 
about it four stereoscopic measurement marks, namely, a line, 
cross, triangle, and balloon. Each of these marks is usually 
in a clifferent plane relati vely to the silhouette object , and the 
test is to set down for each of the ten silhouette objects the 
relative positions of the four measurement marks. A tabular 
statement is then made, commencing 'with the casiest s ilhouette. 
The number of the silhouette at which the observer first shows 
signs of uncertainty in his statements is taken as standard for 
computing his power of stereoscopic vision. I t should be 
mentioned that the four stereoscopic measurement marks above 
referred to are the same as those used in the Zeiss stereoscopic 
measuring instruments. 



CHAPTER VITI 

PH OTOGBAPHI C PROCESSES AND XOTES. 

Developers.- It is not possible, nor is it desirable, in a book 
of the present nature to enter very fully into th e subject of 
photographic materials, since many excellent handbooks and 
treatises on the subject exjst. .A few notes will, however, be given 
on the subject from the point of ,·iew of stereoscopic pictures. 

For photographic prints, int ended for stereograms, any good 
negative de,'eloper rna)' be used for the exposed plates, but the 
photographer should aim at softness and cletail , when selecting 
a dcyeloper. If he has obtained satisfactory results with ordinary 
single lens camera negati\"cs, he will be well ad\'iscd to continue 
to use the same de\'eJoper and methods. The well-tried pyro­
,oda, and metol-hydrokinone developers may be recommended 
for plate development, when prints are to be taken for stereoscopic 
pictures; with ordinary care, and attention to development 
time-temperature fa ctors, excellent results may be obtained. 

Small Plates and Graininess.-In the case of negatives 
from which transparencies are to be made for stereoscopic viewing, 
grea ter care is necessary in th e selection and use of the developer. 
This is more particulaTly so, when the smaller sizes of plate, 
namely. the 45 X 107 111m., and 60 x 130 mm. types, are 
employed, for the transparencies are viewed at much higher 
magnifi cation in the stereoscope. Any graininess, defects, Jack 
of detail or excessi\'e contrast is amplified to a disagreeable 
extent, as a rule. 

It is therefore essential in the first place to avoid any developer 
which is like to cause" grain," or contrast. It is a well-known 
fact that the size of grain, the latter of which, incidentally is 
due to s j]yer deposit, increases with the time of development. 
for a given temperature and concentration of developer, and is 
more pronounced with some, than with other developers. 
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Although a few professional photographers employ pyro-soda 
developers for these small sizes of plate, and are able to obta in 
good results, general opinion appears to show that pyro-soda is 
apt to cause undue' graininess.' This fact is due, no doubt, to 
the almost generaJ tendency on the part of the amateur to under­
expose his plates, and then to over-dew'lop in the endeavour 
to obtain suffi cient density. In such casE'S it is wi ser to avoid 
using pyro-soda or pyro-ammonia. 

Graininess depends also upon the type of plate employed, that 
is to saYI upon the emulsion. Fast plates always show more 
graininess than slow plates. For this reason it is inadvisable to 
employ the high speed plates (of 4So H. and D. and over) for 
the 45 x r07 mm . and 60 X 130 mm. cameras : the grain effect 
of such pJates is apt to become in con\·cni cnt. The slower the 
plate which can be used sa tisfactorily, the hetter; the slow 
process plates are ,"er\' suitable for still object photography. 

D eyelopcrs which ex perience has proved to give consistently 
r eliable result" ,,·ith good soft tones and detail, include metol­
borax, metol-hydrokinonc, azol, Rytol, ei konogcn, metol , amidol, 
and paramidophenol. 

The metol-borax de,·e1oper recom mended by )'l essrs. Wellington 
and ' ;Vard , the well-known plate manufacturers, we have found 
to give excellent results, with a somewhat remarkable clearness 
and freedom from grain , fog or stain; the negatives are well~ 

graded, not too contrasty and full of detail. The fOllowing is 
the Wellington formula: 

J1 eta/-Borax Developer. 
yletol 
H ydrokinone 
Sodium Sulphite (crys!.) 
Borax (powdered) .. 
Water (hot) .. 

2 0 grains or 
so 

200 

200 

20 ounces 

gramme 
2.5 grammes 

10 

1 0 

500 c c. 

"TIle chemicals should be dissolved in the order given, allowing 
each to be in complete solution before adding the next. The 
developer keeps almost indefinitely in a "well-stoppered bottle. 

The development time is about 5 mins. at 60" Fall., 4 mins. 
at 6S" Fah. and 3 mins. at 70" Fah. It is not adv:isable to use 
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this dewlopcr below 60' Fah., as the hydrokinone rapidly loses 
its developing power with further decrease of temperature. 

In developing stereoscopic plates, the time, or factorial method 
of development is strongh' recommended. Whether the exposure 
be correct or other\\'ise the best results for stereoscopic viewing 
are given by correct dC\'elopment times. In certain special 
cases, as for example with night and flashlight photographs, a 
certain latitude is allowable, or a prolonged development with 
a weakened developer can be gh·cn. 

The following is a good aU-round one-solution metol­
hydrokinonc dc\"cJoper which we have found to gi\'c most 
satisfactory results: 

Ai dol HydyoililloJle (Wellington) 
Metol 20 grains or I gramme 
Hydrokinone 60 3 grammes 
Sodium Sulphate (crys!.) 700 35 
Sodium Carbonate (cryst.) 700 35 
Potassium Bromide 6 0.3 
\Vater to 20 ounces 500 c:.c.'s 

This solution 1II115t be diluted with all equal quantity of water for 
use as a deycloper. The chemicals should be dissolved in the 
order named, allowing each one to be in comptete solution before 
adding the next. This developer keeps almost indefi.nitely in 
well-stoppered bottles. The same remarks apply as regards 
the lowest temperature of development as in the case of the 
metol-borax developer. The development times are about one 
minute longer in each case, than those previously given. 

We give below, a well tested formula for a pyro-soda developer, 
which has the advantage of long keeping qualities; oxidation of 
the pyrogaJJic acid is prevented by the potassium metabisulphite. 
This developer, in the case of negatives intended for prints, 
gives well-graded, finely detailed results of very high quality. 

Pyro Soda. (EI NOIl-Stai"ing Developer) 
The following two solutions are made up in separate bottles. 

Solutio" A. 
PyrogaJlic Acid 
Sodium Sulphite (cryst.) 

100 

I oz. or 50 gramnles 
B ozs. or 400 
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Potassium Metabisulphite .. 
Water 

Solutio//' B. 

-t- ozs. or 200 granunes 
60 ozs. or 3000 e,c. ·s 

Sodium Carbonate (cryst.) 12 ozs. or 600 grammes 
\Vater 60 ozs. or 3000 c.c.'s 

For use tak e I part A, I part E. and 2 parts of water. 
The sodium sulphite and the potassi um metabisulphite should 

be mixed together dry and then put together into bot water; 
the solutiol1 should be boiled, and the pyro. then added. 

This developer will produce negatives free from sta.in in from 
4 to 6 minutes at 60° Fall. 

The Tabloid Rytol developer 01 Messrs Burroughs Wellcome 
when used with their Tabloid Restrainer gives good fine-grain 
negatives, and also transparencies. The standard fonnulre 
recommended by the plate manufacturers should be used in the 
case 0.1 the other developers previously mentioned; some good 
reliable formul", are given in the British Journal Photographic 
Almanctc. 

Development.-In the case of stereoscopic plates, it is 
necessary to take particular care in the development process, 
in order to obtain the best negatives for the stereograms. Over~ 

development is to be preferred to under-development, but the 
grain growth with the time of development should be borne in 
mind, and de" elopmen t should not be carried too far. Under­
development usually results in loss of detail, and flatness; the 
latter is not necessarily a drawback as we have shown. It 
should be remembered that if development is correctly timed, 
even although the negative may appear thin , it will stiU give a 
good stereogram; it yields much better stereos than from dense 
negatives. 

When developing, one should aim at getting as much detail 
as possible in the shadows before the high-lights become too 
dense. 

Transparencies.-Most of the leading plate manufacturers 
now supply transparency plates in the stereoscopic sizes, and 
each recommends in the pamphlets enclosed "ith their plates the 
particular developer suited to the plates in question. Trans­
parencies, that is to say, positive prints on glass, similar to 
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lanlern slides undoubtedly give much more realistic and brilliant 
effects for stereoscopic pictures than any type of print. Not 
only is there a vcry much fuller range of tones. but, owing to the 
fact that these slides are yiewcd by transmjtted, instead of 
reflected light (as in lhe case of prints) there are no surface 
markings or reflections. 

A wide range of tones is possible with the lantern type of 
pla te used for transparencies, by employing suitable exposures, 
developers and development times. The tones rang€' from a 
black or \\'arm-black to bro\,·;ns and rich s(.' pias . 

For the bJacker t OI1C~, the us ual amidol or hydrok.;nonc lantern 
plate developer should he used. 

F or warmer hla('k~, the metol -11~"(lrok inone dc\'elopcr pre\·iously 
given will give satisfact ion. 

For brown sepia tonC5 it is usual to increase the exposure and 
modify the deyeloper, by adding more of one of the solut.ions 
constituting it. The plate manufacturers instructions should be 
followed in all cases. 

A \'ery conn"nient plate for transparencies , ann one which 
\vill gh-e a '-ariet)" of tones ranging from a co1d stone grey through 
browns and warm browns to warm sepias, simply by ·varying 
the time of exposure, during printing, is the Ilforel Alpha plate. 
The manufacturers recommend a two-solution developer, COB ­

t aining hydrokinone and caust ic potash_ Equal proportions 
o f the two solutions are used in all caSeS, and only the exposure 
is varied in order to yary the tone of the transparency. although 
there is also a certain amount of lat itude in the development 
period. It is a particularly easy plate to work with and the 
latitude results obtained are excellent. Any mistake in the 
exposure of the transparency plate does not mean a scrapped 
plate as in the case of certain other lantern plate~, but merely 
a change in tone. 

Messrs. Wellington and Ward supply lantern plates for 
stereoscopic work, in two types, namely the ordinary lantern 
plate to be used in the dark-room, and the slower S.C.P. lantern 
plate which can be handled in subdued artificial light. Both 
grades will gi" e a range of tones \lith suitable developers, 
exposures and development. Ammonium bromide and 

102 



PHOTOGRAPHIC PROCES ES 

ammonium carbonate are used in the de"dopers intended for 
the wanner tones. 

Prints for Stereoscopic P ictures.-Stcrcoscopic prints are 
not viewed at such high magllifications as the smaller plates 
previously mentioned, and are usually direct contact print::. 
from negatives of about z? to 2f inche5 wide. For clear 
detail and brilliance, the high l,- glazed bromide or P.O.P. print 
as such cannot be excelled; it is possihle, aIso to "nry the tones 
considerably. 

Many workers prefer to use the fme surface matt bromides, 
self-toning P.O.P.'s, or platinotypes, in order to avoid the 
reflections of the glazed papers. \~'e ha,'e seen sOme good hand­
coloured fme nlatt bromide stercoscopil.: picture::;., 

It is 3. mistake, howe"er, to use any printing paper which has 
an~~th ing in the nature of a grain or surface texture, as the 
presence of any surface marking: is detrimental to t.he results 
seen in tbe stereoscope, since these are magnified and the markings 
of tho t,,·o pictures tend to over-lap and depreciate from the 
detail and stereoscopic effect. 

Varnishing Transparencies.- l t is "ery necessary to protect 
the film of the transparency. as otherwise it quickly becomes 
scratched or marked, in ordinary use, and the general cleanliness 
and pictorial beauty of the stereoscopic picture is lost. 

Yarnishes for transparencies are of two types, namely, the 
Hot and Cold "arieties, depending upon whether the plate has 
to be heated or not. The former kind are considered to gi\"e 
the more lasting effects. 

Good hot varnishes can be purchased from most photographic 
chemists. 

The following is a recipe for a satisfactory cold yarnish : 
Dissolve rrr ounce of cellu.loid. shavings in 5 ounces of amyl 

acetate ; the solution should have a syrupy consistency. It is 
flowed over, or applied to the plate with a camel hair brush. 

An excellent varnish, which is much used for coloHr plates, 
consi~ts of I ounce of gwn dammar dissolved in 5 ounces of 
benzole (pure) . It is applied by flowing over the surface of the 
plate, and then draining. -

This varnish adds greatly to the transparency and quality of 
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colour plates, and ensures their pennanence. Other vanlishes 
are apt to destroy the colours, in time. 

Transparencies. - It will, perhaps, assist if we consider for 
a moment the seq uence of operations in printing a transparency; 
afterwards the case of th e photosraphic print \I'ill be dealt with, 

B 

n
hl (l~ li 

,YI'{I"lu'/" 7'rw/,.7Ilw,n,:'1 

: " " "i'''I~,.t'II'':.t J:.~f (' 
b l a NC!JQli~'c 

S===t7"= n"(<1':qmr(,J .. g 
hi a/ b a. £ 
=='"'"=",'i'=br/",v,,-;;wrcnr-:,, 

FIG. 59. 

Referring to Fig, 59 A B represents tbe object photographed, 
whilst 0 and 0' represent the lenses of the stereoscopic camera, 
and ba, and b' a' the left and right-hand images on the plate 
(negative), It is important to note that the images are reversed 
in the negative, both as regards right and left-handedness, and 
as regards top and bottom, A little reflection will show that if 
tbe eyes replace the lenses 0 and 0' respectively, the images of 
AB will be seen in the order-reading from left to right-ab a'b' ; 
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we have, therefore, to obtain the same sequence of i_mages on the 
positi\·e plate, or transpartncy. 

This is secured by placing the film side of one end of the 
positive in contact with the film of the opposite end of the 
negati" e as shown at B (Fig. 59) . l\ ext the positive is 
slid along so that the other side is in contact with the 
other end of tb e negati" e as shown at ( (Fig. 59). In each 
case an exposure is made of the portions of the positiyc 
plate and nega ti ve in contact , but with the other portion 
of the positi" e masked from the light. Thm in B (Fig. 59) 
the portion b' a' of the pla te would be printed , the rest being 
masked , whilst at C (Fig. 59) the porti on Ill, would next be printed. 
whilst the already exposed portion &' ((' would be masked, or 
protected from the light. 

Upon developing the doubly exposed posi ti ve. the result 
obtained is a positive print , or transparency as shown at D 
(Fig. 59). Since the images are upside down , due to reversal 
in thp camera, it is only necessary to reverse the pbte endwise 
(e.g. by rotating a bout a , at D, Fig. 59) in order to obtain the 
correct position for "ie-wing in the stereoscope as shown at E 
(Fig. 59). 

Although the sequence of operations described may sound a 
11ttle complicated , yet it is guite straightlon\"ard in practice with 

FI G. 6o.-TRAN SPOS I NG F RA J!!.!j: FOR P RINTI NG P OSI T I V E S. 

the aid of a special transposing frame supplied for the purpose. 
This frame (Fig. 60) consists of a light-tight fiat frame or box, of 
length egual to about one-and·a-half times the length of the 
negative, but of the same width. The centre one-third is cut 
away to form a square hole or mask, the size of the finished 
picture. This square is usually about 2 mrn. or so smaller each 
way than the negative width , in order to cut off the bad edges of 
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the negative. The frame is provided with a light-tight hinged 
lid, having a central spring to hold the positive plate and the 
negative in contact. 

The method of using the t ransposing frame consists in first 
placing the negati\"e, film side upwards in the frame, and at one 
end of the frame. The posi tive plate is then placed film side 
dOlmwards (i. e., in contact with the negative film), but at the 
opposite C11d of th e frame, similar to position B (Fig. 59). The 
lid is secured, and the printing exposure made, after which the 
fr<:t.me is remO\'cd to the darkroom, the lid opened and tlle negative 
slid along to the oppusite end of th e frame, and the positi,-e plate 
to its opposite end , similar to position C (Fig. 59). 

FJG. b l .-Ar..TO)l .... TIC ]NTERSEllR SHOW ING NEGAT!\"£ AND PLATE 
1X POSITION. 

Another exposure of eq ual duration, at an equal distance from 
the source of illumination is then made, and the positive is 
rle, -eloped ill the usual manner. The developed, fixed and dried 
positive plate then gives a correct stereoscopic pair of pictures. 

An automate inverter printing device has been marketed by 
Messrs. Jule Richard, of Paris' , which enables the printing of 
transparencies to be carried out quickly, and easily_ Fig. 6r 
illustrates this It Automatic Inverseur," as it is termed. The 

• English agents, Messrs. City, Sale and Exchange, London. 
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stereoscopic negative is laid on the incline.d bed of the machine 
and is there held finnly by a strong dip. The positi\'c plate is 
then laid on a metal carrier to the left-hand of the printing bed. 
It then fails automatically into the position for the fir,t e~posure. 
After this, the act of pulling out the knob, shown 0n the right, to 
its full extent , causes the positive to be carried oyer to the other 
side of the bed, and on pushing the knob back again it i; placed 
in thf' correct position for the second exposure. The actual 
exposure is made by turning a second knob, shown on the right 
(at the back), which lowers a ruby screen placed in front of the 
light source; the latter may be either an electric bulb or a gas 
hurner The act of lowering this screen ,tarts the seconds hand 
of a clock for timing the exposure, tl,e yellow dial of which is 
illuminated by the light source; th e clock hand returns to zero 
after each exposure has been made; the yellow dock dial scrv~s 
also as a dark room lamp for the development of the po,iti\'e 
plates. 

Tra nsposing by Cut ting the Negative.- There is another 
method of printing transparencies froJil the negatives which does 
not requin: the use of a special transposing frame , and duplicate 
exposures. This method wllicr. waS at one time fairly popular, 
consists in cutting the glass of the negative, so as to divide the 
latter into three portions, namely t\>o squares and a central blank 
film portion separating the two negative pictures. The left-hand 
negative is then transferred to the right, and the right-hand 
negative to the left. The blank central strip can then be used a' 
a distance piece in order to get the proper separation, A better 
plan is to scrap this distance piece and to use a special recessed 
printing [rame sold for the pUl]Jose of printing direct from cut and 
t ransposed negatives. The same method applies, of course to 
prints. 

Transposing Prints.-The process of mounting the prints 
made from a stereoscopic negative is much simpler than in the 
case of transparencies. All that is necessary is to make a contact 
print from the two-picture negative, to divide, by cutting the two 
pictures on the print and to interchange them, i.e., to make the 
left the right and the right the left, and mount "1' in the usn"l 
way, The reason for this process will be clear from Fig. 62, in 

r 0 7 



STEREOSCOP1C PHOTOGRAPHY 

which F represents the same negati\'e as in Fig. 62 A ; the photo­
graphic printing paper is sho\m just above, ready for the contact 

print. The relative positions of the 

a. 

n '" a'rrml images obtained when the contact 
NI'f)utu"f' F' print i~ reversed in position (to 

O~f 

G (;oITect for the camera inversion of 
top ( 0 bottom) is as shown at C. 

H If now the print be cut in two, and 
FIG. G;!. the left-hand image a'b' , mO\'ed to 

th e right , and the right-band image 
ab to th e left , ,'t:.' have the C0ITect oislJosition for \'it:wing in the 
stereoscope , narnely. IlU n'b', 

Mounts for Prints .--The standard cardboard mount for 
str-rf'oscopic prints, has a matt or dull hlack surface, and measures 
7 ins. by 3~ ins . The usual size of the illdiyidual pictures is 
rather sm:lller tl1an lanterIl slide sile, that IS about 3 ins. bv 
3 ins.; this aUows for trimming (he edges. Any nth"r size of 
print, within the limits of the monnt may, of course, be used ; a. 

popular size is the 3 ins. square one, which allows undesirable 
edges to be cu t off l;:llltern plate size prints, and leaves room for 
the titles below; the separation, namely, 3 inches, is rather more 
than advisable, however. 

Trimming and Mounting the Prints.-One of the most 
important factors in connection with stereoscopic prints, is that of 
the correct trimming and mounting. It is necessary, in order to 
obtain the proper relief effect to trim the prints so that the left­
hand print sbows more of (he right-hand margin, and tl,e right­
hand print more of the left-hand margin. The reason for this will 
be clear if one remembers the \lindow analogy, in which the two 
views of a stereogram are considered analogous to the two views 
seen by the two eyes, respectively when situated in a room at 
some distance behind an open "indow. Thus the left eye will see 
more of the rij5ht-hand portion of tbe \iew, and the right eye more 
of the left \;ew; this can easily be verified by closing the right 
and left eye, in turn. 

Although it is possible to estimate, mathematically, the correct 
marginal widths in each case, it is easier, in practice, to t entatively 
trim the two prints, judging the results by placing them at the 
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correct separation on a black m01lnt, but without pasting down . 
The prints can then be slJifted apart . or orienta ted. and the 
respective margin e;; trimmed by the trial and ("'ITo r method. until 
the correct result is obtained; the positi ons of the edges nf the 
prints can then be fl"I:1rked with a fine pencil on the mount , before 
pasting down. A wrongiy trimmed stereogram \\ iil show O\'ef­
lapping non-stereoscopic marginal portion~ . The usc of a self­
transposing frame automatIcally locates the prints and gi" es both 
the correct marginal portions, orientatjon and separ~dion . 

The two prints should be so mounted that the corresponding 
points arc at 2~ to '21 ins. apart , and at the same hori zontal level. 
The height of the prints is immaterial, and does not afiect the 
stereoscopic result; the stereoscope lenses should , of course, have 
a sufficient fi eld of vie\\" to CO\'cr the wh ole area of the picture ; 
otherwise the eyes mU::i t be removed relatively to the stereoscope 
lenses. 

A useful accessory for triming and mounting pdnts is a sheet 
of glass, cut so as to fonn a .. cutting plate " of the size of the 
complete stereogram. If vertical and horizontal scra lches be 
made across each picture posi tion, so that their intersect ion gives 
the centres of each, these lines \l'ill be found useful in positioning 
the prints for mounting. A single square of glass is also useful 
for trimrrling single prints. In the former case the horizontal line 
is used for obtaining the correct level of corresponding points and 
the vertical line for lining up verticals, such as trees or buildings 
in the pictures ; a series of horizontal lines may be drawn , with 
advantage. 

Commercial Reproduction of Stereographic Prints.- It 
is important to observe that a good deal of the value and interest 
of the stereoscopic effect may be lost if the pictures are not 
reproduced properly. It is for this reason that many of the 
earlier half-tone reproductions lost their value, and stereoscopic 
photograpby its public interest . There is nothing worse for 
stereoscopic pictures than the coarse dots of the half-tone screen. 
as seen under the relatively high magnification of the stereoscope 
viewing lenses. 

The photogravure process of reproduction is certainly to be 
preferred to the half-tone one, owing to its absence of screen 

109 



STEREOSCOPIC PHOTOGRAPHY 

effect" but there must be no noticeable granular appearance to 
depreciate from the details of the pictures. One has noted a 
similar result to the rough surface effects of matt photographic 
prints in the case of certain photogravures. 

llndoubtedly the best method as regards uniform e"ceUence of 
the re,ults is that of employing actual photographic prints, and 
for this reason the leading firms now specialise in this kind of 
stereogram. The stlrface of the print should be glossy, and free 
from markings of any kind. 

A n'ccnt German in" cntion for obviating the usual drawbacks 
of the photo-mechanical printing process consists of employing 
a differen t kind of screen for each separate picture of a pair, so 
thaI the different grainings ",iU fail to combine in the stereoscopic 
picture, which will therefore appear as uniform as if made ,\ithont 
a screen or exhibited without enlargement. The result will be 
obtained if, for instance, onc screen is ruled with vertical and 
horizontal lines and the other with diagonal ones; or one screen 
may be ruled and the other granulated. In eitller case the screen 
effect!', it is claimed, will neutralise one another and produce a 
gralnles5 and pleasing picture. 

The Illumination of Still Objects. Portraiture. - The 
ligl1\ing of still objects for stereoscopic photographs plays a very 
important part in connection with the final results obtained. We 
have shown that light and shade are of great assistance in the 
stereoscopic rendering of objects observed, and have noted that 
when i1 round object is illuminated strongly from the front, or 
hyo sides at once, there is marked loss of stereoscopic effect, 
whereas directional lighting with its shadows and hill-tones 
produces that graduation of tones which the eyes instinctiYely 
associate with relief and solidity. It is important, tberefore, when 
",ranging still objects for stereoscopic photography, that the 
illumination is principally from one direction, and further that 
it is not too intense, but diffused. Too intense an iUUI1lination 
gi"es black and white effects with a loss of half-tones, and there­
fore of details and relief. Fig. 63 illustrates a weli-tried method 
of lighting still objects for stereoscopic work, in which the object 
A, to be photographed, is placed at some distance from the screen 
5, the colour of which is chosen to suit the subject; for example, 
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a black screen for white objects such as ligllt flowers or statuary. 
The camera is placed at C. The object.1 is illuminated from the 
window Tiff, a semi-transparent screen bei ng placed at B, so as to 
give a diffusion of light, whilst the two beams through the 
unobstructed portions gi\-e a ,tronger lighting in two adjacent 
directions. The side of the object A remote from the window 
should not be too dark, howc\" cr; if necessa ry a light screen or 
reflector may be placed in th e position shown by the dotted lines 
at F. 

<. : / W/miou k' ~ 

\ 

{s~~7 

",rce> a~ ~::a~ r: 
Objrcl - ---

._II 
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c:::::===.-:.-_-_~F 

F IG. o3 .-hLuSTRATlKO lliTHOD OF L[GHn~G I J"DOQR SUBJECTS. 

In connection with the principles of illumin ation , it may be 
stated that tbe lighting should generally be so arranged that there 
are well-graded hall-tones in the photograph. For this reason 
front lighting is to be avoided. Side lighting with a strong but 
diffused light gives the best results. Care should be taken to 
avoid too dense shadows or tom~s, for in such cases that part of 
the profile of the subject which is situated on the darker side may 
become lost; this frequently happens in the case of amateur 
photographs of flowers, or persons, taken indoors. In such cases 
better results may be obtained by a partial iUmrunation of the 
shadows, by means of a light-coloured reflector placed on the 
darker side of the object, so as t o reflect part of the direct light 
on to the darker side. 

When an object is to be photographed outdoors, it is best to 
avoid top-lighting, and to so arrange the object that one side is 
partly shaded so as to enhance the gradations of the light, or to 
obtain the half-tones. For some purposes the object may be 
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placed in lhe angle fonned by two walls, the lighting then being 
from one side; it may be necessary to shade the object. 

'When photographing persons outdoors, the head should be 
arranged against a darker background, not against the sky or a 
lighter background; in the latter case the detail is to a large 
eXlent lost. The camera should never face the sun, nor should it 
back the latter, for then the sUbject is directly lighted, and the 
shadow detai ls and half-tones are lost. The camera should be so 
arranged as to ha\'o the sun on one side or the other, preferably at 
a little grealer angle than a right-angle to the optical axes of the 
lenses. 

Flower Photography. -The subject of floral photography 
is an attractive one to the stereoscopist, -for some excellent results 
are obtainable by the obson-alion of a few simple rules. For this 
work it is essential to employ a focussing type of camera- the 
fixed focus type is unsu itable. The larger sizes of stereo camera 
enable contact prinls of medium size to be obtained; if these 
prints are hand-coloured the resulting stereogram will be realistic 
and attracth-e. Better still is it to employ med ium sizes of 
autochrome colour plates, in order to obtain colour transparencies 
",lrich do not show appreciable grain effects in lhe stereoscope. 
The 3 x 3 ins. size of (individual) picture is well suited to this 
pw-pose. The camera lenses should be of wide aperture, in order 
to obtain short exposures, and also for putting the background 
out of focus so as to centre the interest upon the sharply focussed 
floral subject. Short exposures may be necessary when 
working out of doors, as there is frequently a breeze blowing, and 
therefore a risk of mOI'ement of the subject. 

Correct focussing, exposure and lighting are the three principal 
factors concerned in successful floral stereo-photography. 

A rigid tripod and bulb or antinous release should be employed. 
As regards plates, it is necessary, in order to obtain the true 

tone values, to use paneh,-omatic plates and a suitable correcting 
screen to give true colour values. This increases the exposure 
from 3 to 5 times, according to the screen used. If the exposure 
is too long for moving subjects on dull days, the colour screen 
should not be used. The ordinary orthochromatic plate will give 
partial correction of colour values. 

II2 



PLATE N c> 

(AMPL£: OF STEREOGRAM OI:lTAINED I3Y SLiGHTLV ROTATING THE SUBJECT BETWEEN THE 

TWO EXPOSIIR,C; M ... O' WITH A SINGLE LENS CAMERA 



PHOTOGI{APHI C PROCESSES 

The most effecti\-c lighting for indoor work i::: a combination of 
frontal and side lightinS. somewhat on the lines illustrated in 
Fig. 63. The light should be diffused , not direct; above all. 
avoid strong sunlight with its hard tone effects. and la ck of half­
tones. The backg-round should be selected to suit the predomina­
ting tones of the flowers . Th11s for \\"hitc fl owers a dark matl 
surface cloth is suitable. For medium tones, a black, or e\"en a 
white background can be employed. For dark fl owers " drab or 
light coloured background is necessary. 

In no case should the background be obtrusi\'o ; the chid 
interest should always be in the fl owers themseh·es. 

When arranging floral subj ects " " oid. as far as possible, O\'er­
crowding. but aim rather at the most artistic setting of a single 
blossom or spray. A good dea l of time should be spent in focussing 
the subject ; the screen image is the best guide to correct 
arrangement. 

Do not employ too strikins a design or pattern of 
vase, 0:- holder, as this Ulay detract from interest in 1he subj ec t 
itself. 

The development of the plate should be a slow one, more 
especially if the plate is a little O\'cr-e"posed- and for this \\'ork 
it is better to err on the side of o\·er-cxposnre. 

Tank development is probably the most effective for fi oral 
subj ects, as this method enables soft tones to be obtained. 

Lighting of Outdoor SUbjects . - A good proportion of 
stereoscopic pichlfes are spoilt througb bad lighting. The most 
common mistake made is that of photographing a scene or group 
in stroog sunlight. The result on the transparenci es or prints is 
a black and white, contrasty effect. In the stereoscope, not only 
is there a marked loss of detail , solidity and relief, but \\'hat is 
worse, the picture appears to depict a sno\\' scene ; tills effect has 
caused much criticism of amateur stereograms. The best plan is 
therefore to avoid, as far as possible, strong Sl",tight, or tigl!t and 
shade effects. The best illumination for stereoscopic work is 
diffused or dull light. A cloudy sJ...-y, or a dull grey day, \\'ill give 
much better tones and graduations than a bright sunny day, and 
the best stereoscopic pictures have been obtained under such 
conditions. Frequently, the flat print or transparency, obtained 
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on duli days, will give a much better result in the stereoscope than 
the brilliant one full of dctail. 

In some cases, it is, of course, necessary for the purposes of the 
picture. to depict sunlight effects ; for example in street 
imprc:ssion<:, water refl ections, sunlight glades, and similar subj ects. 
In thesf' caseS great care is necessary not only in the arrangement 
or composition, but in the exposure, choice of dc\'cloper and 
development method , in order to obtain the desired results. 

Colour P hotography. - The effects obscn 'ed in !be st ereo­
scope are Ycry considerably enhanced jf seen in their natural 
colours. In the case of prin t3 this is not difficuJt , for with a little 
:-kilJ , and artistic taste, th E' pri nts can be hand tinted satisfactorily . 

