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	STEREO PHOTOGRAPHY 
1. WHAT IS STEREO OR 3-D ?


The word "stereo" originates from the Greek and means "relating to space". Today when we talk about stereo we usually refer to stereophonic sound. Originally the term was associated with stereoscopic pictures, which were either drawn or photographed. In order to avoid confusion with stereophonic sound, one now often talks about 3-D pictures and especially 3-D-film, where 3-D, of course, stands for three-dimensional. 

A person lives in a three-dimensional, spatial, environment. Without a feeling for space, we can not move within it. Our perception of space is created almost exclusively by our eyes. There are many ways to orient oneself in space, e.g., by perspective, gradation of color, contrast and movement. 

The lenses of the eyes in a healthy human being project two slightly different pictures onto the retinas, which are then transformed, by the brain, into a spatial representation. The actual stereoscopic spatial observation is a result of this perception through both eyes. 

A number of otherwise healthy two-eyed people, however, have eye-defects since birth, that make stereoscopic viewing impossible. As babies, they have, in the literal sense of the word, learned to "grasp" the world. They safely orient themselves in their environment by employing one of the other above mentioned methods. Even a person with only one eye learns how to move around safely, using non stereoscopic cues. 
The normal picture on paper or film is only one-eyed. It is photographed with only one lens and can, therefore, not convey a true spatial perception. It is only a flat picture. But we do not have to abstain from the known natural effect. By taking two lenses and imitating the eyes, we can create such a space image (fig. 1.1). 

When we examine with or without optical instruments a stereo picture created in such a manner', we form a similar perception of space in our mind (fig. 1.2). 
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	Figure 1.1
	Figure 1.2


The two necessary, somewhat different, single views can be generated by different methods. We can produce them like the old stereo artists did, first draw one, then the other single view. We may also take the exposure one after the other with a normal single lens camera (fig. 1.3a) It is evident that the subject must not move during this procedure, otherwise the two pictures would be too different. A better approach is to imitate the head and mount both lenses in a common chassis. Now we have a true stereo camera (fig. 1.3b). Basically it is only the joining of two mono-cameras. It is also possible to take stereo pictures with two coupled cameras (fig. 1.3c). The two lenses can also be combined as interchangeable stereo optics in a single camera (fig. 1.3d). 
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	Figure 1.3


It is also possible to make two exposures with only one lens by placing a beamsplitter attachment in front of this lens. The splitter is constructed from mirrors, prisms, or a combination of both. This divides the optical path so that two separate pictures are formed on a single film frame (fig. 3e). 
	2. A LITTLE HISTORY


The report that the ancient Greeks already knew of stereoscopic interaction have been declared as fairy tales. The same is true for the report that Leonardo da Vinci drew stereo pictures. These incorrect statements stem almost exclusively from the Englishman David Brewster, who wrote a lot about stereoscopic concerns. 

The true discoverer of stereoscopy is the well known English physicist Charles Wheatstone, who also invented the Wheatstone bridge. On June 21, 1833 he lectured to the Royal Society in London on his discoveries concerning stereeoscopic phenomena. This lecture was also printed and became generally known. He supported his accidental discovery, which resulted from acoustical experiments, with drawn pictures, and developed the first stereoscopic viewer, which worked with mirrors. 

On August 19, 1839, the Frenchman Daguerre disclosed his method of generating permanent photographic pictures. These were taken with the camera obscura, invented by the Frenchman Niepce in 1822. Thereby it became possible not only to draw stereograms, but to photograph them as well. 
Many early photographers flooded in this new field. But since only a few were informed of the basics, much nonsense resulted. It was already noted in Liesegang's "Photographisches Archiv" in 1869 that incorrectly photographed stereograms cause headaches. The English physicist David Brewster improved the stereoscope and in 1849 the first true stereo camera with two lenses (fig. 2.1) was built. In 1855 the Frenchman Barnard invented the first frontal stereo attachment constructed with mirrors for single lens cameras. Later, the Englishman Brown improved on his design. The stereo viewer (stereoscope) was further developed by the Germans, Helmholtz and Pulfrich. 

The stereo craze of that time had already diminished by 1900 and was only stimulated by the so-called Kaiser-Panorama of Fuhrmann (fig. 2.2) from Berlin for a short period of time. This consisted of a set of many stereo viewers situated side by side in a circle. The stereo slides rotated step-wise on a drum at a certain speed from one viewer to the next. 
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 2.2
Only after 1918 did stereo photography become once again popular. Stereo cameras in format 6x13 cm and 45 x 107 mm came into existence. The best known were the Vérascope from Jules Richard, the Heidoscope and Rolleidoscope from Franke & Heidecke, as well as the Stereoflektoscope from Voigtländer. 

After 35 mm film with the miniature format, and especially color slide film had made an appearance, a new wave of stereo photography came into existence using the small cameras with a format of 24x23 mm, e.g., the Stereo-Realist, the Kodak Stereo, the Edixa and the Iloca. Cameras with a format of 24x29 mm were, for example the Belplasca and the Vérascope f40. 

In addition, interchangeable twin stereo lenses were developed for the Contax and Leica along with the supplementary mirror- and prism-attachments. Henceforth one could make stereo exposures with portable cameras with a format of 24x36 mm. This resulted in two single views with a vertical format of 18x24 mm. Stereo attachments were also built for single lens cameras: so-called beamsplitters which likewise used the horizontal format of 24x36 mm divided into two single frames in a vertical format of 18 x 24 mm. 

In the year 1936 three approaches were discovered for the economical and industrial production of polarization filters (Bernauer, Kaesemann, Land and Mahler). Thus, picture separation became possible even in color photographs. With their help, the amateur could project his stereo slides onto a silver projection screen. This, of course, generated a lot of interest, and led to the construction of true stereo projectors with two lenses. 

As one can see, a colorful past. Unfortunately, 3-D projectors like used 3-D cameras, have almost completely disappeared from the market. We must then start anew with Adam and Eve, namely with Wheatstone and Brewster. However, we do have the experience of over 100 years of stereo photography at our disposal. 
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	4. EXPOSURE CRITERIA FOR STEREO PHOTOGRAPHS


  

	4.1 The photographic base


The exposure criteria follow directly from the general viewing conditions (3). 

The lens separation or base should ideally be equal to the separation of the eyes, the standard of 63.5 mm. 

If one photographs with this normal base and with a focal length (equal to the picture's diagonal), a space with depth expansion of 2 m as the near-point distance and infinity as the far-point distance, a result of [image: image7.png]


 is obtained as the difference between the near-point separation and the far-point separation on the picture plane (on the film). The difference [image: image8.png]


 is also called deviation or on-film parallax. 

One can therefore conclude that every stereo photoqraph, where this near-point/far-point separation difference [image: image9.png]


 is not or only slightly transgressed, can be viewed without any problems and that no trouble with fusion or blurring will occur. 

The ratio between the base of 63.5 mm and the near-point distance of 2 m is approximately 1 : 30. Deduction and Fourth Stereo Rule: The base or the lens separation should be 1/30 of the near-point distance. 

The formula for this, which is given later, is not totally linear. Therefore this value of 1/30 for the base is valid only for near-point distances down to approximately 30 cm. 

The deviation is not a constant. Its size depends on an individual's stereo viewing ability. Whose who seldom view stereo photographs often encounter problems with this. After viewing for a short time, it becomes effortless. Photogrammeters who often work with stereograms can easily view pictures with a larger deviation. Their eyes are just better trained. For amateur 35 mm stereo pictures 2x 24 x 23 mm and 2x 24 x 29 mm one can set [image: image10.png]


 = 1.2 mm. For the format 2x 6 x 6 cm (6 x 13) [image: image11.png]


 = 2,8 for a focal length f = 85 mm. If you correctly understood the previous material you know that the deviation depends on the choice for the distance of the stereo window and on the normal focal length used. These values correspond with the 1/30 rule. 

In stereo literature the value for the ratio base/near-point distance is often given as 1/50 (0.02) and a 70'-condition is discussed. In English speaking countries the value of 1/30 is clearly preferred. With a value of 1/50 the stereo window lies at 3 m. That means that space is literally given away. On the other hand, it is not necessary to stop-down as far. The 70-minutes condition is based on a theoretical error and is heavily debated. It deals with an angle [image: image12.png]


 = 70 minutes of arc (fig. 4.1). 
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Explanation of terms 

Distance is the range between the camera and the object to be photographed in the direction of the optical axis. Separation is the range between corresponding points perpendicular to the optical axis, e.g., on the film.

	Figure 4.1
	


The plates of the graphs depicting the photographic base necessary for stereo exposures stem from a formula derived later (chapter 9) and from the assumption that [image: image16.png]


 is held constant. Graph 1 (section "Graphs") shows that in a close range distinctly different values hold for the different picture formats and corresponding normal focal lengths. With longer focal lengths this also holds for a larger near-point distances and is of no consequence for the amateur. 

Graph 2 holds for users of single lens reflex cameras with interchangeable lenses with a 35 mm format, and graph 3 holds the same for 6 x 6 -cameras. Special reference is necessary to the fact that the required base may only be determined from the near-point distance and not from the depth of space to be depicted. It must be adjusted for by the aperture in conjunction with the depth-of-field-scale on the lens. In graphs 1 and 2 it is interesting to note that the base and the enlargement factor are closely related. If one employs a set enlargement factor in close-up photography, the base is then also fixed, independent of what focal length is being used. Naturally the near-point distance or the focus distance changes. 

When considering the values for the base taken from the graphs the camera does not have to be toed-in. 

