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13. LIGHT

Light has posed tremendous challenges to modem physics. Is it intrinsically a wave or a stream of particles? Or neither? Sir Isaac Newton explored the theory that it is corpuscular so that 'rays of light' are the paths of tiny particles. It is plausible that their motion might be affected by the density of the substances they pass through, giving rise to refraction and the action of lenses. But experiments giving rise to interference phenomena such as Newton's rings and the beautiful colors produced by thin films suggested to Hooke that it is more likely to be some kind of wave. Huygens applied this idea successfully to explain refraction and reflection. Roemer explained certain apparent irregularities in the orbital periods of the moons of Jupiter by proposing that light has a finite velocity. The experiment of Michelson and Morley is currently interpreted as meaning that light has a constant velocity in vacuo irrespective of the motion of the observer. Planck reluctantly proposed that energy is emitted in quanta to explain why emission spectra do not conform with the classical wave theory, and Einstein gained a Nobel prize for going a step further and assuming that light is inherently quantized to explain the photoelectric effect. This is because absorbed light also seems to be quantized in special experimental circumstances. The uneasy marriage between a quantized particulate model and the wavelike behavior of light has stalked physics for the whole of this century. The notion of a wave‑packet arose which deBroglie then applied to particles such as electrons. By the early 1930s the puzzles posed by quantum theory led to the formulation of the Copenhagen Interpretation of quantum physics which in simple terms says that it cannot explain phenomena, it can only predict the probabilities with which the possible outcomes of experiments may occur. Thus naive pictures of how, for example, single photons behave when passing through a double slit are not to be expected (in the single‑photon version of Young's double‑slit experiment first carried out by Taylor in 1908). More recent multiple‑path experiments with single photons, in which a semi‑silvered mirror offers two possible paths, show that the outcome depends upon what is placed in the two paths, as though the photon 'knows' in advance what it might encounter!

Meanwhile Einstein proposed that in four‑dimensional space‑time light travels on null‑geodesics, an essentially corpuscular view. Relativity theory requires that time be treated as a dimension which has imaginary coordinates, in which case the length of path traveled can be zero unlike in three‑dimensional Euclidean space—the shortest paths being geodesics—so that very special geodesics can exist with zero length. Relativity mainly concerns the idea that the laws of nature are independent of the position and a state of motion of the observer, but the constancy of velocity of light is basic to it. Experiments with the entangled states of photon pairs (Alain Aspect's experiment) show that if the state of polarization of one photon is determined, then that of the other (distant) photon becomes instantaneously determined, apparently in defiance of Relativity. No signal should travel faster than light, and a work-around explanation is to show that no information can be passed faster than light by this means. The holistic qualities of the situation are undeniable and surely significant. The dual and holistic properties of projective geometry seem well suited to approach such things, in particular the notion of polar affine space.

We proposed in Chapter 8 that light is related to an affine linkage between space and counterspace for planes. The only invariants available division ratios of lengths, areas and volumes in space and turns, polar areas and polar volumes in counterspace. We need to consider what the fundamental element or unit of linkage is for light, which must have a suitable tensor property so that we are not dependent on the co-ordinates used. For an affine or polar affine linkage between the spaces we can only seek that in one direction at a time as ratios of lengths or areas in different directions are not invariant. This is suggestive as light seems to have such a quality, for there seems to be no interaction between light propagating in different directions; light beams do not affect each other when they cross. Only when they are incident at the same location on matter does any interaction occur. Thus polar volume seems inappropriate and we must at either turn or polar area. Rudolf Steiner found in his spiritual research that ether is essentially two dimensional, and this originally prompted the idea that we consider polar area rather than turn, i.e. that the basic invariance we examine is division ratio of polar area in one counterspace direction.

A suitable tensor is the bivector which has an interesting relationship to area. Struik (Ref 38) explains clearly the four types of vector in affine space:

contravariant vectors represented by inner-oriented arrows
covariant vectors  represented by outer-oriented areas
contravariant bivectors represented by inner-oriented areas
covariant bivectors represented by outer-oriented lines or cylinders 

This may be shown diagrammatically thus:
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Fig. 41
For counterspace we dualize this so that instead of circles we have cones and instead of arrows we have turns between planes, as shown in Fig. 42:
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Fig. 42

A bivector is distinct from a vector in affine geometry, but in three dimensions it happens to have three components and in Euclidean metric geometry is indistinguishable from a vector. It arises as the outer product of two vectors, which in two dimensions has only one component but in four dimensions has six, showing dearly its distinctness from vectors.