In the case oS transparenci es this is harclly possible, more 
particularly in the smaller sizes, and recourse must be had to the 
existing colour plate processes. Of the different colour plates on 
the market , the most popular is no doubt the Lurniere type, but 
th e Paget , Sanger-Shepherd . Agfa F arben , Hicra and Kodochrome 
methods have been applied sa tisfa ctorily in the case of lantern 
and larger sizes of plates. 1t is only possible here to give a very 
brief outline of the two fanne.r processes ~ the reader 'who is 
interested in colour photography should consult the Photo 
~liniature publication 1\0. 147, " Practical Instructions in Colour 
Photography." Dr. Lindsay Johnson 's " Photography in 
Colours, " E. ]. Wall's " Practical Colour Photography," and 
similar works. It may be as well to mention that neither the 
Lumi ere nor the Paget processes is really satisfactory for the 
-15 X 107 or 60 X 130 mm. sizes of plate, owing to the magnifica­
tion of the starch grain s in the former case, and the cross-hatching 
of the screen in the la tter method. For larger plates tbese 
processes gl \'c very good results; we have examined a large 
number of 3 x 3 ins. stereograms made by the Lumiere process 
and have been impressed by the "-,celient colour renderings. 

Subjects fo r Colour Work.-." good deal depends upon the 
selection of the colours of th e subj ect, in stereoscopic work. Most 
beginners attempt to crowd as much colour contrast as possible 
into their pictures. by choosing as many vivid colours as they can 
find. :No doubt the inspiration is to take fuU advantage of the 
colour rendering properties of the plates. There are two golden 
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rules in the selection of subjects for stereoscopic colour tran s­
parencies, as follows: 

(1) Avoid many-coloured details, but aim at masses of colour, 
for the small sizes of plate will not render fin e multi-colour detail 
satisiactorily on account of STain size and distribution. For this 
reason it is better to photograph a bed of flowers of one colour, 
say a mass of blue-bells in a green bank, than a bed of fl owcrs of 
various colours. The rule then, is to aim at patches of colour 
which will give images of appreciable dimensions on the ground­
glass screen. 

(2) Select the subj ects with colours which will harmonize in 
the final picture, just as one would choose the colourings of the 
furniShings of a li"ing room to blend-not to irritate by their 
clashings or con trast. 

The Lumiere P late. - This most commonly used colour plate 
was first placed on the market by Mm. Ll1miere, of Lyons, France. 
The plate is coated uniformly with a mixture of very fin e s tarch 
grains, the individual grains being dyed with the three primary 
colours, namely, red, green and blue-violet. The coat ing therefore 
consists of a multitude of microscopic grains of the primary 
colours all mixed together. The sensitive emulsion is then coated 
on tlus layer of mixed colour grains. The plate is placed in the 
camera with the glass side towards the lens, so as to interpose the 
colour grain layer between the sensitive emulsion and the lens; 
this is contrary to the usual practice of placing the film side 
towards the lens. It is necessary to use a special colour filter or 
screen in front of, or behind, the lens, for the plate is naturally 
more sensitive to the blue-violet rays and therefore needs 
correction by the filter. 

When an exposure is made the individual coloured grains 
forming the plate coating, in front of the emulsion, only allow 
light of the same colour as themselves to pass, and therefore the 
resulting negative w£ll reveal £n £ts 1mcovered or clear parts only the 
colours which. have not bee" allowed to pass, i.e., in the unaffected 
part of the plate. The result is a picture in the opposite, or 
cOmple11'lentary colours to the real ones, c:o that it is necessary to 
reverse, or change the dark into light, and the light into dark 
parts in order to obtain the correct, instead of the complementary 
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colours. Thus the blue portions in the developed plate will 
become yellow, and the green portions pink, when the plate is 
reversed. Reversal of the plate is carried Qut, immersing it. 
after ordinary development with metoqztinonc* or Ry tol , in a 
solution made up of potassiwn pClmanganate and sulphuric acid 
in the following proportions: Potass. permang. 35 grains, 
sulphuric acid (concentrated) 3 fluid drams, water 40 ounces. 
It is better to make up separate solutions of the first two, for 
keeping. After immersion in the reversal solution the plate is rc­
dewloped in the tirst kind of de\·eloper. The usual development 
period \\"ith Lumiere plates is about 2~ to 3 minutes. Ovcr­
de\'elopment should be a\ ·oided. as it causes a thin transparency. 

Owing to the fact that the plate is sensitive to aU colours it 
must be de\'elopccl in the dark, although a very faint green 
safeli ght can be obtained and used (with discretion). 

The British J ournal Photographic Almanac, issued yearly, 
givE'S the complete formula:: and instructions for the developers 
used ",ith Lumiere colour plates. Messrs. Burroughs, \Vellcome 
Ltd. haye also cle\'ised a ven' satisfactory process of de\'eloping 
and rc\"crsing these colour plates. involving the use of tabloid 
Rytol developer and a tabloid reversing compound. They also 
supply a tabloid colour plate intensifier, namel~' a sih-er intensifier 
for increasing the brilliance of the colours. 

The secret of successful colour plate results is undoubtedly that 
of correct exposure; under or over-exposure both give poor 
results. The Lumiere plate is from 60 to roo times slowe,' than 
the ordinary monochrome plates, and therefore the exposures are 
correspondingly l onger. It is pmctically impossible to avoid 
stand, or time exposure, although in recent times special byper­
sensitizers ha,"c been found \vhich will greatly increase the speed 
of the plate; these are not yet within the province of the 
amateur, however. 

Messrs. LU11liere recommend as a basis of exposure, to give 
I second exposure, at mid-day, in mid-sUlumer sunshine, at 
FIB aperture. For smaller stops, of course, a longer exposure is 
required. Actually, it is found necessary to give a somewhat 

• Tbis developer is on tbe market, and is recommended for autochrome 
rlates. 
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longer exposure than that corresponding to the ~(perture. Thu5, 
whereas in going from one stop (e,g". F IB) t.o the next (e,g. F in) 
instead of doubling the exposure as is usual with the ordinary 
plates, the exposure is :z! times grea ter, with autochromes. It is 
advisable to use the 5pecial colour plate exposure meiers, such as 
the .. Bee " meter. The" Wellcome" photographic exposure 
calculator, handbook and diary, which is publi; hed yea rly, gives 
complete instnlctlons for ascertaining Lumiht:! plate exposures 
under all conditions. 

The autochrome pl"te owing to its thin film dries ,"cry quickly 
-usually in about one hour. After drying, the transparency 
should be varnished. both for protection and 'llso to enhance its 
brilliancy. A good varnish should not conta.in alcohol. One 
which can be recommended contains I oz. gu m dammar in 5 to 
10 ozs. benzole. The same vRTnishas used for ordinary transparences 
is also applicable to colour plates. Aftervamishing, the transparency 
must be cut anel transposed for stereoscopic \"iewing. It is usual 
to bind the two cut pictures rither with ordinary lantern slide 
spot binding, or with a special metal fram e and mask sold for the 
purpose. A sheet of thin clear glass shou ld be used for binding. 

A utochromes of the type described can be copied by the contact 
printing method, but the results are not always satisfactory. 

The Paget Process . - This consists in using a colour screen 
made up of a multitude of regular cross-hatched small colour 
patches. in con tad wHh the plate during exposure. A positive, 
or transparency. is obtained by contact printing from the negative. 
The posi tive is then hound in contact with a. similar colour-patch 
screen to the original taking screen. Any number of positives 
can therefore be taken from one negative, but a separate colour 
screen is req uired for each colour transparency. 

The Paget process, on account of the monotonous regularity of 
the cross-hatched colour patches, does not lend itsell to use in tbe 
smaller sizes of stereoscopic plate. In the case of tr.e Lumiere 
plate the colour patcbes are irregular, and therefore less objection­
able. 

Special processes are now available Jor instantaneous colour 
photography by the Lum iere and other methods. 
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CHAPTER IX 

STEREOSCOPIC PHOTOGRAPHY OF S~lALL OBJECTS. 

THE correct rendering. in the stereoscope, of small objects, eaUs 
for much skill. and a sound kn owledge of the principles in,·olved. 
Many, who attempt , with the aid of an ordinary bellows type 
camera to obtain enlarged, or natural stereoscopic views of small 
objects such as botanic specimens, insects, and mineral specimens, 
are often disa ppointed with the results, owing to their omission 
t.o apply the correct principles. * 

The usual type 01 fixed locus 
stereoscopic camera will not be found 
suitable for photographing objects 
within a foot or two of the camera, 
although certain makers usually 
supply supplementary magnifying 
lenses which are attached to the 
ordinary lens mounts. It is necess<lr~' 
to lla\'e a bellows. or extending type 
of camera for this work; a single 
lens camera will do quite well , if 
a sliding base-board is provided for 
obtaining th e respective photographs 
from the different view-points. 

When the object to be photo­
graphed is very near to the camera, 
namely, from 4 to 14 inches or so, 
it will be found (Fig. 64) that the 
two images are displaced from the 
centre of each picture. Thus, in 

Fig. 64 the images A, B of an object at 0, near the stereo­
scopic camera are displaced, respectively to the left and to 

~ .An excellent series of articles, by the Rev. H . C. Browne, appeared in The 
Bnt'sh Journal oj Photography, in 1922 (Jan. and Feb.). 
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the right. of the central positions C. and C, The re".lt is that 
when the prints. or positives. are made from the negative, owing 
to the transposing whjch is necessary. the decentering of th e 
corresponding points 01 the two images A and B takes place in 
the opposite direction, with the result that the ,eparation of the 
images becomes less than the normal separa tion of the eyet;, and 

FIG. 6 5.-PRlKCrPLE OF T rLTING TABLE . 

it becomes difficult, if not impossible to fuse the two images in 
the stereoscope. This defect becomes more and more accentuated 
the nearer the object to the camera lenses. 

In order to overcome this difficulty the camera may be mounted 
upon a base-board which can slide along-a rigid rod DE (Fig. 65) 
which is capable of rotating through a given angular range about 
a pin E at one end. A little consideration of the two diagrams 
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will show that by tilling the rod DE, firstly to the left through an 
angle C) ,such that it i, the angle subtended at the point A , by the 
base M IY equal to the nonnal eye separation (i. e. t he distance 
C ,C ,), and [hen to the right th rough an eq ual angle, the images 
ollhe point .-l will fall on th e centres C, and C, . as shown . The 
correct separ3tion of the imalZe" is thus obtained on both negative 
and print. 

!"IG. tIG.-Sf'L:Cl'\L jjE;"'CH rOf~ STEKEQ PHOTOGRAPHY OF S MALL O BJ ECTS. 

M. Colardeau has devised a special apparatus, or photographic 
bench ' lor the purpose of photographing small objects, which 
utilizes a similar principle. It consists of a flat board (Figs. 66 
and 67) R'E ' RE provided with a slot , al ong which the camera 

FIG. (lj .-Pu.:-< Y LE W OF B£l'CH . 

table can slide. The board can rotate between the adj ustable 
stops V about the screw E. At one end C, is fitted the screen 
to whicb the object to be photographed is a t tached . 

., Manufactured by Jules Richard , Paris. 
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In order to employ the ordinary fixed focus , 'C'rascopr type of 
stereo..camera. a series of lengthening pieces. or adapters arc 
provided for inserting between the usual sljde position and the 
slide, or plate magazine; this gives the necessary camera 
extensjons when photographing near objects. The extending 
piece is inserted in place of the dark slide on the camera, and the 
dark slide is placed at the other side of this piece, in suitable 
guides. Focussing is carried out by sliding the camera to and fro 
until the image is SUfficiently sharp. Fig. 68 shows the bener.1 

FlG. 68.~SrEcIAL BENCH FOR STEREO PIIOl'OG RAf' i!Y OF S?-IALL 
OBJECTS . WITH CAMERA IN rOSITIOX. 

appearance of the stereophotographic bench, and indicates the 
adjustments of the camera table. A set of converging and also 
of diverging lenses is provided, each mounted in a metal holder. 

Some Theoretical Considerations.-lt is possible, by 
utilizing the ordinary rules of optics, and by combining th ese with 
the conditions which have been laid down regarding the lens 
separation, distances of objects and image, and the focal lengths 
of the camera and viewing lenses, to obtain a number of simple 
forroul", expressing the relationship between these quantities. 
The practical photographer will find these formulae very helpful 
in connection with the selection of ohject position and lens 
separation. 
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Let 1/ =imag~ magnification required 

( 
_ imaf:!c width image dist~nce ) 
- object width ~ object distance 

d ~ distance of image observed in stereoscope, from the 
Jenses. 

F ~ focal length of viewinf: lenses. 
! ~ focal length of camera lellses. 
1· = lens separa tion distance or !'hift of single caUlera lens 

between two exposures. 
The relation between F, d and tbe n can readily be shown to 

be as follows: 

(r) 

The print width we have seen is -;.. times the lens separation 

so that Print Width ~_I_. y 
}L 

F'l" 
d+ F 

The Focal Length of the camera lenses: 
d-F 

!~d+("+r)F 
Also we have already show"n that r = 6.imillimetres. 

" 

(2) 

. (3) 

Further, in order that the prints may be made by direct 
contact from the negative, the following relation must hold: 

Scale of Photo 'a h ~ ~gt~ of image on negative 
gt P length of ongmal oblect 

nF 
d + F 

Also Object Width ~ ~ 
F'" 

P ractical Considerations.-When considering the question 
of viewing distance, for the stereoscopic images or actual objects, 
it should be remembered that there is a minimum distance from 
the eyes at which objects can just be discerned distinctly; 
within this distance vision is indistinct. For the average person, 
this distance oj distinct vision is about IO inches (this distance is 
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usually taken as a standard one. Both real and stereoscopic 
yjews should therefore be seen at not less than this distance. 

In connection with the practical side of stereoscop~' of small 
objects, experience has shown that very satisfactory results are 
obtained with stereo cameras haying a focal length of 2 to 3 inches. 
and arrangements for extending the bellows to 3 to 4 inches. 

As we have preYiousJy mentioned , it is possible in fixed focus 
cameras to fit adapter pieces, or frames. so as to increase the 
distance between the lenses and the plate. for obta ining 
magnified images. 

The viewing stereoscope should be fitted with eyepieces of 
about 3! to 4 ins. focal length , and be provided with a focussing 
movement, giving from 2f to 4 ins. from the print or plate. A 
normal separation of 2~ ins. should be arranged between the 
lenses. The total width of each print should not exceed 3 to 
3t ins. ; this estimated width should be strictly adhered to in 
mounting the prints or transparencies. 

The plalle oj 'he object UPOIl which '0 jocus Jor the best results 
is an important consideration". The plane of the object may be 
fixed, for photographic purposes by tll"O small plumb-bobs on 
cords, or pendulums suspended in the given focussing plane. or 
alternatively by means of two vertical knitting needles fixed to 
supports; these will a lso serve to fix the width of the object as 
seen on the focussing screen. 

In order to obtain the best relief effects it is recommended that 
one third oj the depth oj the object photographed be arranged in 
front oj the vertical plane, and two-thirds behind. In some cases, of 
course, there may be one particular portion of the object which is 
of special interest, so that the focussing plane will be fixed by this 
consideration. 

It is necessary to use a small lens stop. or aperture, for close 
objects, in order to avoid recording on the photographic plate 
points of the object which the eye would not see from the given 
poin t of view. 

If a single lens camera be used, any of the devices for moving 
the camera parallel to its first position, dtscribed in Chapter IV, can 

• Vide" Stereoscopic Photography of Small Obj(:cts." Rev, H . C. Browne. 
Bt'itish journal oj PholoCt'aphy. 1922. 
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he employed, but it is necessary to provide means for \"arying the 
separation di~tance on either side of th e normal value (2! ins .). As 
a make~hift the camera can be placed on a flat piece of board , to 
which a suitable sheet of drawing paper is attached. A line 
parallel with the principle plane of the object is drawn on the 
p:'lper. whil;;.t t wo lines are next made at right angles to the first 
line, corrr::;ponding to the positions of the slides of the camera 
in the two separated positions. 

Identifying the Stereo Pictures .- It is important to be 
aLle to identIfy the indi'l'idua/ pictures of a ::.tereo pair, since in 
many cases a visual inspection does not indicate which is the 
right-, a nd " 'hieh the left-ha nd print. In some cases, of course, 
bearing in mind the fact that the left cye sees more of the left 
side, and the right eye more of the right side of the subject, it 
is possible to pick out the correct prints. 

Before mounting stereoscopic prints it is a good plan to place 
them on a flat surface, horizontal or inclined, and to interchange 
or adjust their positions until the proper stereoscopic effect is 
obtained. The positions should be marked, and the prints 
mounted in accordance. 

\\11011 photographing still objects, it is useful to place a small 
card with the let ter R hy the side of the object, to be photographed 
with the camera en the right-hand position, and a letter L for the 
left-hand camera position. 

\'ery often. however, the ncgati\·e \vitI show the distinctive 
outline of the slide mask; the latter is usually different in shape 
a t one end, so tha t the proper picture of a stereo pair can be 
recognised, \vhen a stereo camera is used. A slight notch in the 
stereo camera mask, at one elld can also be used as an indicator. 
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CHAPTER X 

THE WIDE AKGLE STEREOGRAl\I. 

ONE drawback of the ordinary stereoscopic camera is that the 
angles of \~Cw of the lenses are considerably less than th at of 
the human eye~ , so that one only obtains t.he impre~sl on of 
viewing, in the stereoscope, a porti on of the real fie:ld of \ ·iew. 
This matter may be stated from an other yiewpoint , namely. 
by imagining ourselves standing still in a room and looking 
through a window at the landscape outside. When we 
shut OUf right eye we can imagine the image of the landscape 
formed in Ollr left eye to be projected on the window-pan e and 
exactly copied with a pencil, and similarl)' with the image form ed 
in OUf right eye when t.he left one is ShUL Thus two drawings 
appear side by side. If now the landscape disappeared. we 
should see it unchanged in its former place because Ole two 
drawings would produce exactly the same images. on tile ret ina: 
as the landscape itself. 

There is no reason, if we leave out of considerati on the question 
of accommodation, \vhy we should not approach the window 
so closely that we have a field of ,·ie\\, possibly as \\'ide as the 
natural field of view of the eye, reaching up to 120 ' or more. 
In stereophotography \\'e must ensure that the pictures become 
identical with the drawings on the \\;ndO\v-pane. This is very 
easy if we employ a stereo-camera, the lenses of which have the 
same focal length as the distance of the eyes from the window­
pane, provided that their lateral separation is equal to the 
interocular distance, and that they are free from distortion, 
because the imaginary drm;vings on the tvindow-pane are free 
from it. 

It is often argued that photograpl)s m ust not be taken \\~th 
too large an angle of view because of the effect of exaggerated 
perspective and also because the principal object is not brought 
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into such prominence ,,-ith regard to the background and 
~urr(Jundings . This may be quite true in the case of single 
photogrrtphs, but in the case of stereo-pictures the argument 
doe, not hold. 

One practical ach-antage of short-focus lenses, apart from 
their great,·r definition of depth , is that they are much smaller 

;_tnd lighter and so allow the cameras to be morc compact and 
Jighkr. 

The ordinary photographic Jens lIsed in stereo-cameras 
has an angular field of \"ie\\"" of about 60°, so that it does not 
correspond in angular fidd to the eye range. Similarly most 
] ense~ of \"icwing stereoscopes g iyc a greater angular field than 
60', nor art they connected, optically, for wider angles. 

T 

----
M N 

F1G. \,)0. 

Col. L. E . W_ van Albada , of Amsterdam, who has given a 
good deal of tbought and study to this problem, has been successful 
in producing a wide angle stereoscope lens system* of goa effective 
angJe, and which is corrected for distortion and chromatic 
aberration I by means of the lens system sllOwn in Fig. 70. 
The lens system illustrated in Fig. 69 represents an approximation 
to the pre\'ious design, a.nd sen'es to indicate bow the final 
design was arrived at. 

Suppose we have a lens system as shown in Fig. 69. A point 
P on the axis is taken so that a ray, or narrow parallel pencil 
of rays, going from P to Q appears, after refraction at the flat 

.. A Itlldt' Angie Slel'eoscope and a Wide AJlgle View Fi"dcl'. Trans. Optical 
SOC1Cty, vol. 25, NO·5, 1923- 4. 
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WIDE A"GLE STEREOGRA)IS 

surface I , to corne from a point .11, Jf !ll is in the centre of 
curvature of the spherical surface 2, the ray QR will not be 
refracted when it emerges from the flrst lens into the air, nor 
when it enters the second lens , proyided the spheric"l surface 3 
bas the same centre of CUlyature .11. Thus the ray, on reaching 
the second flat surface 4 at the point R, is refracted in a direct ion 
parallel to PQ. Thus the system is simi lar in action to a glass­
plate. 

Morcoycr, when both lenses are 
made from tbe same kind of 
glass, there is no chromatic 
aberration, as the prisms at Q 
and R have the same angle but 
turned in opposite directions. nor 
is there any appreciable astigmat­
ism because the rays pass normally 
across the spherical surfaces. The 
system has, however, a certain 

FIG. ]0 . 

magnifying power, for the radius of curvature of surface 2 

is smaller than that of surface 3. This system would be an ideal one 
if all rays emerging from P were refracted by the plane surface 
in directions which, when continued backwards, passed through 
AI, but this is not the case. Thus a ray PL will, after refraction 
by the first lens, appear to come from a point N farther away than 
M and will consequently meet the spherical surface 3 at a point 
nearer to the axis than would be necessary to correct the deviation 
caused by the first lens. The consequence of this is that the 
angle between RS and OT is not so large as that between PQ 
and P L , so that the deviation of the pencils of rays towards the 
edge is somewhat under-corrected and towards the a.,is a little 
over-corrected . 

There are various ways of obtaining better correction. One 
of these is to reverse the negative lens, increase its radius of 
curvature, and bring it nearer to the positive lens, as shown in 
Fig. 70. In this way we get a system which is practically corrected 
for distortion over a diagonal field of from 75° to 80° and shows 
but little chromatism. If a so-called achromatic positive lens 
is used, instead of the single lens, the correction for distortion 
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may practically be carried up to 8So and 90°, while the system 
becomes almost entirely free from colour. 

The correction for distortion, the fl atness of fi eld, its angle, 
and the definiti on of this lens system can best be appreciated by 
comparing the two photographs shO\m in Figs. 71 and 72 
respecti\·c)y. The former is a photograph taken of a rectan­
gularly ruled test chart with ;1 11 ordinary achromatic stere05cope 
lens, with th e stop behind lens; the few centTal squaTes only 
are true in shape. Fig. 72 shows the same test cbart photo­
graphed with CD!. Yan Albada ·s wide angle stereoscope lens, 
with the lens stop behind lens: it will be Seen that there is 
freedom from distortion Over an angle of goa to 100 0

, in all . 

F IG. 7 J .- Sn o w I:"c; D I"TORT IO!'\ OF OR DI N ARY STE REOSCOP E ACII RO~lA'rIC 
L E:S-S (WlTli STOP BEHI :-.'O) . 

Focal Length,- As regards the focal length of these lenses, 
although it is desirable to make this as sbort as possible, a limit 
is fixed by the eyes themselves-which form part of tbe optical 
system- at about zt inches. 

Though the curvature of field of the system is very small, we 
have to place the picture far enough inside the focus on the 
principle axis to enable the margins to be seen distinctly, so that 
for example, at a focal length of 2f inches, the real distance of 
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the picture is reduced to 2! inches. A system with a focal length 
of 21 inches aUows a diagonal view of 85° to be seen at a distance 
of 2t inches \\itbout <li5placing the centre of rotation of the eye 
(which is placed as close as possible to the lens) away from the 
axis of the ~y5tem. \~'hen using the system as a key-hole, th:lt 
is. mO\-ing the centre of rotation of the ye a little away from tile 
axis and looking Slan tingly through the centre of the lens. a 
field of yicw of more than 1000 can be obtained. 

FIG. 72 .-Df5TORTJOllO OF THE \-\"mE AN"GLE STEREOSCOPE LENS 

(WITH STOP BEHIXO). 

As these lenses are designed to giYC the widest possible yiew. 
it is evident that they must be used centrally, that is, their 
distance apart in the stereoscope must be eq ual to the observer' " 
interocular distance and the eyes must be placed as close as 
possible to the lenses. The distance [rom the lenses to the 
picture accords \lith the emmetropic eye. Small hypermetropic 
.and myopic deviations can be corrected by changing the distance 
to the picture; other anomalies can only be corrected by 
spectacles. 

We have been able, through the courtesy of Col. van Albada 
and Messrs. H. van Winhoop and G. P. Duuring, to examine a 
number of wide angle stereograms of mountain scenery, railway 

K I29 



STEREOSCOPIC PHOTOGRAPHY 

bridges and other subjects, and can personally vouch for their 
excellence, and also for the distinct advantage of the "ide angle 
oyer the normal stereoscopic picture. Two or three of these are 
reproduced in the present ,"olume. 



CH APTER Xl 

rSEL"DO~STEHEOS(OI'IC RES L-LTS. 

False Stereograms.- :llany people unacquainted with the 
subject, imagine that if a pair of identical phot0graphs be mount ed 
at the correct inter-ocular distance apart, namely 2~ ins., t.hat 
a stereoscopic result will be obtained, whe_n the combination is 
viewed in a stereoscope. This is of I.:oursc quit e incorrect, since 
as we have shown , the two pictures forming the pa ir must be 
taken from different ylcwpoints. and are therefore dissimilar. 
In the past , unscrupulous or ignorant people haye mounted 
identical photographs on stereoscopic moun ts and offered them 
f OT ,;a1e; thi s fact had something to do with the fall in popularity 
of stereoscopy some years ago. If the two prints of a stereoscopic 
negative are improperly trimmed, or are mounted out of 
parallelism, the stereoscopic result frequently will not be realised. 

Similarly, if two similar points on the pictures are mounted 
at the correct distance apart, viz. 21- inches, but if either are 
orientated so that horizontal lines become inclined it wiJI be 
difficult to merge the views and a false stereogram may result. 
Further, if two prints from a stereoscopic negative be properly 
trimmed and mounted parallel hut at too great distance apart 
(namely, over 3! inches between corresponding points) , tbe 
ordinary person \\-·ill be unable to merge the two Vie\\IS and n( .. 

stereoscopic effect will be obtained. 
Latitu de in P hotographic Density.- The ahove are examples 

of false stereograms. On the other hand, there is a certain 
amount of latitude as regards the density of the photographs, 
and in respect to the relative densities of the pair, provided that 
they are correctly mounted. Weak negatives usually give quite 
good stereoscopic results, and if one picture is printed a little 
darker than t he other, the stereoscopic effect will not be 
appreciably affected. There is a certain latitude, also, in the 
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mounting distance; a good obseryer is able to merge views 
mounted with corresponding points at distances of from II to 
3! inches. 

Pseudo-Stereograms.- There is another type of false­
stereogram which one frequently experiences, namely. in the 
case of the incorrect transposition of the two stereoscopic pictures, 
so that the left eye sees the right picture in the stereoscope, and 
the right eye, the left . One occasionally comes across cases of 
stereoscopic prints which ha\"e not been transposed before 
mounting , so that when viewed in the stereoscope, the true 
effcct is not obtained. Stereoscopic camera pictures which are 
incorrectly moun ted in this way are tenned pse1(do-stereogra.ms. 

The simplest example is lhat of a stereoscopic negati,·e. If 
this be ,·; ewed in the stcreoscope, bv transmitted light (the 
Verascope, 45 x 107 mm. and 60 X I30 nml. sizes lend themselv6 
\"cry well to this experiment) a peculiar effect is experienced. 
There is a complete re\"ersal of perspecti\"e; obj ects which were 
nearest the camera appear to be farthest away, and vke-versa. 
II the subj ect photographed is composed of a number of separate 
objects a t different distances, the relati,'e positions of tbese will 
appear totilly different. In the case of the negative, however. 
the reversal of densities , rather detracts from the experiencing 
of the full pseudoscopic effects. 

The reason for these pseudoscopic results can best be explained 
by reference to a simple case, namely, that of the parillact ic 
displacement of the images forming a stereoscopic pair. H, for 
exampJe, we take the two dots, A A at 70 mm. apart, say. a.s 
references, and t\VO other dots B B at a greater distance apart, 
say 75 mm. then, as we have previously seen, if these be viewed 
in a stereoscope the dot B will appear to stand behind A . 
Similarly if two dots C C be introduced in the stereogram, such 
that th e distance CC is, say, 65 mm., then the dot C will appear 
in front of A, and B. Referring to Fig. 74 (A) if, now we transpose 
the left hand diagram, so lhat it becomes the right-hand one, 
and the right-hand diagram becomes the left as shown in Fig. 
74 (B) and this new arrangement be viewed in the stereoscope, 
the relative positions of the dots will appear to be reversed. 
Examination of the " true" and " pseudo" diagrams at once 
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C .A B C ell B 

• • • • • • 

• • • • • • 
FIG 74·-1LLrSTRAT1:-;C TIlE PRI NCIPLE OF P .-.El!DOSCO I"Y. 

FIG 75.-1LLUSTRATI:\"t.. THE RAl:"BOW FOR~ATlOz.,l P RIl';'CIPLE. 

FIG. 76.-;\ P SEUDOSCOPIC RAINB OW DIAGRAM. 
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shows that in the second case the parallactic displacements of 
the images forming the pair haye been altered, so that the 
distances between the images B B is now 65 mm., and between 
CC 75 mm. 

The same gentra] explanation appli es to all pseudoscopic 
photographs, and it is not difficult , therefore, to understand the 
reaSOns for the results obscn'ed. 

Figs. 75 and 76 illustrate examples of true and pseudoscopic 
results , the latter being obtained by interchanging the right and 
left diagrams in the true stereoscopic pairs. Line diagrams are 
admir::1bly adapted to pseudoscopic results. In the case of 
Fig. 75 it will be observed tbat the straight lines in the upper 
portion appea r to come from the obsen'er's direction to the 
circle, whereas when the left and right diagrams are transposed 
they appear to recede from the circle. Fig. 77 illustrates the 
re"ersal of reference planes by transposition of the left and right 
band "jews. 

A5 a concl uding example of pseudoscopv we shan consider the 
case of a pyramid on a square base, yiewecl in the first instance 
from aboye. The p\Tamid may be imagined to be formed of 
metal wires, so as to form a skeleton or frame. 

If the eyes are situated at Land R (Fig. 78) it will be evident 
that the left eye will see the image of the apex P, of the Pyramid, 
in the position PI' when projected on the hase, whilst the right 
eye will sec it at P,. The two views, corresponding to the left 
and right eyes will therefore be as shml"l1 in Fig. 80 A, and if this 
diagram be \-iewed in a stereoscope the wire-frame pyramid will 
be seen in relief, standing on its base, with the apex P nem'est the 
eyes. 

If, next, we tran.;;po.se the two images in Fig. 80 A, we shall 
obtain the disposition shown in Fig. 80 B; the distances between 
corresponding lines or points on the base are, of course, kept 
constant 'in each case. Viewed in the stereoscope the result is 
that of a wire-frame pyramid with its base nearest and tlze apex 
farthest away. 

A little consideration will show that this is exactly the 
disposition of the left and right eye images of the inverted wire 
pyramid obseryed from above, as shown in Fig. 79. The left 
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F IG. 77.-EXAMPLES OF STEREOSCOPIC A~D PS£t:DQ5COPIC DIAGRM.IS . 
IN A THE S~ I ALLElt PLANES ApPROACH, WHILST I:>: B TilEY RECEDfo:. 

.!l 
P 

P PI 
FIG. 78. 

I35 

L : R 

FIG. 79. 
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and right eyes at Land R, will see the apex of P in the positions 
P J and P 2 respectively in this case. 

F IG. 80.-(..1) PYRA~ll D waH APEX ABOVE B.-\5£. 