The sketch in figure 4.2 shows why one must reduce the base, i.e. the lens separation, when one wants to take distortion free stereo close-up photographs with parallel lens axes. The value for [image: image17.png]


 should be held constant. 
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	Figure 4.2

	  4.2 Depth of field


From every modern camera one can read the depth of field directly from a scale located at the focus adjustment. Depth of field is dependent on the chosen aperture and grows as the aperture gets smaller (larger aperture values: the ratio is always 1 : aperture number!). When the focus is set for a far distance the frontal depth is always smaller than the back depth, which approaches infinity. Depth of field, however, drops off rapidly with small distances and becomes almost symmetrical (front depth approximately equal to the back depth), for example, with an aperture of 22 and an enlargement factor of 1 : 1, it approaches 2.6 mm. 

Depth of field, just like the photographic base, when examining in terms of the enlargement factor, is independent of the focal length. Therefore it is suggested to work from the enlargement factor when taking macro or micro stereo photographs because the everything, including the factor for the exposure time, is already determined. 

For that reason, graph 4 shows the depth-of-field for the macro and micro regions, the stereo base for [image: image19.png]


 = 1.2 and 3 mm and the exposure factor dependent on the enlargement factor. In practice one will first determine how much depth of field one requires for the picture in mind, e.g., 5 cm. Then, from graph 4, one has the choice between an enlargement factor of 0.04 with aperture 1.4 and 0.22 with aperture 32. A predetermined enlargement factor of, e.g., 0.15 results in an aperture of 16 and, with [image: image20.png]


 = 1.2 for a 35 mm format, a base of 8 mm and an exposure factor of 1.35. From graph 2 we can determine that this corresponds to a near-point distance of 40 cm with a focal length of 50 mm. This yields a focal distance of 42 cm. On the other side, a normal base of 65 mm would correspond to an enlargement factor of approximately 0.02. That provides, for example, a depth-of-field of 55 cm with an aperture of 2.8. 
  
  

	4.3 Deviations from the ideal Case


One can take close-ups with a small base by toeing-in mono cameras upon the close-up object or - this was possible with old stereo cameras - move the lenses toward each other (still possible today with old plate cameras). One can also mount stereo simple prisms, usually in form of glasses, in front of the lenses of a stereo camera, thereby converging the lens axes onto the close-up object (fig. 4.3). These prisms can also be manufactured as close-up lenses which enable one to get even closer to the object. Special tables are then necessary to focus because the reduction in focal length causes the distance scale on the camera to be incorrect. In addition, the viewfinder is off and the entire operation is more or less hampered by much distortion. If one works with two coupled cameras, one seldom achieves a base that corresponds to the normal eyes separation or to the values taken from the graphs. this excessively large base causes the space to appear smaller than it actually is. If this effect is noticeable, one speaks of a model or doll house effect. This Effect is called lilliputism. The a base is called giantism. It leads to the effect that the space looks larger than it really is. In practice we hardly ever have to deal with this case. 
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	Figure 4.3


In the ideal case, the optics within the viewer should have the same focal length as was used during exposure. A longer focal length of the viewing lenses leads to an exaggeration of the depth, whereas too short a focal length produces the opposite effect (fig. 4.4). It so happens that a larger base and a smaller viewing focal length partly cancel each other out. On the other hand, experiments with test subject have shown that stereo pictures taken with a bigger base were preferred as being more "natural" by their viewers. 
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	Figure 4.4 
Changing the spatial impression through 
different focal lenths of the viewing optics


If the base becomes excessively large the picture may seem to "fall apart". Such stereo pictures cannot be viewed and causes headaches. 

From the formula for the base it also follows that when one uses the longer focal length of a telephoto lens, a smaller base is needed and vice versa. In figure 4.5 this is easily demonstrated. Owners of cameras with interchangeable lenses should work with short focal lengths when photographing with coupled cameras. 
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	Figure 4.5


All the preceding considerations and the calculations of the stereo base assume that the lens axes are parallel, because only this results in undistorted pictures. But in some cases, the dimension of mono camera do not allow bringing the axes as close together as wanted. Then the use of front coated mirrors can help to deviate the beam at 90°. But the smallest base depends always on the dimension of the cameras, as shown in figure 4.6 and 4.7. One needs only one mirror (fig. 4.6), but then one single view is reversed to the other. 
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	Figure 4.6
	Figure 4.7
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	Figure 4.8


If one does not want to take so many pains, or when the mono cameras are still to large, the only alternative left is to converge the axes of the cameras. One must converge on the near-point of the object (fig. 4.8). Then the stereo window plane equals to the convergence plane. But remember: The closer the near-point distance, the bigger the distortions. With two coupled normal 35 mm cameras one gets a base of about 12 - 15 cm, twice as big as the normal stereo base. So the smallest near-point distance should not be closer than 3 m. 
  

As one can deduce from the above, one does not have to be "stingy" with the base. In the normal practice of amateur stereo photography, one will not notice photographs which are not exactly spatially correct, or not true in scale. This is for simple reason that the scale is missing. Therefore depth cues are often used as element of professional stereo photographs. 
  
  

	4.4 The time criterion


In 3.2 it was mentioned that identical or homologous points in the picture should always lie on the same horizontal. They must, however, also conform to the entire perspective conditions. This is only the case when both single views are synchronously exposed. If not, then a shift of position of the moving object appears in the "later" exposed picture. 

If one takes stereo photographs with one mono camera with the aid of a shifting device or attachment to move the camera in a parallel manner, the single views must naturally be exposed one after the other. The light source, usually a flash, must not be attached to the camera, otherwise the "sun" moves between the two exposures, and disruption occurs in the shadows of the picture. 

The degree of synchronisation depends on the speed of the moving object being photographed. A slow pedestrian naturally allows for larger tolerances than does a speeding race car. 

Focal plane shutters must be carefully synchronized, especially when photographing with a flash. It can then happen that one part of one of each view is all or partially covered by the shutter. Diaphragm shutters can cause underexposure of a single view since when not fully open, they act as an aperture. From the above follows the Fifth Stereo Rule: With one mono camera only stereo exposures of fixed objects in short succession may be made. Drifting clouds or rustling leaves may already lead to distortions and disruptions. 
  
  

	4.5 Stereo attachments: A means to close-ups


One classifies stereo attachments into two types. The first type is placed on twin-lenses as in figure 1.3d in order to increase the base. The other type works as a beamsplitter, with which one can take stereo photographs with normal single lens cameras (fig. 1.3f). Both have the limitation that the attachment must be set exactly horizontal on the camera. The picture's image area is divided into two equal parts with a dividing line of approximately 1 mm (fig. 4.9). 

There is nothing special to mention concerning the first type: it has the characteristics of a normal stereo camera and works only as base spreader. Its pictures lie correctly side by side on the film as in a true stereo camera, while the beamsplitter's pictures are interchanged. 
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	Pictures taken with Stereo-attachments

	twin lens camera 
base spreader
	single lens camera 
beamsplitter

	 
	vertical format
	horizontal format

	Figure 4.9


For viewing these uniquely achieved pictures, corresponding viewing equipment is required. With beamsplitters two different principles are employed. The first gives vertical format pictures that stand side by side, while the second produces pictures in a horizontal format with the top edges of each adjacent to the top of the other. 

One makes a distinction between beamsplitters that divert and those that detour the beam. The beamsplitter producing the horizontal format was manufactored under the name of "TRI-DELTA" by the American company TRI-DELTA Engineering and is of the type that detours its beam. As one can see from figure 4.10, the path of the beam is almost bent by 90° which leads to an unusual camera positioning. To aid in aiming the camera, a telescopic viewfinder was installed in the attachment. 
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	Figure 4.10

	


The beamsplitter with a normal, diverted beam path is available, or was available, with two different base lengths. The normal model has a base length of 65 mm (fig. 4.11b) for an effective photographing range of ' - 0.8 m. (Only the attachment from ASAHI-PENTAX is currently still available.) In addition, a special edition of a diverting double prism (from Wenham was available (fig. 4.11c) with a base of 12 mm for an effective photographing range of 2 - 0.15 m. Sometimes available is the STITZ stereo attachment with adjustable mirrors and apertures for a focal length range of 50-300 mm. It allows convergence at different distances and can therefore also be used for close-ups. 
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	Figure 4.11


The normal beamsplitters are all constructed for normal 35 mm cameras with lenses of a focal length of approx. 50 mm. Therefore they function only with lenses of that focal length. An exception is the 65 mm attachment from Zeiss-Ikon (I do not know if the other brands also work: I measured it with the Zeiss-Ikon attachment. I did the experiment with the short base attachment from Zeiss-Jena and with the Tri-Delta. It did not work). Figure 4.12 shows the range in which one can combine other focal lengths with the Zeiss-Ikon attachment. This attachment is intended for a focal length of 45 mm. The measurements were conducted with a 50 mm Tessar. A setting of ' creates a far-point separation of 21.5 mm on the picture plane of both of the single views. The near-point separation may then be 19 mm to the middle separation of the single views or else the near-point enters the stereo window. This measurement is attained by a distance setting (image plane - object plane) of 0.8 m. 
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	Figure 4.12


All picture settings with these measurements from 21.5 to 19 mm are therefore possible. A focal length of 100 mm has proven to be a practical limit. That results in an enlargement factor of 1.3. At a focal length of 110 mm, an enlargement factor of 2.4 results. For that purpose, bellows of a length greater than 350 mm at a distance setting of 0.5 m are already necessary. The camera and bellow should be mounted at the center of gravity. Also consider that, with an enlargement factor of 1 or 2,, an exposure factor of 4 or 9 is necessary. 

Since this construction is the only way to take stereo close-ups of moving objects, it is worth the effort. One should, however, use a flash, a circular ring flash if possible. 
  
  

	4.6 Practical hints


We learned in section 3.2 that stereo pictures may not contain any vertical parallax. It is therefore worthwhile to mount a small spirit level on the camera, or even install it in the viewfinder. I have, for example, installed a small spirit level on he masking plate of an old Zeiss-Ikon viewfinder, so that it is reflected in the image. Sixth Stereo Rule: The camera may be not set at an angle if one wishes to save a considerable amount of time during the mounting of the picture, or the lens axes are not to be revolved. 