The polar area of a cone consists of all the planes through its vertex that do not intersect it, and is evaluated by integrating over those planes with respect to turn. The result as we saw in Chapter 3 is, 2 where  is its polar radius. A further important result is that for a given scaling—and working in metric
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Fig. 43
space—the product of its polar area and the area of the circle in which a cone intersects the plane through the CSI orthogonal to its axis is constant (see Fig. 43).

The area of the circle is shown shaded and various cones are shown containing it. All these cones have the same polar area, including the cylinder which has its vertex at infinity. However, their polar areas are only comparable in metric counterspace. To be comparable in polar-affine space two cones must share the same vertex, which is the dual of two circles in the same plane. This will be important for interference and absorption. The above diagram will relate to emission which is initially a metric process.

We now propose that the fundamental linkage between space and counterspace for light is a contravariant bivector in counterspace. This can as well be thought of as a cylinder as a cone, and since it must also manifest in space the most suitable tensor is a covariant bivector, which is also representable by a cylinder. The principal reason for choosing a contra- variant bivector rather than a covariant vector, which is also a cone, is that the former has an inner orientation or sense of rotation that may be related to polarization and spin. We now complete this idea by postulating that 

a photon is a linkage between space and counterspace which is a contravariant bivector in counterspace and a covariant bivector in space.
We will refer to these entities as photon cones or photon cylinders. In quantum physics a photon quantum state is uniquely defined by specifying its

energy
polarization
direction of motion 

A photon cylinder has the following three properties: 

polar area in the metric case
a sense of rotation
a direction 

The photon cylinder has two modes of directionality as it is a linkage: along a line in space and with respect to a point in counterspace, for division ratios of a covariant bivector must be taken about a line in space, and about a point for a contravariant bivector in counterspace.

It can plausibly be argued (Ref. 13) that the circular polarization states of photons can be regarded as the most natural choice of polarization state, and other polarization states are superpositions of these. This question arises when discussing the quantization of angular momentum.

Thus at first glance the photon cylinder seems to reflect the properties experiment requires of conventional photons, if polar area is related to energy and thus in some way to color. It is too simplistic to identify color either with energy or polar area, but we must postpone further discussion of this for now. We may thus regard the photon cylinder as defining an ensemble of photon cones all having the same polar area as that cylinder (when an interaction occurs to render the photon metric). The cones are all polar-parallel as their areas are calculated with respect to to polar-parallel points (lying on the axis of the cylinder which contains the CSI).

After emission a photon cone may be imagined to become a cylinder, in which case it will be a very thin cylinder, the light itself being in the polar area all round the cylinder, so that the cylinder itself amounts to a ray of darkness. This can explain why the ray model for light works when applied to lenses, mirrors, prisms etc. as long as it is recalled that the rays are not actually rays of light.
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If we consider a typical beam-splitter experiment (Fig. 44) we begin to see the explanatory possibilities of this approach to photons. 

An incident photon is shown by the arrow approaching the lower semi-silvered mirror represented by the dashed line. Two possible paths for the photon are shown via mirrors ending at another semi-silvered mirror and two detectors. In one path an object is shown which may block the photon. Experiments indicate that the photon behaves as though it 'knows' in advance whether one path is blocked or not, because if it is unblocked only one detector responds with a probability of 1, but if the obstruction is present then both detectors may respond with a probability of 0.5 after many repeats. This curious and counter-intuitive outcome is usually difficult to comprehend fully, but if the proposed photon cylinder approach is adopted instead then the polar area is all round the 'ray' and thus embraces the whole apparatus before it interacts with the semi-silvered mirror. The experimental results thus become more comprehensible in principle without needing to resort to explanations such as the many-worlds one. Of course a detailed treatment will be necessary, but this shows the promise of this approach to photons and linked light.