(B) PYRA)'II O WITH APEX BELOW BASE. 

Correction of Pseudoscopic Results . In the chapter 
on mounting and transposing stereoscopic transparencies it is 
sho\vn that unless the negative is cut and the two halves 
interchanged, it is necessary to employ a double print ing operation 
using a special transposing printing fran1e. There is, however, 
on the market a special form of stereoscope containing an optical 
arrangement which automa tically inverts or transposes the 
pictures printed by direct single contact, thus simplifying the 
photographic process considerably. 

This apparatus is particularly suitable for viewing autochromes 
with it , no cutting and transposing of the two coloured positives 
being necessary. Fig 55 illustrates a stereoscope, fitted with 
reversing prisms, made by M. Jules lQchard for the above purposes. 

Application to Radiography.-In the case of X-ray 
stereograms the objects in the interior of the body. or object, 
photographed are seen as shadows in different planes, and the 
position of any given object can at once be ascertained in relation 
to that of others ; this method, as is shown in Chapter XVII, is 
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employed for locating the position of foreign bodies in the hum an 
system , or of defects in soLid materials. If the two "jews of an 
X-ray stereogram be interchanged and viewed in a stereoscope, 
the result will usually prove of much interest and value, for \I·ith 
the reversal of the different planes, a fresh disposition of the 
objects occurs. In many cases advantage is taken of this fact 
when making X-ray stereograms of the human body for the 
purpose of locating foreign objects such as bullets, or pieces of 
metaL 11 the object happens to be on the opposite side 01 the 
body to which the photograph is taken, then the pseudoscopic 
view will rC\'crse matters and show it nearer to the observer's 
eyes. In the majority of cases, where radiographs of solid 
objects are made, the positions of the particular objects of interest 
are not known with certainty, so that the pseudoscopic method 
provides a useful alternative method of examination; frequently 
it obviates the necessity for repeating the X-ray photography 
in cases of uncertainty of the position of the object of 
interest. 

Pseudo-Stereoscopic Effects .-One frequently hears it 
mentioned that it is unnecessary to employ photographs forming 
a true stereoscopic pair, as an 
ordinary single photograph can be 
made to give relief effects. The 
latter part of the statement is 
correct to a degree, for there are 
devices available which certainly 
enable single flat prints to show 
a partial relief effect. On the 
other hand, the usual result ohtained 
resemhles that of a series of fl at 
objects, which might be compared to 

FIG. SI.-THF; REFLECTOSCOl'E 
V IEWlSG DEVICE . 

photographs pasted on thin sheets, cut around in silhouette, and 
placed in different planes, somewhat like stage scenery. If a good 
print be viewed through a large convex lens, or if it be seen hy 
reflection from a concave mirror. it will show a certain amount 
of relief of the stage scenery type. A convex mirror device 
known as tbe " Refiectoscope," now on tbe market, greatly 
improves the viewing of single photographs and gives a partial 

137 



STEREOSCOPIC PHOTOGRAPHY 

stereoscopic impression. Both mirror and lens suffer from 
aberration or distortional effects, however. 

A number of such dcyices have appeared from time to time, 
of which mention need only be made of the" \"erant," and 
fI StereoIactor." The former, wruch was devised by Dr. von 
Rohr, enabled relief effects to be obtained with a single photograph 
where placed in a special optical device and d ewed with one eye; 
another of this type of ,-ie\\'er enabled two identical prints to be 
yicwed, one with each eye. In the" Stereofactor " dcyice two 

exact ly similar non-stereoscopic prints were placed side by side 
and viewed in a stereoscope resembling the ordinary type, but 
having a special holder for allowing the prints to be inclined 
to each otber at an angle of 140°, 

No really satisfactory explanation of these pseudo effects 
appears to have been put forward, but in the case of the convex 
Jells and th e concave mirror, it has been suggested that th ere is 
an overlapping of the different rays due to aberrations_ The 
fact should not be overlooked, also, that each of these devices 
causes the rays of light from the picture to be received a little 
differently by each eye in a somewhat similar way, but to a lesser 
exient. to the rays from a stereo-pair, viewed in a stereoscope. 
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Those who have viewed single prints with any of the dedces 
mentioned, and have also observed stereoscopic pairs in the 
stereoscope will agree that there is no comparison between the 
results, the latter being infinitely bet ter in relief, solidit v and 
perspective. A curious effect , which may be mentioned before 
concluding this section, is that which was pointed out by 
an EngUsh M echanic reader,* some time ago, namely, the 
apparent reli ef effect obtained by obsen 'ing a fl at picture of 
correct perspecti\'e with one eye, using an open tube, or onc hand , 
as a spy-glass to ward off light other than that proceeding from 
the picture. Many artists are in the habit of examining pictures 
in a similar way in order to obtain a more realistic impression. 

* Letter 102. Feb. 15th, 1924. 
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i\IISCELLA;"EOl1S APPLI CATIO:-';S AND CURIOSITIES. 

APAHT from the app1ications of the principles of stereoscopy 
deaJt with in the preceding sections, there is a number of 
miscellaneous uses, each possessing features of some particular 
interest. The stereoscopic principle has been appli ed, not only 
to microscopy, astronomy and land surveying from the ground 
and from the air, but also to optical instruments, including 
binoculars and range-finders. It is proposed to consider the 
latter class of instrwnents in a brief account; the former class is 
too well known to merit much attention here. 

Stereoscopic Range-Finder .- The stereoscopic range-finder 
has been developed in Germany and elsewhere to a high degree 

C ______ y __ ~D 
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FIG. 83 .-PRINCI I'L £ OF STE REOSCO PI C RA~GI:: FI:XDER. 

of accuracy, notably by Dr. C. Pulfrich.* The principle of this 
instrument depends, as we have stated elsewhere~ upon 
ill creasing by optical means, the ocular base, that is to say, the 
distance between the view-point!', 

A simpJe method of increasing the ocular base is that indicated 
in Fig. 83, and in which the two normal eyes situated at A and B 

• Neue Slerl'oskoPischc M ethode" Imd A':pparate, and Stereoskoplschc SeJml 
und Mcsstm. Dr. C. PuHrich. Berlin , 1909· 
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as sho\\'n, are able to experience a sensation of augmented relief, 

equivalent to th at of an ocular separation y. The maximum 
range of natural stereoscopic vjsion, a subject which is discllssed 
in Chapter 11. can he extencted by introducing a telescopic 
system of magnification, whereby the limiting angle of resoluti on 
of natural vision, which is, roughly speaking, about 30" of arc, 
becomes reduced to a fraction of its value. If, for example, the 
magnification of the telescopic system is 10 times. then the 
equivalent limiting angle of resolution will be 3" of arc. 

In general , for a magnification ?II times, the limiting angle 

of resolution is !:__ times its natural vision value. Similarly, if tlie 

'" ocular base be increased by optical, or other arti fi cial means, 11. 

times, then the maximum range of stereoscopic v ision is increased 
to m x 'It tjmes the natural vision value. The produc t nUl· is 
sometimes temled the stereo power, or total relief of the system. 

As an example, let us suppose that by means of prisms the 
ocular base of 65 mm. is increased to 650 mm., and that a telescopic 
magnification system of x 15 is eIl1ployed, then the value 

6-0 
of n ~ t5 ~ 10, and the product 1n x " ~ 10 x 15 ~ 150. 

The stereo power of the system is therefore 150. 
It should be noted that if only the base (11 ) is variect without 

magnification, the effect experienced will be to bring distant 
objects proportionately nearer , but , as we have stated previously, 
will give the same angular suhtension, and therefore the effect 
seen will be that of a model of the obj ect situated at a nearer 

distance (1. of the actual distance ) . 

Increasing the magnification (m) without altering the ocular 

base, will give the effect of objects at !n of their actual distance, 

so that an increased stereoscopic effect will be e..xperienced. 
In applying these principles to th e range-finder, it will become 
e"ident that a scale of some kind is required in order to read off 
the distances of obj ects viewed. Tills scale usually takes the 
place of a graticule, i.e., black line scales on glass transparencies, 
placed in the focal planes of the eyepieces so that when a distant 
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scene is yiewed, there is also seen a scale of distances standing 
out in reHef, as shown in Plate 9. It is then easy to ascertain 
the distance readings on this suspended scale, in space, opposite 
the object seen in relief; the range, or distance away is then 
known. 

A little consideration will show that it is not difficult 
to con~trllct a scale in the form of a stereogram, in which the 
indi"jdual markings or graduations \vill, in the stereoscope, 
appear to stretch out into space. It is only necessary to displace 
the individual marks of one scale to the dght or left, in order to 
ubtain any degree of advance or recession, as we ha\'c explained 
in Chapter II. 

1 t is necessary to provide erecting prisms so that erect, instead 
of im'eried, images are seen. In some cases a wandering point 
is fitted to the range-finder, the graticules ha"ing a single 
graduation only. 

[t may be added th at it is easily possible in the case of those 
stereoscopic range-finders which employ separate graticules, the 
graduations of which appear in relief, to so arrange the vertical 
heights or lengths of the graduations, that each represents the 
actual height or size of the object seen in the same plane as the 
graduation. In this manner, the size as well as the distance of 
an object could be measured. 

The stereoscopic range-finder has been shown to be, in the hands 
of a good observer, practically as accurate as the best forms of 
coincident t,ype instruments, and to be more rapid and s imple in 
use. It is necessary, however, to obtain observers possessing good 
stereoscopic vision; test charts of the type illustrated in Fig. 58 
are used to ascertain the stereoscopic quality of observers. 

The Stereo-Micrometer . -The stereoscopic principle has been 
applied to an instrument known as the stereo-micrometer, which 
has been employed for measuring the heights of hills and moun­
tains, and distances of different objects seen in the stereogram 
from the camera. It has also been used for measuring the heights 
of mountains on the moon, and the depths of lunar craters. 

Referring to Fig. 84, which represents a pair of pictures, AB, 
and A 'B', respectively, forming a stereogram, if two pointers, 
which are identical in size and shape, be placed at 0 and 01' 
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respectively, in the plane 01 the photographs so that their images , 
as seen in the stereoscope, superimpose, or merge. they will appear 
as a single image. If, however, onc of the pointers be moved to 
one side, the degree of superposition of the images will be changed, 
and in consequence the distance of the 
pointer from the Ob SCTYCr will appear to 
alter. If a graduated sc;,]e is provided 
to indicate the position of the displaced 
pointer, it can be used to measure 
the distances of the objects with which 
the displaced pointer coincided from 
the observer. It will be realised that 
this is but a mechanical application of 
the well-known method of p arallacti c 

I 
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displace.meul, described elsewhere in this book. Re-statcd this 
method is based upon the fact that il ol1 e point 01 a stereoscopic 
pair be displaced , relatively to a fixed, or reference point in the 
same diagram or picture, and in a direction towards its con'es­
ponding point in tbe other picture, it will appear, in the stereo­
scope, to s tand out in front of tl1 e reference point ; jf displaced 

FIG. 85.-TuE STER EO- M I CROMETER , 

away from the corresponding point it will appear to recede behind 
the reference point. The amount of displacement determines 
the apparent distance of advance, or recession. 

In the Zeiss stereo-micrometer illustrated in Fig. 85, the image 
of the movable pointer B can be displaced so as to appear at 
any distance away from the observer, by means of the screw 
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adjustment S; the amount of the displacement is read off the 
flat and divided head calibrated scales shown, and the distances 
corresponding to the displacement are then known. 

Binocular Telescopes. -The principle of the extended base 
has been applied also to binocular telescopes. Here the eyepieces 

FIG. SG.-BI:"OCU LAR TELESCOPE . 

are arranged at the normal separation distance of the eyes, whilst 
the objectives are placed mucb fartber apart. Tbis enables the 
observer to obtain a much greater sense of SOlidity and depth in 
the case of distant objects. 

Fig. 86 illustrates the Krauss prism binocular telescope mounted 
upon its tripod. Tbe two eyepieces can be seen near the lower 
ends o f the telescope tubes, the obj~tives being mounted at the 
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upper ends. The telescope tubes are arranged to pi\'ot, or swing. 
about their eyepieces, so that the two objecti,"cs can be 
separated by any distance within the limits assigned. In the 
present case the separation of the objectives can be varied from 
about normal up to 28 inches when the tubes are swung into the 
horizontal positions. The enhanced stereoscopic vision is of 
great value in observing distant objects, for it enables differences 
of depth to be perceived with precision. 

\Yhen mounted on a stand the instrument can be swung into 
any position relatively to the hinge connecting the two telescopes 
and the ,"ertical axis of the combined telescopes. For the latter 
purpose the stockhead is prO\'ided with a tangent screw. The 
two telescopes can be turned about the hinge into a horizontal 
positi on on a level with the eyes of the obserycr. In this position 
the stereoscopic effect reaches its greatest value. On the other 
hand, the two telescopes may be turned in scissor fashi on vertically 
up aboye the head of the obsen 'er, in which Case the stereoscopic 
effect bas its least yalue, but in this position of the telescope arms 
the observer can conceal himself behind an obstacle and obscn'c 
from behind the shelt~r so afforded , since the objectives alone 
reach aboye the obstacle; this constitutes a kind of periscope 
arrangemen t. 

The two eyepieces have movable eyecups with diopter scales , 
by means of which they may be adjusted to suit the ophthalmic 
anomalies of the eyes. 

In passing it should be pointed out that the ordinary prismatic 
binoculars having the objectives farther apart than the eyepieces 
will give an enhanced stereoscopic effect a t their magnificati on 
distances. 

Stereo Prism Binoeular.-Fig. 87 illustrates the Ross stereo 
prism binocular, which embodies the principle previously out­
lined. It will be observed that the objectives have a greater 
separation than the eyepieces; with these binoculars a better 
stereoscopic effect is obtained at the shorter ranges than with the 
monocular telescope, or with binoculars having the usual inter­
ocular separation for the objectives. The instrument illustrated 
gives a magnification of 9 diameters, and has the exceptionally 
wide field of view of 70° ; the usual ,,-aJue is 40° to 50°, It 
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FJG. S7.-THE Hoss STEREO PRISM BINOCCLAR. 

F 
FTG. 8S.-PRIJ'o:CIPl.E OF BINOCULAR :\:lAGNIFJ'ER. 
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has a stereoscopic power of IS, and light transmHting power 
of 16. 

Binocular Magnifiers .-An interesting deYice for examining 
small objects under a low power magnification, has been placed 
on the market by Messrs. Zeiss. The pdncipIc is illustrated in 
Fig. 88. It wiD be obsen·edlhat the object F is observed by the 
t\\'o eyes, Z, Z through the prisms Pr and PI, and magnlfying 
lenses Cr and C/, respectiyely. The optical effect of this prislll­
lens system is indicated by the full and dotted lines. The eyes 
appear to obsen"e the object as if they were at Z', Z' 
respectively, i.e., with a ,'educed ocular separa.tion. The prisms 
are designed on the rhomboid reflecting principle. 

The binocular magnifier is a marked advantage 0\"Cr the single 
magnifier, s ince it enables many of the details of objects examined 
to be observed. which otherwise \vQuld be lost, and further gives 
a good stereoscopic impression. Th ese magnifiers. which are 
supplied with ear attachments similar to ordinary spectacles, and 

Fa:. S9.-TIIE B.-\KER BI~OCt1LAR )r"'G:-;IFlER. 

also with a spring retaining band for the head, are used in natural 
history, medicine, geology, engineering, craitsmanship, and for 
other purposes. They have a magnification of 0.75 up to 3 times; 
the former reduction is for objects situated in a cavity. A 
refl ecting mirror attachment, and a smill electric lamp illuminator 
fixed between the prisms can be supplied with this instrument. 

The Pinhole Camera. -It is necessary in the case of stereo­
scopic photographs not only to aim at ohtaining as much detail 
as possible, but to secure sharp definition of all details. A 
stereogram having part of the picture out of focus, loses a good 
deal of its interest, except, perhaps in the case of animal and plant 

I47 



STEREOSCOPIC PHOTOGRAPHY 

studies, and in portraiture, where the background is purposely 
placed out of focus. 

There is, however, good scope for the utilizing of pinhole camera 
type of picture in stereoscopic work, on account of the range of 
definition, the softn ess of detail and the general pleasing nature 
of the tones and atmosphere of the pictures. 

It is well known that if the lens of an ordinary camera be 
replaced by a light-tight fitted diaphragm of thin metal, having 
a tiny round hole, this la tter will function as a lens of small 
aperture. The usual size of aperture is that obtaincc1 with a 
No. 10 needle. 

A simple type of stereoscopic camera can be made with two such 
perforat.ed diaphragms placed at 2~·ins. apart; it is necessary to 
hayc a central partition inside the box in order to prevent the 
stray light from one pinhole affecting the plate of the other. The 
distance of the pinhole from the plate should be about equal to 
the side, or diagonal of the single picture part of the plate. e.g .. 
in the case of stereograms of 3 x 3 ins., the pinhole should be 
about 3 to 4 inches from the plate. 

The use of this type of camera is confin ed to still subj ects, 
owing to the length of exposure necessary on account of the small 
aperture. The exposure yaries {rom about 5 seconds in mid­
summer to 45 or 50 seconds in mid-winter, at mid-day in each 
case. Pinhole camera subjects include architecture, statuary, 
monntain scenery, snow-scenes on still days. 

Hand-Drawn Stereograms. *-A variety of fascinating stereo­
grams can be made with pen and ink, if the underlying principles 
are understood. It is necessary to be acquainted, firstly, with 
the fact that parallactic displacement of one of the images of a 
pair to the left or right will cause the image to rnove backwards 
or forwards, when the pair is viewed in a stereoscope, and secondly 
with the principles of geometrical perspective. The individual 
diagrams must also be drawn very accurately in bold black ink 
lines of uniform thickness. The simplest example to begin with , 
is perhaps that of a receding square, as seen with the right and 
left eye, respectively. Referring to Fig. go, which is not intended 

• Vide also "Stereoscopy ,dtbout a CAmera," (C . E . Benham). EJlg;ull 
MeG/HWJCS, May 15 and Mar 22, 1925. 
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as a stereogram but to illustrate the method of construction, the 
two sta tion points (SP ) are drawn at 2~ ins. apa.rt, whilst the two 
points of sight (PS) arc arranged horizontally at 21 ins. The two 
front edges of the squares arc on the picture plane, and are equal 
in length; this equality giYes the reference plane. The method 
of construction for the receding edges will be c1~ar from the 
djagram ; it shouJd be noted tha t no measuring pojn t lS necessa_ry 
for the right-hand diagram. 

,sca-le. 
J i. n c.hl.!$ 

PICTURE PlANE PIC TURf PLANE 

FIG. 9O.- SHOW1XG lliTHOD OF STEREOSCOPIC DRA wISG. 

P.S . = POINT OF SIGHT . J-l.L. = HORIZON. M.P. = MEASURING POINT. 

S.P. = STAno!'> POIST. 

If it is required to show a cube, all that is necessary is to 
construct squares having as upper sides, the front edges of the 
receding squares shown. 

The important points to remember are that the corresponding 
points, in the two pictures must not exceed about 21 ins. apart, 
or be less than about 2! ins., and thdt the diagrams should not 
exceed 3 ins. in height. This condition is realized by making 
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the SP separation 2] ins. , and the PS distance 2t ins., in the 
example shown . 

An elaboration of this method gives the result shown in Fig. 9I 
illustrating the law of inverse squares; as seen in the steroscope 
this example stands out in good relief. 

FIG. ~}I.-Sn:REOCl""M TO IlLI:STRATE THE LAW OF INYERSE SQU .... '{fo;S . 

Hand-drawn diagrams can be made to any scale, but should be 
so reduced and arranged that the separation of the correspond­
ing points is 2! ins. 

1'Ylany other interesting examples, such as crystalsJ intersecting 
planes, perspective ,·iews and similar subjects will no doubt 
suggest themsch·es. 

Compass Diagrams.-An interesting diagram may be con­
structed with a pair of ink compasses, by utilizing the method of 
displaced centres of the arcs in one of the two diagrams forming 
the stereo pair. An example is gi" en in Fig. 95, in which lhe arc 
radii are equal hut the centres of these arcs are displaced outwards 
slightly in the right-hand diagram, from their positions on the 
circumference of the circle in the left-hand diagram. 

Other Diagrams.-The nurnher of line diagrams forming 
stereoscopic pairs, which can be drawn is limitless, for once the 
principles of perspective and paral.lactic displacement have been 
mastered a very wide fie.ld is open to the stereoscopist. We havp. 
seen some remarkable hand-drawn anaglyphs (which are .irtuilly, 
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.,. 

FIG. 9 2.-SOME INTEREsilNG EXA.MPLES OF LINE STEREOGRA:'!S. 
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nearly superposed stereo pairs of diagrams) made in tllis 
manner, and i1Justrating crystal systems, geometry in three 
dimensions, intersections of solids and similar items of fascinating 
interest. A few simple sicreo line diagrams are reproduced in 
Figs. 92, and 93. An examination and measurement of the 
relatiyc positions of corresponding points in these diagrams will 
pro\'c helpful to those readers who wish to make their own 
diagrams. 

In connection with the rainbow diagram shown in Fig. 75. it 
will be obsen'ccI that there are two identical arcs of circles bilt 
that the point of \'iew of the observer in the right diagram is 
displaced to the left. -nle terminals of the incident (parallel) 
rays coming from the sun fonn a concentric circular arc in the 
Jeft figure, hut in the case of the right one form an eccentric arc 
\\'ith its centre to the left of the circular arc or" bow," In the 
stereoscope the diagrams show how all the angles from the bow 
are equal; no attempt has been mace to show the real angles of 
reflection, ho\\'c\'er. 

P hoto-Stereo Synthesis. -A method, devised by the 
Brothers Lumiere, (and described in a reprinted paper in the 
British jOllr1la1 of Photography, Feb. 25,1921) for showing portraits 
in relief, consists in obtajning a number of transparencies 
representing successi\'c planes of the subject, and mounting these 
one behind the other at inten'als proportional to their separation in 
the subject, and to their scale of reproduction. When this set of 
transparencies is suitably illuminated by a strong transmitted 
ljght, and is viewed from the front , a striking impression of 
solidity is experienced. The method involves the taking of a 
number of photographs, each with the lens in a slightly different 
position, so as to focus successively on the selected reference 
planes through the subject. It is necessarily more complicated 
and expensive than the ordinary anaglyph or stereogram, 

Apparatus for Drawing Stereograms. -It is not difficult 
to de"ise an appara tus of the compound pendulum type which 
will achlally draw, or trace out pairs of curves fonning stereo­
scopic pairs. The principle employed consists in providing two 
pens or tracing pencils, one of which is given a small difference 
of phase, so as to obtain the necessary parallactic displacement. 

152 



.WPLICATIO"S A::\D CllRIOSITIES 

FiC. 93.-ANOTHER EX."~IPLE or Ll~'E Sn:nl;;OGRA:'>!. 

FIG. 9 4 .- STEREOGRAM OF CRYSTAL SUOW1:"G I R1DE5CENT EFFECT. 

FIG. 95.-PEN Bow DiAGR .... lfS. 
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In this way some very beautiful and complicated curvl::':S can be 
constnlcted automatically, which when yie\ved in the stereoscope 
stand out in relief, \·dth their loops, cusps, and other con\'ol utions 
appearing in different planes, exactly as though constructed of 
thin wire. 

Fig. 96 illustrates a twin-pendulum apparatus * for drawing 
stcrcograms ; it belongs to the twin-elliptic class. By means of 
this simple device a harmonic displacement in a lat eral direction 
ma)" readil)" be obtained. For this purpose it is only necessar)" to 

FIG. 9(}.-Twlx ELLt!'TIC PENDt,;LOM :\l'PARATL"S. 

use two pens \A,"orking silnultaneollsly, one of "'hich is given a 
slight lateral oscillation in tune with the pendulum as a whole. 
By such means no "ertical displacement is introduced. It is clear 
that, taking the simplest case of an ellipse, the lateral oscillation 
of one pen with each sweep of th e ellipse will merely cause one of 
the two ellipses to be wider tllan the other, exactly as a phase 
alteration does in the rectilineal harmonograph, as already 
explained . H ere again the principle so obviously operative in 
the case of a simple ellipse must also hold good for any of the more 
complex twin-elliptic figures, as they are all compounded elliptical 
movement. 

• .. Stereoscopic Twin-Elliptic Pendulum Curves." C. E. Benham. E"gli~h 
.Mechanics, Mar. 20, 1925. 

154 



APPLICATIONS AND CURIOSITIES 

FIGs. 97 AKD 98. 

FIG. 99.~THE HYPER-CUBE REPRESENTED STEREOSCOPICALLY (BENHAM) . 
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The practical method of obtaining these effects consists in 
having one pen-lever supported on a fixed base while the other 
rests on the head of a pendulum rod tuned to the period of the 
main pendulum. and introducing, as it swings on a knife-enge, a 
harmonic lateral displacement, which should not exceed a quarter 
of an inch, so that very slight oscillation of the laterally swinging 
rod is necessary . 

Fig. 96 shows at a glance the general construction of the 
apparatus. The pendulum rod bearing th e pen-lever A is on a 
knife-edge and gi\'es the pen a slight lateral motion, each oscilla­
ti on being accomplished in the period of one orbit of the main 
pendulum. The tuning for this is easily effected by sliding the 
mO\'able weight HI along the rod wltil its period is found to 
hamlOni se with that of the main pendulwn. Absolute harmony 
is not essential , or even desirable, hut there should be sufficiently 
close coincidence to present no appreciable yariation of phase for 
nt least two oscillations. 

It is of course necessary that the two pens should be in the line 
of lateral movement, and they should be from 2~ to z! ins. apart, 
i he proper stereoscopic distance. 

To ensure that the two pens start together a loose sheet of paper 
may be interposed between the pens and the actual sheet used 
for the stereogram. After the pendUlum bas been started the 
loose sheet may be gently but quickly drawn away. The loose 
sheet should have a horizontal line ruled across it as a guide for 
the correct placing of the pens at the outset. 

The tendency at fi rst is to introduce too much clisplacement. 
A quarter of an inch is the maximum allowable, otherwise 
separations beyond the limits of stereoscopic accommodation 
would be introduced. 

The results, though of no practical or commercial value, are of 
such varied beauty and fascinating interest that they will repay 
any worker with the twin-elliptic pendulum for the very small 
trouble of fixing the attachment desctibed. Two examples are 
shown in Figs. 97 and 98. The chief clifficulty is perhaps in 
ensuring that the two pens give an exactly equal line, but it is 
here assumed that the experimenter knows how to make and 
manipulate the glass pens generally used in harmonograph 
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work. With a little practice these are readily made. The gloss 
tubing, ha\'ing been heated in a fl ame and drawn to a fi ne 
point, is quickly sealed at the tip in the fl ame and then ground 
down on a fine hone with water until the aperture is just rcadl('d . 
after which the" shoulders" of the point are gently ground off 
on the hone. 

The Hyper-Cube in Stereoscopic Representation. "- Fig. 
99 is intended to represent the parallel case in four dimensions 
of the cube in three dimensions. Regarding the latter as two 
parallel squales joined by lines, the former may be said to 
represent two cubes joined. By means of the stereoscope the 
theoretical representation of the hyper-cube can be traced. 
Two separated cubes must be perspectively drawn as they would 
appear to the right and left eye, respectively. Lines must then 
be drawn connecting corresponding corners. Just as the cube 
has eight terminal points, so the hyper-cube has six teen, fOllr 
being within the figure. The illustration is, of COurse conj ectural 
but may be regarded as the shape in three dimensions of the 
hyper-cube as seen by a being with four-dimensional sight or 
sense. 

Correction of Distortion by the Stereoscope. - One of 
the most interesting fa cts concerning stereoscopic photography 
is that the stereoscope corrects automatically the distortion 
produced in the individual photographs formin g the stereo. pair. 
Thus if a pair of photographs be taken, with a stereo camera, of a tall 
building, nearby, each individual picture will appear to be hopelessly 
distorted and out of proportion . As a single phoiograph it will 
convey a somewhat exaggerated and even ridiculous impression 
of little value as a record, Viewed in the stereoscope with lenses 
of appropriate focal length all sense of distortion is at once lost, 
and the building appears in solidi ty and perspecti ve, just as it 
does to the eyes. The stereoscope thus provides a means of 
correction to the single pictures forming the pair. Another 
familiar example is that of a sitter 's feet which appear out of 
all proportion to the rest of the body. If a stereo pair of such 
pictures be viewed in the stereoscope, the abnonnality at once 

•. , The Hyper-Cube Stereoscopicall y Represented ," C'. Benham. Engli sh 
JliJecioanics, Sept. 4 . 1<)2 5_ 
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disappears and a perfectly natural view of the subject is 
obtained. Some typical examples are given on Plate No. 10. 

TI1I' reason for this is that although each lens of thecamera gi\'es 
a distorted yicw, yet s imilar views are actually impressed on the 
retin ae of the eyes, but owing to the binocular merging, a true 
imprc:,sion is ()btained . The eyes and stereoscope both view the 
different f€'atures of th e picture in their true planes , and thus 
obtain th e correct impressions. 

:\lan~' beginners and amateurs who make a point of focu::;;s ing 
their pictures beforehand, on the ground-gla ss screen, ha\'e been 
misled into bclic\'ing that the distorted individual pic-tures on the 
screen will result in an exaggerated stereoscopic result ; this is 
of course, quite erroneous. Many an apparently hopele:::s <;ingle 
view of a tower. spire or lofty building may pro\'e an admirable 
~ t t'reoscopjc subject. 

Inaccessible Subjects and Distant Views. -In a pre\'ious 
chapter we haye referred to the method of employing a greater 
separation between the taking lenses, in the ca:;c of distant 
\'icws , and ha\'e gi\'en a fonl1ula to estimate the base-length, Of 

separation. 
Thi :=; method of extended bases, or "giant's "iews" has a 

number o f interesting applications in practice; a fC'w example:;; 
are dealt with in the present volume. Pro\-ided that there are 
no m01,' ill{,! objects in tIle scene, and that there is no foreground 
appearing, some excellent results may be obtained, giving perfect 
relief to distant objects. 

The method is of particular value in the stereoscopic 
photographv of mountain scenery (Plate 3), distant to\\'ns and 
landscapes. 

Thus a distant town. hill or mountain, which to the eye, on 
account of its distru1ce, fails to excite a sense of relief, may, by a 
suitable extension of the base-length or distance between the two 
lens positions, reveal a marked degree of solidity and perspective 
in the stereoscope. 

Cloud Photography.-The same method has been applied to 
the stereoscopic photography of cloud masses. In this case, if 
the clouds are moving steadily, a single lens camera placed at 
one definite spot may be used; \\~th a little experience the 
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BIG SEN LENS roCUs 80 MM ~ 

wrSTMINST£R C"THEDRAL I LENS F"OCUS 7 RO MM 

ILLUSTRATING DISTORTION CORRECT JON IN THE STEREOSCOPE . 
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correct interval between the exposures for good relief ma~· be 
ascertained. It should be remembered tJlat for the best 
contrasts panchromatic plates and deep yellow, or contrast fIlters 
should be used, preferably \\" ratten K.3 . or 1\:-4. screen,. The 
method of exaggerated perspectiyc by employing the ex tended 
base has heen much employed in aerial photography for sho\ying 
up clearly smaJJ yariations in height of buildings and ground 
undulations, trenches and earthworks. Examples of sllch 
stereograrns are giycn in Plate 18. In astronomical stereo 
photograph", advantage also is taken of the principle of 
extended bases in order to show ceJestiaJ objects in relief; 
further reference is made to ihis point in another chapter. 