A little tilting or inclination (pitch) of the lens axes of the camera is allowed. The falling lines do not usually distract as much as they do in a flat picture. When one views these stereo picture in the stereoscope, one can even restore the "original" spatial impression by raising or lowering the head so as to find the correct angle at which the photograph was taken. 
  
  

	4.7 Drawn stereo pictures


By conforming to the previously mentioned conditions, the single views can also be drawn or painted (Dali). They are usually printed side by side or one on top of the other as anaglyphs (see chapters 5.2 and 7). Do it as the animated effect film producers do: draw on multi-layer transparent sheets, one for each depth plane. When the first single view is finished, make a copy of it. Then shift the different layers one against the other to create the deviation needed between the near-point plane and Zeiss-Ikon Stereo Attachment the far-point plane. Remember: The maximal deviation depends on combined with lenses of different focal lengths the size of your drawing. Experience makes wise! 

	5. VIEWING REQUIREMENTS FOR STEREO PHOTOGRAPHS


  

	5.1 Framing and Mounting Requirements


Previously we saw that preceding correct procedure during exposure can extremely simplify the task of actually framing and mounting the picture, whether it be a slide or a print. In the worst case our result appears as in figure 5.1, i.e. both single views were exposed with a single camera and differently tilted. In the same figure it is shown how one can correct the problem without any adjusting device if the pictures are not to dark. One lays the two film pieces over one another and views them against a bright light. 
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	Figure 5.1


One then brings prominent points or lines together so that they cover one another, edges of buildings or horizontal lines, for example. By holding them fixed in this position with a paper clip or clothes pin , one can now make a cut at the bottom with a sharp knife and ruler as horizontal as possible so that both slides have the bottom edge in common. This may now pass through the perforation; but this does not matter. This common edge must now lie parallel to the bottom edge of the frame's opening, which is not much of a problem 

Now one can provide the correct height using thin parallel wood strips or pieces of cardboard. Crafty hands can cut a parallel strip with one long diagonal incision into two prism-shaped sections. These can be pushed along the line of the cut parallel to any desired height. One can also construct a parallelogram. But then the legs must be absolutely equal, otherwise the parallel quality vanishes. From the above instructions follows the supreme law of framing stereographs: A vertical error (h in fig. 5.3) is forbidden. Also see the second stereo rule. 
  

	[image: image33.png]=2





	[image: image34.png]B





	[image: image35.png]I






	Figure 5.2
	Figure 5.3
	Figure 5.4


The prohibition against the vertical error holds for all parts of the picture, which includes the restriction of mutual tilting. 

Naturally one can follow all instructions and still come up with a result as in fig. 5.2. It can probably be viewed and projected without any headaches. But you must agree: it is not nice! 

The positioning of the single views was already discussed in chapter 3.2 and figure 3.1. Here it is once again repeated: By shifting the single views in the horizontal direction, the spatial image can be moved into the front or into the back of the stereo window. A large separation between the single views moves the spatial image back, whereas a smaller separation moves it forward. 

Opinions on the "correct" separation of the two single views in the horizontal directions are divided. Academic thought holds that the spatial image must always stand behind the stereo window: the near-point separation bN in figure 5.4 must then always be about 0.1 mm larger than the frame separation b in figure 20. One may deviate from this (bN<b) only if a pronounced novelty effect is desired, for example, an elephant's trunk or a giraffe's neck extending through the stereo window into the crowd. 

This method has the advantage that no "ghost images" of the vertical frame edges appear. This method is currently required in all stereo contests. 

The opposite of this is framing with respect to far-point separation: The measurement b in figure 5.4 should then equal the frame separation b in figure 5.5. 
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	Figure 5.5


The third version requires the most important element in the picture to stand in the stereo window. These methods constitute different points of view which can not be harmonized. 
  

	From DIN 19040 part 8: 
	Near-point : closest point realized in the stereo picture

	
	Far-point : farthest point realized in the stereo picture


Even a mere part of a twig in the foreground counts as the near-point! 

At the bottom of figure 5.5 a "true" stereo mask conforming to DIN 4531 is shown. The frame separation is always 62 mm. 

In the following figures 5.6-5.9, a section from DIN 4531 along with other possible stereo formats is displayed. 
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Figure 5.6 
Stereo picture of nominal size 
41 x 101 mm, shown of effective 
size of single views 23 x 28 mm
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Figure 5.7 
Stereo picture of nominal size 
50 x 50 mm, effective size of 
single views 23 x 16 mm (high)
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Figure 5.8 
Small picture stereo card 
with 10 sections 
(Lestrade etc. ...)
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Figure 5.9 
Small picture stereo disk 
with 7 sections 
(View-Master, Meopta etc. ..)

 


Three different sizes of Realist masks, currently manufactured by SIGMA (USA) are available. The windows have a width of 21.5 mm for the normal mask. the medium mask has a width of 20.5 mm, and the close-up mask has a width of 19.5 mm. 

With close-ups, the contents of the pictures is shifted toward the outer edges of the picture window (fig. 3.2). Since the pictures are inverted, the contents moves inward when viewing with a stereoscope. The outer edges with the usually distracting contents can then be covered by windows which are up to 2 mm narrower. Of course, distracting elements can also be covered when different formats are being used, e.g., mounting the 23 x 28 mm format in Realist masks in order to achieve a better composition of the picture. 

The correct marking of the stereo pictures is important: they should all receive a round marking in the lower left-hand corner when they are upright and the viewing side is facing the front. During projection this mark is then always in the upper right and facing the lamp housing. 

Stereo slides in single frames are marked in a similar manner. The only difference being that the right picture is marked with green and the left picture with red as it is with starboard and port in the navigation. 

Such labels can be obtained in office supply stores: self-adhesive from AVERY No. 3010 red and 3179 green with a diameter of 8 mm. Colored marking pens may also be used. 

Labeling of the slides should likewise be under the or with stereo frames between the pictures so that one can read it while viewing. During projection the labeling will be upside down. 

Stereo slides in which both single views lie on one uncut piece of film must be especially marked. As we have already seen in the requirements for exposure. there are two different possibilities: exposures with two small lenses in an interchangeable enclosure or exposures with one lens and a beamsplitter attachment. With the first the single views lie in a correct fashion on the film in the camera while with the last they lie reversed. The slides are marked according to the number of lenses with one or two circles (fig. 5.7). 

During exposure the individual single views are upside down in the camera. In order to view them one must therefore invert them. If they, as in a true stereo camera, were made on one piece of film, then the right single view is on the left and the left single view is on the right. For mounting in a real stereo mask the slides must be cut from the film strip (fig. 5.10). If this is not respected, a space inverted pseudoscopic spatial image results (fig. 5.11). The background appears in front and the foreground in the back. 
  

	[image: image41.png]m (R

w





	[image: image42.png]




	Figure 5.10 
This is how the single views 
are arranged in the masks
	Figure 5.11 
Reversal of the spatial image 
resulting from an exchange 
of the single views


Stereo pictures taken with two lenses on one piece of film that may not be cut require a special viewer that optically corrects this transposition of the image (fig. 5.12). 

When mounting the slides in glass, especially the true 41 x 101 mm stereo slides, one should always orient from the top edge of the slide. It is at the bottom during projection and determines the quality of the projection. Some of the glass plates have much tolerances. This must be taken into consideration. 

The edges of the glass covers and the mount should constitute a plane. One sets the slide upside down on a straight surface and insures that all edges lie evenly at the bottom and that the side edges are correctly aligned. The whole package is then held together by clothes pin or something similar and the open edges are covered with adhesive tape. Finally the top edge of the slide is taped. This taped side must be absolutely flat so that all previous work is not in vain. 
  
 
	5.2 Image Differentiation


For the creation of the spatial image in the brain it is necessary for both of the single views to be individually presented to the eyes. 

Different methods are available to achieve this: 

1. Subtractive procedure. It can be further subdivided:
a) geometric beam selection  in the viewer
b) physical beam selection   through anaglyph or polarizing techniques
c) temporal beam selection  through successive transmission
2. Additive procedure: Image differentiation through a raster process.
In the viewer or stereoscope a partition is sufficient for image differentiation. With 35 mm formats it is, however, unnecessary since the viewing range of the relatively short focal lengths of the viewing optics do not overlap. The outside of the partition should be matte black. The velvet-like self-adhesive materials from Alcor or Decofix are ideal. 
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	Figure 5.12
	Figure 5.13

	Viewing and Projecting stereo slides 2x 23x16 mm in 50x50 mm mounts


The stereo slides exposed with a stereo attachment onto a 24 x 36 mm format require special viewers. The middle separation of the two single views is only 19 mm, while the eye separation from the standard is accepted as 63.5 mm. As with the first Wheatstonian stereoscope, mirrors are employed to accommodate the difference in separation. Only here one must go from a smaller single view separation to the larger separation of the eyes. As was noted in 4.5 in the discussion concerning the different types of stereo attachments, one has to consider with what type of attachment was exposed; if the pictures are correctly positioned or if they are interchanged. (Also see the standard framing procedure (figure 5.7) With the interchanged single view positioning as is produced by exposure with twin lenses, the correct positioning must be recreated for the eyes with an appropriate arrangement of mirrors (fig. 5.12). 

It should immediately be mentioned here that during projection an attachment for projection of both types may be used. The position of the polarizing filters must, however, be correctly chosen. The mirrors in the projection attachment must be adjustable. The aperture between the two light beams, with which edge distortion can be screened out, is also important (fig. 5.13). 

