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CONDITIONS RAY TRANSITING THROUGH CONIC LIGHT
SHAFT AFTER ITS MULTIPLE REFLECTION

Zdanevych V., Kundrat T., Litnitskiy S., Pugachov E.

Conditions of transiting of a light ray through light shaft in the
form of a frustum of a cone.
Keywords: a conic light shaft, a mirror reflection, a light ray.

Formulation of the problem. Light shaft - a light cut of the upper
light through which the natural light passes, the weight of which comes
after a multiple reflection from the inside surface of the mine. The passage
of the ray through the U.S. is an integral part of the geometric methods of
modeling the illumination under the school and its efficiency. In particular,
for the U.S. in the form of a cut cone, the geometric methods are realized in
the works [1, 2] for the standard distribution of brightness with the usual
cloudy sky [3]. However, these methods are not extended to other standard
types of brightness distribution [3].

Analysis of recent research and publications. A similar problem is
considered in the literature on optics [4, 5] and in relation to the
concentrators of solar energy [6], however, in these papers, simplified
conditions for the passage of the beam are given. In [5], two conditions for
the passage of the ray in the axial (meridian rays) and arbitrary (spit rays)
planes through the cone with narrowing to the initial basis are given. The
first condition (Fig. 1): the direct output beam should intersect with a
sphere whose center coincides with the vertex () of the cone of the LS, and
the sphere itself intersects the cone in the circle of the input base. The
second condition: the touch of a beam to the corresponding circle of the
sphere. It was shown in [7] that for the rays in the axial plane the
conditions given in [5] are not sufficient, at the same time the first
condition is necessary. In [1], a sufficient condition is given only for rays in
the axial plane.

Formulating the goals of the article. The purpose of the article is to
develop a method for determining the possibility of passing an arbitrary
beam through LS.

Main part. As in [8], we consider the inverse trajectory of a beam in
a conical UL from the calculated point in the UL to the point on the upper
U.S. (Fig. 2). It is known [5] that for an arbitrarily selected reflection of the
output beam, the input beam passing through the upper base of the CS (eg,
Figure 2) can either exist or not (if we consider the inverse of the trajectory
of the output beam, then after a certain number of reflections will return to
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the base of the mine).

Touku mepeTHHy chepu Ta
IPAMOI BUXiTHOTO IIPOMEHS

Coepa S

Fig. 1. Light mine, sphere s and the straight line of the output beam 3 P,

If the ray passes through the LS, then it will cross the upper base
(Fig. 2) at the point () on the chord formed as the intersection of the circle
of the upper base and the creator (Fig. 3), on which are the points of two
consecutive reflections of the ray. These creations and chords connecting
their ends to the input (point A with the index of corresponding reflection)
and the output (point B with the index of corresponding reflection) of the
mine's foundations form trapezes.

Traps are sequentially deployed to the plane of the output beam 3 P,

(Fig. 3, 4), and we see that the condition of passing through a NAS of the
ray that does not lie in the axial plane is the intersection of the scan of the
beam and the corresponding scroll of the chord of the circle of the upper
base. However, realization of this condition will be accomplished in two
steps.
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Touxka (F) nepeTuHy
BUXIHOTO TIPOMEHS 3
BHX1THOK OCHOBOK

Buxigua
ocHopa CIII

Fig. 2. LS and the trajectory of the beam

First determine the point (T,)crossing a straight line passing through
the output beam 3 P. (Fig. 1), with the sphere S, or else we determine

whether there is a cross section of the sphere S and a direct output beam 3
P, (Fig. 3,4). If the intersection exists, then determine its coordinates and

the number of reflections of the beam k rounded up to a larger integer
ratio {QW (Fig. 4). Equality k :(q It follows from this (Fig. 3) that all
®» @

chords in the circle of the upper base, obtained by the intersection of this
circle and the creators, on which the points of two consecutive reflections
of the beam lie, are equal to each other. Orthogonal projections (Fig. 1) are
equal to each other (a) on the plane N of the corners between the normal n
and the tangent plane and the incident (23) and reflected (34) beams.
Central projection of the angles a on the circle of the input base (centered
at Og) gives the other levels an angle between them v . And these angles
v levels for all reflections of the ray, from which we have the equality of

each other with the corresponding chords (Fig. 3) on the upper and lower
bases.
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Komo chepu 5

BximHa
ocHoBa CIII
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Fig. 3. Light shaft, the trajectory of the course of the beam and its sweep
with the corresponding trapezia on the plane of the output beam 3 P,

The second effect is to determine the point of intersection of the
direct output beam 3 P, with chord A/A on the spin (the position of the

mentioned chord is found by turning the chord A;A, on the corner kg

(Fig. 4)). If the point ( P)There is an intersection, the ray passes through
the school and calculates its coordinates.
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4 B;
i .
Fig. 4. Scattering of the beam and its corresponding trapezoid to the beam
of the beam 3 P,
Conclusion. A method for determining the possibility of passing a
beam through the school is proposed. The application and program

implementation of the method in the future is aimed at the development
and implementation of a beam tracing algorithm in a conical light shaft.
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YCJIOBUS NIPOXOXIAEHHUE JIYYA UYEPE3 KOHHYECKYIO
CBETOBYIO IHAXTY ITOCJIE EI'O MHOI'OKPATHOI'O
OTPAXEHUA
3nanesud B.A., Kynapar T.H., Jlutauukuii C.1., ITyraues E.B.

Ilpoananu3zupoeanst u OONOJIHEHbL YCAOBUA  NPOXOHCOCHUA
C8EN06020 JIyua uepe3 C6emosyio Waxmy 6 euoe yceueHH020 KOHycd.

Knioueevie cnosa: kKonuueckas ceemosas uwiaxma, 3epKaibHOe
ompajicenue, C6emoeoil ayu.

YMOBHU TPOXO/’)KEHHSA MPOMEHS KPI3b KOHIYHY
CBITJIOBY IIAXTY MICJISI KOO BATATOPA30BOI'O
BIIGUBAHHS
3nanesuu B.A., Kynapar T.M., Jlitninpkuii C.1., ITyragos €.B.

3anpononosano 2eomempuuni ymMo8u NPOXOOHCEHHA NPOMEHIO
Kpi3b Kouiuny ceimnogy waxmy (CII) nicna iiozo 6azamopazo6ozo
8i00UBaANHHA 610 BHYMPIIHLOT NOBEPXHI WLAXMU.

Knwuosi cnoea: kKowniuna ceimaoea waxma, O03epKaivbHe
6I00UBANHHSA, CEIMI08UIL NPOMIHD.
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