Geological Photographs. An interesting account is given 
in a paper on Stereoscopic Photography in Geological Field II"0r/(, 
by F. E . " 'right, of the Geophysical Laboratory of the Carnegie 
I nstitution of Washington, in the .J ournal of the Washington 
Academy of Sciences. In it he gives the details of a mathematical 
and experimental investigation of the recognition and representa­
tion of depth (the different distances and objects in the line of 
vision), and comes to the following conclusions: In geological 
field work, stereoscopic photographs taken with an ordinary 
camera are of value to the geologist. Details which may have 
escaped notice are indicated more emphatical ly than in a single 
photograph. No special apparatus is required. It is advisable 
to take the two photographs, one after tbe other, the 
distance between the two cameras stations to be from I to 
5 per cent. of the distance of the ohject, the camera in each position 
to be pointed at the object and the line joining the camom stations 
to be approximately normal to the Jines of sight to the object. 
The stereoscopic effect can be enhanced if enlarged prints are made 
and a Jens stereoscope of the ordinary type is used in the 
examination of the prints. 

Stereoscopic Apparatus for Motion Study.-It is now 
p ossible to examine inexpensive stereogram sets, arranged in 
the form of cinematograph films, of various subjects, by means 
of a French device known as the" Magster " (an abbreviation for 
Magazine Stereographique). This apparatus, which is illustrated 
in Fig. roo, shows the exact details of each of a series of pictures 
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taken from life by means of a stereoscopic cinematograph 
camera, and depicting the various act ions of a technical expert 
or a specialist. On the film is fotu1d the exact or relative time 
taken, together with speed or direction, and particulars relatiug 
to the method employed by an expert worker to obtain the 
maximum output. By obsen 'ing such a film with a wide angle 

FIG. loo.-THE MAGSTER )Olono!' STODY ApPARA"fU5. 

s tereoscope it is possible to compare a dozen pictures at the 
same time with out turning the handle. Thus one is able to 
give an account of the factors which contribute to professional 
ability (slow or rapid mo\"Cments, muscular contraction, 
automatic repetition of the actions, etc.). At the side of 
each picture the apprentice or engineer is able to discover the 
reason for, and the proof of, the characteristics which it 
contains, and the need, scope and importance that it suggests 
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for the practical routine, so as to increase production by 
diminishing the fatigue of the indi\;dual. Thus the" Magster," 
by a process as ingenious as it is simple, places the result of 
industrial importance before the foreman , apprentice, engineer, 
or professor. This apparatus is of particular interest to welfare 
workers, and those engaged in problems rebting to motion study 
and industrial fatigue. 

Stereoscopic Effect by Direct Vision.- Dr. Estanave, of 
Marseilles, has prod uced a special plate which give a stereoscopic 
effect of relief by direct vision, on the single picture. The 
theory of the effect may be cxplilined as follows: Ii t\\"o phOt0-

riG. I Ol.-ILLIJSTRATING Til E PRII"C1PLE O~· Till:: AUTOSTEREOSCOPIC PLATE. 

graphs of a stereoscopic picture be cut into thin sections each 
one of which is numbered I, 2, 3, etc., the even sections beit,g 
placed on tbe left image, and the odd sections on the right, two 
images are obtained which give a stereoscopic effect , provided 
that the sections are sufficiently thin. Suppose now a third 
image in which the odd sections of the left are placed side by 
side with the even sections of the right, then the sections will be 
in correct numerical order, the narrow sections of one of the 
steteoscopic pictures alternating with those of the other. All 
that is necessary to complete the stereoscopic effect is to place 
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a grill of fine parallel bands before tbe pictures. Thus the eye 
at Et sees the odd while Ol e eye at Er sees the e,'en sections. 

The " autostereoscopic" plate has a grill of tine bands printed 
or traced on the glass side of the plate. In order to obtain a 
composite picture an ordinary stereoscopic negative is obtained, 
each image is proj ected on to the special plate, which is placed 
so that the glass side is in front. The light rays are automatic­
ally filtered by the grill. Development is carried out in the 
usual manner. hyd roquinone being specially recommended on 
account of bringing out. the lines into relief, as the image is 
composed of banded section ,. A photograph is thus obtained 
which can be enlarged and the transparency gives an impression 
of relief. 



CHAPTER XIII 

:\~:\GLYI'HS . 

A~ Anaglyph is type of stereoscopic picture, in which each of 
the two pictures forming the stereoscopic pair is printed in red, 
and in green respectively, and arc superposed, with onc of thcirpairs 
of corresponding points coincident. The result obtained is a 
blurred combination of the reel and green pictures, ",..-ith certain 
part~ on the edges showing e ither red or green. If we arrange 
that the right hand picture of the stereoscopic pair he printed 
in red, and the left in green, then, on look.ing at the combination 
through two pieces of stained celluloid film , placed in such" way 
that the right eyes looks through the green screen and the left 
eye through the red one, then each eye ,.ill Oll/Y be able to see the 
picture taken from it£ O1.{JIl. l'iC'wpoinl ; the result will he a stereo­
scopic rendering of the picture. 

The ahove explanation will be cleal"er, perhaps , if it is stated 
that if a red picture is yiewed through a red screen, it \vil l not be 
visible-it will , in fa ct, disappear. It can only be seen through 
a coloured screen of a complementary , i.e., a green colour. The 
invention of the Anaglyph was due to M. d' Almeida and Ducos 
of Hauson. 

Advantages of the Anaglyph Method.-Unlike the ordinary 
stereograms, the anaglyph takes up only about the space of a 
single picture, so that for reproduction purposes a good deal of 
space is thus saved. Moreover there is practically no limit to 
the size of the picture hy the Anaglyph method, whereas the size 
of the stereogram is strictly limited by the separation of the 
prints, i.e., to widths of 2:} to 3 inches. The anaglyph method 
has been much used in France, by periodicals, e.g., L'Illustration , 
for the purpose of showing pictures in relief, in the case of different 
publicat ions. In this country the I llustrated Lo"do" News, 
has created a good deal of interest in stereoscopy, by the excellent 
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Anaglyphs which have been published as a regular feature; 
these pictures are very much more realistic and of much 
greater interest than the best single pictures. 

Witli each issue of the paper mentioned, containing anaglyphs, 
a pair of red and green spectacles, or viewing mask is given. 
These masks can be purchased separately. The anaglyphic 
method is also used in connection with aerial survey work, 
an account of this application being giYen in Chapter XVIII. 

Anaglyphs have an interesting, and \"Ory useful application 
in connection with the stereoscopic representation of geometrical 
figures, crystal formations and othercomplica tcd three-dimensional 
figures. !VI. H. Vuibert, in his book L es Allaglyphes Gtiollle­
triques gives many excellent examples of the application of this 
method to the study of various solids, including the conic sections, 
celestial spheres, figures in cubes, crystals with different 
fomlations or facets, projections of solids and intersections of 
planesJ solid sections, the illustration of refraction in a solid. 
perspective view of a windmill and similar examples. The 
diagrams are very \ycJl executed and on a large scale. suitable 
for observing with the viewing mask supplied. The examples 
gh·en in this book represent the result of a considerable amollnt 
of accurate and painstaking work on the author's part. 

Limitations.- Those who have viewe.d ordinary print or 
transparency stereoscopic pictures will agree that they arc superior 
to the anaglyph in stereoscopic rendering. The majority of 
anaglyphs giYC the relief impression of a series of thin cardboard 
models of the different objects placed in different planes; in 
other words they appear to lack roundness, but show distance. 

There is also an appreciable loss of light through the viewing 
mask screens, due to absorption; this necessjtates a stronger 
viewing ligh t. Further, if light-tones, or white objects figure 
in the pictures, the red and the green inks or dyes have a 
disagreeable habit of appearing to wander on to the whiter 
portions. Anaglyphs can only be shown in monochrome, where­
as stereograms lend themsefves in many cases to colour 
reproduction. For this reason line anaglyphs are not quite 
satisfactory, as a rule. The process of making anaglyphs is 
more complicated. and liable to errors , than that of obtaining 
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stcf{'ograms, from the amateur's point of view. Its rcaI domain 
lies in press publica tion and commercial reproduction work, and 
for magazine, periodic;JJ or catalogue illustration purpose.,;;;. 

Production of Ana glyphs.- The follo\\"ing noles are given 
for the benefit of those who desire to make anaglyphs from 
ordinary stereoscopic negati\1cs. 

A method \\'h;( h gives good results employs the Pinatype 
process,* in which positives are made on transparency plates 
which arc ~ensitised in ammonium bichromate and exposed to 
li ght through their backs. The gelatine is thereby hardened, in the 
well-known manner, proportionai1y to the amount of light which 
has passed through; thus the darkest parts (If the negative will 
allo\\' lhe least light to pass, and the gelatine will he left in its 
~oft condit ion; when' the negative is thin, or light, the grea test 
hardening occu rs. The plates nre then stained wjth special dyes, 
the Pinat),pe Complementary Hed D being used for U)e left hand 
picture, and Pinatype Complementary Green D, for the right one.t 

The dyes are absorbed most by the softer portions of the 
gelatine, and least by the harder parts. Further if such a dye­
~oaked gdatine film plate be squeezed in contact with a pi ece of 
gelatine coate,l paper, it will give an excellent positive impression. 
Each of the red and green positives is impre"cn on the paper, 
in turn, and in its correct relative position. The gelatine coated 
paper is best prepared by fixing ont gaslight or bromide paper 
and hardening in a j per cent. formalin solution; it is better to 
employ a matt surface. Negatives are developed in the usual 
way, with a hydrokin one, or amidol developer, for preference 
(pyro-soda has a tanning effect), and after thorough washing 
are placed in the following solution for a few minutes :-

Ammonium bichromate. 10 grammes 
Ammonia Solution (0.880) . . . . .. 100 c.c. 
Distilled Water . ..... . ..... 500 c.c. 

The plates are then dried in the dark, and afterwards exposed to 
light through the glass side, when the gelatine is affected in the 
manner previously stated . 

• A full account Lc; given in English l'o'/echanics fOr December '25 . 19'25 · 
Aoaglyphs with a H and Camera." R :- A. Fairthorne. 
t Due to the prints being reversed in the proccs. ... and having to he transposed. 
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The original right-hwd image of the negative is printed in 
green, and the left , in red, due to the reversal of the prints in 
the prin ting process. The standard viewing mask has a green 
screen for the right eye, and a red one for the left eye. The 
finished anaglyph has a green edge, or rim on its right side and 
a red rim on its left side. 

Anaglyph, can also he made by the carbon,' or double transfer 
photographic process. In thi s case, as in tri chrome work, the 
carbon prints are mounted on temporary supports of ,vaxed 
transparent celluloid. When the print has been translerred to 
its final paper, the surface is cleansed of wax witli benzine, and 
the second print superposed on it, a little out of register , in the 
manner described hereafter. The tissues recommended are the 
Alllo!)"pe Co's" Trichrome Red," and either their" Bright Green 
No. 158," or " Viridian Green "; the latter gi ves rather better 
results. 

General Notes.-It is very important to rememher that the 
anaglyph process requires the best photographic negatives. 
Sharpness of detail must be the first considera tion; any blurred, 
or out-ai-focus portions of the pictures will not m erge satisfac­
torily in the final result , and wiJJ detract from the general 
interest in the picture. For this reason it is better to stop 
down until all of the objects to be ,een in relief are in sharp 
focus. 

It is also advisahle in selecting subj ects for anaglyphs to aim 
at strong foregrounds, and marked soli<lity ancl distance effects. 
If <listant landscapes or objects are to be sho\\'n, select some 
object of appreciable solidity, or relief, in the foreground to 
form a kind of stereoscopic datum or reference. 

In arranging the two coloured prints on the gelatine paper, 
or by any other suitable process, it is necessary to so place the 
second block or dyed bichromated gelatine plate on the distant 
points of the first image coincide with distant point of the image 
of the printing plate ; in this way the stereoscopic image stands 
0111 of the pictllre. If the near points are arranged to coincide, 
the image will stand a,,·ay . 

• Vide, " Anaglyphs," by H.E.D., EPlglish M echanics, l\lar. ' 3, 19 25. 
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In cases in whidl the distant point~ are not sllOwn , as with 
near objectg, the foll owing rela tions will be found useful :-

Let d ~distance in inches to the right of the corresponding 
red point, wh ich a point on the green print has to be 
placed. to make the corresponding stefeo image 
stand out D inches 1°n /1"0 1[1 of the paper. 

,X = distance of observer's eyes from the an:1g1yph. 
o ~ Ocl\lar separation (2 .5 inches) . 

'[1 d O x D _ 2·5 XD. I ·· 
len ~ (X~ D) - (.\: _ D) JUCle,. 

If d1 =rnstancc in inches of a point on the green print to the 
left of the corresponding red print, required to make 
the corresponding stereo image sia.1Id back D inches 
behind the paper, 

Thend' = _2xD = 2.j x D incll es. 
(X + D) (X + D) 



CHAPTER XI V 

THE EDUCATIO~."d~ VALl-E OF THE STEREOSCOPE. 

M OST people associate the use of the stereoscope and the pairs of 
stereoscopic pictures (kno\\1l as stcreogratlls or stereographs) wilh 
the portraymcnt in natural relief of topical subj ects only; lor 
example, interesting landscapes, buildings, street scenes, topical 
eVL'nls and travel scenes. There is, however, a very much deeper 
and wider application of the stereoscope which is now becoming 
recognised, and which undoubtedly has a great future before it, 
namely, its nse for instructional and educational purposes. 

Hitherto, with a fe \\" notable exceptions, it has been the custom 
to teach technical, medical and other students, pupils and ordinary 
school children by means of lantern diagrams and photographic 
illustrations in the lorm of fl at prints. For ordinary flat or two­
dimensional diagrams and illustrations this method is fairh' 
s:ltisfactory, but when it becomes nece.sSary for the lecturer, or 
teacher, to explain solid objects, and those situated at different 
distances from the observer's camera, or eyes, it becomes increa­
singly difficult to convey the proper impression. As an example, 
suppose that lhe teacher of solid geometry wishes to demonstrate 
lhe properties of a line, curve or solid in space, in rela tion to its 
three co-ordinate planes, he can only do so with the aid of a two­
dimensional (or fiat) diagranl, either in perspective view, or in 
projection on the planes of reference. Frequently, the student 
is quite unable to form a mental picture of the object under 
review and thus finds the subject a difficult one to grasp. Give 
him a stereoscope and stereogram of the object, however, and 
he is at once enabled to observe the actual object in three d£mcu.­
sions, as if he were holding a model in his hand, and examining it. 
There is the further advantage, also, that with suitable stereo­
grams, several objects, curves .. and reference planes can be 
obse..rved, suspended, as it were, in space, the eyes being able to see 
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ali around, in a manner which I:; impossible cn'n with the actual 
models themselves. 

\Ve haYE! taken a rather adyanced eX::l.mplc of the ed ucational 
value of the stereoscope, in order to fender clearer our {'xplanation:­
of its more elementary uscs. A little conslc\cration will show 
that if stereoscopy is of \"aJue to the ordinary kchnical student 
it I;;; also ()f greater value to the elementary school pupil, who ha.s 

FIG. I02.-THE GEOGRAPHICAL CLASS n:OO~I, r.ATYMER SCHOOL, EDMONTON . 

ILLUSTRATISG TilE Cs£ OF TilE STEREOSCOPE [~ EDUCATION. 

not attained the same standard of mental training, imaginati nl1 
and perception as the former. 

Elementary School Education .- The teacher frequen tly 
finds it difficult, more particularly when giving instruction in 
subjects such as geography. natural history and travel. to create 
the correct impressions of the objects nr features described. in 
his hearers· minds. The pupil being. as a rule, quite ignorant 
in the first place of the appearance, size and details. can only be 
instructed by means of models. diagrams and flat pictures. 
These are, of course. quite helpful, but many objects cannot be 
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thus represented, on account of expense considerations, 
whilst in the case of pictorial illustration , as we have pre­
viously emphasi 'cd, the flat picture lacks ,olidity, relief or 
perspectiw. and is a poor substitute for the real three­
dimensional impression. 

It is nuw possiblf' , thanks to the perseverance and forethought 
of one or t\\'o commercial bodies, to obtain excellent stereograms 
of a vcry wide range of educational subjects, carefully selected 
for the purpose. Thus, .Messrs. Und(>rwood~J{eystone Stereographs, 
Ltd ., of New Oxford-street, LondoD, have a selection of 
over half a million stereograms, of high photographic quality, 
taken in aU parts of the world, and of a yery wide range of educa­
tional and general subjects. These stereograms consist of a pair 
of actuaJ photographic prints (tak f'..n with a s tereo camera) 
mounted on the !' tandard card mount, on the back of which are 
full description s of the objects shown. In many schools it is now 
the rule to supply each scholar with a robust pattern stereoscope 
anel the necessary stereograms of the lesson subject so that he 
or she can obtain an excellent mental concept of the subject 
taught. 

The finn mentioned above have issued a comprehensive list 
of school subjects and prices (the sets being quite inexpensive) 
which they supply. 

Stereoscopic Aid to Geometry Teaching.- As far as plane 
OT two-dimensional geometry is concerned there is no need, of 
course, for the use of stereoscopy in depicting the geometrical 
diagrams. In the case, however, 01 solid geometry the stereo­
scopic method of illustratiog diagrams will be found extremely 
valuable. l\othing is more disconcerting to the student than a 
mass of intersecting lines, intended to represent planes with 
different inclinations, when studying rectilinear solid geometry. 
In the. stereoscope method, however, the various planes stand 
out in their natural positions, exactly as if they were made of 
thin glass sheets wi th wire framings, and one is thus able to see 
through the nearer planes and obtain a very clear impression 
of the whole disposition, or arrangement. The stereoscopic 
method has the advantage over actual models that everything 
ca.TJ. be seen at once, and objects can be shown suspended in space, 

170 



SOME EXAMPLES OF NATURAL HISTORY STEREOGRAMS 



AN AID TO TEACHI~G 

with their reference, or co-ordinate planes in the back--or sidL'­
ground ; with models this can only be achieved with the aid of 
supports; and the latter are apt to detract attention from th t' 

intended objects. Figs. 103 and 104 illustrate t\\"o t"pical 
geometrical stereograms. 

Fig. 103 shows a typical example of a geometrical stereogram 
and illustrates the prismoid . If these dii1grams are examined in a 
stereoscope it will be observed that the lines PA, I'B, PC. I'D, 
PR, PF. PG and PH all radiate in different directions from I' , 

(UlIdl' ru'ood-}\'cY;;!O Il I' sfc rco:; raph " Ud.) 

FIG. I03.-A GEO!t!ET RICJo. L Sn;RE()GRA~1. 

and in different planes. The effect observed is that of a wire 
frame made in the form of a prismoid , with a central horizontal 
plane PQRS, and radiating diagonals from P and R. 

Every solid geometry diagram may be shown in this manner. 
In particular the conic sections can be well illustrated. Messrs. 
Carl Zeiss, in their standard series, show an X-ray type of stereo­
gram of a cone, built up of different parts in such a way that these 
latter represent sections cut by planes parallel to the base, 
inclined to the base, parallel to the height and the sloping edge, 
thus giving the conic section curves known as the circle, the 
ellipse, the hyperbola, and the parabola, respectively. The 
half-tone illustration in Plate No. 6 is a reproduction of this 
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stereogram. Stereograms have been made of most of the known 
solid shapes. Apart from the aboyc Examples mention ma~' be 
made of the usc of stcreograms in depi cting complex CUfYCS, spirals 
and looped figures in space. Some examples of the twin-elliptic 
pendulum curves are given in Figs. 97 and 98. As a final example 
we shall refer to Sir George Greenhilr~ stereoscopic diagrams 
illustrating the e!Npl1'c /"nti'graf curves which are associated with 
mathematico.l problems involyed in the motion of the , pinninf; 
top, and gyroscope, a catenary on a ~phcr{' , and in algebraic 
formulae. Fig. 104 illustrates one of the elliptic integra l curves 

(l.''I/(/ef'Wood I\-~y:;to lll' Strreop"(lp"~. Ltd. ) 

F u;. ]D-/ .-THE EUJ."Tlc J:.'TECR.U Ct:m-E, 

referred to. This set of twenty-four stereograms of mathe­
matical figures and their algebraic formulae has been prepared 
by Sir George Greenhill and T. T. Dewar, and is published by 
Messrs. Underwood-Keystone Stereographs, Ltd. The curves 
illustrated were drawn vcry accurately on a large scale and 
afterwards reduced to the stereogram size. 

Abel 's theory 01 the pseudo-elliptic integral is utilised when 
the integral is of the third kind, by making its elliptic parameter 
a simple aliquot part of a period. The solution of the mechanical 
problem can then be made algebraical, and the curves drawn with 
ease and accuracy, and made into stereograms. The analysis is 
explained in " The Applications of the Elliptic Fun~tion," 1892, 
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and in articles in the Proceedings of the London Mathematical 
Society, 1895, 6 and 7 and Phil. Trans., '904. 

The preparation of the stereograms in question involved a_ very 
large ;unount of labour, in connection with the solutions of the 
equations required in tbe calculation of the crossing points of 
the curves, to serve as standard points of the di~lgram betwC'en 
whjch the curved ljnes were drawn in stereoscopic r('presentat ion . 
The curves of this series include the algcbraical sphericaJ ca tenarie~ 

in various numbers of festoons and loops, the gyroscopic curves 
(including the rosette g)To,cope curve), the geodesics on oblate 
and prolate spheroids. catenaries on ycrtical cone, and vertical 
paraboloid, and revolving spherical c<.1.tenarics. These stereo­
grams give an excellent space-position effect and show very 
clearly the true shapes of the curves in three dimensions. 

Stereoscopy and the Teaching of Optics. - The elementary 
student of optics usually experiences a difficulty in following the 
usual diagrams representing the paths of rays of light in three 
dimensions. For example in the case of simple lenses, the usual 
diagrams frequently appear as a mass of super-impo,ed lines' 
representing the light rays. In th e: stereoscopic method, however, 
every line appears in its correct position and the general paths of 
the rays appear perfectly easy to follow. The diagrams illus­
trating the errors of lenses, notably spherical aberrations and 
astigmatism, are always difficult for the student to grasp, as 
tbese attempt to represent in a single plane (two dimensions) 
three-dimensional phenomena; the stereogram at once simplifIes 
the pi cture and a correct mental impression is at once obi.ained. 

Another frequent stumbling block with students is that of the 
polarisation of light ; tbe latter is essentially a three dimensional 
phenomenon. The usual etber wave theory pre-supposes li ~ht 

vibrations to occur in all directions nonna] to its path as Sh Ol-'fll 

in Fig. !O5, in wbich the point 0 is intended to represent the" cross­
section," as it were, of a ray of light. The arrowed lines Oa, Ob, 
Oc, etc., then sho\, .. ' ho\\{ the ether particles are assumed to vibrate. 
It is quite easy to illustrate this particular property, but when 
one attempts to show the modes of vibration of the ether when a 
ray of light is polarised, it is m~re difficult, more particularly 
when tbe optical properties of crystals and planes at different 
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angles are considered. It is here that the stereoscope affords a 
,·alu able help (0 the student, for it at once enables him to follow 
every phase, in space, of the ether vibrations and light ray changes 
of pat h. In this connection an interesting series of stereograms . 

h~I/b 

g7I~' . 
FJ c. lU.'i ,- ILU '<:;TRATI:';C; TilE ETHER YIIlRATlQN S PERI'ENDICL'LAR TO 

TilE DIRECTI ON OF A R.-'I.\· OF LI GH T. 

FIG . IO!') A:'\'P I07.-h. t.l: STRATI",G 

PR I NCIPLE THAT Ll e.11T YlBRATJO!'>S 
ARE :\!OV1';MENiS IN ALL DIRECTIONS 
... T RIGHT ANGl.ES T O TRlr L ' ~E O}' 

PROPAGA'rIO" 

FIG. 100. 

FIG. 107. 

FIG. 10 7 .-SHOWS A SERIES at:" 4 
S UCH ETl:II::R PARTICLES VIBRATING 
IN of DIFFERENT PLANES, EACH AT 

RIGHT ANGLES TO TnE D) RECTI ON 
OF PROPAGATTON. 

has been prepared by C. E . Benham, of 28, Wellesley Road, 
Colchester, and is on the market. The set comprises ten stereo­
scopic diagrams, in which the light rays and the outlines are 
shown by white lines on a black background. This method 
enables a very strong and clear stereoscopic effect to be obtained, 
for the black backgrotmd gives an excellent contrast. The first 
five stereograms illustrate the principles of the light vibrations, 
amplitudes and wave-lengths in three dimensional space; they 
show at a glance the planes and directions of vibrations of the 
particles. The other five stereograms show, in a beautifully clear 
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manner, the polarisation of light hy refl ection and refraction, as 
viewed in space, and the princjpJe of doubJe refraction by a 
rhomb of Iceland Spar. The eflect of crossed Nicol prisms and 

F1G. IOS.-)il COL PRIS",. 

A chomb of Iceland spa r dr\'jdcd diabQnallr :wd HU'II c(,T1lc'l1tc:d wIth Canad .. 
balsam. The ray 1..:nlt:nng at the upper surface I,> tirlubly rl'iraclcd, and the 
" ordinary" ray is "totally reflected" by the la yer of Callada balsam. Tbe 
"extraordinary" ray emerges ~ a single ray of planl' poiarl"i<,d !1g-h L 

FlG. JOt).--CROS5ED NlCOLS !l l'D I NTERFER);;NcE. 

BctWL'Cn the crossed Nicols is a plate of selenite, the pla.nes of whic11 are shown 
by cross lines. Ray from first Nicol has its plane resolved into two by the 
selenite, and these two arc again resolved by the second Nicol. Owing to lnc 
unequal retardation of the 2 rays in the seleuite, interfcrcnce may occur when 
the two are reduced to the same plane by the second Nicol. lnterference of any 
g iven wave length suppresses corresponding colour sensation, and tinges the 

surviving light wit h the complementary colour. 

a plate of selenite, upon the light ray, and its ether vibrations, is 
very clearly shown in another of these highly instructive stereo­
grams. Explanatory notes and a printed pamphlet are included 
in the set of stereograms described. Sufficient has been said, 
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we think, to indjcate the great utiJity of th e stereoscopic method 
of prc:;cnting optical diagrams and illustrations to emphasise 
this mcthod. It may, ho\\'e" cr, be added that in conncction 
\\"jth the study of crystallography and atomic or stereo chemistry, 
I he use of the stereogram will proye of great "alue to the 
student, and others interested. 1t is not sufficient for th e 
lecturer to show model:; during his lectures; these are frequently 
forgotten by the student, for later when at his pri"atc studies he 
is unable to remember the complex solidities and perspectives. 
If, however, he has a few stereograms avai lable he can at any 
time s1 udy th ('~c <ll1d refresh his memory. 

Stereoscopy and Anatomy.- A very comprehensive series 
of stereoscopic pho tograph~ illustrating the complete dissection 
of the entire body systematically (by Messrs. Underwood-Keystone 
Stereographs, Ltd.) has lor some time been on the market; it is 
kn own as t.he EdiJJburgh Scrios. The stereograms, which are 
excellent, both photographically and stereoscopically, were pre­
parcel, in the first place. under the authority of the University 
of Edinburgh by Prof. D. J. Cunningham. assisted by 
Drs. D. Waterson (Senior Demonstrator 01 Anatomy), Prol. 
lII. H. CryJler (Philadelphic General Hospital VisitiJJg Surgeon), 
and Dr. F. E. :K eres (Chief of Clinic, Manhattan Eye, Ear, 
Nose and Throat Hospital). Two of these are reproduced on 
Plate 12 . 

Tile present revised edition represents a big ad\·ance in demon­
stration meth ods, on account of tbe clearness and detail of the 
stereograms. The authors a,'ailed themselves of the method of 
preparation and preservation of the anatomical specimens by the 
use of formalin; this is especially important in respect to the 
'It'seem, both solid and hollow, situated in the cavities of the 
body; but it also applies t o many other structures, so that the 
position and relation of many blood vessels, nerves, layers of 
fascia and other structures are well preserved for illustration 
purposes. The dissections, from which the stereoscopic photo­
graphs were made, were undertaken by recognised authorities 
in anatomy. 

The collection in question consists of ten different sections, 
each containing from 10 to 36 separate stereograms. The section 
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subjects include lhe following: Cranio-Cerebral Topograph)·, 
Central Nervous System, General Ncn·ous Syst.em, Thorax, 
Heart and Pericardium, Head and "(eck, ;\Iediastin a, Upper 
Limb, Abdomen, Inguinal Region. Lumbor Region, Viscera, 
Perineum, Peh·is , Lower Limb, Internal Anatomy of the Face, 
the Nasal Chamber, Frontal Sinus, and :'\ormal Anatomy of 
Temporal Bone and Internal Ear. Each 01 the stereograms i, 
mounted on a card of about three times; the normal picture height, 
the upper part containing a good deal of descriptive text to 
facilitate ready reference from Qne to the ot.her; no difficulty 
is experi enced in following the description ,,-hi ls! llsing the stereo­
scope. The complete set consists of 324 stereograms. Tbe-rc j..; 

also a selies of 36 yiews entitled Appendcctomy (Operati,",' 
Surgery), in whieh the progressi,·c surgical operations are depicted 
section by section. There is little doubt that these realistic 
records of anatomy arc a most valuable aid both to the student 
and practitioner, and as a permanent rderence means. \Ve shall 
refer later to another branch of anatomical application of sterco­
copy, namely that of the X-ray'. 



CHAPTER XV 

STEREOSCOPY AXD MICROSCOPY. 

ApPLlCATJO" of 'iereoscopic principles plays a most important 
part in the microscopic examination and photography of minute 
objects; there is strong evidence to show that 10 th e near future 
it will become of increasing importance now that its advantages 
are rea lized. 

Binocular Vision and Stereoscopy.- )\Jany microscopes 
are fitted with two viewing eyepieces instead of the usual single 
eyepiece (or monocular). principally for the purpose of enabling 
both eyes to be used at the same tim e. It is a common experience 
that after from 10 to IS minutes examination through a monocular 
type microscop(', the rye becomes fatigued and perception of 
microscopic detail is impaired; it is therefore necessary to rest 
the cre for a time before proceeding. A further drawback in 
connection with the use of one eye is the loss of visual intensity, 
\·vhich necessitates the employment of a stronger iUumination 
than is advisable, or required with two eyes. The binocular 
microscope not only prevents fatigue of the eyes, but enables 
bettcr perccption to be obtained. 

Th e binoculm- microscope, or attachment to an ordinary micro­
scope does not always give stereoscopic vision, some of the 
models having been designed for the purpose above mentioned. 
On the other hand most modern binocular microscopes, will, 
(sometim es with the aid of suitable stops or diaphragms) show 
very .good stereoscopic effects. 

Principles to be Observed.-Tbe principle to be observed 
here. for stereoscopic vision is that the light rays from the right­
hand side of the object under observation must be viewed with 
the right eye. the left-hand rays being cut-off, or excluded; 
similarly the left-hand side-light rays should be seen only with 
the left eye -
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The inter-ocular distance (between the eyepieces) should be 
made variable to suit the eye-separation of the observer. Most 
manufacturers allov.7 a variation of 5S to 75 mm. ; the nannal 
inter-ocular distance is in microscopy 65 mm. 

The binocular system should , of course, give all erect t"mage. 
For this reason it is necessary to include in the ordinar~' optical 
system (which normally gives an inverted image), an erecting 
system. The latter is usually a combination of prisms interposed 
in the path of the rays. and which by utilizing the principle of 
reflection reverses the position of the image. The Porro erecting 

FlG. 110.-THE PORRO ERECTt)lG 
PRI S:\1 (BAKER). 