For the viewing of larger picture format so-called mirror-stereoscopes are available (fig. 5.14). The viewing path is diverted by two mirrors. With formats over 25 x 25 cm one can even do without viewing optics. These large formats are used in the aerial measurement of land (topographic mapping). 
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	Figure 5.14 
Scheme of the ray path in a mirror stereoscope


Another way of viewing of larger 3-D formats, also in color, is to put them one above the other (fig. 5.15).Prism spectacles without enlarging divert the eyes axes. The correct viewing distance depends on the format of the picture, correctly said from the vertical separation of the centers of the pictures or the angle between the diverted eyes axes of 13°. So you must adjust yourself till you see only one spatial image. It is used mainly for 3-D illustrations in books or magazines. The most known brand is the German KMQ-system. The TVLI Company, Long Island is the US-partner with the trade mark LEAVISION. The system is called "over / under" and enables to view 3-D on a TV-screen without polarizing filters. There are also spectacles which can be adjusted in a range of 0-16°. So one can view from different distances. 
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	Figure 5.15 
KMQ Prism Glasses


To save space, such pictures are also printed one on top of the other. For that purpose one usually utilizes complementary colors, most often red and blue-green. Complementary colors lie exactly opposite of each other in Oswald's circle of color and appear black when viewed subtractively. If one holds two filters of these colors back to back against the light, they together must appear black. 

One denotes this method as an anaglyphic procedure. It was already described in 1853 by Rollmann. The word "anaglyph" stems from the Greek and means "prominent relief". This procedure can be used correctly only on black and white pictures. 

Conforming to DIN 6170 sheet 1, the right single view is printed or drawn in red and the left view in blue-green. During viewing through anaglyph spectacles with red filters on the left and blue-green filters on the right, the left single view appears dark upon a red field and the right one appears dark upon a green field. Both blend together into a dark spatial image upon a light field. The order of the anaglyph spectacles can be easily remembered: it is the same as the location of the signal lamps on ships: Right/starboard/green and left/port/red. 

This standard is not always followed. Therefore one must view the frontispiece of a recent book: La télévision en Relief (3-D television) of the Frenchman Marc Chauvierre with one's glasses "reversed" in order to obtain the correct spatial image. 

For the projection of black and white stereo slides one does not have to color them accordingly but instead must place the respective color filters onto the appropiate projection lens. 

The English LEE FILTERS Company Ltd., Andover, Hants., SP10 5AN, manufactures such filters. The labeling on the filters is "Primary red" No. 106 and "Primary green" No. 139. 

For color slides a different process is required: one that employs neutral gray filters. Natural light oscillates in all directions (azimuths). If one sends the light through a filter, which one can imagine as a narrow grating made from very thin, parallel strings, only that part of light oscillating in the direction of the strings will pass through. The light is polarized. Therefore these filters are called polarizing filters (fig. 5.16). 
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	Figure 5.16


If one introduces a second polarizing filter into the light path, only a part of the polarized light is allowed to pass depending upon the positioning of the second filter. This part becomes null, i.e., it becomes dark, when the angle of the polarizing filters to one another becomes 90°. The amount of attainable darkness is a measurement of the quality of the polarizing filters. Even when the polarizing filters are parallel to one another, only a part of the light passes through since these also act as gray filters. 

The desired image differentiation is achieved by associating each eye and its corresponding path of beam with two polarizing filters. These pairs must be parallel to one another and crossed towards each other. One filter is placed on a projector lens and the other in front of one eye as a spectacle. Because of this, each eye sees the light, i.e., the picture from the corresponding projector lens. 

Polarized light is also found in nature where it is usually oscillating either vertically or horizontally. In order to avoid distortions from such light, according to DIN 19040 part 8, the oscillating direction for polarizing filters used in stereo viewing must be located under 45°. The two oscillating directions should form a "V" whose legs are perpendicular: Eighth Stereo Rule. 

This requirement is already fulfilled in commercial polarizing glasses. The POLAROID Company, USA , which manufactures such glasses of different qualities and price ranges, also offers polarizing filters for projectors of different models. One must compromise between the quality of the polarization and the amount of light the filter allow to pass. 

For the projection surface only a material must be used that does not depolarize, i.e., that does not change the polarization of the light (ninth Stereo Rule). Therefore the so-called "silver screens" are used. They are usually sprayed with an aluminum paint. However, the application of a protective coating often inhibits the desired effect. Not every sliver screen is therefore suitable for stereo projection. (Also see the do-it-yourself directions.) 

Temporal image differentiation by the successive transmission procedure was first used in the projection of 3-D movies. Primarily, because of technical problems, it did not become popular. 

The right and left single views are successively, one after the other, projected onto the screen. The corresponding eye must be uncovered and the other one covered. During projection this is no problem. With a still picture for example, the respective picture is either uncovered or covered by a moving aperture. In a movie, the single views are alternately positioned on the same strip of film (single-strip procedure). 

The difficulty lies with the opening and closing the eye covering. This covering must not only be temporally synchronized, but it must also be synchronized with regard to position. 

In addition, all of this causes quite a bit of strain upon the eyes. One uses so-called "clapper glasses" with Venetian blinds. An advantage of this procedure is that no light-losing anaglyph or polarizing filters are used and that no silver screen is required. An invention by the English physicist Dr. Robinson is the latest in special glasses, which can be lightened or darkened by electrical fields. The electronic switching in the glasses can be controlled by infrared rays emitted by specially equipped color televisors, which also alternately display the right or left single views. Since the transmitter must also be especially constructed and since this new system is not compatible with the current one, we will probably have to wait quite a while for 3-D color television. 

With the raster procedure, also be called lenticular, several pictures are used in the creation of the spatial image. One therefore talks about partial views, which are nested in each other as rasters, rather than of left and right single views. There are both mechanical and optical rasters. All of the methods have in common that the finished pictures cannot be constructed by amateurs. they can be viewed by the naked eye and are generally well known from the spatial looking postcards that are available in many stores nowadays. 

A camera with four lenses, with which one can take such exposures, has been introduced by the NIMSLO Company, USA. The film must, however, be sent to this company, which holds the patent, for special processing of the "paper" pictures. 
  
  

	5.3 3-D Projection


A good 3-D slide presentation is the high point of every experience. A prerequisite is an equally good mounting job, since even the best projectionist cannot correct large mistakes made during mounting. With an automatic presentation every thing must be perfect. 

Every stereo projector must in addition to the focusing dial have usable controls for horizontal and vertical alignment. These controls must not only be adjusted, but operated. These possibilities must be though of even with two coupled separate projectors. 

The stereo rules 1 - 3 do not hold exclusively for slides or exclusively for prints. 

During 3-D projection, and the usual enlargement of up to more than 100 times, infringements of rules 2 and 3 are especially noticeable. They are therefore once again repeated here: In the finished framed and mounted picture there is to be no vertical parallax. Identical points in the single views must lie on the same horizontal, and the entire picture should appear as lying behind of the stereo window. 

It follows from this that the vertical setting control is the most important on the projector. Not only the errors incurred in framing the slides become evident during viewing, but also the almost unavoidable errors or tolerances in the slide guide in the projector itself. The slide holder may not have too much play or may it be too tight. Especially the latter is most likely to produce vertical distortions if the slides are not correctly situated at the bottom. 

But the mechanism that positions the slide in front of the light source also must not have too much play. This is particular the case when the slides, as with single projectors, are moved with grasping levers. A sliding mechanism is inherently better. It is imperative that the picture change occur during a period of darkness, however short. The eyes react with headaches if they have to view stereo pictures on top of, or in each other. 

As we saw with the subject of image differentiation, the two single views are projected on top of each other onto the screen. In doing so the lenses or the entire projectors are aligned in such a way that the inner edges of the slides lie exactly on each other. With true stereo slides 41x101 mm a single calibration is sufficient since the separation in the mounts should always be the same. With two 5 x 5 slides the above-mentioned tolerances come into play. Here the vertical position must in certain cases be readjusted during presentation. The top and bottom edges of the mount must also lie on top of the other. It is best to use one or two empty frames for the first adjustment. 
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	Figure 5.17 
Stereo slide show with two projectors 
and polarizing filters


The accessories required for image differentiation such as anaglyph or polarizing filters can be mounted anywhere between the light source and the screen. Because of the heat one should, however, select a position between the the slide and the lens.. Polarizing filter may be only directly fastened on the lenses if these are not rotated during focusing. Otherwise their relationship with the polarizing glasses it lost. During projection it is unimportant which projector shows the right or left single view. It is sufficient that the correct ordering of the image differentiation accessories is retained. The projectors can be located side by side or one on top of the other. The latter results in less image distortion. Sometimes it is necessary that heat insulation be placed under the top projector so that it is not unnecessary heated by the one below. Because of warranty reasons one fastens the required setting controls onto the base on which the projector rests rather than onto the projector itself. 

As was noted earlier, the polarizing filters in the commercial glasses are already set in correct V-position. As single sheets they can be purchased in square or round formats. With the square format the direction of the oscillation is already under 45°, i.e., diagonal to the outside edges. Because of this they are easy to adjust and may require only a rotation of 90°. For calibration, one covers one half of the glasses. The open eye must then see only the light from the corresponding projector. As a control one covers one lens at a time. 

With round filters the method is identical. One rotates the opposite filter until the picture darkens. For example, the projector showing the right single view is controlled by the left eye. An adjustment to darkness is more sensitive that one to brightness. The final setting should be marked on the filter and on the holder so that no re-adjustment need take place when the filter is removed for cleaning. It is convenient to cover the filtering sheets with glass plates such as those from old photo plates. 
  
  

	5.4 Rear Projection


Rear screen projection is also possible with stereo slides, and even produces significantly brighter pictures than are possible with a silver screen. Naturally this requires more room, such as an opening in a wall, if the projector sits on the back side of the projection surface. People in houses that have large sliding doors such as those found in some old residential buildings are in good shape. But an opening between the kitchen and the living room will suffice. 

One can use doll glass plates (etched plates depolarize!) But with larger plates the weight is too great and the chance of breaking the glass too high. Special plastic plates that have the same effect are available (MARATA). They are also available in frames up to a few square meters and cost no more than a good silver screen. 