When a photon interacts with matter it becomes metrically related to space, and thus the bivectors may change quality since in three-dimensional Euclidean space vectors and bivectors are indistinguishable, and also the distinction between covariance and contravariance disappears. Thus the bivector may evolve in four possible ways: to remain as a contravariant bivector, to become a covariant vector, to become a contravariant vector, or to become a covariant bivector. Since these are now indistinguishable we mean that the further behavior of the photon may reflect anyone of the qualitative properties of these four types of vector, so that its orientation may act like an outer instead of an inner one, or it may lose its relation to polar area and acquire a relation to turn instead. We expect the qualities of the spatial aspect of the vector to remain consistent with that of the counterspace one, so that both vectors have the qualities either of vectors or bivectors, and they continue to act as though they have opposite variances. This is summed up in Fig. 45, where we also indicate a possible relation to the four processes of diffraction, refraction, reflection and absorption.

Diffraction and refraction are more external interactions with matter in the sense that onward transmission occurs, in which we expect the cone to remain as shown above, whereas reflection and absorption are more intimate interactions suggesting a more radical change in the vector quality. Thus refraction relates to an outer orientation of the counterspace vector and to a directional quality of the spatial aspect, absorption results in a change in angular momentum well represented by the axis and area of a spatial contravariant bivector, reflection is represented by the turn of a plane, and diffraction as the most external interaction leaves the vector qualities unchanged. 

Another way of expressing this is to consider what remains invariant before and after the interaction, so that some aspect of turn remains invariant for reflection whereas polar area remains invariant' for diffraction and refraction. For the spatial aspect oriented area is invariant for reflection and absorption, an inner orientation for absorption giving a spin axis for the angular momentum, and an outer one for reflection relating to Compton 'scattering'. The counterspace covariant bivector represented by a circle (dual to a cylinder) matches the spatial bivector, in accord with the fact that the photon is quite changed and its radiant qualities are lost on absorption. 

Interactions

When a photon cone is emitted we can provisionally imagine it 'expanding' towards the form of a cylinder so that the spatial and counterspatial bivectors are then both cylinders and its spatial location becomes pointwise indeterminate. If a material object exists in its cone we assume that it interacts with it, the vertex being at the point of interaction. The reason for this is that an object within the polar area clearly does not prevent the photon from propagating, or no photons would ever be emitted! On the other hand an object in its path clearly does affect it. The multi-path experiments referred to above show, however, that the polar area relates to objects in some subtle manner. A difficulty lies in the way we tend to think about light (Ref. 43), and in particular we question here the idea that the photon travels at all, i.e. the notion that it has a velocity and moves. We will explore this in more detail below.

The reason why a material object in its path affects it is that it has a finite polar area with respect to the CSI or CSIs involved which may differ from its intrinsic polar area. This is because either they are not on its axis, or their scaling tensor differs from that of the source CSI. The result is strain and stress which cause a change in the photon to minimize it. By 'lying in its path' we mean lying Euclideanly inside the cylinder. On the other hand with respect to CSIs lying outside the cylinder the latter has an infinite polar area which no adjustment can correct as there are enormous amounts of matter for which this applies, and we assume that such CSIs as a rule have no effect on the photon. A single CSI in its cone may cause it to rotate so as to bring that CSI either onto its axis or outside it, which would be the basis of scattering. 

Since polar area is only polar-affinely comparable at a point (dual to areas in affine space only being comparable if in the same plane) we see that we may relate the polar area at the vertex to that of the new post-interaction cone and thus ensure its invariance. This is the reason for assuming that the vertex must be at the point of interaction. It particularly applies to interactions where the photon retains its cone form and so polar area is invariant. If no change of the cone allows the polar area to be invariant then either turn or area are conserved instead and the bivector changes type. 
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Fig. 46
To clarify this we show in Fig. 46 how diffraction may be approached as an example of the constant polar area type of interaction. 

The top diagram shows a photon cylinder with an intruding obstruction and the most 'expanded' possible cone which excludes the object. The vertex is at P and is the interaction point for an affine comparison. Another cylinder is shown related to a new cone sharing the vertex P and such that it just clears the obstruction. The new cylinder must have the same polar area as the original (or, to be affinely strict, have a ratio to it of 1). The lower diagram shows a similar arrangement but with the obstruction closer to the axis of the cylinder so that the deviation is greater. This captures some of the essential features of diffraction: the obstruction must be sufficiently close to the axis (of the same order of magnitude as a wavelength conventionally, which indicates how wavelength may be reinterpreted), and the closer it is the greater the deviation. Also, the greater the polar radius the closer the obstruction must be for the same deviation, relating to the difference caused by color. An observer will see the diffracted photon as if it were emitted from a source S located where the new photon cone and photon cylinder intersect. We will explore this further, but for now it is merely intended to illustrate the approach being taken to interactions. 