F I G. 111.- Til": SWIFT~STEPIiENSON 
ERECTING S Y ST}!M. 

prism is one of the best known erecting systems. This is illus­
trated diagrammatically in Fig. IIO, from which the paths of the 
light rays can readily be traced. It will be observed that each 
ray undergoes four internal reflections, in all, and lies in two 
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planes at right-angles. Another efficien t erecting system is the 
Stephenson (manufactured by]. Swift and Son, Ltd). This 
system is considered much better for prolonged observational 
work; further, it enables the body of the microscope to be set 
ot an angle rclati,'c]y to the object. 

Types of Binocular Microscope.-There are three principal 
types of binocular microscope, or attachm ents in comm on use, 
nam ely: (I ) The Binocular Prism , placed between the objectiw 
and the eyepiece, and close 10 the former (2) The Binocular Eye­
piece Attachment conLtining a prism arrangement to split up 
the objective beam into two portions; and (3) The Binocular 
.Alicroscope consis ting of two separate microscope tubes, each 
with its own <'yepi('cl: and objective, inclined to one anoth er. 

UI.AR Plwm. 

The eartiest fOlm of binocular 
prism employed for the purpose 
was the Wenham (Fig. II2) . 

This prism was placed behind 
the object glass and split up 
the light beam into two hah'es, 
one of which went through the 
prism to one of the observer's 
eyes, whilst the other balf 
passed direct to the other eye. 
This type possessed the disad­

vantages of reduced resolving power, low power, and unequal 
illumination of the two images. The use of revolm'1lg nosepieces 
waS irnpossibJeJ and the ins trum ent involved the use of long 
tubes. 

Amongst other types of binocular coming under the first heading 
may be mentioned the Powell and Lealand, and the more recent 
Beck instruments. In these, the light beam from tIle objective 
is not divided into two hal"es, but the entire beam is filtered into 
two portions so that some light from each portion goes to each 
eye. Fig. 1I3 represents the early Powell and Lealand arrange­
ment. Here, the whole of the beam from the object glass 0 is 
incident on the prism I. Part of the light is transmitted through 
this prism, this beam heing refracted and displaced to the left. 
The rest of the light is reflected to a second prism 2 , whence it is 
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again (internally) reflected into the second tube and eyepiece; 
the two beams are at an angle the onc with tlw other. 

Whilst this arrangement gives good resolution, it does not giyc 
equal illumination in the eyepieces, the light received by the 
One eye being a small fraction of the light rccei" ed by the other, 
due to a difi~rential absorption in the two beams. 

FIG. II3.-1LLUSTRATfNG PRfSC1PLI;: 

OF EARLY POWELL A 1'(O LEA l.AXD 

BI!I<OCULAR. 

FIG. r '4.-TIII·; HECK OPTICAL 
ARRANGEMI-;:-;T. 

The princlple of the Beck binocular arrangement is illustrated 
in Figs. 1'4 and II5. In this case the main beam from the 
objective 0, is partly transmit ted through the prism AGe, so as 
to form tb e left image. and partly through the two prisms AEFB 
and EJ KF t o form the right image. The surface 01 tbe prism 
EA is semi-silvered so that it allows part of the incident light to 
pass through it into the prism A Ge, and part to be reflected to 
the surface BF, as shown by the dotted lines, whence this beam 
is again reflected through the compensating prism EJKF into 
the right tube and eyepiece. In -this way the full sized beam is 
utilhed, to form each image and DO loss of resolution occurs; 
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further, the intensities of the two beams can be made identical, 
by regulating the amount of silver deposited on the surface AE. 
The prism EJ 1\ F is introduced into the optical path of the right 
beam in order to compensate for the lengthening of focus due to 
its having been reflected twice (at AG and BH); the effect of 
interposing a parallel plate of glass in a converging light beam is 
to shorten its path; this effect is obtained by the prism EJKF . 

. . 
c · 

/ f ' L_~"k _ ____l 

y'': ' - ::-'" 

FIC. 114A.-TuE BECK BU'IOCULAR MICROSCOPE IS SE.CTION. 

The Beck binocular microscope which employs this arrange­
ment, is shown in section in Fig. ' II4A; from this diagram the 
paths of the two beams can be followed, and also the images 
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formed by the lenses can be seen. Thus the object on the stage 
is shown at xy, the image formed by the object glass is shown 
at x'y', whilst the virtual image formed by the eyepiece is 
indicated at % "y. '" 

The Beck binocular can also be used as a monocular, by sub­
stituting a single eyepiece tube for the binocular tube. The 
binocular microscope is capable of being used for both high and 
low power \.\'ork ; this is a great advantage. Fig. 1 IS illustrate:; 
the complete microscope. 

Messrs. Zeiss supply a binocular tube attachment for micro­
scopes) known as the (I Bitumi," ",,'hich can be substituted for 
the single eyepiece without adaption, The tube length is, how­
ever, extended from 160 to 230 

mm,; ( 0 rectify the resulting 
adjustment alteration an achro­
matic lens is fitt ed in the lower 
portion of the Bitumi Attach­
ment. 

H ow the Stereoscopic 
Effect is Obtained.- lt may, 
at first. appear a little difficult 
to understand how a single 
beam from tbe objective 0 (Fig, 
rr6) can be made to give a 
stereoscopic effect , since the two 
light beams (direct and refl ected) 
include light from aU parts of 
the objective 0, Let us state at 
tbe outset that the effect ob­
tained is truly stereoscopic, but 
that in order to realise this, it is 
necessary to exclude from the 
right eye most of the light 

FtG. ( r j.-TIH. BE:CK HrN(JC C:LAR 
]\.llCIWSCOP£. 

proceeding from the left side of the object viewed, and from 
the left eye most of the light from the right side. This 
is accomplished in most binocular microscopes of the general 
type described, by inserting D-shaped diaphragms in the part of 
the two beams, known as the Ramsden circles, where the images 
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(Jf the object glass aperture are formed. At these places y t z ' 
it is possible to di\~de, or cut off the jight in just the same manner 
as shown in Fig, 1I4A, i.e., as if it were a t the back of the object 
glass. The D-shaped diaphragms placed in the Ramsden circles 
can therefore easil )' be arranged to cut off portions of the beam 
so as to satisfy the stereoscopic conditions previously stated. 
Actually, there is a prac tical objection to thi s procedure, du e to 
th e fact tha t the eyes cannot be placed sufficiently close to the 
e~'Cpi eCf'5. To overcome this the eyf"pieces are given a sEghtly 
incorrect ocular displacement, so that the pupils of the observer's 
eves cut off the edges of the Ramsden discs, by a backward or 
forward movemen t of the head ; care must be taken in this 
operation, or t.he wrong: portions of the Ramsden discs may be 
cut off and a pseudoscopic image obtained. 

The Zeiss Bitumi Binocular Attachment.-Wben tbe 
eyepieces haye been properly adjusted to the correct inter­
ocular distances, it will be found that the images fuse t ogether 
to giw the stereoscopic effect. This fusion process may be 
assisted by looking for a moment into the distance ; tbis has the 
effect of dispelling the accommodation of the eyes for near vision. 

x 
F l (; . 116.-SliOWU>;G HOW 
A S I NGL E On] ECnn.: 0 
CAN &lV E Two DIFFERE NT 
BE AMS A AND B SHOWl~G 
Two V IEWS OF AN OBJECT 
.... T X. 

The rays of light , proceeding from the 
objective into the main tube aTe 

deflected by the prisms into the two 
eyepiece tubes. In order to secure 
a full stereoscopic effect with the 
Bitumi attacbment, either eyepiece is 
fi tted with an eye-lens cover fitted 
wi th a half-or D-stop. The two stops 
are placed so that the straight parts 
of the D, are inside; if placed with 
the rounded parts inside a pseudoscopic 
effect occurs. 

When objects are viewed in a 
bright fi eld , or under magnifications 

exceeding 300 diameters the stereoscopic effect may be enhanced 
by placing a two-hole diaphragm under the condenser upon 
the iris carrier. The usual single pencil is thus replaced by 
two pencils inclined at an angle to the axis, the image as seen by 
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one eye being fom1ed by one pencil , and that seen by the other 
eye by the other pencil. The stop should be so arranged 
in position, th at when the iris carrier is swung back into its correct 
position above the mirror the two holes wi[! be accurately on the 
[eft and right. The image will then be distinctly stereoscopic 
even with immersion lenses of 2 rom. and shorter foci , provided, 
of course, that the obj ect is capable of being observed stereo­
scopically. The Bitumi attachment is supplied for use with 
achromatic and apochromatic obj ectives, and for magnificati ons 
from 100 to 1350. 

Unequal llIumination.- The partition of the pencil of nl,-s 
from the Objective is usually effected with the aid of a translucent 
film of silver on one of the inclined surfaces of the prism. 
Occasionally the two fi elds of view appear of unequal brightness , 
or colour. This does not interfere with binocular observation , 
nor does it impair the stereoscopic effect, since it does not impede 
the binocular fusion of the two images. It is a common experi­
ence that two stereoscopic prints, fanning a pair, may be of 
different densities witllOut affecting the stereoscopic effect 
observed; the same applies to the binocular microscope. 

The Stephenson Binocular. Messrs. J ames Swift and Son 
make a very convenient form of binocular mkroscope of the 
Stephenson type. This was designed for delicate and critical 
dissection, marine and other biological studies, and for the 
seJection and arrangement of diatoms, scales, etc. It 
employs the Stephenson erecting prism system previously 
referred to. Sufficient focussing adjustment i.s provided to 
allow of the use of a 5-inch objective. An understage 
fitting of universal size is provided to carry an iris diaphragm 
and the illuminating apparatus. The binocular draw-tubes 
have an arrangement for adjusting them to the correct inter­
ocular distance. Arm-rests (shown in Fig. 1I7) are provided. 
The sloping binocular tubes enable a most convenient and 
comfortable position to be obtained, for viewing the microscopic 
objects. The same firm also make a high power binocular which 
possesses several advantages, namely equal illumination in both 
tubes, the same resolution as in a monocular, short tube length 
(w;thout the use of correcting negative lenses), and instant 
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conversion to a monocular instrument , by means of a sliding 
device operated by a knob, whereby the entire binocular optical 
system is pushed to one side out of the path of the rays, thus 
leaving the vertical tube free and unobstructed for monocular 
work. lnterocular varia tion of 56 to 68 mm. is provided for in 
this model. 

FIG. I 17.-THE SWIFT BINOCULAR MICROSCOPE.. 

Fig. lIS illustrates the Watson-Conrady" Bicor" type binoc­
ular body which employs an optical arrangement consisting of a 
system due to Abbe, which divides the light coming from the 
objective, the dividing lens being placed close to the objective 
as in the Wenham system. The. lateral prism is provided with 
a glass extension of such length as to cause the two separated 
beams to focuS at the same distance from the objective. 
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Provision is made for the withdrawal of the prisms from lhe 
field so as to obtain a monocular arrangement. The binocular 
body is effective for all objecti,·cs from I-inch to J',...inch oil 
immersion, and the full resolving power of the objective is obtained. 
The images in the two tubes are of equal briHiancy. 

FIG. II B.-TB E \VATSON"-CONRADV "BleoR" l\.liCROSCOPE. 

The Greenhough Binocular.-This consists of two complete 
microscopes, each with its O\."n objective and eyepiece, mounted 
side by side, with their ... '(es inclined (usually at 7~ degrees) , 
inwardly towards the objectives. Each eye, therelore, looks 
through its own microscope, and sees its own side and lront of 
the object viewed, so that a good stereoscopic effect is obtained. 
This type of binocular (Fig. II9) w~ch is made by most of the 
leading microscopical apparatus firms (e.g. Watson, Baker, Zeiss 
and others), is employed for dissection and low power work, for 
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example, the examination of insects, crystals, textiles, and other 
similar objects. It is usually mounted on a meta.! fork stand or on 

the end of a sliding arm, for 
traversing a given area; an 
example of the latter is illus­
trated in Fig. 120. The 
instrument in question can be 
used with low power objectives 
up to about 25 mm. It consists 
of two microscopes placed side 
by side, and in each is incorpor­
ated a Porro erecting prism , 
\vhkh enables the object viewed 
to bE> observed in an erect 
position. It is usual to provide 
lateral adjustment for the prism 
boxes in order to accommodate 
different ocular separations. 
The ]m-\, power instrument is 
also provided with a long range 
of coarse adjustment to enable 

FIG. 11 9 .-TI;:I:~~;~~~?REENlIOUGH thick objects to be examined; 
a large stage is also provided, 

wi,h a diaphragm below. to give black and white backgrounds. 
The low power model can be obtai ned with a number of alternative 
arrangements of stands and holder arms for the purpoas of 
adjusting the instrument to any position over aquariums, parts 
of plants, portions of mineral specimens and similar sUbjects. A 
dissecting stage can be obtained ei ther for use with direct 
incident, or with transmitted illumination. Several firms supply 
special object holders for entomological work. The HeUer object 
holder consists of a rectangular base having a universal jointed 
arm, provided with an annular cork mount, capable of rotation 
and sliding motion . The object to be viewed is mounted on a 
pin, and the latter is stuck into the cork ; the base accommodates 
a removable opal plate glass, f:lmishing a light background to 
the objects under examination. 

In connection witb tbe focussing of the Greenhough type of 
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microscope, this is usually accomplished by movillg the com plete 
unit up and down with a rack and pinion mov('ment (scC' Fig. 119). 
No fine adjustment is usuaUy pro'-ided for the l ow~powercd 

binocular models when the low mag-nifications are employed. 
The: binoculars described can br obtained for magnitications lip 
to about 200, from about 7. 

FIG. 12o.-TIIf:: DA.KER-GREENliOUGH BINOCULAR ON S I'ECI AL STI\Nn FOR 
Low POWER EXAMI:-. .... TI ON 0 1' L ARGE OBJECTS. 

Use of the Greenough Binocular.- When using tllis instru­
ment , the drums containing the Porro prisms should bc rotated 
on their axes, in order to adjust the distance between the 
objectives to suit the separation distance of the observer's eyes; 
the usual range of movement provided is from 55 mm. to 75 mm. 
Disparity in the brightness of the two component images as well 
as small differences in the corrections of the observer 's eyes do 
not appreciably affect the stereoscopic impression, but if there 
is a serious difference between the two eyes, a suitable power 
spectacle lens may be slipped over one of the eyepieces when 
working without spectacles. 
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Photomicrographic Camera.- A special design of camera 
is supplied by Messrs. C. Baker, for use with the Greenough 
binocular microscope. This camera, which is illustrated in 
Fig. I Z I accommodates two lantern size plates (3t x 3!-in.). and 
is mounted on a rigid steel upright and cast iron base. The 
front is fitted with a shutter and light-tight connections, which 
can be removed and replaced with a lengthening piece for direct 
photography without the microscope or eyepieces. A focussing 
screen and dark slides are also supplied . vVith this camera 

FIG . 1 21.-PliOTO~t1C1WGHAPlnC C"'MEi{A ATTACHAlE ~T. 

attachment stereograms of a wide variety of subjects can be 
obtained. This camera has been used for examination of paper 
and linen fibres, sugar. leather, rubber, type, precious stones, 
sands, timber, seeds, stamps and coins. It has also been widely 
used in biological, pathological, bacteriological, chemical and 
entomological research work. 

Stereo-Photomicrographs with the Single Microscope.­
It is not very generally known, that it is possible to obtain 
excellent stereograms with a monocular, or single microscope, 
in a somewhat similar manner to those obtained witb an ordinary 
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single lens photographic camera. in the prescnt ca'c, howe"cr, 
instead of shifting the camera between th e exposurps, the object 
is moved, or tilted under th e ohjectin:'. in order to obtain two 
views, one on elther side of it. In another method , whi ch has 
given ,'ery good results, a diaphragm is titted nea r the ubjectiv(', 
prmrjded with an eccentric aperture. and is rota ted so as to place 
the aperture first to the one side, and secondly to thc· other of 
the objective, 

Mr. Taverner, F.R.M.S., · has obtained manr excellent sterco­
photomicrographs with this arrangement, of his o\\'n conception, 
iUustrated in Fig. I22 b, and consisting o[ an eccentrically placed 
aperture in an objecti\'c diaphragm. Fig. I22 a represents an 
alternative arrangement which is inferior. however to that 
shown in (b). The two photomicrog.aphs obtained arc taken 
firstly with the aperture on the one side, and then, by a 
180' rotation o[ the diaphragm, with it on the opposite side 
of the optical axis of the objective; it is essential that the inner 
edge of the aperture does not extend as far as lhe optical axis. 

FIG. 122. 

The amount of eccentricity of the aperture determines the 
degree of stereoscopic relief observed in the results. It is 
easily possible to obtain exaggerated relief, by increasing the 
eccentricity beyond the normal amount. t Further by reducing 
the size of the aperture, [or the higher magnifications a greater 
depth of definition is obtained. With low powers, when using 
a small aperture for deep subjects, the inner edge of the 

-Described in the Journ al 01 the R oya l MicroscopIcal SoCIety. 19OV, p. ::00 
ct seq. , also in the Que kett Journal, April, 1906. 

tSee Plate 13 
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aper ture is beyond the optic axis, but for higher powers 
such as a 1 2 mm. objective, with large back lens, an 
aperture of 10 mm. is used, de-centred only 0·5 mm. We 
h,,,·e inspected a large number of beautiful stereograms 
obtained by the above method, and with magnifications of ahout 
10 up to 2000, of various subjects of interest, including fora­
minefera, orbulina , water-mites, mycetozoa, radiolaria, portions 
of insects, and similar subjects. The stereoscopic effect was 
excellent in each case, and a totaUy different impression was 
obtained of the shapes of the objects observed, than in (he case 
of ordinary photomicrographs. One can sum up these impressions 
by remarking that so int eresting is the stereoscopic view that 
one usually deyotes from live to ten times the amount of time 
to observing it. 

Reference has already been made to another method of obtain­
ing the two distinct views of an object, to form the stereoscopic 
pair, namely by tilting the object stage first to one side and then 
to the other through a small angle (10 to 15 degrees) . 

The diagrams gi,-en in Fig. 123 show that the tilting process 
enables more of each side of the object a b (assumed in t lris case 
to be a simple partition) to be seen in each respective position; 
it is also easy to see that if the partition ab is replaced by any 
other solid object, the same effect will be obtained, namely. that 
in each of the tilted positions more of one side will be seen than 
of the other, and a stereoscopic p~ir obtained. 
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Care must be observed that in ti lting the object, tbe focus is 
not altered, sensibly, lor any re-focllssing may alter the scale 
of one print relati"ely to the o ther, and a non-stereoscopic effect 
will be obtained. It is probably better to slide the object along 
through a small distance, between the two exposures, on the 
microscope stage, in order to obtain the necessary separation 
of view-points. The amount of separation will depend upon 
the magnification of the object, and can best be gauged after a 
few experiments. 

Fig. J24 illustrates a stereoscopic photomicrographic attach­
ment designed by Prof. H. Jackson, and constnlctcd by Messrs . 
.l ames Swilt & Son, Ltd., 01 London. 
It consists of a short fitting which screws 
between the nosepiece of the microscope 
and the objective. A slot is cut in this 
fitting into which drops a blackened brass 

slide so that it covers exactly one half of FIG. "4.-5'"RI<05001'10 

the back combination of lhe objective. PHOTOMICROGRAPli 

If a negative be taken through onc half of .. \TT.~CIIM&N]'. 

the lens and then another be taken after removing the metal 
slide and re-inserting it so that it co"ers the other half 
of the back combination, the prints from these two neg­
atives will form a stereoscopic pair. The best results, it is 
stated, are obtained with objectives \>arying from 4-in . to I-in. 
focus. Further, the addition of an iris diaphragm increa£es the 
apparent depth of focus of the objective. This method does not 
yield such good results, nor permit of the control of the eccentric 
aperture method perviously described. 

Stereo-Microradiography. M. Pierre Goby' bas applied 
stereoscopic principles to the X-ray photography of microscopic 
objects, so that the internal structures are revealed in all their 
detail. By means of a simple attachment be is able to obtain 
the two views of very small Objects, and to photograph them, 
so as to obtain the stereograms . 

• Une Applu;a(iOlt /'t·;ouvel/I! des R(~yo,tS X, La .fIllcruI'adiograpJtir', C. R . de 
l'Aead, des Sciences, Mar. 3, 19J3, and Applitlltj,rms NOlwrlles (;1 Plir/{'(;/ionnc . 
m~nl$ de la l\TicroradiograpJue, Compte Rend,.u, July ;'0, H)23. 
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CHAPTER XVI 

THE APPLlCATJON OF STEREOSCOPY TO ASTRONOMY, 

THE (stereoscopic) principle may be used to make pictures of 
celestial bodies, in three dimensions, which, because of their 
distance, are actually seen in plano. A stereoscopic combination 
is usually produced by shifting the camera through a suitable 
distance between the taking of the pictures, but the same effect 
is produced by keeping the camera fixed and displacing the object 
so that it presents a slightly different outline and a slightly 
different "iew of its features at the t\\'o exposures. The second 
is the method that must be adopted for m<lking stereoscopic 
pictures of celestial bodies, since the available base line is, in 
general too small for the first. Any real displacement of a point 
or feature on one of the photographs relative to its position on 
the other, wHl cause it to stand out in relief or appear in recession; 
therefore, by contrary reasoning, such appearances "ill indicate 
change of position or m060n, and in this way stereoscopy is found 
to be an aid to astronomical research. 

Lunar Stereogra ms.-The Lunar libration will supply the 
necessary displacement between the exposures in the case of the 
Moon, and photographs taken of our satellite at the same phase, 
but in different libra60n, combine to make a picture of a solid 
globe which it cannot be doubted is a true representation of the 
Moon as it would be seen at close range. 

Stereoscopic photographs of the Moon were obtained by 
Thomas de la Rue between r857 and r860, which certainly gave 
a most tmthful impression of its solidity. The photographs 
forming the stereoscopic pair represented a displacement of about 
20,000 miles-that is to say, they represented the respective views 
of each eye of an imaginary giant whose eyes were 20,000 miles 
apart. These photographs we"" obtained by taking advantage 
of the libration, or swinging motion, of the Moon. At these 
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periods the Moon exposes more of its face, so that the eye (or 
telescope) sees a little " round the comer. " Thus, by choosing 
suitable times of the year for procuring the photographs, which 
are identical in other respects except for the above-mentioned 
difference, a stereoscopic pair of photographs may be obtained, 
such that, when riewed in the ordinary stereoscopic viewer, give 
the moon a solid appearance. 

The Frontispiece is a reproduction, in the form of a pa.ir of 
stereoscopic illustrations, of part of the moon' 5 surface. r n order to 
obtain the required separation between the two images of the 
moon, that is, to obtain t\\"o different views of the moon, each 
looking a little further around one side than the olher, it was 
necessary to wait for a period of nearly four years between the 
taking of the 1\"0 photographs. One was taken wj1h the Coude 
eguatorial, in Paris, on Fcbruary 3, 1896, 'llld the other on April 
20, 1900, at 6 h. 15 m. 30 s. and 8 h. IS m. 3 s., respectively. If 
these photographs are viewed with the ordinary print-viewing 
type of stereoscope, the solidity effcct will be guitc apparent. 
If anything, the stereoscopic effect is rather exaggerated, for lhe 
moon appears somewhat ellipSOidal. This is due to too much 
separation between the images, and is similar to thc effects 
obtained by ordinary stereoscopic cameras when used to photo­
graph objects very near to themselves. Thus, a large sphere 
taken at close range will appear in the stereoscope as ellipsoidal, 
with the longer axis in the direction of the optical axis of the 
viewing lenses. Plate 4 illustrates this effect. 

Messrs. Keystone-Underwood supply one or two excellent ltmar 
stereograms in the fonn of mounted photographs; the stereo­
scopic effert and the detail is exceedingly good in the originals. 
Messrs. Zeiss also include several astronomical subj ects in their 
standard series of stereograms. 

Solar Effects.-The suggestion has been made that photo­
graphs of the Sun's corona, taken from widely different stations 
during a Solar eclipse, might combine stereoscopically and give 
valuable information as to its true form, but this has been met 
with the objection that since this corona may presumably change 
its form in the interval between the taking of the photographs 
the result might be misleading. 
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Comets.-Similar objection has been made to stereoscopic 
pictures of comet s. The change of position of a comet with 
reference to the background of fixed stars gives an excellent 
stereo,copic effect . the filmy tail covering the trails seen behind 
it !'tands ont towards the observer \'lith the utmost realism, and 
a short note' by Dr. Max Wolf on some photographs 01 Monrt­
Perrine (I902 b) may 1.>e read with ad,·anlage. He found that it 
was necessary to choose v{lth care thf' interval of time 
between the exposures, which naturally depends on the 
rate of movement of the comet, in order to obtain 
the best stereoscopic result. In the particular case 
un cleI' consid craj iol1 IO nlinutes \vas found quite suitable. 
Some years later. howcycr, Prof. Barnard approached the matter 
from .<1 morc critical point of view. H e took a series of plJoto­
graphs of Morehouse's comet (1908 c) with the H)-inch Bruce 
lens belonging to the Y rrkes Observatory and combined them 
to make stereoscopic pictures, the interval between the com­
ponents of the pair being an hour and a half, more or less. H e 
says! " One of the most rema_rkable of these combinations is that 
of 1908, October Ij. On this date there was a sudden hl'is! or 
break in the tail, which formed irregular cloud-like masses that 
moved out from the comet along the general directions of the tail. 
In the stereoscope th ese two pictures produce an exquisite 
object suspended in front of the stars. Apparently it is easy to 
see which a.rc the farther and which the nearer parts of the comet, 
etc., etc. But ho\\' much of this perspective is real ? r believe 
that there is little of it that can be true. In the fi rst place, these 
masses were receding from the comet and changing their actual 
forms and especially their position-angles. so that a pseudo­
stereoscopic effect would be produced, and what is really the 
nearer portion of the comet may appear to be a distant part." 

This dictum should be remembered i.n examining such photo­
graphs, but Prof. Barnard goes on to say that tbough the appear­
ance may be partly false, there is certainly no other method that 
can show how a comet really looks in space, and for this reason 

.. MonHlly Notices. Roy. Astron. Soc., 63, 35. 
t Ibid" 69, 625. 
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it must be helpful. A reproduction of a stereogram of the scries 
from photographs taken on Novemher 16, 1908, is gi" cn in 
Plate 14. 

Star Photographs.-The principle of the method of preparing 
stereoscopic star charts may best be illustrated by means of the 
fictitious example of the Const.ellation Orion, shown in Fig. I25. 
In this case the correct disposition of the ::.tars in this con:-;tcl1atiol1 

OR. I ON, Ofl.,ION; 

FIG. I 25.-Tul!: CON5T ELl.ATI OX OF ORION' IS" CO~JECTURAL HEl.m!'. 

i s shown in one diagram, whlls t jn the other certain of the stars 
have been displaced laterally to the right, or to the left, by small 
amounts, in a similar manner to the example discussed on page 
19, so as to obtain the stereoscopic effect of certain of the stars 
standing in relief or in recession. 

Mention may be made here of other attempts to show the stars 
in perspective or as they would be seen at their relative distances 
SD far as these are known. This bas been done for a limited 
number of stars by making a model to scale and photographing 
it stereoscopically. A more ambitious scheme by the late Mr. 
T. E. Heath, of Cardiff, consisted of a series of 26 stereoscopIc 
star charts which covered the whole sky and contained all stars 
to the fifth magnitude, the stars being plotted as they would be 
seen by eyes 26 light years apart. The star discs were drawn to 
scale of magnitude, and the parallaxes used are those cetermined 
by various authorities or extracted from magnitude. The result 
viewed by a stereoscope is a pleasing picture in three dimensions, 
but can scarcely be considered an "ddition to astronomical 
knowledge. 
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Eclipse Stereograms.-lt is not generally known tha t it is 
possible to produce stereoscopic effects from pairs of photograph, 
of tbe moon , taken during an eclipse. In these cases the time 
intervals between the exposures of the photographs forming the 
stereoscopic pair is relatively short. Thus in the case of the 
eclipse photographs reproduced in Plate Ko. "S, the interval 
between the two upper vicv'l's was onJy 25 minutes; in the case 
of the lower ones it was 35 minu tes. These photographs were taken 
by the Rev. W. A. Ellison, of Annagh Observatory, on February 
8, r925. I t will be noted tha t the variation in the shading. or 
half-tones contributes largely to the stereoscopic effects observed. 

The Stereo Comparator.- We now pass from the formation 
of striking pictures to consider an instrument of a stereoscopic 
nature, which, with its development has become of much value 
in astm nomical work. The advance of stellar photography 
made it desirable to have some means of comparing two plates 
of the same fi eld beyond that of a mere glance, and about the 
year Igor an instrument for this purpose kno\\"n as the Stereo­
Comparator, ' designed by Dr. Pulfrich, was made by the firm of 
Zeiss, of J ena. This instrument is essentially a frame for holding 
two plates side by side. A movable viewing apparatus with two 
eyepieces, is arranged so that all parts of the plates may be 
examined and corresponding images are seen as in a stereos-cope­
one by one eye, the other by the other. Peculiar objects are 
detected at a glance by some difference of appearance or an 
actual physical sensation in the eyes. If the plates are adjusted 
so that the majority of the images on the plates combine stereo­
scopically, these, the majority, will appear as in a plane, but if 
the image of a star is missing on one plate, the appearance of the 
one image suggests that of an object close to the observer. If 
the image of an object on one of the plates is displaced, that of 
a planet might be by motion, this object again comes out of the 
infinity plane, and the stere0-comparator, whose original purpose 
was the detection of false images or differences of brightness, was 
found to be effective for discovering motion. Prof. Comas Sola, 
of Barcelona, statedt that on plates taken on july I2 , I9I2, and 

• See Plate 9 t Comptcs Rendus. 19J5. Aug. 9 . 
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July 20, 1915, of the field about MESSIER II , which contains 
thousands of stars , he could see at least 200 which stood out, 
thereby indicating groups and alignments of stars which 
apparently had a common proper-motion. 

The Blink-Microscope.-For the purpose of determining 
the proper motions the previously mentioned instrument has 
been developed by the addition of the Blink-Microscope. It 
might perhaps be said that the principle has been altered, for 
with the Blink-microscope the effect is obtained through the 
quality known as persistence of vision rather than by stereo­
scopy. The Blink-Microscope has only one eyepiece. The plates 
placed in the holders side by side are viewed through two optical 
trains, of which the Blink eyepiece is common to both. By 
mechanical means the two plates are alternately hidden auto­
matically at the rate of 3 or 4 blinks a second, and when the plates 
are adjusted two corresponding images of a stationary object 
appear as one, but if one of the contributing images is displaced, 
the ,. blinking" gives a jumping effect which is easily apparent. 
Two micrometers at right angles to each other supply a means of 
measuring the amount of displacement of the image, or, in other 
words, the Proper Motion of the Star. The Blink-microscope 
bas been used witb much effect for this purpose by Dr. Innes, 
Director of the Union Observatory, Johannesburg. The instru­
mont in question is manufactured by the finn of Carl Zeiss, Jena. 
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CHAPTER XVlI 

~TEREOSCOl'Y A~D HAD 10 GRAPHY. 

AN important application of the principles of stereoscopy has 
been opened up in X-ray work , in connection with the localisation 
of objects, or defects, in solid bodies. In particular the stereo­
scopic method of indicating the exact position within solid 
obj ects, o j spceific jtf'D1S has been much used both in material 
examinati ons, and in anatornicaJ and surgical work. 