The projector or projectors must not be at eye level when using rear projection or else a fleck of light results. One places the projector a little lower and projects at an angle upwards. In doing so one can use a short focal length and one must not forget to place the slide into the projector reversed, so that the audience views it correctly. 

These procedures can also be applied to achieve true spatial backgrounds in room photographs, with that, however, a polarizing filter must be placed on the corresponding camera lens and it must be exactly set, as with the polarizing glasses. 
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	Figure 5.18 
Table Top Stereo Viewer (rear projection)

	


	6. 3-D MOVIES: EXPOSURE AND PROJECTION


The amateur photographer of narrow format movies can produce 3-D movies by making use of the beamsplitter accessories previously mentioned. These must also be placed in front of the projector during projection. 

Since a vertical format is not suited for movies, one employs special beamsplitters that produce a wide picture such as the TRI-DELTA stereo attachment, or the ELMO stereo attachment ESM 1. 

Both types of stereo attachment have pros and cons. The ELMO is directly constructed for movie cameras with the usual large lens diameters. It is therefore quite large: 24 cm wide; 15 cm high and 6 cm deep. One is supposed to be able to zoom with it to a focal length of 48 mm. Since it creates a large partitioning strip between the single views, relatively much of the picture area is lost. The TRI-DELTA (see fig. 4.10) has a diameter of 40 mm. It creates a narrow partitioning strip between the single views. I do not know whether it has zooming capabilities. This attachment has the disadvantage that it requires the camera to point upwards. It is best to make use of the mirror attachment provided for projection also during exposure so that one can film in the conventional position. 

One must, however, be aware that because of the small size of the split format, the required polarizing filters, and the relatively weak light output of the film projectors, a picture width of up to only 80 cm can be expected on the silver screen. 

Naturally, talented hobbyists can make 3-D films with two attached Super 8 movie cameras. One must then couple the drive shafts in such a manner that the two apertures open simultaneously. This may also be achieved electronically through a quartz controlled synchronisation device. One can also couple the zoom drives and the distance setting mechanism by using soft, endless belts, such as those used in sewing machines. For close-ups one can also use simple prism attachments as with stereo cameras. 

The same holds for the coupled projectors; the main problem lies with synchronizing the coupling between the film advance mechanism. As a result, one then has a significantly larger, brighter picture. 

	7. SKETCHED ANAGLYPH PICTURES


A multitude of inquiries, many of them recent, indicate that that the interest in anaglyphic pictures, and especially in their construction, has grown. As some publications show, a spatial exhibition invokes better insights. For example, physical or chemical relationships become clearer in crystal patterns and atomic structures. With these there were and still are two problems: The actual construction of the drawings as such, and the subsequent "coloring" with matching anaglyph colors. 

The spatial representation always requires two single views, which are quite similar, but not totally the same, where the differences depend upon the separation of the eyes and the distance to the picture. The more complicated the form of the object or image to be portrayed, the more work is required to calculate the small differences in the positions of the identical points in the single views that stem from the three x-y-z coordinates of the object. 

Formerly, it was a tremendous task, requiring many consultations of values from trigonometric tables. Today, one can perform this a lot quicker and more precisely with the aid of computers, and can even leave the drawings up to plotters. These calculations can also be performed with scientific calculators, with low prices for the basic programmable models. The cited calculation programs are written for the TEXAS INSTRUMENTS TI 57, a popular, affordable programmable calculator. One can even attach printers onto somewhat more expensive devices so that even the note taking becomes superfluous. 

The second problem lies with the drawings of the anaglyphs, especially in the assignment of the complimentary colors, usually blue-green and red (see chapter 5.2). The most trouble is caused by the blue-green since it is relatively translucent, not fully covering color which brings the color of the drawing medium, i.e., the writing, drawing or printing paper, into play. Naturally the color of the filters in the anaglyph glasses must be considered. Experimentation for each case is the only help. 

In this context, the basic principle of anaglyphs is once again alluded to: the one color must match the corresponding color of the filter in the glasses so that it cannot be observed. It must, however, appear black with the opposite color. The latter is easy since a dark gray already acts like black. The former, specifically with blue-green, is not quite as easy. Often a light gray tone remains and can be disturbing. 

From the preceding it follows that, under DIN 6170, where blue-green is required for the right eye and red for the left eye in anaglyph filters for glasses, the right single view must be colored red and the left single view blue-green. 

A suitable paper is Reflex T 2000, a highly transparent drawing paper with a reactive surface. Suitable inks are Pelikan red, Pelikan light green, Pelikan dark green and Pelikan black for the lines in the picture plane. Blue-green toners: Light green and dark green diluted with small portions of distilled water: 1 part ink to 1 part water. From these dilutions one then mixes 2 parts dark green with one part light green. This basic mixture is then tested against the selected paper with the help of the glasses. It is adjusted through the addition of either light green or water. An eye dropper is a handy tool. 

The choice of colors for blue-green with the filter of the glasses can be only a compromise, a residual image is always present. Ultimately it is a matter of contrast versus background. The toning is depending on the paper, red/green glasses, and lighting. The contrasts change when dark to black paper instead of light paper is used as the base of the anaglyphs. These are called negative anaglyphs. Green viewed through a green filter "disappears" against a light background, green viewed against a dark background is clearly distinguishable. The complementary colors then exchange their roles. During the examination of the color choices, it must be taken into consideration that the combination of the green color and the red filter as well as the red color and the green filter appear as dark as possible. Red color and a green filter work well together, green color and a red filter do not. 

New problems arise with the printing of negative anaglyphs. Red and green lines may not be printed but must be marked off against the surface, in about the same manner as in intarsias. For people wishing to draw negative anaglyphs, opaque colors, which allow nothing of the black undercoat to show through, are required. Because of their consistency, these covering colors cannot be manipulated with tubular quill pens. The old, adjustable, drawing pen is ideal. Especially suited are the luminous colors: white, red, green and blue. When working with the drawing pen, the colors must be diluted with water to a point where they just begin to drip. Green requires a small addition of blue. Here, testing is also advised. 

The transfer from the calculated picture drawn on graph paper to the black cardboard ensues with the aid of a needle. The intricate holes are marked with white ink. the positioning of a ruler is then no longer a problem. 

The negative anaglyphs become especially impressive when viewed in a darkened room under UV-lights. In addition to the beautiful effects, new practical application are also possible. Two possibilities are: Eye examination and photography. Photographs created in such a manner do not produce quite the effect that luminescent colors do, but it has been shown that with the red/green glasses the spatial image reappears. Because of the fluorescent light and small bright areas, it is best to take some test exposures. A light meter provides only a rough estimate of the exposure time. 

Positive and negative anaglyphs can be overlaid if they were created with equal projection values (base, separation). The positive anaglyphs must be drawn onto transparent paper. The sketches must contain orienteering marks so that the first spatial image correctly blends into the second. The x-axis in the ground plane is recommended as an orienteering point because it is from here that the viewing position of the eyes with distance d and height h is established. Both sheets are covered with a thin plate of glass so they remain fixed and do not contain any air bubbles. All lines appear dark upon a light background. This procedure is especially interesting when geometric dependencies are being studied. 

Transparent paper on a black surface is still perceived as "dark" with negative anaglyphs. With the positive anaglyphs on the other hand, the background is evidenced as being "light". The result is then a bright, stick model in which a dark stick model is implanted With this, one obtains a good differentiation between the two parts of the picture. Since the dark lines of the positive anaglyph are more evident because of the increase contrast, one must decide which part of the picture should be represented by the negative anaglyphs and which by the positive ones. By using a combination of lights - lamp light and UV light - the picture gains in luminescence. 

Two works by Prof. R. Burkhardt (Institute for Photogrammetry, TU Berlin), with regard to the red/green glasses, give some information of the problems of interaction between the paper, printing color, filters and the physiological characteristics of the eyes: The color measuring of anaglyph glasses and study on anaglyph printing colors (1972). 

Photographic filters of many diverse shades are available from LEE-FILTERS company, Andover, England. Filters suited for the red/green glasses are: Primary red No. 106 and Primary green No. 139. When viewing negative anaglyphs under UV-light, a supplement of fluorescent green No. 219 can be advantageous. 

The finished but not yet colored, single views should now be checked for the correct spatial format with a stereoscope (displacing a single view on the x-axis). With this one must consider that since the anaglyph projections are in the ground plane, a certain amount of distortion takes place. With a normal lens stereoscope this is possible only if the single views are not any larger than 6 x 6 cm. For anaglyphic viewing, however, the format can be as large as desired, which is the main advantage. One can now reduce the single views. (In almost every photocopying center there is a machine that reduces to smaller sizes, and sometimes even enlarges, i.e., by a factor of 0.71 or 1.41, for example. This can be repeated until the desired format has been reached. However, one could also construct a mirror stereoscope (see fig. 5.14) or view the pictures one above the other with prism glasses (see fig. 5.15). 

The bulk of the work must be spent on determining the spatial coordinates of the object to be drawn and on the painstaking recording of the data. One numbers all of the required points in a certain order and constructs an appropriate table (see the example later in this chapter). It is best to begin with the easiest location in the coordinate system where the xyz-values agree with the dimensions of the object. Only then does one shift everything onto a symmetrical axis so that after rotation the object into the most advantageous position for the picture, the new xy-values are easier to calculate (see the program for this). One must keep in mind that the measurement of the object must be correct to a tenth of a millimeter because this can be easily reproduced when drawing on the graph paper. The trigonometric values are rendered to many decimal places by the calculator so that the result has a corresponding number of places after the decimal point. These, however, are not required. They are rounded to the nearest tenth of a millimeter, or one can program the calculator so that only one decimal point is displayed (button Fix1). Finally, one moves everything on the y-axis behind the xz-plane so that one does not have any negative y-values. 