[image: image3.png]



Fig. 47
Light and Time 

If a photon is emitted as shown in Fig. 47 then it interacts with anything in its cylinder. Thus 'if a photo-multiplier or other detector is located in the cylinder the vertex will be located on the detector at the moment of interaction. If the spatial distance of the vertex from the source is r and the turn of the plane a through the vertex (which defines the polar radius p) is T, then for a given scaling rT = constant. N ow T is a radial turn, i.e. it is the turn of a with respect to the plane at infinity, since a is symmetrical such that it is the reference for p. In Chapter 11 we proposed that such radial turns are inversely proportional to time, so we have r/t = constant. Thus no matter where the photomultiplier is placed in the photon cylinder the ratio r/t win appear to be the same, and clearly this is unaffected by the velocity of the detector. This fact has two consequences: 

1. It explains why an apparent velocity can be associated with light despite the fact that the light does not 'travel' in the way a material particle does.

2. That apparent velocity will always be judged to be the same in vacuo (or for the same scaling) regardless of the motion of the observer or detector. Special Relativity is required to explain this conventionally. 

Thus we agree with the experimental facts supporting the constancy of 'velocity' of light, but we note that those experiments need reinterpreting to remove the idea that light travels, and to assimilate the idea that in reality no velocity is actually involved. Since radial turn measures time we cannot naively think of the vertex of a photon cone as traveling outwards with some velocity because we would then be assuming another measure of time. The photon cylinder defines all possible cones with the same polar area, and the one that 'actualizes' in an interaction is determined by the whole context. For example, the observations made by Roemer of the irregularities in the periods of the moons of Jupiter can be explained by the different radial turns associated with them depending upon the distance of the earth from Jupiter. 

This in turn implies that there is an instantaneous relationship between a source and observer so that the light is established between the two; it is a mutual or 'two-way' affair, unlike the conventional view that something travels from the source to the observer. Time is then judged according to the radial turn involved. This may help us to understand the experiment by Alain Aspect in connection with Bell's Inequality in quantum physics, for the problem it raises is an apparent conflict with Relativity since two greatly separated photons must change their quantum state simultaneously, apparently going against 'the spirit of Relativity' as Roger Penrose expressed it when launching his book Shadows of the Mind. This is not a problem for our approach as Relativity is not needed to explain the behavior of light. Steiner found that there is a mutuality in the sense that light goes out from the eye of the observer as well as entering it (Ref. 36). This was a report of his spiritual research which we can now interpret as above. However, we must extend the idea to all relationships between sources and detectors or other obstructions. 

Reflection 

We saw that for reflection the bivector changes to act as a contravariant vector for which turn is invariant across the reflection. We take the base plane of this vector as the plane  tangential to the surface, and relate all planes in the polar area to it. The lines of action of these vectors then lie in , and the reflected planes forming the polar area of the emergent cone will share those lines of action and their turns will be conserved. This gives the observed reflection law as shown for two representative planes in Fig. 48. 
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The incident cone area cylinder are shown on me left above the mirror, and the turn  between  and the tangent plane  is shown, which is conserved through the reflection. The turn  of the reflected tangent plane will be measured with respect to a virtual source located where the reflected cylinder and cone intersect as shown, which agrees with the usual appearance of virtual images. The polar area of the incident and reflected cones is comparable at their coincident vertices, which then gives that of the reflected cylinder. It is clear that all incident and reflected planes making up the polar areas satisfy the stated conditions if the axes of the two cones are coplanar with the normal as shown.

If the vector is regarded as that between just two planes, we would take  and the center-plane of the incident cone (i.e. that with respect to which the polar radius  is defined), which in metric space appears normal to the axis. The invariance of turn and line-of-action give the reflected center-plane, and then the above treatment of the component planes of the polar area shows how the contravariant bivector is reconstituted for the reflected cone. 