It is not proposed to deal wi th the principles of radiography 
in this book, but rather to indicate the great assistance, in this 
work, which is possible from an application of the stereoscopic 
methods. 

The X-Ray Tube.-For the reader to appreciate the later 
remarks, it is necessary to refer to the action of a simple X~ray 
tube. Fig. 126 illustrates a typical tube arrangement. It 

FIG. 1:=6.-.\ TYPICAL X-RAY T U B E. 

consists of an hermetically sealed glass bulb exhausted of air to 
a very high degree of vacuum:' The bulb contains three elec­
trodes, as a rule, namely the Anode, Cathode and Anticathode. 
The cathode is connected to the negative terminal of a source of 
very high voltage, or potentiaj, whilst the Anode and Anti-

• Usually to about 'oooJ millimcucs mercury coJ umn. (1 atmosphere = 760 
rom . mercury.) -
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Cathode are joined up to the positi ve terminal. It is necessary 
to use an ex tremely hjgh potential between the two terminals, 
usuaJly from 100,000 to 350,000 yolts ; the current is howe"er 
very smaJJ, measuring a few milliamperes in most Cases. The 
effect of applying such high mltages to the :'I: -ray tube is to cause 
an emission of electrons from the Cathode, knO\nl as Cathode Rays. 
These electrons, or negatj,·cly chargl'd electrical particles, strike 
the Anti-Cathode and are diverted. Withou t going into the 
electro-magnetic theory of the subject it may be stated that the 
act of the Cathode rays striking the Anti-Cathode results in the 
creation of ether waves of short H"ave-}cngth- much sllOrter than 
the extreme ultra-violet rays-known as X-rays. These rays 
possess the remarkab le quality of beil,g able to penetrate opaque 
materials, such as timbers, metals, and organic bodies . The 
X-ray was first discovered, by Prof. W. K. Rontgen, in 1895. 

X-rays are invisible to the human eye, but when they 
impinge upon special screens coated with substances like tungstate 
of calcium and barium pIatinocyanide, they cause th e latter to 
flu oresce. 

It has been found that X-rays penetrat e the less dense materials 
the more readily, but the denser the material, the less the pene­
tration. For this reason mercury and lead-both heavy metals­
are practically opaque to X-rays. It will be seen therefore that 
if a suitable beam of X-rays is projected on to, say, the human 
body, the rays will readily pass through the fleshy and softer 
portions, but will not get past the heavier bones. Similarly, if 
there are any other solid bodies, e.g., portions of metal, such as 
shot, the rays will not pass these. If a suitable X-ray screen be 
held on the opposite side of the body, to the source of the X-rays 
the visible result, due to the fluorescent efleet of the X-rays, 
mentioned previously, will be bright portions where the rays 
have passed through lighter matter, and darker portions (or 
shadows) where they have experienced heavier matter. In 
effect the X-ray picture fanned on the screen (known as a 
Radiograph) is a shadow-picture in which the shadows depict 
the bones or foreign bodies in the system. Since X-rays possess 
the property 01 affecting photographic plates in a similar manner 
to light-rays, they can be made to photograph their results by 
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the mere substitution of a suitable photographic plate for the 
fluorescent screen. 

It is important, from the stereoscopic point of view to note 
that no photographic camera, or lens, is necessary for X-ray 
photographs, and that the necessary separation between tlle two 
photographs is obtained by moving either the subject or the 
X-ray tube through a distance of about 6S mm. 

Application to Materials I nspection.·-The X-ray method 
of examination has been extensively used in connection with 
the inspection of timber for aircraft, welded metal fittings, steel 
and iron castings, and similar purposes. It is possible to inelicate 
the existence of defects within solid boelies, by means of a single 
radiograph, but the location of the defect requires a t least t\\'o 
photographs, or SCreen positions. If, however, the stereoscopic 
method of location be employed, the exact position of the defect, 
in relation to a fixed indicator or scale can at once be obtained . 
In order to obtain a stereoscopic radiograph it is necessary to 
mo\'e the X-ray tube through a distance equal to the interocular 
separation, or distance (i.e. 6S mm.) and to take radiographs in 
each position; the two form a stereoscopic pair. It is not 
difficult, if a fixed distance between the X-ray tube and the 
radiograph screen is adhered to, to construct a scale, or graticule. 
which can be superposed on the raeliograph negative and printed 
on the photographs taken therefrom, and from which the exact 
elistance of the defect or other internal object can be measured. 
A certain amount of useful information can, however, be gathered 
from a \'isual inspection of an X-ray stereogram, for tbe position 
of any internal object, or marking can be gauged in reference to 
the external surfaces of the body. 

Thus, in the case of, say, a metal casting, the position of a 
blow-hole or slag inclusion can be located with sufficient accuracy 
from a visual examination of an X-ray stereogram. The structure 
of composite bodies sucb as monJded electrical par ts wjtb metal 

.. A survey of the metbods and apparatus is given in X-Ray Examination 
of Materials, A. \V. Judge. (ModC'rtt MotOf' Ca,. Practice, W. H. Berry. 
Henry Frowde, Hodd~r and StoughtoIl). A fuller account is given in TM 
Examination of Matenais by X-Rays. A general discussion, held by The 
Faraday and ROntgen Societies. April 29. 1919. Reprinted from the '1 'YQl1sadions 
of lin Faraday S~ilJty, vol. xv., Part 2, 1919 (13/6). 
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portions, fuses, watches, cartridges, and similar objects can be 
revealed in a similar manner. Faults, such as bJow~hoJe5. or 
slag inclusions in welded joints are at once detected and located 
by the X-ray stereogram. The presence of hair-cracks in steel, 
of badly centred cores in golf-balls, interior faults in timber used 
in built-up aeroplane members and pJp\'oods, reinIorcement in 
concrete and numerous other examples could be cited as instances 
of the actual application of X-ray photographs to material 
inspection. 

Uses in Anatomy.- lt is in connection with anatomy that 
X-ray stereography has proved of most value, for with its aid, it 
has been possible (0 locate foreign bodies in the human system, 
so that in the subsequent surgical opp.rations, the operators have 
kn own the precise positions of the objects to be removed. The 
method owes a good deal, in its deyelopment to the late Sir J. 
Mackenzie Davidson, who was the first to suggest the application 
of stereoscopy to X-ray work,' and who has successfully applied 
the methods in connection with the location and removal of 
bullets, shrapnel pieces, shot, neeelles, and similar foreign bodies 
from the body, and also to the removal o[ solid particles in the 
eyeball and orbit. He has left on recordt an account of his 
methods and the results obtained; this should certainly be 
consulted by all who are interested in this branch of stereoscopy. 
The X-rays travel in straight lines from the tungsten target, and 
the radiograph is really a shadow photograph, in which the 
denser, or more solid objects in the path of the X-ray beam, form 
the denser shadows on tbe fluorescent screen or photographic 
pla!e. 

The usual method of producing X-ray stereograms of any 
portion of the body, is to place tbe patient on a couch in a hori­
zontal position, wjth tbe X-ray tube below, and the Jluorescent 
screen, or the plate above (i.e., on top of the body). The X-ray 
tube is enclosed in a protective box, and the latter is provided 
\\~th means for sliding it horizontally both longitudinally and 

• "Remarks on the Value of Stereoscopic Photography and Skiagrapby." 
J .lAackinzie Davidson. Brit. Med. Journq,_l, Dec. 3, 18g8. 

t .. Localization by X~Rays and Stereoscopy." Sir.] . Mackenzie Davidson, 
1916. (H. K. Lewis & Co., Ltd., London.} 

203 



STEREOSCOPIC PHOTOGRAPHY 

laterally in relation (0 the couch; these movements enable the 
necessary displacement between the hvo radiographs to be 
obtained. It is very important to be able to determine the 
position of the vertical ray from the t ube, for the purpose of 
locating the position of the radiograph and of the objects shown. 
The usual method is to attach a vertical bracket to the sliding 
X-ray tube box, and to hang a plumb-bob from a horizontal ann 
attached to the vertical bracket; with the aid of a pair of cross­
wires and a fluorescent screen, the point of the plumb-bob can 
readily be adjusted to coincide "'ith the ,-ertical X-ray. Once 
this adjustment is made the position of the , 'ertical ray is known 
definitely, and the bob can be used to indicate the position of the 
ray in question. The subject to be photographed is placed on 
the couch, and the point of ,-i ew having been decided upon, the 
tube- box beneath the couch is adjusted unt il the indicating 
plumb-bob is over the selected place on the body. The photo­
graphic plate, in its carrier or envelope is then placed on the body 
with its two opposite edges parallel with the longitudinal axis 
of the couch. Its pO:$ition is recorded, for reference purposes, 
by means of a blue pencil run along adjacent sides. After the 
necessary exposure has been mad e, another plate is sub­
stituted for the first, in exactly the same position as the latter, 
and the X-ray tube is moved to one side, along either axis of the 
couch (depending upon the nature of the subject) through a 
distance of 65 mm. and a second exposure made. The plumb-bob 
indicator indicates the two positions of the X-ray tube. 

The two plates, or their prints will then be found to form a 
stereoscopic pair, if properly mounted. The original type of 
Wheatstone stereoscope is well adapted to the viewing of these 
relatively large stereograms, and for this reason is still much used 
in medical work. The instrument is usually arranged to take 
the neg~ tives in the vertical position from 15 x 1 2 in. downwards, 
and in the horizontal I 2 x IO in .. downwards. Fig. I27 illustrates 
one of these stereoscopes, made by Messrs. Watsons, Kingsway, 
London. 

For lecture demonstrations, or for tbe cODvenience of the 
surgeon who desires to refresh I\is memory while operating the 
stereograms tIlay be reduced and made into lantern plate size 

204 



STEREOSCOPY AND RAD lOGRAPHY 

transparencies; in the case the \Vhcat:5tonc stereoscope b 
employed. 

Other localization methods are also in usc, which do not 
employ stereoscopic pri1lciples, but the latter give" usciul check 
and a permanent record, of the cases treated. 

In opthalmology, also. the stereoscopic method has proved 
ycry Yaluable in locating foreign bodies in the eye. 1 n thest' 

FIG. 12i.-TH E STEREO~COPE USED l'OR X-HAY \'·CIRK. 

cases the highest precision is necessary, as the sliglltest deviation 
from accuracy may involve loss of vision. It is therefore essential 
that the head of the patient be kept quite rigid, and also thaI 
tbe erebail under exami1lation be pre\'entcd from the slightest 
movement. Dr. Mackenzie Da\~dson devised a headpiece, eye 
positioner, and X-ray indicating device for this purpose. The 
two X-ray photographs in Plate No. 16 show the stretched 
piano wires used for locating the a.xis of the X-rays, and 
also the wire loop used to keep the eye immobile; both of 
these serve to locate the foreign bodies in the eye. Conlirmatory 
photographs may be taken, but with the X-ray tube flXed, 
and the eyeball rotated through a known angle, say at 45 
degrees downwards and then horizontal. When the tracings 
from the displacement of lbe shfldow of the foreign body 
are made, its depth having been previously ascertained by 
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localization measurements, the degree of movement of the foreign 
body in relation to the centre of rotation of the eyebaU is obtained 
(the centre 01 rotation being taken at IO mm. in front of the 
r etina). 

T he P irie Stereoscope. - A special design of stereoscope has 
been eyolved by Messrs. Watson and Sons (Electro-Medical) Ltd. 
for the examinati on of stereoscopic X-ray negatives. Instead 
of using refl ect ing mirrors as in the Brewster stereoscope, a double 
reAecting prism is employed. For convenience the prism is 
mounted in one of two metal tubes, fastened together by a 
connecting piece, the second tube being a plain one only, and 
serving to exclude extraneous objects from view . \¥ith dus 
stereoscope it is \rery ea:::.y to obsen 'c stereoscopic effects. The 

FI G. lzS.- T HE PIRIE STER EOSCOPE F OR X - R AY EXAMIN ATl Q=" . 

negatives are taken in the usual manner, and are placed side by 
side, either in suitable boxes provided with electric light, or they 
can be rested on the framework of a suitable window. The 
distance at which the negatives are observed depends upon the 
distance between the centres of the negatives, that is to say, the 
size of plates. For instance, the best position to inspect a pair 
of 12 x 10 ins negatives placed as closely together as possible 
is about 42 inches; for smaller negatives it is necessary to come 
closer; for larger ones, farther. It is recommended that the 
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negatives should be held on a le"e\ \\"ith the ryes, and slightly 
tilted towards one another. By concentrating the attention 
through the plain tube and centering the image on the corres­
ponding side, a stereoscopic eflrct can at once be realised. 

Stereoscopic Fluoroscopy.-It was suggested by Sir .J. 
~ackenzie Davidson, and an apparatus for the purpose W:1.S 

produced and exhibited by him at the Charing Cross Hospital, 
and again at a conversazione of the Ho_vaJ Society, that the 
stereoscopic image shonld be 
shown visual ly on the fluor-
escent screen. For this purpose 
it is necessary to have hro 
X-ray tubes with ray-axes 
separated by about 2t to 3 
inches, placed side by side . 50 

that tbe line connecting the 
points of X-ray production on 
the Anodes is horizontal. The 
fluorescent screen is placed 
behind the subject uncler exam-
ination, the tubes, being. of 
course, on the other side. 1 t is 
necessary to provide an auto­
matic switching dcyice for 
illuminating each tube separ­
ately, and also a rotating sector 
shutter held in front of the 

'r" ,~. ~. 
_. L ..•.. ' ,<~. 

,.t_ 
~-.. , 
'.,... 1 

\ 

eyes. In this way one eye sees F tG. 129. 

only the X-ray image on the T1JE STEREO-FLUOROSC(lI'E. 

screen clue to one particular tube ; the other eye sees only the other 
image_ If now the speeds of the shutter and switching device exceed 
about 1 0 alternations per minute, owing to the well known effect 
of persistence of vision, the impression upon each eye becomes 
continuous, and each eye therefore sees its own tube's image 
continuously. The two eyes, therefore, experience a true stereo­
scopic view of the X-ray image, similar to the cinematograph 
impression . 

Messrs. Watson & Sons now supply special stereo-fluoroscopes 
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Fl'G, 131.-VERTICAL SCREEN METHOD OF STEREOSCOl'lC EXA~HNA1' ION. 
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for this purpose. Fig. 129 illnstrates one o f the in5tnJments in 
quc~tion. The handpiece of the stereo-fluoroscope contains an 
electrically driven interrllpting disc, working on direct or alt er­
nating current stlpply with any ordin ~l ry induction coil or inter­
fupt efless transformer installation. The actual strfco::'copc 
itself consists of a smail handpiece made of aluminium, from 
\\-hieh the observer l ook~ at the flll o re~cenl screCIl . Two anti­
cathodes (for t\\'o tuhes are used) are placed at a separation as 
nearly as possible at 3 ins. ; this in volves the usc of a Coolidge 
~ma ll di ameter X-ray tube. E ach tube i~ excited alternately, 
and a rotating shutter in front of the c~ ·cs is so arr:l.ngl:c1 that the 
shadow cast by the tube on th e Jeft is viewed hy the eye on the 
right , and 'Vice '/.'ersa. The illustratiol1 :-i. F igs. 130 and 13 1 sho\\' 
the apparatus il1 usc for examination of horizonta l a nd \T rti c<l J 

~u bjcct s. 

The excelknt definition uhtained by stereoscopic "j_(; jon , ~Ifld 

the fact of being able to obscn'c living subjects int ernally, renders 
this method of obsen"at ion a \'ailla blc one, fo r ;matomical 
purposes. 

X-Ray Stereograms.- Apart from the excellent stcreogra ms 
reproduced in Dr. D a\"idson's book, prCyiOllsiy ment ioned, 
there is an exceedingly good set of ~t crcograms of X-ray subjects 
in the form of ten pairs of photographic prints, each print 
measuring 3 ins. x 4 in s. by Prof. Hi ldebrand, Dr. Scholz and Dr. 
Wieting-Pascha , issued by J. F. Bergmann , of Wiesbaden. The 
first series appeared in 1903 ; it was revised in 1911. Some of 
these radiographs illustrate fo reign bodi es embedded in the hands, 
arms and legs, whi lst others show very clearly the complete 
ramification of the arter ies in the hands, body and face; the 
stereoscopic effect is excellent in t he latter photographs, one of 
which is reproduced in P late No. 17. 

Ylr. Colardeau in his book on Stereoscopy reproduces an 
anaglyph of a somewhat similar nature. 
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CHAPTER XVIII 

STEREOSCOPIC AERIAL PHOTOGRAPHY. 

Exaggerated Stereograms.- Stereoscopic photography 
played an important part in the late war, and undoubtedly has 
an important future . It is a well· known fact that the stereo­
scopic effect of the eyes is greater the nearer the object is to it, 
and that this effect ceases when objects are sufficiently far away. 
Thus, if one looks at a hi D or mountain, or at a group of buildings 
at a sufficient distance away, all stereoscopic effect is lost and 
flatness is the result. 

Similarly, the Earth, as viewed from the air at a few thousand 
feet above its surface, appears monotonously fiat and uninteresting. 
On the other hand, if objects of sufficient size on the earth are 
viewed obliquely from the air, their solidity is at once apparent 
and interesting. For this reason aerial photographs taken with 
tlle camera looking verticaUy downwards from a few thousand 
feet are mere" plans," and seldom reveal any contour effect. 
If, however, a pair of photographs be taken, such that there is 
a certain time interval between them, the aeroplane in the mean­
time flying steadily on the same path, then the two photographS 
can he made into a stereoscopic pair, and, when viewed in a 
stereoscopic viewing apparatus, at once bring out the solidity 
effect. 

Let us go a step further and take our pair of photographs at 
a greater time interval apart. We shaU then ohtain an 
exaggerated effect, such that buildings and chimney-stacks of, 
say, 20 to 60 ft. actual height, when viewed by means of the 
stereoscopic viewer, appear to be some h ... ulreds of fed high. 
Apply this same method to the photography of trenches, dug­
outs, camouflages, etc. , and we have at once a most valuable 
meadS of detection of objects unnoticed by the eye or the ordinary 
single aerial photograph. 
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Estimation of Separation Distances and Intervals,­
Hitherto our remarks upon stereo aerial photography have been 
of a general nature, It is now proposed to consider the question 
of the calculation of the positions from which the two aerial 
photographs should be taken, and the time intervals between 
the exposures made by an aerial camera, during flight, 

In order to obtain the correct relief, the two photographs 
should be taken with a separation between the images of corres­
ponding points equal to that of the eyes, namely 2f-ins, (or 65 
mm,) , In practice this is accomplished by allowing the aeroplane 
to fly horizontally for a given interval between the first and 
second exposure, so that if a large plate had been used, two 
almost superposed photographs would have been obtained, 
separated, however by a distance of 2! ins, 

I! the separation of the eyes be denoted by dins" the focal 
length of the camera lens by f ins" the altitude at which the 
photograph is taken by H feet, and the (required) distance 
between the exposures by D feet, then it is easy to show, by 
proportion that :-

d D doH 2'5H 
l~H,whenceD=-f- ~ -r 

Thus for an aerial camera of focal length, 25 inches, at a height 
2 .... x 5000 

of 5,000 feet, the distance between the exposures will be~ 

that is 500 feet, 
The time interval t seconds between the exposures, corresponding 

to the distance D, ,vjjJ depend upon the velocity V (m,p,h.) of 
the aeroplane, 

D doH 
t = 1'466 V ~ 1'466 V seconds, 

(It should be noted that I m,p,h, ~I'466 feet per second), 
In the above numerical example if the aeroplane is flying at 

60 m,p,h, we have-

500 500 d t ~ 1'466 x 60 = 88 = 5'7 secon s, 

The stereoscope viewing lens should have the same focal length 
as that of the aerial camera for correct relief impressions, and the 
photographs thus obtained will then present the appearance of 
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a model of the original view at a clistance f (inches), andktimes 

the natural size. 
]f, as i!' frequently the case, exaggerated relief effects are 

requi red, the interval between the exposures. as calculated above, 
should be increased to several times its value, according to the 
cfft:c t req uired. There is a fairly wide allowable labtude in the 

F IG, 13l.-Gn..-\PH POR STEREOSCOPIC CO:'I. PUT ... :nONS IN AEkL\L 
PHOTOGRAPHY . 

selection of the time interval t, but as we have stated only the 
value estimated above corresponds to correct relief; the other 
values correspond to un-natural or clistorted reliefs. 

The aerial photographer cannot be worried with calculations 
in the air, and therefore must be provided with the necessary 
data on exposure intervals, heights and speeds, either in the 
fonn of tables, or more conveniently as a chart or slide-rule. 

Fig. 132 is a reproduction of a ,uitable data chart* from wnich 

• ..Iirpl4?}I! P~op'nphy. H. E. Ivcs. () . B. Lippincott. Co., London.) 
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the stereoscopic intervals E'm readily be dcc\uced for any given 
combination of height , focal length and machine speed. The 
left-band diagf"m sbows bow 10 find th e stereoscopic base (D 
metres) for an}' altitude and focal length. Ha"ing found D. th e 
time interval correspondinf,! can he obtaincrl by running along 
horizontally int o the right-h and dia~rall1 until th~ line cuts the 
radiating speed line. 

For example if th e height and lens focal length arc 3000 mt'1rcs 
and 40 em., rcspectin:-ly, t[J (' left -hand diagram jntersection of 
these line~ shows the sterescopic base D to be 500 metres. If 
th e aeroplane be assumed to fly at roo kilometres per hour 
(~62 m.p.h .) then the right-hand diagram shows that the time 
intervaJ between the two exposures wiU be 18 seconds. 

In general, tlle greater the height, Ole sllOr/cr the focal Irug/It or 
the slower Ih e speed of ti,e ",a t /li'lle, then the IOllger will be the 
time interval between the exposures. 

The writer has produced a neat type of aerial p llOlo[!rapliy 
exposllre ~'ndicator, in the fonn of a rotating disc, whereby 
practically every possible infonnation concerning expo~urc 

times, heights, speeds , focal-lengths and stereoscopic intervals 
can at once be read off. 

It is interesting to note that if the mini_mum parallactic angle 
be taken as 20 seconds of are, corresponding to Ti'i _!m--rr of the 
distance from the eye to th e object, then for stereograms taken 
with a lens of fOCllS 2; cms. , the maximum altitude H at which an 
object of height Ii on the ground can just be discerned, in correct 

relief is given by H ~ 10,000 x" ~2.500 Ii. Thus a building of 
" -l 

20 ft. height would just. show in relid at 20 x 2500 = 50,000 it. 
This relation is irrespective of focal length , as long as lhe 
conditions for correct relief and stereosc.opic viewing are observed. 

Aerial and Land Survey.-The meth0d 01 oblique stereo­
scopic photography has also found a most useful application as 
a method of constructing maps from aerial photographs, the 
same method being applicable also to land surveying. 

In this method, which has been w~rked out and applied with 
consummate skill and accuracy by Pro!' Hugersbofl and Dr. 
Cranz in Gennany, a stereoscopic pair of aerial photographs are 
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taken obliquely from a balloon, airship, aeroplane, or kite, two 
or more control points (i.e., ground objects of known position) 
being included. The photographs obtained are then placed in 
an apparatus knO\\-71 as a stereo-comparator, viewed, and measured 
up. Another more elaborate apparatus, known as a bildmetheo­
dolite, enables the actual contour map to be drawn from the 
stereoscopic pair of prints, so that not only the plan view but the 
ground contours also are obtained_ 

This solution of a most difficult problem in aerial survey '\-\'ork, 
which problem is complicated by the distortional effects due to 
the unavoidable tilt of the aircraft and to photographic perspec­
tive, is probably the only practical and accurate one at present. 

It is only possible in the present case to give a very brief out­
line of the methods employed for the construction of contour 
maps from aerial photographs, but at the end of this book a 
useful bibliography is included, reference to which will enable 
the reader to pursue this branch of stereo,copy more thoroughly. 
It should be mentioned in passing that the stereoscopic aerial 
survey method is based upon the same principles as that of land 
survey, but that the photographic apparatus is of course different. 
In both cases advantage is taken of the use of control points 
of known positions and distances apart; these positions are fixed 
by an independent land survey. 

Ground Survey.-The powers of binocular vision-some­
times know as stereoscopy-are utilized for the measure of 
distance and bearing of objects appearing on two photographic 
plales, regarded as a stereoscopic pair. When two photos are 
taken of more or less the same landscape from the ends of a base 
of known length, these photos may be employed for mapping 
the portion of the landscape common to eacb. The process of 
measurement from stereoscopic pairs of photographs is known 
as stereophotogramrnetry. 

In ground survey, as distinct from work in tbe air, the photos 
are usually taken with their planes vertical and parallel to the 
vertical plane containing the "base." The procedure is 
illustrated in Fig. 133. 

Let L, and L, be two positions of the lens of a camera, the 
focal length being f and the stereo base L,L, being b. The plates 
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are paralJel to this base, so that Y,L,C, and Y,L,C" the optical 
axes, are horizontal, paralJel and perpendicular to the base. 
Any object 0 in the field appears at 1, on the left·band plate 
and [, on the right hand plate. 

FtG.133· 

Draw O'L,[1 paralJel to OL,! ,. C, and C, being the plate 
centres, it is easily seen that l'C,~l,C,. Hence I,}l~[,Cl 
- I ,C ,. The distance 1,1' is known as the paralJactic displace­
ment, which is designated as p. 

Now let the perpendicular distance from 0 on the base L,L, be 
y, so that OL, : L,I, =y : j. But from the similar triangles 
OO'L, and IIL,I' , since 00' =L,L,=b, we have-

b : I,ll =OL, : L,I, ~)' ." J. 
Hence 

bl Base x Focal length 
)' ~ P = ParalJactic Displacement· 

Hence it follows that the base and focal length having been 
determined, the distance )' of the object from the base can be 
found if the paralJactic displacement is measured . 

The paralJactic displacement could be measured off the two 
plates by dividers; but the process would be slow. Deville in 
Canada suggested a modification of the Wheatstone Stereoscope, 
in which the unages of marks were reflected on the two photos 
of a pair; each eye waS thus enabled to see a mark in apparent 
coincidence with some point on the photo. When the two linages 
of the same object were brought into stereoscopic combination, 
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the images of the two marks were similarly fused; they thus 
appeared in coincidence with the stereoscopic object as a single 
mark, floating as it were in the spatial field. 

In 1903, Pulfrich designed the stereo-comparatur, in which the 
floating marks were etcbed on the diaphragms of the eyepieces of 
a binocular telescope and the movement of one photographic 
plate with respect to tI le other, in other words, the parallactic 
djsplacement, was measured rapidJy on a micrometer. 

The line l ILI,-or alternately the line l,L,,-gives the 
(lirection of the point O. The direction of 0 and its dist:mce from 
the hase being both knO\\'O, its position is thus fixed; and so 
for c"ery other point ",hich appears on both plates. 

E"en with the stereo-comparator, the plotting of a rnap by 
this process would be excessively slow. Major Thompson, 
R.E.. devised an apparatus t o facilitate the plotting. 
To the stereo-comparator he attached a drawing board, oyer 
which there moved a bearing ann which gave immediately the 
direction of the point. The distance from the base, to the scale 
of the map, was set off by a transversal moving bodily up and 
down the board and reading against a scale which showed the 
distances corre!'ponding to the parallactic displacements measured 
on the reading-drum of the comparator. 

In passing it may he noted that the error -"y in distance 
corresponding to an error tlP in the displacement is given by 

'v )'2 
..;y ~ - p ..;P ~ - b/ -"P, 

which shows that the error in distance due to parallactic error 
increases as the square of the distance; the result foUows the 
law of the first formula, since ..;P11 is equivaJent to the ..;r; 
which bas been previously described as the differential paraUax. 

The error due to incorrect measure of the par"Uax is only 
one of the instrumental errors \\'hich arise in practice. 
Thus errors of base measurement, of vertic.'llity and alignment 
of the plates and many others are involved; so that the total 
error in the estimation of distance possibly increases more rapidly 
than the square of the distance. 

Modern Stereophotogrammetry .~.The design of the stereo­
plotter marked a: distinct step in advance: but even with 
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this instrument plotting of maps from pairs of photos taktl1 on 
the ground was tedious and expensive. the operations being only 
automatic to a small degree. A young Austrian 1.ieutenant. 
\'on Orel by name, made great improvements in the de~ign. 
rendering it almost entirply automatic. Utilizing the ~al1l(, 

principle of stereoscopic coincidence, he designed a machine to 
plot simultaneousl:" both altitude and position of features. 
Moreover , of the two !eyers required for fixing position and the 
third lever for measuring height, it was possible to lock the latter 
at a gi"en altitude; thi5 reduced the degree of freedom of the 
two azimuthal levers, which were thus constrained to plot those 
points only which were situate at this altitude. The plotting 
pencil thus drew continuously on the drawing-board a contour 
of the terrain. that is to say, a line of given level. \,Vithout 
contours 110 modern topographical map wonld he complete. All 
later improvements in apparatus for stereophotogrammetry 
are merely denlopments (rom the de,ign of von Orel. 

Further improvements were introduced by the Zeiss firm, the 
object being (0 plot from plates which , though stili vertical, 
were inclined to one another and to the base at varying angles 
al1d were taken at points of dissimilar altitude. The st.erco­
autograpb, which is a sufficiently complicated machine. is now 
re legated to the duty of plotting from ground photos alone. 

Plotting from Pairs of Air P hotos.-The problem 
of the air photo is the general problem of pho(ogmmmetry. 
Aerial photos may be taken in any position, and ot any angle. 
The inclination of the plane of the photo to the horizontal is 
known as the tilt, the angular movement around the optical 
axis of the lens is known as the swing. In all 9 quantities, called 
the plate constants, are required to fix defin itely the position of 
a photographic plate in space at the moment of exposure. 01 
these, three arc camera constants, that is to say, they are common 
to all photos taken with the sallle camera. Of the remaining 
six, three are linear and three angular. Before a map can be 
accurately drawn from two overlapping air photos, taken at any 
angles, we must know with fair appro>9mation the 9 constants 
of each pIa teo It is not possible to obtain all these constants 
unless the position and altit ude of a t least three points which 
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appear on the plate are known. This of course implies that it 
is not possible to construct a map from air photos without a 
considerable amount of preliminary survey on the ground: we 
must first survey a sufficient number of fixed points-control 
points they are generally named-so that at least three may 
appear on every plate. The methods, whether graphical, instru­
mental or mathematical, of determining the plate constants are 
complicated. 

Flat Country. - l.et it be noted that we are here speaking 
of very accurate mapping of country assumed hilly and we are 
speaking a lso of the general problem. If the country is fiat or 
nearly so, the plate is exposed iJl a position very approxi­
mately honzontal and the accuracy of the map is limited, the 
problem is vastly simplified; moreover, by stringing together 
a cert,un number of photos to fom! a " mosaic," the number 
of the control points may be greatly reduced. 