Figures 7.1a - 7.1d, as well as figure 7.2, shows an example of the steps involved in the transformation of the x- and y-values of a cube into the x3 and y3 values required by the calculation program (also see the table later in this chapter). Figure 7.2 probably suffices for technically schooled people that are used to imagining objects from drawings in one plane. Figure 7.1 attempts to shows this through perspective drawings. 
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Z-axis perpendicular 
to the plane 

Figure 7.2
a 
units = basic coordinates
b/1 
shift to make axis symmetrical
c/2 
rotation to the most favorable angle
d/3 
shift behind the X/Z plane


	Figures 7.1a - 7.1d
	


Even in anaglyphs the amount of depth of field, t, in relation to the near-point, E, and the base, b, plays an important role. So that no double pictures appear, all of the elements in the picture that create the overall impression must lie within the panum area of the eyes. The object must lie within a viewing angle [image: image52.png]


. This angle is reported as 70' = 1.17° 
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The value e is made up of d, the separation of the standing line and the main x-axis + the smallest value of y3 from the table. In regard to the already calculated cube, d = 30 cm and y3 = 0.15 cm. 
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This value is greater than the length of the cube, 6 cm. The angle is constructed from the connecting line T - Or - l shown in fig. 7.5 which also shows the position of the other labels. 
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	Figure 7.3
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Notes to the table: 

The given image equation hold for anaglyphs intended to be viewed in a book. During the calculation one imagines the object - or the model of the object - standing on the ground plane (x;y) in about the first octant (space is geometrically divided into 4 positive octants above the ground plane and 4 negative octants below the ground plane) and projecting from the two eye points Or and Ol onto the ground plane. From experience it is known that front pictures provide little viewing quality. Therefore the object is s that a favorable viewing direction results. The ordering of the coordinates was chosen that the unchanged coordinate - here the z-coordinate because of the rotation about the z-axis - is easily recognized. The following shift in the x-direction towards the left was also due to viewing reasons, but point 3 still lies in the first octant. An additional shift in the y-direction would also be reasonable so that the object entirely behind the x;z-plane when viewed from O. How large the shift should be becomes evident only after the execution of the first rotation. In the valuation of the image equations A(h,d,b) the ordering xr, xl was chosen since with these anaglyphs the left single views lie on the right and the right single views lie on left. With the shift x1T-6 the single views are separated. 

This process is not always necessary. When viewing the results one should note that the undistorted pictures are seen only when the initial image values, distance d and height h and picture in the ground plane, are obeyed. Different image equations hold for projection onto a perpendicular screen (see later in this chapter). 
  

The Cube as Test Picture 

The picture of the cube serves not only as a means of proofing the image with regard to the creation of the spatial image and the elimination of distortion when the image values are adhered to, but also as a template for the development of new pictures. The picture of the cube marks out the entire space in which one could place a new model and gain an image of the staked out size (see fig. 7.8). 
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Figure 7.4 
THE MOON IN 3-D 
taken with a time interval of quite four years 
1st picture: April 20th, 1896, 8h, 18', 3" 
2nd picture: February 7th, 1900, 6h, 15' 30" 
Libration (oscillation of the moon axis) 15° 
Place: Equatorial Coudé, Paris




Rotation of Points about the Origin in a xyz-Coordinate-System 

Clockwise: [image: image57.png]


 technical totation about the angle [image: image58.png]


. 
Counter Clockwise: [image: image59.png]


 mathematical rotation from the 1st to the 2nd quadrant. 
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 (R = 90°)
	Counter Clockwise: [image: image61.png]




	[image: image62.png]


= x * sin(R - [image: image63.png]


) - y * cos (R - [image: image64.png]


)
	[image: image65.png]


= x * cos [image: image66.png]


) - y * sin [image: image67.png]




	[image: image68.png]


= y * cos(R - [image: image69.png]


) + y * sin (R - [image: image70.png]


)
	[image: image71.png]
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The above example deals with a rotation about the z-axis. With totations around the x- or y-axis the corresponding labels of the other axes must be substituted: 
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The Image Equations for Anaglyphs (Book Anaglyphs) 

Directions for construction of anaglyphs are found in Schmid, Lehre der Perspektive. 

The equations: 
  

	 
	 
	h * x - b/2 * z
	 
	 
	 
	h * x + b/2 * z
	 
	 
	 
	h * y + d * z
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when z = =, then [image: image92.png]
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 = y, i.e. in the ground plane the pictures coincide with the original points. 

Calculation Program for Image Equations "Anaglyphs" 
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	Figure 7.5 
Stereoscopic pictures "Anaglyphs" (picture in the ground plane)




The Image Equations for Stereoscopic Pictures 

Picture plane is perpendicular to the ground plane (Stereoscope, Projection). 

The equations: 
  

	 
	 
	d * x + b/2 * y
	 
	 
	 
	d * x + b/2 * y
	 
	 
	 
	h * y + d * z
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Calculation Program for Image Equations "Stereoscopic pictures" 
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	Figure 7.6 
Stereoscopic pictures (picture perpendicular to the ground plane)
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	After calculation of the kite-shaped surface, the left single view was shifted toward the left by 6 cm. A stereo picture of the surface, which can be viewed with a stereoscope with lenses, originates in this way. 

In order to obtain anaglyphs, place a piece of transparent paper on the right single view and draw out the exes of the figure in black and color the remaining lines with red. Set the sheet with the red dolor onto the left single view so that the points 1 and 5 lie upon each other. Trace over with green ink. 

The cube is shown as a book anaglyph, but naturally is not printed this way because of the cost. Therefore it cannot be spatially viewed.

	Figure 7.7 (above) 
broken kite surface, base coordinates and stereo picture 

Figure 7.8 (below) 
cube 6 cm, template for book anaglyph
	


Colored pens can be used instead of colored inks mentioned earlier in this chapter. The green "Schwan-Stabilo HL 66" markers are ideal. For better coverage one should draw two lines in place of one., which can be tricky. The red "Edding 1701 M red" is ideal. The green lines must be drawn first, however, otherwise some of the red is carried into the green lines when they cross. This combination is especially well suited for viewing under lamp light. 

For daylight viewing one should expose the green drawing to sunlight for 1 - 1½ hours before drawing the red lines . This causes the green to lose a great deal of its luminescent quality. 

The green colors of "Schwan-Stabilo Boss" and the sunlight-sensitive red color from "Faber-Castell textliner 48 fluorescent" are ideal for extremely large drawings requiring a line width of 5 mm. 

Pens suitable for anaglyph transparencies are "Schwan-Stabilo Pen 96 P Fine, 196 Superfine Permanent Red and Green". "Rotring ink K 595 703 Red and K 595 707 Green" can be used in place of pens. These bind to drawing material and therefore produce lines which do not smear. The green must be thinned with dilution K 595 290 in a ratio of approx. 1 : 1. A piece of blotting material must be placed in the tip of the drawing pen in order to achieve an even line. Otherwise the pen dries out quickly. Raster films from LETRASET Project-a-tone PTT red and green can be used as a supplement to the figures if special surfaces must be covered. 

	8. DO-IT-YOURSELF DIRECTIONS


  
The Path to a Stereo Picture 

The simplest, but not the most precise, method is the following: One positions oneself, makes an exposure, repositions one's upper body so that the camera is shifted sideways approx. 7 cm, and makes the second exposure. One must be careful that the camera is not tilted from one exposure to the next. This problem can be avoided by orienting oneself to a horizontal line in the background. It is much easier to do with a camera with motor drive. 
  
  

	Sliding brings Success


After the primitive method of shifting the body, there is a procedure that brings exact results and is used even by professionals. For this, though, we need the help of a stereo slide bar. It can be constructed - as one pleases - as a simple device, or also as a precision instrument. First the simple method, which does not cost anything, if you own a tripod. Mount your camera and note the resting points of the tripod's legs. It is advantageous when 2 or 3 legs of the tripod stand in a parallel line to the object being photographed. Now it is up to your skill to move the tripod as parallel as possible to the object after the first exposure. Have no fear, it is not as bad as it sounds, because you can be guided by a few technical means. We have already seen one of them in our introduction: Orient yourself to available straight lines: Floor patterns, corners of curbs, etc., or simply scrape a line into the ground or place a straight pole onto the floor for the tripod to slide along. 
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	Figure 8.1


A somewhat nicer, more exact, procedure results from two pieces of plywood that we fasten onto the tripod with a clamp as depicted in figure 8.1. The wider board serves as the base. The narrow board serves as a ruler, along which the back of the camera is guided; we can also apply our markings onto it. The dimensions of the boards are naturally dependent on the dimensions of your camera. 

Our next design for a slide bar already approaches professional devices. The slide bar is constructed from parts which we build ourselves from plywood (fig. 8.2). 
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	Figure 8.2


In principle, the structure resembles a flat wooden box, whose practical construction of its lid and bottom allow them to slide together. 