For curved mirrors the above considerations apply for each tangent plane, yielding the known behavior of such mirrors without difficulty.

Refraction 

Refraction is more subtle. In Chapter 11 it was pointed out that the scaling between space and counterspace depends upon the substance filling space. The scaling will thus change as the light passes from one medium to another, and it is this which causes the deviation observed as refraction. We saw earlier that the presence of CSIs relating to matter inside the cylinder causes strain as its polar area with respect to them may not equal its emission polar area. An imbalance arises at a boundary as we shall now see. Figure 49 shows a photon cylinder at a boundary between two media.

Since both are transparent we show an incident photon cylinder rather than a cone which, as we proposed earlier, retains the outer orientation of its polar area invariant through the interaction. This is balanced for the main part of the cylinder, but at the interface there is an imbalance. This is shown by the lightly shaded cylindrical wedge of volume indicated, where there are more CSIs on the right than on the left for which the cylinder has a very large polar area. If the incident cylinder existed unaltered across the boundary then there would be a similar wedge above the boundary, and as the scaling has changed the two would not balance each other. If the refracted cylinder is as shown its wedge will have a different volume which may balance the incident wedge. We work with spatial volume which is easy to evaluate, recalling that the product of volume and polar volume is constant, which justifies that. The volume of the incident wedge is
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where r1 is the spatial radius of the incident cylinder and l1 the length of the complete cylindrical segment of which the wedge is a half. For the refracted cylinder the volume is
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where r2 is the length of the semi-major axis of the elliptic cross-section of the refracted cylinder, and l2 its length. For evaluating polar area the scaling has changed, and we assume its ratio to that of the incident medium is 1/n, so that the polar area A2 is divided by n2 and hence the spatial area r1r2 is multiplied by n2; l2 is also scaled by n. We require the two volumes and polar areas to be equal for the required balance, so

r12l1 = n3r1r2l2
= (n2r1r2) nl2 
r12) nl2
i.e. l1 = nl2
Clearly the lengths l1 and 12 are proportional to the sines of the angles of incidence and refraction  and , and we thus deduce Snell's Law that the refractive index is given by 
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The refractive index is thus the ratio of the scalings for the two media.

This is a simplified analysis in which we have merely balanced the polar volumes of the cylindrical wedges. That polar volume is what is balanced is shown by the fact that we have not related the li to the ri via the tangents as would be required spatially. A deeper analysis is needed to bring out the dependence of n on the polar area, and hence to account for dispersion, which will require an integration over the wedge of the actual effect of the imbalance on the photon. 

We should also note that the elliptic cross-section of the refracted cylinder need not be retained beyond the metric interaction at the boundary between the media, as once it reverts to an affine linkage again the distinction between ellipticity and circularity is lost.

An interesting question yet to be tackled is the ratio between refraction and reflection at such a boundary, where the elliptic aspect may be involved so as to account for polarization, if a subsequent interaction causes the metric situation to be sustained. In that case the polarization will be a spatial phenomenon dictated by the matter involved, but not a property of the light itself which is affine (c.f. Steiner's findings on this in Ref. 35). 

Interference

Interference phenomena are conventionally explained as the result of either constructive or destructive addition of waves according to their relative phase. We will need some results from later work on chemistry and the chemical ether to work this out fully, but the main principle can be illustrated here. The diagram shows coherent light passing through two slits, and falling on a screen. 
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Fig. 50
The lines coming from similar positions in the slits represent the axes of two photon cylinders, which assume the form of cones due to the interaction, with their vertices coincident on the screen. Their polar areas are then comparable. For interference to occur there must be some structure of the planes in the polar areas that controls how they are added together, so that the resultant brightness may vary from light to dark as the vertex moves vertically down the screen. None of our considerations so far can account for this as we have not yet introduced structure into the polar areas of photon cones. This consideration indicates the necessity for this, but it requires an understanding of how darkness and rhythmicity can become incorporated into light, which in turn depends upon the chemical ether. The same applies to coherence which is also important in connection with interference phenomena. 