The Stereoscopic Solution.-The only strictly automatic 
instrumental means for solving the general problem at the 
moment al'e those which involve the stereoscopic pri1lciple. The 
most successful machines so far designed with this object 
incorporate an apparatus suggested by Porro, the Italian 
geodesist and optician, well known as a constructive genius. 
This apparatus, which is given the name Photago'niomeler, consists 
of the half body of a CalDera in which a positive, iUuminated from 
the front, is viewed backwards through the lens by means of a 
small telescope mounted as a theodolite. The positive is tilted 
so as to occupy the same position relative to the horizontal as 
it had at the instant of exposure and swing so that the principal 
plane-i.e., that plane through the lens and perpendicular to 
the pla~e which was vertical at exposure--is again set vertical 
in the photogoniometer. By viewing the positive through 
the lens the small theodolite gives the bearing with regard 
to the principal plane and the angular altitude of each point 
on the plate. The operation is thus the same as if a 
theodolite, placed at the position of exposure in the air, had 
measured the horizontal and vertical angles of the various features 
of the landscape in the field of view shown on the plate: the 
effect of tilting and ~mnging the plate in the photogoniometer is 
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such as to render the angular measuremen ts, horizontal and 
vertical, the same as if the view had been taken on a vertical 
plate. A duplicated apparatus, containing two photogoniometers, 
can thus bring each photo of a pair into the same condition as 
regards measurement as in the normal case previously considered 
above, that is to say, the case wherein both plates are 
vertical. Moreover, if the two principal planes are brought into 

F1G. 131.-TfiI;' AU'rOCA RTOGRAPH OF HUG,"~RSHOFF ANIl HEYDE, SH OWINC 
THE OPtiCAL AND J.I,'LECHANICAt. SYSTEMS 

the same angular relation to one another as at exposure-a 
condition attained by rotating the photogoniometers bodily and 
horizontally round their lenses-both plates are now set relatively 
as they were when the views were taken, with the exception of 
one condition: we have not yet made an allowance for any 
difference of height there may have been in their respective air 
positions. The twin telescopes are connected with a stereoscopic 
system very similar to that of von -Orel, linked with plotting 
levers of much the same nature as in the stereoautograph. For 
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mechanical reasons the movements are not quite the same as 
those indicated but the principle of action is precisely similar. 

The macbine tbus briefly described is tbe A!ltocartograph of 

FIC. lJb.-THl! Sn:REO_~1>fOGRAPfJ j PERSPECTIVE Vu.::w}. 

Hugershoff. Cranz & Heyde. This .machine is primarily designed 
to take photographs tilted at 60°. With tilts so great as this 
the faintly seen background:; of the photos are of little use. 
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No adjustment is possible for difference of altitude of the 
photographic pair, but nC\'crtheless the machine is a successful 
attempt at plotting position and altitude of fcatllres in the 
foreground of highly tilted air photos. Moreo"cr-an important 
point-it can itself be used for detennining the plate constants, 
provjded that the positlon:-. and altitudes of three points in the 
common fieJd are known . 

The method of photogrammeir_\', apart altogether from the 
instrument, is open to two criticisms. U the 1.ITound is the least 
undulating there is always a certain amount of dC'ad ground 
in the picture , that is to say. low Jand that is concealed by 
higher feat"res in the foreground. Conseq uently. Hugershoff 
has to supplement his highly tilted photos by photo-topography. 
that is to say, by coyering the ground with a series of horizontal 
plates. Since these cannot conveniently he cxposC'd in the 
same light as the tilted photos. the air work is doubl ed. \n th e 
second place. stereophotogrammctry involves shorf air bases 
and, consequently. acute intersections. 

Other Stereophotogrammetric Machines. - Anolher 
machine designed for this purpose is that of Bauef5fdcl-Zeiss; it is 
called the SlereopJanograph. This is an apparatus with several 
im:eresting features, though the fundamental principles remain 
the same as in the alltocartograph, the Porro system being again 
utilized in a pair of photogoniometers. The machine is even 
more generalized than that of Hugershoff, for it permits of 
adjustment for varying altitude of the camera. The plates are 
set in the photogoniometers so as to be corrected for tilt and 
swing. but the photogoniometers themselves are not swung as 
in the Hugershoff machine. 

An improvement in detail is introduced in the floating marks: 
these are designed to produce in themselves a stereoscopic effect 
which tends to stimulate the stereoscopic sense when objects are 
viewed in or near coincidence in the binocular field. 

In stereoscopic apparatus jn general, where the stcreo-vjewing 
system is movable, a curious phenomenon, known as the 
somersaulting of the images, is obviated by the introduction of 
special prisms in the path 01 the ra, •. 

The stereoplanograph has a drawing-board and plotting 
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FIG. I 37.-TuE STEREOl'LANIGRAPH (R£AR VrEW) . 

F IG . !.3
8

.- TaE STEREOPLANIGRAPH (FRONT VIEW). 
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apparatus attached, whereby the motions 01 the instrument are 
reproduced on paper, universal-link cbains being employed for 
the transmission. The motions are equiva.lent to the fixing of a 
point in the space by three co-ordinates, .Y, y and z, which. being 
interchangeable, render the instrument adaptable to plotting 
from photos which are taken at low as well as high tilts. 

The machine is more compact and less ponderous than the 
autocartograph ; but as more optical principles are invoked, it 
is certainly more complicated. 

Another machine, simpler even than the autocartograph, 
has been invented by Wild in Switzerland. 

The Convergence.-The maximum value of the convergence 
in the case of human vision is about r6°. The question at once 
arises: Does this limit hold also in case of the machines considered? 
Concerning this question, there is much difference of opinion. On 
the one hand, Comdt. Vavon, who is using the stereoautograph 
in France, is of opinion that for practical working the lower 
and upper limits of the convergence are 6° and ISO; according 
to him any greater angle than 15() involves excessive strain on 
the eyes. Other continental authorities put the upper limit of 
the working convergence at much higher figures. 

It can be shown that, with increasing convergence, the portion 
of the field capable of stereoscopic fusion is narrowed. This 
latter point is of sufficient importance to warrant a short departure 
from the matter under present consideration. 

The greater the convergence the greater the curvat"re of the 
horopter-a term which, whatever its original meaning, is 
applied here simply to the circle passing through the object 
and the two ends of the stereo base; otherwise it may be defined 
as the arc capable of the convergence or parallax. Again, 
the greater the curvature the smaller is tbe field within which 
objects on or near the horopter are at a given distance from 
the base, which, as previously seen, implies that they exhibit 
on the plates the same parallactic displacement. 

Conversely, a stereo machine set for a given parallactic 
displacement sbould sbow in stereoscopic fusion all points in the 
field of view at the same distance frol1l the stereo base. But if, 
as has been supposed, fusion is limited to points on the horopter, 
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or very near it, the curvature of the latter necessari1y narrows 
the field. Since experience appears to show that the field of 
fusion is actually limited when the convergence is large , the 
theory of th e horopter would seem to be substantiated. 

FIG. 139.-STERE()PHDTOGR"-P~IIC SUR.VEY FOR. THE \\"ISENTTAL \VATER 
POWER PROJECT SHOWING PERSI'ECll\'E Co"TOURS, FOREC,\Y, Pt::N· 

STOCKS AlS"D POWER ST.'T1QN. 

FTc. I4o._STE'R1'.OPH OTOGRAPH.I C SURVE,\ OF WlSENTTAL W .... TER, POWER 
PROJECT CoMPLETE CoNTOUR MAP MADE FROM STEREO-PHOTOGRAPHS. 

It is worthy of note that in ground stereophotogrammetry 
the portion of the field in stereo combination for a given setting 
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of the machine is confined to a horizontal band. The reason of 
this is that the lower parts of the field in general portray the 
ten-run in the foreground while the most distant parts of the 
landscape are in general at the top of the picture_ 

The greater the conycrgcnce the less like one ::lI111ther 
wjil appear tbe images of the same object 011 the tn'O pbtes. 
It seems then almost a foregone conclusion that the greater the 
convergence the greater must be the difficulty of fusing objects 
in general_ 

The Anaglyphic Method.-We now come to tllC 
anuglyphic method, whereby a plastic effect is obtained hy 
projection. The method was applied to photographic sUITey 
by an Austrian protagonist, Schcimpflug, with whuge collaboration 
an apparatus was designed by the Zeiss firm; the latter, however, 
have never pushed its sale. DW'ing the war n similar apparatus, 
constnlcied by Gasser, became kl1o\\'n under the name 1 nag 
(Inti. Aero-Geodetic Co.), which more recently has been takcn lip 
by VOlI Bertrab. Nelles in Canada, apparently unaware of the 
previous work, hit upon the sa..'"11c idea in a fonn more di rectly 
appEcable to aerial 5111"\'0)'. Witllin ti,e ],,,t year (hc British 
Air Surw)' Committee has arranged lor tile construction 01 
similar apparatus, which it describes as the Camera. Plastica. 

In this method two positives, funning a stereoscopic pair, are 
projected simultaneously in coincidence on a drawing-board. 
Commonly one picture is projected through a glass screen 
coloun:d red and the other through a green glass. A. circular 
blind, of which one half sector is cut a .. \"ay, is made to rotate in 
front of the coloured screenS in such a TIlanner that at one instant 
the red picture only is seen and at the next instant the green 
alone appears. If the photos ha,-e been taken o,'cr hilly country 
from an aeroplane, the effect is to thrmv on the drawing, ,·iewed 
through hand-glasses, coloured respectively red and green, 
what appears to be a model of the country in relief. If the 
rotation of the blind is slow one gains a curious impression, as if 
the picture were in process of moulding. 

A draughtsman may now sketch the country on the board, or 
a pantagraph may be used to trans!e! the picture to a drawing 
near by. The plastic effect of the combination 01 the two views 
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enables the summit of a hill, for e,,,mple, to be plotted in lts 
true position; lor, i! the drawing-be<rrd is moveel upwards by 
an amount which is the t:quiyalcnt of the height of the hill , the 
summit of the latter becomes stationary and the moulding 
process, prcyiol1s1y mentioned, ceases on the hill top. The 
position o[ the hill cannot only he sho\\'n, but the amount of 
upward moycmcni of the drawing-board is a measure of its 
height.. This is so because it i~ only when the board is in this 
certa in po~ition tlIat true .stereoscopic coincidence of tile two 
proj ected imag"s of the hill takes plott'. 
~istri in Italy has designC'd an apparatus to facililate the 

plotting. In this apparatus: the drawing-board is relllO\'cd and 
placed alongside the main apparatus in which the combined 
picture is thrown on n. screen. A pointer foHo\\'s the line of 
coincidcllc{', i.e .. the stationary line of the two projected images, 
which obY iou~ly COI1"tsponds to a contour lcytl, and the motion 
of the pointer is transferred by a photographic attachment to 
th(, drawing. This method, ,,·hich is Q promising one, cannot 
cOl1ycnicntly he extended to oblique photographs, its present 
application being confined to photos taken \\ith the optical a..xcs 
approximately \·crtical. 

Tn the case of the Ci.lmera piastica, the positi\'cS in the projecting 
lanterns should be mO"ed to and fro in order to ob tain proper 
focus of features abo\-e a ceJiain elevation. This 1110yemcnt of 
the positi\"c is, unfortunately attended by trans\"erse displacement 
01 the images, so that difficulties are introduced. 

F or ;:l g i Y(,11 position of tb e drawing board, the stationary lin e 
previously mentioned is the line of points where the images are 
precisely coincident and therefore in focus, If a rotating blind 
is not used, reliance has to be placed on the estimation of correct 
focus alone. This is not so easy as it may appear: the positives 
h",'e to be magnified, and magnifica tion brings ou t the eflect 01 
engine vibration on the plates and the grain of the latter them­
selves, Even if tbe rotating blind is employed, movement in 
the vicinity of the stationary line is so minute that it is again 
difficult t o draw the precise line of contour. Nevertheless, in 
spite 01 all the drawbacks rnentidned, the method does provide 
an approximation to an accurately contoured topographical map. 
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TH E PROJrCTIOX OF STtHEQS("OI 'IC PICTCHE5. 

THE same principk:-- of taking and "it'wing stC'r('osCllpic pictures 
apply also to the projectiun and yji'\\"jng' of rran.c;p;lfcncies 
in the form of lant-t'l"ll slil.h.'~, ur cincIlMtngrapIl 1ilms.. Til l.! most 
important item to be abst·n 'cd is th~t each pitttlr\.-' prnjPctrc\ 
on the screen should be seen on l:' \\'ith the (',\\: c"rrespondin~ to 
tltc lens of the camer:] with ",hidl the picture was taken; thus 
th e right eye ~huuld only sec th (! picture taken by the right 
lens of the stereoscopic picture. and the Idt eye, that with t he 
left 1<-r.s_ 

A n.:rta.in amount of misconc .... ption appears to h,l\'e ;).ritll'l1 
in connection with ~,1 ereo:-,c{)pk projc:cti(lns, many pl'ople. 
bcLic\"ing that so long as there arc two sets of pictures, t'ach 
corrc'spClndjng t o the ldt or right \'icw, tJ1en by projecting 
them simultaneously or alternafdy upun a screen. ;l stereoscopic 
effect wilJ b(; ubtained with the naked eye. Thi~ vicw is incorrect, 
although partial effects may sumetimes be oiJtained in thi s 
manner. 

The Anaglyph Method.- There are several possible methods 
for yiewing either lanterns slides, or films , but the principle of 
these depends upon the usc of some special means for observing 
the pictures in order to obtain the proper stereoscopic effect; the 
speclal means in question corresponds with the use of the stereo­
scope in 'Viewing ordinilfY stereograms . In one method, red and 
green spectacles are worn by the audience, so that only the green 
or the red coloured picture projected on the screen can be seen , 
res?ectively, by the corresponding eye, as shown in Fig_ 141-
This method it will be noted is identical with that of the anaglyph 
desCrIbed in Chapter XIII. Indeed it has been a common practice 
to project anaglyphs in the form of lantern slides, upon a white 
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screen and to vi ew them with the ordinary red and green masks. 
An extension of the same method to cinema films will cnab\e 
an audience prO\-jdcd with these masks or spectacles, to obtain 
stereoscopic impressions on a big scale. In this case there l"auld 
be two sets of negative fllm" l'ne taken wilh the Jeft, and the 

B 
other with the right lens o( a special 
tW() lens cin ema camera. The positive 
film, 5<1)" the left lens nega tirc film 
would be dyed or stained green, and 
(lte right one red. The projection 
apparatus would be arranged so that 
corresponding pajrs of red and gree.n 
picture were projected in an almost 
!"upcr-imposed position as in the 
anagl.,,!)h, 'whence they would be 
viewed by the reel and green masks 
or spectacles. 

Green One dr""'back of this method is (he 

L R 

J~J.-THl> .. \XAGY1. PH 
j'JW\'C1PLE. 

Joss of light on the scrcen due to the 
relativdy dark colours emplo\·cd. 

Some demonstrations given in 
Paris,' utilized the anaglypb prin­

ciple, in which the red and green images arC almost super­
imposed upon the Screen. For this purpose a single lantern 
willl a special attachment for obtaining the required super­
imposition was employed. The lantern was fitted with two 
identical lenses which could be moved towards or away from one 
another as required. Two plano-con"ex lenses were arranged 
either close behjnd the common condenser (as in the Gaumont 
three-colour projector) or between (Ile lantern stage and projection 
lenses. -These glasses projected the light transmitted by the two 
halves of the condenser into the projection lenses. In order to 
make the construction cl ear it should be said tbat a segment was 
cut from each of tile two plano-convex glasses so that these two 
glasses were close together with their straight joining edges 
midway in the optical system and in line with the space separating 

" Bt'lt. ]CtkNt. oj Photog., Mar. Lt. 1924. 
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tbe two pictures of the ,tereoscopic pair. Two Ji~ht-fi lter" red 
and green respectiycly, were fixed in front of the s.tereoscopic 
pictures, and, as usual, yiewiltg piece~, {or the usc of thl' audience 
contained red and green filters, thus ,('rying to luHil the 
conditions requisite for obtaining tIle felief effect nn tlte screen. 

Another method "'hicl! has b~en used in Pari.s mu;;;c hall:; 
consist.s in pro)ccting from the back of the stage by means of 
two projectors, onl' fitted \\'ith a red SCreen and the other with a 
green screen, arranged sjde by side, one ahOllt two or three fcct 
from the other, two shaduw5 of the 5ubj('ct on to the semi­
transparent screen which closes the stage in front. \Vhcn these 
shadows are dcwed wit.h the ordinary two-cofour lorgnett.e tfte 
effect which is geen is [l single shadow in front of the screen, 
advancing into tlle aud itorium almost to tht: spectat.ors as the 
separation of the two centres of projection is considerably g-rc.1tcr 
than the separation of the eyes. Thus, any object thrown by 
the actor on the stage in the direction of the projectors a.ppears 
to be thrown at a much greater speed in the direction of the 
spectators. 

The anaglyph method of projection, on account of the c}Jeapness 
of the viewing masks is certainly one. of the. most promislng: 
those \vho have witnessed the cinematograph ., plastigrams," 
will appreciate their yulue from the stereoscopic standpoint. 

The Stereoscope Method.-lt will be ob,-ious that if 
stereoscopk pairs of pictures be projected upun a special screen, 
side-by-side, as in the ordinary stereogram, and if instead of 
the usual short focus lens type of stereoscope (which gives a 
magnified image), a special prism or mirror arrangement be 
employed to merge the two views as seen by the eyes, then 
a stereoscopic effect will be observed; one or two firms adually 
supply projectors for stereoscopic transparencies. both pictw'cs 
being tlu'own upon a suitable screen. One simple arrangement 
for obtaining this effect is that illustrated in Fig. 142. Here a 
single prism of the shape shown is held to the right eye in the 
manner indicated, with the result that owing to two internal 
reRections the right hand picture fI'E' appears superimposed 
upon the left hand one, A B at CD; this gives a stereoscopic 
impression. A pair of mirrors, similar to those shown in 
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Fig. 143 will giye the same result. Indeed, this method is capable 
of sc\"(:'rai yuriations in application. 

~-r_!J 
t..Jj B I, ·'11 

" '\ , \ 
I, , , 

, I 

}Jf.rl"or<5 irr(ms 

L R 
hC. 1-13. 

As in 1hr pn'yjo1l5 Ci1SP 1he use, by the audience, of special 
Yl(,W('l"S is therefore (,$;sential. Fig. 144 illustrates the ordinary 

(:_---]} 
stereoscope "jewer method of observing 
projected stereo pictur~~ A B and A jB'. 
] n this case Ole effect i~ that of a 
sing.lc pictm-c in relief Seen at C D. 

The Polarized Light Method.­
An ingf'njousI11cthod due to J. Anderson, 
utilize's the wdl-knowl1 properties of 
polarized light for projection and 
viewing purposes. In this case two 
projecting lanterns arc employed, one 
for each set of pictures. In each optical 

~ system of the lantern, is inserted in 
Prism . :Sln the light be<un a :Kicol prism plate of 

L R tom-maline; this polarizer is often fixed 
FIG. l..H· between the condenser and projection 

lens. The important feature in fixing the Nicol polarizers is that 
the :L~es of the latter are arranged ~t right augles, so that the beam 
of light which emerges from t:,o one lantern is polarized in a plane 



cr;-:EMATOGRAPH PROJECTIO/\ 

at right ang\('s to the CJlll' rgc'n t lwnm frn1Yl. th (' (lther l anh~rn. Tht' 
opti cal axes of Ol e two lat lt erns are a rrangL'd ~o \1::- tt) l1)t'f't on thc 
screen, the n.!sult being that one pict llrC' c{\nslstin~ ()f en"c( 
images ,dll 11(' stIprrimposl'd upon the oth (, r pietun' h~l\' ing its 
images at d gh t angh-5==, LC',. lying nil 1ikir 5oieh''', elm' to the 
pola ri zed light ( 111 tll(, =,<:r('~'n hC'ing ;It r ight aJlgl{'~. The rl':,ult. 

as sten on the screen \\'ith the naked ryt', will he a nlllfll !-vd 
p-icture com po:-f'd of t\\'o a t rigllt ang\ C"~. 

If no,,' the ub.sen'cT \'it:\\ s thl· ... c 
superimposC'c1 pictn.r('':l thnJut!h a 
pair (J{ anal.'·~er pri;ms, one in frunt 
of cad) ('ye, and so arrnngt·d tJwt 
thrir plan('~ a re at right ang-h.::, . 
each ('~.(' \\-ill sec only the picture' 
c.:o rrc~ponding to that of its prlljvct­
jn~ lantern, so thut a skn-'{):-;c(lpic 

effed i:; ob~en'c:J , Th~ yi('wing 
analy~crs u~ually consist of " number 
of thi/1 glass plates mounted in 01C' 
form of all opera glass; the refrac­
ti on method of polarizat ion is 
u~jljzcd in this case, ] t j :; bscntial 
in the application of (he polarized 
light method that the screen upon 
which the images are projected sh uuld 
ha\ 'e a non-pola rizing surface, o ther­

'\ ,i f 
.: ", If 

.-:~: '.Ii 

_L R 

:1 
.: £ 

; 

X ----",,*-"---
wise the light will be depolarized ~~~~':\1:1't.~';;~~lG~~:R~~~IC:O/)'lH l": 
by reflect ion; a metallic surface is PRO)E:CTlOX'. 

suitabJe for .:1 projection screen, 
Fig, 145 shows a recent invention utilising the same principles. 

Here (he source of illumination is at S. The rays of ligh t 
are reflected from two refl ectors 111 and .nI' tlJrough two piles 
of plates P and pl, respecti\·ely in order to plane polarize th e 
beams ; the beam P is pobrised at right angles (0 P'- The left 
and right films are shown at Land R. These arc projected by 
lenses E, E so as to cOllverge on the screen X. The super­
imposed polarised pictures are th"" viewed by the eyes by 
m eans o[ analysing plates, or p risms at Al and A, in such a way 
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that lhe former only ,ccs the left, and the lat ter, the right picture. 
Automatic Mach ines. In passing, mention should be made 

to the stereoscopic, or animated pictures still to be seen in penny­
in-the-slot machines. Th~c consist of stereoscopic pairs of 
pictures printed on lea\'es forming a kind of book. These leaycs, 
by means of an ,,-utomatic de"ice operated by a handle, are 
caused to fli ck continuously in front of il pair of viewing lenses, 
i .e., an ordinary stereoscope, and an impression of moying 
pictures in relief is obtai ned , due to the persistence-of-vision effect . 

The E clipse Method. - Therc is another type of sterco­
projector. the principle of which was n rot employed by J. Ch. 
D'Almeida, in 1858. The method employed consists in projecting, 

Flc. 14G.-D'ALMEIDA'S ECLIPSE 
!'tE'l"HOD. 

in rapid succession, the two 
stereoscopic pictures on a screen. 
For this plU"pose transparencies 
must be employed. Jf the 
pictures are projected with suffi­
ciellt rapidity thcywill appear in 
continuous J110Vement , instead 
of being internilttent, due to 
the welJ-1.-nO\nl persistence-oi­
vision effect. If now a rotating 
seGtor (fig. 146) be so arranged 
in front of the pictures that it 
rapidly coyers and uncovers 
each picture in turn, and ii, 
further, a similar revolving 
shut ter be placed before the 
eyes of the person viewing the 

screen pictures, then if the latter shutter is properly syn­
chronized with the first, each eye will see on1y the succession 
of images due to the corresponding side of the double film, and 
stereoscopic perception will be realised. The principal diffICulty 
of this TI1cthod, in practice, is in connection with the convenient 
arrangement and synchronism of the viewing shutter. 

Fig. I47 illustrates an interesting method of projecting the 
altema!e pictures, due to Mm. Dupuis and S. Schmidt. Here 
the pictures fomung a ster~scopic pair are sho"'Tl at I I and I ,. 
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There is a fixed inclined mirror .11 I , placed,:,o that the illuminating 
beam from the light 50urc~ 5 will enable th C' image of ]1 to be 
project ed hy mcan~ of the lens 0 ( on to the sen't'n . There is 

jI/I !",., !· 
(R.· "., .. ., .'ml.) 

1' 1(;, 1.)7·~ T!1l~ i{(HAlI'G ?l IIIUW N ~l I:TU(H). 

a second uisc, JI:! , incl ined at lhe same angle (45°). whit h is 
arranged to rotate about a central inclined axis at .rl Tht' disc 
cont ains a mirror .1I!! . occupying one-haH of the circumference, 

and a cut-away portion . When the disc rotates, the mirror ftI, 
alternately illuminates the transparency J" and in doing so 
cuts oft the light from M j' In this way A!, and AI 1 are illumin­
ated alternately and at such a rate that owing to the persistence 
of vision the eye appears to see a continuously changing pj cture. 
A conveniently arranged rocking shutter (Fig. 148) is arranged 

n ~3 



STEREOSCOPJr PHOTOGRAPHY 

in a maok placed in lront o[ the 01)server's eyes Land R, the 
shutter being operated by a small electromagnet with electric 
cu rrent supplied through a suitable pair of fin e cables; the 
shutter rocks about the a...-xis C. There is an interrupter in the 
projection disc apparatus which ensures the shutter working in 
synchronism with the rotating disc. In this way the left eye 
sees only the Ielt mo\'ing picture image, anel the right eye the 
right im:Jge. 

Other Methods .- /\ " ery large number of attempts have 
been, and are still being made to solve, on a commercial scale, 
the diff,culties o[ stereoscopic projection of cinema films. 
XUl11crous patents have been granted and many schemes have 
been tried . Most of th(.~ later schemes aim at dispensing with 
the need for special viewing apparatus so that the picture theatre 
audience can observe the films in a similar manner to ordinary 
slngle picture films; the same size and shape of screen is also 
desirable. 

At the time of writing none of these schemes has proved itself 
practicahlP; man\' fail purely through lack of knowledge o[ the 
basic principk~. 

In another mcthod for partial relief effects advantage is taken 
of the light and shade aids to stereoscopic "ision, by taking 
alternatc films with a shift of the lighting from side to side, so as 
tn alter th e lighting effect in consecuti ve pictures. In this case 
a single film only is used. In still another example a single film is 
exposed on the subject, and the positi" e film is treated chemically 
so as to cause the gelatine to assume a lind of contoured, or bas­
relief appearance, somewhat similar to that of pyro-soda developed 
p];ltes in the "vet s tate. 

Integral Photography.-An account was given in the 
Photo-Rev,," for May 15 and June 1st, 1925. of a development 
by M. Estanave from Lippmann's Auto-stereoscopic plate. 
The former has made a compound lens somewhat along the lines 
of an insect compound lens eye. The plate is placed in contact with 
the plane surface and the photograph taken in the ordinary way. 
It is stated that not only does a single image, in relief, appear when 
the negative or positive is placed behind the lens in its initial 
register, but by projecting light from the front a single image 
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is seen on the screen. The latest " insect eye" of M. Estanave 
consists of 95 separate lenses, his first having 56. Examples of 
results obtained by this method were on view at the Provence 
Pavilion in the Exposition des Arts Decoralifs, in Paris-, 1925 

235 



mBLh.X:l{:\PHY OF STEREOSCOprc LITERATL""RE. 

Helow is given i:l s('l<:nroll Olf stl'rcf)scopic literature; this is not complete, 

but tl'prcl;('lltatiH' work~ ::lIld p:l.pl..'r~ JI<l\"C bt'cn cho5cm. 
Till' Sifrr'J.'.cllp,: 1/" Ih.~((Ir_\', TJi(',w,' (olli C()n:frurfirm. Sir DAViD BREWSTER • 

.;:35 I1p.· illustrau·d . Lonclon, 1850. 
1l,mdlJwlJ dry Phy~ipi d,";; JI/(!1\,ilo1. JO!\Al'NES )1t"L1.l-:n . l }Lto. 

C~,HII llY (a ThJori,' de /(1 l 'i~I(l1i j1llwrulaoe , CeIH:\,il, I S4j. 

CfJ!lf~(tf'd Palif!'s (') HtillIh,/f/z. \"olU1l1(: 11. (Pnpcrs Oil the Howpter.) 
COIII"ililllu}IIS 10 the !'liy'ij£)!I).~'l' lif ,'j.I·lim. Sir ClI .. \RLW; \\"JlE',\7STONE. f'bilo-

f;(IT,llio::a! Tran«:It:tians. I S3''!' 
Slb,t'o$COPI'd, T'rc'f/Slol/ , lldor_\' d jlr(l(/r·quf. L. C,\l~!). Paris, 1895. 
{'1I!1,·,·:; (11/ Sln'<'o<;n,pv 'II tll( "riflel/IIIlgl'j) des II.II.k. "11/lfllrgr(l.<!r(lp llic.~lre '1 (715Iif1l:(S, 

19 . .,0 ( ISljq); :!z, IJ () ( 190Z); :!3. I ~ Z {1903}; "24. 143 (190-l1. A. F . 
\'0;-'; }-It'DL. 

/Yo,,' sll f l'flslwPISchl' Jlrlh(ldol l/11d "'p/'ar(llr fiir die Zit'ccll( del' A strOllO mit', 
T!-/)(I!,'rlphy mul .JUrhommlir. C. PI-Ll'R1Cl!, Berlin, 1903. 

SIC1'l'()S/"f)/,isch!'s Slhcli lind J/I'SSOl. C. Pl.'LP}(ICH. lena, 1911. 

Tile S!I'I'l'()f;c(I/lic .11aln,(Cl. "'. I. CH,\O\rlCK. :'Il<wchcslCr, 1891. 
TIle Slcr,'Mmpc (Illd Stl'Yi!(Jscopic Plzofoc,·apll)". F. DROLTIN'. (Fr. transL). 

London, I$Qi. 

Th e E/c"I('1!tS of S/nro$copic. Pholtlcraphy. C. F. RoiHWEI_L. l.ondon, 1896 . 

DCI' SfcYeop!(1l11grap" lil:r Firma Car! Zriss, Jean. O. YON GRUDER. Zeitsch. 
l. Instr .. ,], I, I, Berlin, 19:!}. 

Lli P/Jo/(lgmphu SMdosc(lPiljl1C. R Colson. Paris, J 8(J9. 
Traill de Pltolo/:;rapl:ic S!b/<)scoPiqUl'. A. L. DOX!\'ADIEt'. Paris, 1899. 
AIIlt:itlmg. ::11" Stcrcoskop;r. \., '. !:_'cIiEr-"Ff,.R. Del"iilJ, I9o-f. 

Grundlagf'11 da Pllo(ogl'amfllc/rie ails Ltt[t(ClIIJ·=.-lIgclI. \'o~ R. H LGERsl1 0FF 

LT. H. (RANI. Stuttgart, 1919. [Ttzis cont<lins a Ycry complete li:.t of 
uno\,s and pape.rs of various countries relating tu (tl.'riul and ground sun-e-y .] 

Ail' Surt'ey CommIttee Repol1, Xo. 1. 1~}:!3. THE \\TAR OFFICE. l-L1-.1. Stationery 
OtTicc. Price 4J6 nd. [A fairly complete bibliography of a.ir survey and 
allJir:d literature from J532 to dale is given a1. tb e (,1ld of this Report.] 

Das Slcrcosc(lp. Prof. TH. HARTlG. LeipZIg. 19oi. 
Lcs Allcrglyplles Givlllttr-iqltes. H. \ ·(,'IlJEkr. Paris, 1912:. 

Sfl!reoscopi~ Photograp/lY. Photo .i\Iiniature Series, No. ]75. June, 1919. 
Traite Ctntimlc d.' StbioscUPlc. E. COLARDEAU. Paris, Ig .. q. 

Stereoscopy Rt-stated. J. W, FRENCH, D.5c. Optical Society Transa('tioDs. 
\" 01, 24. 19:22-3. 

BH}(lru/(/Y Vision fwd SlnfoS({,pir $ e'lsf. 1C T. TIH!hlP. Optical Society 
Trallsactions. Yo!. 25· 1923--{. 

1\ number of original articles on the application of stereoscopic photography 
have appcnred (rom 1924 onwards, in English !o.Jechanics and lhe World ofSci<;!nce 
published at z, Breams Buildings, London. E.CA., and in tbe British JonrnaJ 
of Photography. La. Science ct \a Vic, and Revue I'hotographique. 