The dimensions are once again dependent upon the size of the camera: our data refers to 35 mm cameras with a film size of 24 x 36 mm. In the lid we mount a long tripod bolt which is secured with a lock washer (fig. 8.3). If the plywood is too thick we must lower the camera bolt into the wood a bit so that a few threads are able to grip the camera. For the connection to the tripod, we install a reduction screw (a hollow screw that has threads on the inside), into the bottom of the slide-bar. A few drops of quick drying glue prevent the screw from turning when removing the slide bar from the tripod. 
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	Figure 8.3


This procedure suffices for light cameras. For heavier or more expensive cameras, a more stable fastening is required. One can buy standard nuts into which the threads of the reduction screw or even the threads of the tripod bolt fit. The attachment then comes about as shown in fig. 8.4. Here also the bolt may have to be sunk into the wood in order to create a solid connection. The attachment to the tripod is widened by the addition of a board as thick as a bold with a place cut out for the bolt. 
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	Figure 8.4


A variant of our wooden slide bar: Use ready made light metal profiles. From these the top and bottom of our slide bar can be constructed with some plywood and glue (fig. 8.5). The attachment of the tripod bolt is identical to that of the wooden slide bar. 
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	Figure 8.5


Now to the best of the slide bars: The Hobbythek Patented Slide Bar 

Ball bearings make sliding easy. Therefore we used a cabinet drawer rail to construct a stereo slide bar from it (fig. 8.6). This rail is available in many different forms, materials (plastic and metal), and dimensions. They are used to make drawers, bread cutters or other household devices which can be easily and safely pulled out of kitchen furniture. These rails are available in stores for furniture supplies and hardware stores, or in do-it-yourself centers. Our rail is made from metal and is approx. 35 cm long. The two halves (i.e., the lid and the bottom) sideways each make a groove, in which metal ball bearings provide for easy movement. On both ends there are guards so that the rail does not "jump the track". We remove one of these guards with a drill; now we can easily separate the rail. Be careful not to lose any of the small metal ball bearings. The rail is now ready for transformation into a stereo slide bar. 
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	Figure 8.6


We drill through the "lid" of the rail at the four places shown in fig. 8.8 cover it with epoxy and lay two narrow pieces of plywood with a thickness equal to that of the head of our tripod bolt upon it. The two wood strips leave a crack in the middle as big as the diameter of the head of the tripod bolt (fig. 38). 

Now we take a piece of up to 5 mm thick plywood and cut a piece with a width equal to that of the first two strips (this time as long as the entire length) and mount it in the middle with a drilled hole. The diameter of the hole is given by the tripod bolt (fig. 8.7). 
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	Figure 8.7


In this hole we place the tripod bolt and cover both wooden surfaces with glue and stick them together. Through the four holes that we initially drilled in the "lid", we screw a small flat head screw which offers extra strength in holding the glued wood strips on the metal surface. 

On the side where we removed bolts and nuts to insure that the two halves of the rail do not completely separate during use. An angle-iron on the "bottom" of our rail provides the link to the tripod. Here also a tripod screw with threads on the inside and a corresponding nut lend a safe attachment. A board about as thick as the head of the bolt with a piece cut out, again strengthens the setup (fig. 8.9). 
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	Figure 8.8
	Figure 8.9


As you will see, extraordinary exposures are possible with this "slide bar" method. In addition, there is the advantage that even commercial stereo cameras do not possess; one can vary the exposure base. The separation should be reduced with close-ups, i.e., when one wants to make a large photograph of a vase of flowers, or of the inner working of a wrist watch. The photographic base should be enlarged when one wishes to obtain spatial effects with motifs that are more than 20 m distant. But be careful: Do not be exorbitant, otherwise an unnatural effect will result. It is best to experiment! 
  
  

	A seesaw, but not for rocking


Another way to bridge the separation of 6.5 - 7 cm between picture 1 and picture 2 is the stereo seesaw. In principle this is a movable parallelogram (fig. 8.10). What is necessary for its construction? 
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	Figure 8.10


We again suggest a device made out of wood (but aluminum and plastic can also be used). Two pieces of plywood of approximately 1 cm thickness (A and B) are attached with 4 wooden crossbars (1, 2, 3, 4) in such way that they can still be moved with ease but do not have too much play. The size of the two again depends on the size of your camera. Between the two boards we glue two blocks (C and D). They should be a bit higher than the head of the tripod bolt, so that a stable construction results. 

The attachment of the tripod bolt on the bottom and on the movable top is the same with the stereo slide bar. Here is another tip on how you can quickly calculate the length of the 4 wood strips. Place the boards on top of each other and mark the middle. From this point, move 
3.5 cm to both sides. Now shift the top board 3.5 cm to the right or left and insert the two blocks between them. It is best to hold everything in a vise because now the holes must be drilled. You measure the length M from the end of the board to the middle to determine the location of the holes. This distance is then transferred to the cross-bars which are then drilled. Leave enough wood on the right and left of the holes so that the wood does not break around the holes. Sand the corner smooth. In the illustration we provide a couple of suggestions on how you can construct your stereo seesaw a bit differently: The basic design, however, centers around a movable parallelogram (fig. 8.11). 
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	Figure 8.11


This method of taking both exposures has a marked disadvantage. Namely, one can take pictures only of a still object since even a change in eye position of a person being photographed for a portrait can ruin the stereo exposure; moving leaves or twigs in nature are out of question. 
  
  

	The Stereo Camera brand known as "Home-Made"


As an about-to-be stereo fan, you should consider obtaining two cheap, identical cameras that can be coupled together and possibly fitted with a common shutter release mechanism. With a little skill even this release is not necessary, one must only depress both shutter releases as simultaneously as possible. The stereo pictures produced by these cameras can be only as good as the quality of the camera model permits. In the end, this is usually a matter of price. Naturally we cannot give mounting instructions for every possible model of camera. But here are a few tips to help you with your choice from the vast selection available: 

1) When the two cameras are side by side or on top of one another, the separation between the centers of the lenses should not be greater than 5 - 6 cm (fig. 8.12). 
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	Figure 8.12


2) It is possible that the lens separation exactly matches the separation of the eyes, i.e., 6.5 - 7 cm, when the two cameras are joined bottom to bottom (fig. 8.13). However, this is not recommended since it is almost impossible to build a common shutter release. This is no problem if shutter release cables are at hand because one can operate with a double cable shutter release in this case (fig. 8.14). Another disadvantage with this type of mounting is that the camera may be unevenly situated with respect to each other. Especially when the lenses are not in the center of the camera body. 
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	Figure 8.13
	Figure 8.14


The joining of the two cameras is now fairly simple. One measures the separation of the lenses placed one on top of the other to obtain the length of the connecting pieces which need to be attached to the cameras in order to separate the lenses by 6.5 - 7 cm. One cuts a piece (fig. 18.15) of wood into the correct dimensions and glues it to the top of the bottom camera. A second piece of wood should be glued on (fig. 8.16) depending upon how disrupted this surface is due to operation instruments such as the film advance lever, shutter release, hot shoe, etc. The second camera's bottom is now glued to these boards. 
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	Figure 8.15
	Figure 8.16


With this, it is important that in the end, the cameras are mounted parallel and perpendicular to one another. A few cheap cameras are not too stable. For these we recommend that the sides of the bodies also be connected with a glued on strip. 

The simultaneous shutter release mechanism is constructed as follows: One glues small pieces of wood onto the shutter release and drills small holes facing the front of the cameras into them. The holes then hold a wire bent from 2 - 3 mm diameter welding rod (fig. 8.15). 

A few more tips on the subject of stereo photography: 

1. Always hold the camera horizontally during exposure.
2. Stereo photographs must be sharp from the front to the back. Distortion as a creative element is not appropriate.
3. Find subjects where the spatial impression that you are striving for comes into play. The division of the picture into front, middle and background is very important for this.
4. Lighting plays an important role! Light from the side or the front emphasizes the spatial effect, whereas back lighting causes the subject to appear flat.
5. If you want to take stereo pictures with a flash, the flash must not change position for the second exposure. This would result in the object being illuminated too flatly. For this reason we have envisioned an attachment to the stereo seesaw and slide bar that causes the flash to remain stationary during the the shifting of the camera (fig. 8.17).
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	Figure 8.17



  

	Looking Cross-eyed is part of the Answer


Suppose we have our two single views and wish to view them spatially. The simplest and cheapest way to do this is to view them without any viewing aids. This method requires quite a bit of practice and is a strain on the eyes; in addition there are people who are unable to evoke a spatial image in this manner. In spite of this some advise (fig. 8.18): Relax your eyes and focus into the distance - in a certain sense on infinity - and then slide the two pictures into your viewing area, trying to see them in focus. 

You will now recognize three pictures: your two photographs on the left and right and the spatial image in the center (fig. 8.19). If the middle picture still appears double, try to resolve this problem by slightly raising, lowering or tilting the picture. Sharpness is achieved by moving the picture farther from the eyes or closer to them. 
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	Figure 8.18
	Figure 8.19


The mounting of the two original pictures is crucial to this spatial viewing. Suppose you took the pictures with an instant camera and shifted the camera exactly the distance of eye separation, i.e., 6.5 - 7 cm. The mounting of the pictures must cause the most important points of the single views to have a similar separation. It is, however, better to make the separation somewhat smaller, e.g., 6 - 6.5 cm. This is because the eyes are used to looking a bit cross-eyed when viewing close-up. The finished picture should have the standard format 6 x 13 cm. In the middle of the two 6 x 6 pictures there remains a small bridge a few millimeters wide. It is best if you select a point from the left picture, a corner of a building, the nose of a person, or even a flower, and find this point in the right picture (fig. 8.20). Now place the picture next to each other so that the chosen points are separated 6 - 6.5 cm. 
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	Figure 8.20


The picture will most likely overlap in the middle. Cut the pictures so that none of the important parts of the picture are destroyed. Do not cut as in (a), but as in (b). In order to do this, place the pictures on top of each other, in such a manner that the selected points have a separation of 6 - 6.5 cm. Now we can easily determine our cutting line (fig. 8.21). 

A maxim concerning this: Only objects or people that are visible on both single views appear spatial. Objects that lie on the outer left-hand edge of the left single view are not visible on the right single view due to the shifting of the camera, appear flat and flickering in the stereo picture (fig. 8.22). 
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	Figure 8.21
	Figure 8.22


Therefore a little skill is necessary in order to mount the pictures correctly. After having spent a lot of effort on the mounting, the disappointment is great, when relatives and acquaintances with whom you wanted to share your success cannot do so because they are not flexible enough with their eyes. Not to worry, this can be easily remedied. 
  