Diffraction 

We considered diffraction when explaining interactions. The main features were explained, but diffraction through a narrow slit was omitted. This again depends upon the structure within a photon cone and further work on this must be postponed until that is clear. The effect of differing polar area was only briefly mentioned, and the diagram below shows this in more detail. 
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Fig. 51
The top diagram of Fig. 51 shows an incident photon cylinder with a smaller polar area than that of the similar cylinder in the lower diagram, and hence with a smaller polar radius and a larger physical radius. The two obstructions are at equal distances from the axes. In accordance with the earlier indication that polar area relates to energy, we associate red with the smaller polar area and blue with the larger, and it can be seen that the red photon is diffracted more than the blue one. This is the principle of the diffraction grating which produces colors in this manner.

Polarization 

This has yet to be treated in detail. An indication was given when discussing refraction that it might relate to the metric form of the cross-section of the photon cylinder, i.e. elliptic or circular. 

Scattering 

Scattering occurs when isolated counterspace infinitudes lie in a photon cone. 
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Fig. 52
The upper diagram of Fig. 52 shows a counterspace infinitude with its associated self-polar surface (SPS, dark shading, see Chapter 16) inside a photon cylinder. The most expanded possible cone is shown (lightly shaded) which does not Euclideanly contain the infinitude. The axis of the scattered cylinder is shown passing through the infinitude and the vertex of that cone, and the new cylinder arises accordingly. The scattered cone is also shown lightly shaded, illustrating once again the principle of affine comparison of polar area at a point. The large circle concentric with the vertex is purely illustrative and to aid construction. 

The center picture illustrates the effect on the angle of forward scatter of the position of the infinitude with respect to the axis. 

The lower picture shows how back-scatter arises. We still need to see when this case may instead lead to absorption, e.g. with a large SPS. The basis for reaction cross-sections is suggestively indicated in these diagrams. 

These diagrams show, to indicate the principle clearly, the unlikely case of isolated infinitudes in a photon cone, e.g. in outer space. In the atmosphere where there are many infinitudes within it we have a balanced situation as mentioned above in connection with refraction. The lower diagram is most relevant in this case since for radiation with small polar radius cylinders compared with the polar radius of the SPS the probability of this case arising is small, the cases for the upper diagrams being balanced out anyway. However the larger the polar radius the greater the probability of the case in the lower diagram arising. The situation needs a closer analysis but the basis is clear for the relation of scattering to polar radius, i.e. relatively small polar radius radiation passing easily through a medium. 
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Fig. 53
Emission and the Balmer Series 

Figure 53 shows a set of cones tangential to a sphere which we take to be that of a self-polar surface (see Chapter 16). It is shown in Chapter 3 that the polar area of the cones is 
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where,
r is the radius of the sphere
h is the distance of the vertex from the center 
k is the scaling factor to convert distances to turns. 

Thus if r, is fixed and h an integral multiple of it we essentially have the formula for the Lyman, Balmer and similar series. We envisage emission to take place when a cone detaches itself from a SPS and then 'expands' with constant polar area: The reason for the integral relation between h and, is yet to be found. 

Images 

An important phenomenon relating to light is the formation of images. An image has a holistic quality that involves many photon cones. Since their polar areas are only comparable when their vertices coincide we see why points are important, e.g. a pinhole camera, and why images are so often handled conventionally by considering rays in points. The counterspace view is not that, but once again we find the reason why a conventional approach works as a model. A special case is when the common vertex lies in the plane at infinity giving a parallel beam of photon cylinders. 

Color 

We do not intend to treat color here, but the association of polar area with color above requires some comment. Color is much more complicated than the simple correspondence with energy or polar area suggests. Its dependence upon context is notorious and is usually explained away as being subjective. However that ignores the obvious fact that color is qualitatively different from any quantitative property, and the relation of color to wavelength for example is purely empirical and is in any case itself dependent upon the observer and the context. To say that cadmium green 'is' radiation with a wavelength of 5.08582 X 10-7 m is naive in the extreme as 'green' is one experience and the measurement of that radiation is quite another. That different photon energies or polar areas have a relation to the conditions under which certain colors may be experienced is clearly the case, but a simple identification is out of the question both philosophically and scientifically. Heisenberg acknowledged this distinction when discussing Goethe's theory of color (Ref. 18), although he judged Newton's to be superior. What remains of great interest is to see how color as such relates to, or manifests in, particular quantitative situations.
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