236 



A Guide to the Selection of 
Stereoscopic Apparatus 

and Supplies 

~ ~ . 

~.' 

[To face page 236. 



i i 

):l)::l):l):l):l)::l)::l)::l)::l):l):l)::l):l):l):l):l):l):l):l):l):lU)::l):l)::l)::l):l)::l):l):l):():():l):l):l)::l):l):l):l 

g The JULES RICHARD VERASCOPES § 
'J:1. 1'/1{' or'iClfwl .11)11 }:I 

g ;~~~~I:~:~~~ :,'~i~!,~ £{ 
t( f',I, 111 ,rllh, 'rwd J:{ 
t1 .111\1 JUlI·,.t.'l tlut Jj 

g ~:~~ :~:E~;:::;'I:~~l:~:~ § 
):1 \I !> r J. i 11 ~I :J 5 l:( 

g 2;~;1~n~:'1:~~:I, 5tE g 
.t:! Iqa,nor. 1:1 
,l:.( 'lIwrl</m'u(,JJ:, l:l 
):1 <)~U\· !:_" . ~h.'l uk~ t:1 

B ~i~\~~2il~~'~;'I\:\;~I~,,~,~~'~~;~~\0::'~~:~r:;:I::i\1'l::,~}~:~~~:~',!:!i::~I::iil;:'~I~li~;;::'~:'~:l~."~:~~:i,~:~(~~:~~:f~ § 
g :1~',~\~}:1;:~;~ £;:~i;~~":;:'E,i~~~~\::~'l ;;~~~\~):;~:~:i~:::1:~~~~~li~~',~::~~l2~:I:;:;;~i:~I;'~~?1:~'~!I\:,1!~~\'71~':~~1:j~: g g I",lt'"ri"l~ :U1d hlll~h, ",Iii ,..,]Jahiht" "nlle,' "II ,'w'n' dn.,it g 
):l BUY A , ' ERASCOPE. SATISFACT I ON IS ASSUR ED. ):l 
):( .. \ F1 \\' 1'1,1(13 (,/. (\\'(11 RIH. ~IOj)L/3. .t:! 
l:1 Fulh' il1\\~lr:.U'd 1.l\at"i(U·, iwluull'l! ,, 11 .t .... '~, '<T'i,_. I"'" fro,,' all (lppli, alilll1. l:! 

§ 4;, In, mm .'hld. Ll~'r:~\:'~ \~,\~j~N:~t;:!~i~.r 1:~;I:;t B 
g ;.\0.2 hi " fitt ed ", jth H.H. Lc·II<;(OS. ]}'1\ 'L (j 17 rii / ; 1';.1 ~ B 
1:( ;.\0.2 hi s tittl 'd ,dth SUPl h il' l:! 
}:{ t igmat hll <;t'<; 111 1:! (i 1212 G ] R 7 II ):1 
8 :0\0 . :lS fitl ('d wit h :-i lpp lti l' ~t1 1 a' - t:l):l 
H li,Q'mal if'n ~ , ·<; 201 5 Hi]i; I) ::!'2]2 {i g Ko.4S. w ith ri ~ in;! lron t .• p t,·(.·tkd B 
}:J " hu ll er aud S:I Jlphir lJIl :.lstig - .!1 
}:( !l!!'\t kn"(~S 21 Ii G 17 Ii (j Z;$ 12 U n 
):( ]\'0. UA L , IIIi X o . -1- , " itl, l J, r(r ll (JWO" !:( 

§ ~~:\~~\\'~. B~ (;I h~~; ;;() UI~;\~tig~~~~ g 
l:1 Fj"U; I::n ,.:(:s 30 0 0 26 0 0 3 1 17 G 1:( 
tr ::,\'0 . oft. l1!o; ",,'(1. HilL . Iw ! ldl ll Zti ~... n 
,t:( p:l!ell l l \ · ... SLU·.III I1 ... ti_g- IllH ls Fj L'i 3·), 7 0 30 1i G :lG 2 Ii ):( 
j::( No. 7 B,lIs 1\(l . flB L. b tl \wiliL :l ll Ial ('s t .t:1 
.tl 1IllPI'O\'(' I1H,: n l s , lilh·d fo r A ul o - .t:( 
l:! d l I'OIIi(' lrork 1111£1 (_'mld ll to r ):( 
J:{ fQr sdf-po r l rn,ilur(' . l_,a( O\lI'- II 
l:1 Her t Idot :JIla~tigm;1 t<; F /-l- .ii ~.J, 1;) 0 ~O 0 ~O ~H ] :; 0 J:1 
B Xo , 7 .\ .f""i ~{I.i , h ul"ithZl i ... ;;. pat l ll l S 
J-.I ·l\·,..~ u r ; !lll! ~ l i grll:!t.\ F / .. ) :!8 1.':; 0 :{4, 7 G 4017 {; )-.l g H igh Spt'{'d :'\Iod('j <; . (i 01', (l'xl ra) .. :l]1) I) g 
}::! () x l :h, .m.or' X l acllI.\'t'rasc()pt wit h l::t 
):::{ foclI 'is ing adj llstmen t. Hilt] Zeiss t1. 
J:l j):lh'nt. 1-'/.,,-:':; T('S"l1 r ~l na s1iglll u l :_" ..j ,':; l.i 0 ·n 12 6 ,a.g]7 G l:t 
t1 THE NEW (FOCUSSJNC MODEl.) \'ERASCOP E. l:t. 
):( ADJU~lf~fL\:6/t~~ ;1I\~~~'~~: !:\:3 ;~. '0':;: 1 C<lllllOW be ~I'plie<l with FOCVSSI~G § 
J:( T HE HI GH SP EED MODEL. § 
J1 Mw<:ls G or i Vera;i(:l'Ip!$ (4;'; x Jll7 mm,) l'ixoo or variable Fo<:us Models, wilh 
J:! H igh·s{leed Shutter to 1 -IOOdl, £ 3 lOs 1Jd. u:trn, J:1 
)::l THE CITY SALE ANIr EXCHANGE, LTD., ):l Ei 'sol, n'J/isl! Jimpiu Ag«nlS jw M essrs . JVLy.s RJCHARD. ]:1 
):f &4, L~TREET. LONDON, E .C., 9() /94. F LEET STREET, E.C ., 11 

§ntititi~~;~;;~~~~~~~;;;~~):ltin)::l):l):l):l):l):l§ 



THE JULES RICHARD GLYPHOSCOPE 
\ YondcrflLlly ('llicient Stcn'o Camna and Stt::rl.'o"c.op"" C(IIll\IIII<'"d. 
Simple III d('~ign and (!\.trcme!y wl'[1 mad<.", fi(tl.'c\ pnir 111lCl>t quality 
uebrnlllallc h',l:;l':> and IJIlckr J,l\'(lural,)t' Jig)ltUl~ ('OOd,tJOJ1S 1:)\'(' rr'rfl'cL 
rcsu!ts, lla\ C cnJn'I:'Ttt'd hundred:- of "nap .. holtl'r" In the pr .. n;ticl' of 
stereo phlltogTal'h~'. Trv DIll',. the fl')<;ull.!, and l-liml'hcity uf J ules 
Uichard's Stt:reo l'lwtngruphy 11.11 !itlrl'n-;l' yOll. 

Size '\''i~: ]07 

THE JULES RICHARD T AXIPHOTE 
A bcalltlf~dly made in'itrlltn('llt of really cxcd/cnt dc.:;ign and constru("­
ticm Whl("lL add .. im.11WaSlirably i() the jen' and pIC<L.'Hlrc of stereo 

piloto,=:"ral)hy. Cla<;;.;if~t:s 
and l'rt'ScrVl'l> your pH,:· 

tuTCS, anr one oj which is 
illlmcrlmtdv avail .. bl!: for 
in~)lf'ctlon 1;ya. \"cryslInplc 
nl<' il:ullCal m(l\"cm('tlt. 
Th, fllH'l>l instrllnll'llt. of 
its hp(', and i .. I'lllirl'ly 
~\litabk f()r pH:tllr(''i tak~'n 
bv other than Hichnrd 
Caml'ras, 

Prirr,,(rom 
£ 11 5 0 

l"TLL 
1':\ I<TTCl'LA r<s 

FHEE (IN 

.t.,.PPl..lC."T10~, 

THE CITY SALE & EXCHANGE, Ltd. 
5 0fe JJril i.'i /l EIII/lire A grll(-'I for 

Messrs. JULES RI CHARD 

81, Aldersgate Street, E.C.; 52, Cbeapsidc, E.C. ; 
and 26/28, Kings Road, Sloane Square, London, S. W.1. 

i ii 



WALLACE HEATON'S 
FAMOUS 

"ZODEL ROLL FILM 
STEREOSCOPIC CAMERA 

CAPABLE OF THE FINEST WORK 
TI1\' ~ !"I'Nhr"l'H' wOfk,'r <l"~!rin~ ~\JW rulluing ro~l. t1a"\lghl iO:ltil!l):,. n(' 
ri~1. ul Im.·"k<>I:". f'.'W trnuSfl(J$'\,on. elr.,-the 3.tl,·anlagc~ of the Roll 

V:~uz;f,::Kr'l\\~ hl""~~J~~L~u:' l;~~(~,:~'i,l ~1~~~I1 .. '~',~~~,rt~:I\~::~~I~!i\:~u 
i:i!('n"~""J}I(' C!lIn'ra \\'hl..l l !I'r~ "I! Il"" IIh .. " t.,I.!'· ~ at 

a\~,~:!l.j;,~SI\Jh-I!~.lu''..~~;~'';~h''! n:;! 'I~h'.:lt\ ,,~;'jt:TI~;1 ;~:~~~. 
,.f I hi .. produl t ")1l r II j .. "'11.1,(1 I I, ;).11" 

[10 S,[l'r,,(> call1''r ,\ I) !J th(' '"l rkl'L' 

SPECIFICA TJON-
BODY of seasoned \\'ood, l'{'i1u tHully (;O"("f('(\ in SIZE CLOSED, 9" x 4'" x Ii" Ol'Crall. 

lRorcl('(:a k-."Ieb~ binged meud il<lck, ('..lsi1r WEIGHT, r-Ib. J ~ --OZ'>_ 
loadoo . . FRONT, nio;:kled. wide stirrup pattern . Carrie$ 

SPf)OL~W'.D, uoo-re"cn;-ing and ~iJctl{, lv/dlll l; 1'* Lrilliallt limier arid frame finder (folding 
WilUilllg kef. (la Ku !Q clase!. Fiuger grips ({lr pulling {or-

~~~~~I~t~1t~~~t~(~i i~!~~I:/t:~':~b~ke~!.OP. a"'UT~ER~~S;~~:'CoItlPur Spttded t sec. 1/2 
TWO FI"DERS, direct vision, full si~e frame, l /j, ' l lfJ, 1:5. l ljo, S' IOC, l / ~~o, !im~ and 

s~lltcr On back &1idmg down when tl01 III use. bulb. Cable rclease supplied. Ins (\iaphragm, 
Brilliant finLll!r- bctl'.'eeo IenSo"s. numOCrs enGr,:I\'~ on wp. Visible when t;dciug 

BELLOWS, two, 01 bcslleatber. photogfilph, avoidillg necessity of turning 
BA~E.BOAR'D, . drop_f'ing horiz:uuta/.. rad' ~lld Cilfflcrfl. about to Volr,- the Stofl. 

pUllon focus:omg, wnh!lCaie and lockiog deVIce. LE.SfS.- Thl' ",1'1l ·knowu ZIHf.llar Alluti,mab 
In:1inir.}" C3tch autQnUoItic8.Uy released "'heu "'Cmlw!'rtibie l.of·' Series. " cm.. i(}(.'1lS- C.1palJk 
fO<:\lSSllll!. Very rigid &ide 5trutS. Mctal parts of J:iving the vcry finest defillltiOll witb ptrfect 
nickled. r.o, ·crin~ {/(11\"e:-. 

OPTICAL CEIURlS, 6] mn:. SIe~tiall. EXTE"SIO" (I -tj- by rack and pinion. 

Wallace Heaton Limited 
119, NEW BOND STREET, W.l. 

Te~h(Jlle : Mayfair of.,.z::. Tclcgl,uns: "Zode.\laria, We.sdo. London," 



MEYER DOUBLE PLASMAT F/4 
U1\Jn,;nSAL .·\ :\.·\ STI G.\I,IT " 1'111('1)1 : J)u , lInn",I'1I 

l'lw mrdillf1/ lor /Ill' ril'll('.~ 1 l'J'pn'8siuli flJ /JI'{IIt i,'1 (If j urlll (/Il d lill ,'. 

Made ill 
45 X 107 mill. 
£:ts 0 (I 

I.' x l :} CI)). 
UI (I (I 

(with j 'nnorama 
adjustTIlf..:nl \ 

For Stereo Photography 

M entor 
Stereo Reflex Cameras 

.i\{(I(("i" 

In ..... '1:> ('nl, 
£:iO 0 0 

(\, ith J'aIU,rall1 l\ 
alijust lll t: lll ) 

!I l ij"w. 
£-1 '" II (I 

(w ilh l'al1l1l':I nla 
adjus tlllc lll ) 

OPTJC.- J>Jmww l F ~ flf 7.1'i.~~ 'j' ''SS/lf F , .~.:.; 
(i u(' llIdlu!! ;{ l>oul, le Dark Slide .... ). 

Mentor Folding Stereo FDcal Plane Cameras 
RIG]]) COMPAC1' LIGHT 

6 )<. 13 em. 
£al> (I 0 

H) X l ,~ em. 
£a8 0 0 

I) X 18('m. } wilh !'lu lUr:Llna 
£40 0 0 adj us t IlwlIl 

OPTfC.- Plasllltit "./ .... or Z(~ iss T"sS"a:- 1",,." 5 
(i llduding ;-j DOl/hie Dark Slidt:.~). 

Also suitable for MEYER Fj3 Anastigmat. 

Prices on Applicati(J/I. 

F ILTERS, SIX " 'IMg)o; ~IAG ~lFIEIlS . CllA;-';:Gl;,\G 
BOXES. nOLL Fll .. :\1 1l0LDEHS, & c" FOil AII')\-I-:_ 

m~ 
Pocal Plaul' Cm'/('r{l~' 

S tereo CnmCHLS 

SOLE BRlTlSH 
D1STIIIBUTO II 

H ugo Meyer 
O Ptica l Works 

A. O. Roth 

mentor 
RrjTl',r: Camr.m1l 

C,dl.'t,.,lial C(lme-mIJ 

85, Ringslead Road, CATf;ORD, LONDON, S.E.6. 



vi ......... . ....... . 
R M 

Photographic Specialists and Dealers in New and Second-hand 

Apparatus by Makers of Repute 

· 1 
~======================d 

High-class Second-hand Equipment 
For Expert or Beginner a Specialite 

L,, \",st L,,,t~ 01 1'o"w .u,fI s.·, "'1,1 haud rll'p .. r"tu' I·r\·,· 011 :lppll r"I,u1\ , .. -

itJJ r 

· J1[oub'on @'ttmrrn ([rc(Jange . 
(!_'O. , lLill"tr~ 

• NO', F AlIPI.:I;S:; _ 

No.2, PO ULTRY, CHEAPSIDE, LO!\T])ON , E.C.2 . 
T<.:ll'plhJl1t' 811<) 1 ('·"Ira!. Tel"jlT'lnlS ; .. L""(aml'Tt·,,.l'tocl<, LtJmlun.· ' 

()ll(' ~llllulC IflllU thl' ri ;"l\f" M 1'1\1=11111<1 :w,f S I'" I.. I ,,~Il,uJg,·, · ................... .. ....... . 
Heidoscope Stereo Reflex Camera 

45 XIo7 "'1m 
and 

Fitted with 
paired Zeiss 
Tcssars F/4'S 

55 and 
75 mjm 

l' ocal length 

THE FrNEST STEREO CAMERA OBTAINABLE . 

An instrument of p recision and of th~ higbe"t quality, car ab;e of meeting UlC 
most exacting requm:ments. L'ncquaUcd {or rapidity and conven­

ience in use. Superior in workmallshjp and finish to any other 
stcn:o camera. 1nspection and comparison invited, 

STEREOSCOP[C BINOCULAR MICRO­
SCOPES AND MAGNIFIERS FOR 

ALL CLASSES , OF WORK. 
- {'au.logu~!i and tul! particulars posl free 

OGILVY & ·CO., 20, MQrtimer Street, LONDON, W.l. 
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PIONEERS AND STILL LEADING! 

THE WORLD-FAMOUS 

UNDERWOOD. 
KEYSTONE 

STEREOGRAPHS 
O'-ER H.\LF-JIILLIOX YrEw-P mXTS - TJ!E nSLY \\'ORLDCO U .IKYION­

E nVCA TIOXA.L SETS - ~1_EDlCAL SET::' - Torus IX ALL [UllNTRIl:S­

RECHEATlOX.\ L SETS - ETC., ETC. 

ALSO STEREOSCOPES AND LANTERN SLIDES 

';,..... Send )'d,( Cay;} jul' Lis! (I) ~.)() p(JPI'L.·' R SETS. 

UNDERWOOD-KEYSTONE STEREOGRAPHS LTD. 
39/4], New Oxford Street London, w.e.} 

STEREOSCOPES. P A IRED PHOT OGRAP HIC OBJECTIVES 
Stt:rWlScolllc Test Cbarts and various DlafJC"ilti'l' es . 

The ZEISS 'BITUMl' BINOCULAR EYEPIECE for tbe 
stereos&opit enmination of microscopic objects under a single objective. 

Full r3rtj.cuI3r~ Oll requesl 1:0(11 the lIrilish Distributor.!: 

J. W. ATHA · & CO., 
Winsley House, Wells Street, Oxford Street , London , W.1. 



THE "LOTHIAN" STEREOSCOPE 
(PATUT ) 

FEATURES: 
The inter-pupillary distance o( 
the lenses is adjustable and that 
sImultaneously. S.:e i/hlstratiOIl. 
The carrier accommodates Iloth 
prints ;;lnd transparencies (6t" 
a.nd 6r long). 
The CarrYing Tubes arC made 
detachable, so that the instru­
men l mav be used for (,,,,,,ruin· 
lIlg Stereoscopic Prints in 
AJbums, Stereoscopic Ill us­
trat ion s in Maga z in es, 
Stereoscopic Window Trans­
parencies. etC. 

WORLD-WIDE TESTIMONIALS. 

POST FREE: Britir'J Isles 23/6. Abroad 25/­
CARR I ER FOR EACH , SMALLER SIZE, 2.'6 EXTRA. 

You CiIIL t:lk~ a trip roulld [lw \lu rid 

"ccoIllP,,~:~;~~u~)l~~a\'i~:':l~'o~OI~~n!~a\'ellcr 
"StIlzlJcnm Tours "col/sis! of :Ul dd,gJI!ful 
slerCOS(Cop'c views in a CCfillPl1t:l volume 
C:lSC. wIth a full )' t;fes.crlptivt n {)Oklct. The 

~~}~!~~~~~,i~~~~~?;W~;~t~~~ti 
tout':Sj,alHl K()!Ut'. O tllcrs iltprtparatJof\ . 

• 0\ Cll ll!p!~tc Tour rusts 10ilL 
Tht' SuJ1S!;opc ViE'wt'r i IIi. 

SUN8EAM TOURS LTD ., 
;;Tf.R~:osCorIC \ ' IF.W l'llBl.ISI1t:IUI, 

37, Bedford Strut, STRAND, LONDOM. 

STEREOSCOPIC SUPPLIES 
Complete Slock of modern r eJiabJe 

Cameras and Stereoscopes 
NEW or SECONDHAND 

Expert advice and service ailer purchase ll\3 y be relied on al-

THE WESTMINSTER 
Photographic Exchange Ltd. 

62, Pi~dill11 W.1 . i 119, Victoria St., S.W.1; 111, Oxford St., W.1. 



All Makes of Stereoscopic Cameras 
I NEW & SECONDHANr J 
areiobe seenaiSA IDS H UNTER'S 

KNoWN througho It the World as the foremost 
firm for the large~t and most varied selection 
of the finest Cd.meras, Lenses and other 
Photographic Reouisites. SANDS HUNTER'S 
welcome visits and leiters of enquiry for their 

FREE C ,\TALOGUES 
and expert Advice and Informat ion. 

j A FEW TYPICAL SECONDHAND BARGAINS I 
4;, x \(1';' tn/Ill leA Polyscupc, Curl 
l."i.'!.!I Te5S<Ir tCIISl!5. J' ~.r" Chan>!Ul)? 
r1o~ for 12 P!at,:s 311'1 Lo,;,ther (;jOe. 1II 
brand ur:w <:.Olltliiu)u, li,,1 price 
£31 I Ds . Od., for £11 lOs. Od . 
n ,: 107 fl1lm Ht;iljGSCope. CQr! ZC'~"'-

rt:m~,~t~s:a~p~i~~.r ~;i~:.~~~ll!~'~ 
~;17 IDs . Od. 

{,' II: 107 rnill1 Hlchard Vemsco(li; No . 6, 
J\r.Iuss Zeiss Tessat 1.."I\Sei, F,t.:i. 
Changing !'-lox forl!! !'l.ltes, Il/J() J .. ~lh,'T 
Lase, in good C(l!)diHon. £21 Ws . OtJ. 
.{5 ,; 101 Illire i\fE'nlor:- R~tJe.);. Voil:l' 
b ndet Hell;I' Lenses, P,4 .. ;, 6 Oouul<: 

r:~Che~~\1 ~~~~!~~ ~~fti!, ~~t 
about £40 for- .. • £l2 lOS. Od. 
45 x 107 m}llI Rlcbnrd VemscoJ.e , 
Rising Front. Cad Zt'il;s 't'tssar LcIlSt~, 
F/Il.Ii, Cb:Ulging Uox lor 12 Plate!;, aud 
Le"lher Case. in clIcclJcm tcJlllhuOfl, 

.£11 l Os. Od. 

~~:II: 1(1, ll\JfII GaumoMl llIocknote, 

~;~ry~~L1i~':~~:~,~~~1;e~I~~~L ct::n;,~~ 
COllili(,cm, £91~ . 0<1. 

1\ X l:~ t !I\ <:aUtun Bioscope, for Sll'rw 
<Iud P;lDCiFllll piehl"",. BI'rlhi,'1 (Jlaf 
U'os<oS, F ,;', 7. Ch:ul.;lmt: fWx for I:! 
1'101\05, Lt-'Itill"f Crt .... ·• ill "·)I:~"JlL·l\: <;1.111' 
Ji\j,'1l, \i~l pri<'r £35 Us. Od .. lor 

£11 Us, lid . 

to:ll: {:1 (·111 G aumunt Stereo 6locknofe , 
l{fOIlI% b·iS;; r~o;ar U'Il.SI!.S, Fj~.!I. n 
}>J~I(' IJrJld,'n, l.e.11hc;r l.:tsc. In gvod 
ccudiUJ)l1 £9 13s. 1Jd . 

6j lI: :)1 Goen. Anschutz, Goen l)aj;!or 
Lcll~~, )'111.1:1. t,\ l)ouW .. I'Jau~ Hr,hlL'r5 
and U:3thq (;3$(;., in '::I:cdJent (ondit\OIl, 

£13 lOs. Od. 

Sf .'(:li .Menlor ReHe.'t, AldIS AJl.Ulig· 
Illat Ll:n~ Fl".5,!t Double Plate .H<lfdCf'5 
autlCan"as~.inll')OIJCUlillit!Oll,hs.t 
f,rin' £42 Os . Od., for £'2~ Os. 0<1 • 

YOU CAN DEPEND ON QUALITY & SERVICE AT 

SANDS HUNTERIS PHOTO STORES 
37, BEDFORD ST. Just olf the Strand LONDON, W.C.2 



PRACTICAL APPLICATIONS OF X-RAYS 
By G. \\', C. '''AYE. a.B.E., M ....... 0 SC., r.'N"ST.l'. 
Thccrnplnrm('fli (If X·H:!rs pw\-ides;:l particu larly "~!I!lah!c mca.n.~ of car­
rying out t{-stf, <lnd in\,('::;ti~'ltif)ns cOl1t:erning the properties and rchaLiI!ty 
of mlLtcrialc:.. stn!l tUfes, (,'t.e. The ~uthor describe,; the various and widely 
dificrinR; ll;,CS tu wbiLh thc~(.! ray~ can be put in CommcTct:!. and the 
vohum' is prcdu!:icly illustrated hy line block" and 3:: pagc~of radiographs. 
Dellly!:iva. Price 10/6 llr:t . 

THE PHOTOGRAPHIC INSTRUCTOR 
Hy J. 1. [-,I GG, F.IL'!'s., I'-.R.I'.S. [<"vised hy PERCY SAL)fON, r.f':.P.S . 
Contains d.i5cu~!;ion;; uf all llranches of Photography, and hy virtue of 
itt.; cktaikd dt!!':Icnpt1CJn~ slwuJc\ pr{)\-(' (If J;Tcat ,,,Iuc to all amateurs, 
wht."thcr they are ju>\t COllHlll'ncing thil) fiJ.;cinating" il(liJby or are w(.'_ll~ 
ac[\"anced in it!' study. 
C".;Jri.lI :';"(1. SITI·lllli·{.'(Jiholl. ::5": pagfS. ll1uslnlll"d. Pyia 4/-lleJ. 

A SERIES OF MOTOR MANUALS 
By A. \\ J {-DZ; E.:. A.(<.C.~C., \\·I:t.!:.C . , .'\..M.r.."' .t., A.I- .R.AE.S. 
Tll(' Sf'rJl.·S is \\nllen prnnarih' fnr ;"II] ml'lior ll!;I'rs, including" tilC motor 
Qwncr, driv('T, gHr::tRC'" ~l1l:!!ot:ci· and In(·\..hanic. 
Yo\. 1 _\l..lTO\HlIIlL~ E:-;GI7'iF.,:>.-ThC'ir \\'orl(\n~ Principle", ])t.'~ign, 
Cun"LruClll)1\, Cool1l1g, Lubrication, U\'\:!rhaul amI Tuning. 
CruwlI 1"11·'0. lq .... 1J(1~/"', Ino licurrs. Pric~, -li- 1/1;(. 

\'OL. 2. CAHl·.I·R.ElrOl~s .".NII CARHl.JRlI.TJON.- Tb t:' Thc.:ory, Applicat.ion, 
(,(lI1,<.t(!U;tlOIl, Fjttjll~ . Tt:~t.zll~, TUlling and :\1.:lLnten:lllcC'" oi Carbllrcttvrs. 
C)'O;I'II SIlO. to.! rr(~'f.C, J01.h:llrC$. Prier 4/-11(;1. 
\ -o\.). )lEc}Jil.:'::l s"" (.l)·,·W;; CAR. - Thl' Chas"b. Transmission, Gears, etc. 
Th~'L~ !)~~agn, (oLL:-.trnctioll, Lubrication, Adjustment and OverhauL 
Crvutll OVI,). I ti4 pages, I03JiCUl'f's. PyictJ 4f-1!et. 

LOUIS PASTEUR 
Bv S. J HOL)'lES, PiI.D. 

PaStl~lIr ha,. prObably done mila' t(1 prc::il,;rv(' human nnel animat life 
than :111\' mller siugle nu/Tlall heing-. Our whole tlieory Clf contagious 
clJ;;;('fli>(' IS rounded on his rc~('al"('hC's, and t.hc're ha~ not \it't been au end 
to t.h~ work he started. -
Cro .. m $"0. ~5(} Ptl{ff's. Illtlslya/f'd. Prie(' 7/6 11e/, 

THE ROMANCE OF THE FUNGUS WORLD 
An Acc.ount of Fungus Life in its Numerous Guises, botb Real 
and Legendary, 
Uy R T. and F. n-. HOLFE. 
The iLuthOf::i of I.his cil<!rnling bou}; han' made H SU('cc:s~{ul endeavClur 
to remove the dry und unpal<ltilblc character lIsually associated with 
tht.: literature of the ::iubjt:!ct. Ttlt.: study of these reru&.rkable. denizcns 
of woodland and meadow is (lILC of absorbing iuterest to all uature 
lovers: tile authurs show bOI\' intimately connected is mankind wi th 
SIl(;JJ " ::. tnJng<' bC'ast:>_" 
Dt:my 8uo. Fully WlIs/v(ltcd by a re))Jarl<able collection of photographs (,nd 
fmc drawings 'if Iml4S1(ai charm, Price 12 /6 ,ut. 

MASTERS OF SCIENCE AND INVENTION 
By FLOYD L. DARROW. 
T hiS book gives a simpl<,_! account in biographicaJ foml of t he dc\'elopment 
01 scientific achievement frODl early t imes to the presen t day. 1 t is 
pre-eminently the gelleral reader's gllide and s upplies information which 
call Quly be obtained else ... yhctc by the pcrw;al of long and tedious volumes. 
C,.OWR Svo. 358 pages, lll"stf'atcd. Pyice 10lu tzel. 

CHAPMAN AND HALL , LIMITED. 
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A B~~~r~~j'hf'Ory , 171. 
}-\ccommod;ltiOll, I), 7, J 0, II 
Acuity of \ l,;iC1n, ":3. 
Adapter, St{'r~uscoJlic .. p. 43. 44 , 'IS· 
Acriitl Calcul'lttuo", ~II, 213. ':15 

Chart, ::! I~ . 
Exp{)surc Indicator. =13. 
Photography, 1 11) ct U'}. 

... \ gJ<J Farbcn, 1 LI 
ARllilion. d', Fram,'ois, 3. 
Albada, \'al\, Col. L. E. W, l!"­

Americall 1'.1'1)(' Stereoscope, OJ. 
Ambroin(', <1;\. 
Anaglyphs, 1"3, l 04, 1115, 1G&, 225, .2-.:6. 

CalculatIOn;;. I f)7. 
Dyes for, 11)5. 
and Indu~try, 1 ('3 . 
in Aerial SUf\'e\', ~25, z26. 
GCOlll"trical. l!~-I' 
!\lethod of !\bking, 16;:;, I ()/), I f) 7. 

Anatomy a.nd X·Hay Slcrcog rams, :;!03 
t o zag. 

Tcaching of, J7G, 177. 
Anderson, J., 2)0. 

• I\ .. ngtllar Conv~rgcnc(', 123. 
Fit·}[] of VisioJJ. J3. 

Anode, 200. 

Anticathode. 200. 

• I\ppendcctomy. J 77. 
Aperture of Lens, 61, U2 . 
Autocartograph, 219, 2Z0. 

Autocitl'OffiC Filters. 73. 
Aut(lste.rCO:;COPIC Pbtc, l GI, l GZ . 
AutoD1[ltic }Il\'crsellr, 106. 

Stereoscopes, 9.2. 
Allto trre Co. , 1Gb. 

B AKER, 59, I-S9, 190. 
Baptista PC)rta, 3-

Barnard. Prof., 196 . 
BauersfeJd-Zeiss , 2;;1 1. 

Beck, 180, 181, J 8:2, ISJ . 
Benham, q 8, 154, '55. 157, 174· 
Bergmann, 209. 
Eicor, 186 
Bir.ocular, Grcenhough, I 87, 188 , 189. 

190 . 
Magruficr, 14 7. 
Microscope, 180 to 190. 
Stereo Prism, 145, 146. 
Telescope, 144, 145· 
Vision, 6 , 8 to :27. 

Hitumi Tubl' , 183, llt\ , IRj. 
Blmd Sprlt, .'i. 
H!j nk·::--' l J(:ro~('('Jk. ]()<). 

! iOX 1 }'P{; StcrCll:i{'o\,l.:o.;" "". 
Hrcwstt'r,3· 

SlCrt'o.-;('ope. $5. 
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