  

	NOSTALGIA IN PRACTICAL USE 
A Stereo Viewer for Paper Pictures


Our Hobbythek stereo viewer is modeled after an old American stereo viewer which was common around 1860. 0n1y a lens hood is not included since it yields no advantage and only hinders people with glasses. It is constructed from 7 simple parts: see fig. 8.23: the lens holder (A), the railing (B), the sliding bar (C), the wire picture holder (D), the separating wall (B), the handle (F) and the lenses (G). The lens holder (A) is cut according to dimensions from a wooden board (plywood or particle board) approx. 10 mm thick. Mark the midpoint of the lenses on this board. They lie 40 mm distant from the bottom edge and 35 mm away from the middle line. The diameter of the holes is dependent on the lenses used. Double convex lenses (magnifying glasses) with a diameter of 30 - 40 mm and a focal length of approx. 70 mm are the best suited. It is immaterial whether they are glass or plastic. The holes can be made quickly and cleanly with a hole saw which is sold as an attachments to drills. A fretsaw does the job equally well but takes a little longer. 

At the exact middle - under the lens holder - we glue and nail a 5 mm thick, 30 mm wide and 200 mm long, plywood strip. It serves as a rail for the picture slide bar which we construct from 10 mm thick plywood. The slide bar will be 180 mm long and 20 mm wide (Fig. 8.24). 
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	Figure 8.23
	Figure 8.24


The underside contains a 31 mm wide and 6 mm deep groove. The groove is then closed off to the bottom with a narrow strip of tin which can be cut from a tin can if nothing else is at hand. 

The wire holder for our pictures are now bent out of 1 - 2 mm thick wire (fig. 8.25). For this we need 2 pieces of 130 mm long wire. We mark the middle at 65 mm and bend it at this point around a round object with a diameter of about 5 mm. This is easy if you insert a suitable screw into the board and bend the wire around this screw. Now mark the wire approx. 5 mm from the bend and bent it again. This time at a right angle to our screw. The finished wire holder is then installed into the picture slide bar. Two holes in the diameter of the wire are drilled into the right and left of the slide bar, 60 mm distant from the center; the separation between the holes on each end is 5 mm. The wire frames are inserted into these holes and fastened with 1 or 2 taps from a hammer. 

Next we mount the handle. A round or square piece of wood with a length of 100 mm is nailed and glued under the rail at a point 2 cm away from the lens holder (fig. 8.26). 
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	Figure 8.25
	Figure 8.26


We glue and nail a piece of 70 mm high and 80 mm long plywood into the angle between the lens holder and the rail. This wood serves as a viewing blind to cover the two outer pictures and show only the stereo picture. The large sections are now complete and our lenses can be put into place. The lenses are glued into the inside of the lens holder with a quick drying glue or epoxy. Our finished trimmed pictures are mounted onto cardboard which fits into our wire picture holders. The seam between the pictures must lie in a line with the viewing blind. 

Finally we search for the point where our stereo picture attains the greatest sharpness by moving the picture holder back and forth. Have fun viewing! 
  
  

	SLIDES IN STEREO 
No Problem - Success in a Snap


In addition to paper pictures, there are also pictures on transparencies, which are preferred by many photography enthusiasts because of their brilliance. Constructing a stereo viewer is even simpler (fig. 8.27). Take two small slide viewers (Agfa or Kodak Gucki or comparable viewer) and a strip of cardboard not too stiff. Cut two holes, eye separation apart, into the cardboard for the eyepieces of the slide viewer. The center of the cardboard is notched on the bottom so that the stereo viewer rests comfortably on the nose. The two slide viewers are now put into place and the stereo viewer is complete. The entire apparatus may be a bit flexible. This will simplify viewing slides which are not mounted entirely straight. More on this later. 

A somewhat more elegant solution to the problem of fastening the two slide viewers is a connection made out of a soft strip of tin. A metal tongue from a letter file can be used. We bent it into a long "U" and glue it between the two viewers with a piece of double-sided tape. For safety, it is then covered with a piece of plain tape. With this metal strip you can also connect slide viewers powered with batteries (fig. 8.28). 
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	Figure 8.27
	Figure 8.28


Slides that do not fall from their Frames 

Before one can spatially view the processed slides, they must be mounted. The mounting procedure must be carried out with utmost precision because when one projects the two slides onto each other, they must be exactly framed if one does not want to continually adjust the slide projectors. This precision mounting is best done in the following manner: One first needs a well lit surface. Slide enthusiasts probably have a light box. Those who do not own one should construct a set-up as depicted in the drawing (fig. 8.29). It consists of a glass plate about 30 x 30 cm, a piece of white cardboard or paper of approx. the same size, and a table or desk lamp. Prop the glass plate up so that it makes a 30° angle with the surface. The white cardboard is now set under the plate and illuminated with the lamp. The top edge of the glass plate should be covered with a strip of black cardboard about 10 cm wide so that one does not look directly into the light while working. One now has a working space 30 cm wide and 20 cm high. Glue a sheet of transparent millimeter graph paper onto it and then glue a right angle constructed from wooden strips onto the graph paper. The frame provided by the wooden strips is used to align the slides. Then highlight two of the small squares of the millimeter graph paper by coloring in the adjoining squares (fig. 8.30). 
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	Figure 8.29
	Figure 8.30


The two squares should be lie on a diagonal in opposite corners since this provides the most accuracy. One now mounts the first slide so that the image sits in the frame without any tilt. Then note the parts of the picture that are visible in the highlighted squares and frames the other slide in such a manner that the same parts of the picture lie in the designated squares. With this method, the slides have exactly the same position within their frames and a slide show without problems is achieved. 

There is another thing you should watch for: This procedure does not work with the cheapest slide mounts since the margin of accuracy in respect to size is too large. In addition, the slides should be fastened to their frames so that they do not move around. With regard to this, self-sticking frames are ideal since the slide sticks to the frame and cannot shift around (fig. 8.31). 
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	Figure 8.31



  

	SILVER SCREENS - SELF PAINTED


A multitude of complaints concerning the high prices of silver screens (with adequate polarizing qualities) and disappointment with the stands of these screen has prompted people to consider painting the wall of a living room or lecture hall with a high quality silver paint once and for all. 

There are some different types of aluminum-bronze paints available from paint stores and/or from mail order photographic equipment suppliers, which have been applied to different surfaces and measured for their optical polarizing qualities. Instead of an overall review, here is the final conclusion: Only one was second to none. 

But these experiments were made with German paints, therefore it makes no sense to give the manufacturer's name. All that helps is again self-experimentation. 

The spray painting,of a piece of white plastic stretched over a particle board (available from hobby stores and furniture shops) is very easy and virtually risk free if it is painted using long, crossing strokes. When this method is followed, no priming, filing or sanding is necessary and the amount of glare is kept constant, even when viewed from the side. It might be handy to think ahead and design the screen to fit into the back seat of a car or to mounted on the roof. 
  
  

	AN ALIGNING DEVICE FOR STEREO SLIDES


A very good aligning device can be built from a cross slide stage. A small lathe support such as one from a watchmaker is the best. Onto the platter on which the turning rod is usually fastened, one mounts a shaft, bent in to places at right angles (U or double T aluminum shafts are available from hobby shops or hardware stores). They are similar in shape to a fretsaw. 

The space between the two shanks must be large enough so that a flat light box fits in-between. The slide mounts are placed against sturdy restraints on the top of the box. The holder for the piece of film to be aligned is attached onto the free end of the arm so that the point of rotation of the arm lies exactly in the middle of the slide. With this setup, the piece of film can be aligned exactly with respect to angle, height and width. Two viewing lenses are fastened over the light box, through these, the alignment process can be stereoscopically observed. A 100% exact aligning device can be had by installing another graduated dial over the slides. The graduated dial need have only a single horizontal line with two small perpendicular lines separated a distance equal to the separation of the frames of the mount (62 mm) if the position of this dial can be changed up and sideways. Naturally, the horizontal line must be exactly parallel to the slide mounts. 
  

	9. THE CALCULATION OF THE STEREO BASE


  
As was stated in chapter 4, "The Exposure Base", the near-point/far-point separation difference, in short: "deviation", is not a constant, but rather a professional agreement. If, however, one agrees to use the 1/30-rule and the value derived from it for [image: image147.png]


 = 1.2 mm for miniature formats and approx. 3 mm for a format of 2x 6x6 (6x13), as one has for amateur stereo photography, it must be held constant within the equations. If one wishes to use other values, i.e., for photogrammetry, the graphs 1 - 3 should not be used, but should instead be taken from the ladder table, graph 6 (see appendix). 

Prerequisite: 
Deviation = constant 
bN - bF = [image: image148.png]


 = constant 

For simplifications, assume: 

bF = bO 

The triangle with the opposite angles [image: image149.png]


 are similar, therefore: 
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Since the value of a', the image distance in the camera, can hardly be measured, it is replaced with help of a well-known optical formula. 
The assumption: aN/a = 1 distorts the result only ever so slightly. With a large amount of depth of field ts, a can be significantly larger when aN is big. 

The value aN/f then is very large. With a small aN the value of a, the object distance = focal range, is not much larger, since then the depth of field ts, dependent on the aperture, is also not large. 

The value of aN/f is then small too. Subtracting 1 or 0.8, for example, makes no difference. 

According to the above equation, the stereo base bO is dependent upon the selected stereo window distance from which [image: image157.png]


 is derived, from the focal length f and the near-point distance aN. [image: image158.png]


 and usually f are constants so that only the near-point distance remains. The far-point distance is not of importance and must be considered in the choice of the aperture. 

If one calculates the enlargement factor V from the known formulas for the focal length f, object- and image distance a, a' and substitutes them into the equation for the calculation of the base, this equation simplifies to bs = [image: image159.png]


/V. 

Since both the depth of field and the exposure factor are dependent on the enlargement factor, all the relations can be depicted on graph 4. This is of special interest to macro- and micro-stereo-photography, where a lot of work involves the enlargement factor. Graph 5 shows the base dependent on the enlargement factor with different focal lengths = picture diagonals. 
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