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1. Introduction

The “inverse method” (IM) of characterization oflasoconcentrators (SC) is used to obtain the aregelved

transmission efficiency [1,2]. It is an advantagealternative to the so called “direct method” (DMhich requires
long measurements and an expensive apparatusMrberisists in irradiating the concentrator in irseway, that
is from the output aperture, therefore reversirgy ltght path occurring in common operation. The hisls been
already presented and the method to derive thativel’ angle-resolved transmission efficiency hasrbdiscussed
[1,2]. In this paper we revisit the theory introthgnew quantities and presenting the method fasueng the on-
axis “direct” transmission efficiency, necessarctdculate the “absolute” angle-resolved transroissfficiency,

previously achievable only by the “direct” method.

2. Theory of “inverse method”

The “inverse method” is applied by producing a lantian irradiation at the output aperture of the[$@2]. Light
rays therefore will follow paths which are invertex$pect to the those occurring during normal dperaThe light
projected from the SC is intercepted by a planaeest at adequate distance and the image there qeods
recorded by a CCD and analyzed at a computer. Rit@mintensity distribution of the image the irratia
distribution on the screek(d, ¢), is derived as function of emission direction. [Bhe irradiance, corrected in any
point by the factor c6¥8), gives the angular distribution of radiarigé™(6,¢) of input aperture of the concentrator,
which is proportional to the angular distributiohtlbe “direct” transmission efficiencyg (6, ¢). This affirmation
will be carefully discussed in this paper. Let vstg anab initio investigation of “direct” and “inverse” methods by
considering the variety of optical paths that ligat follow inside a concentrator from (ia) to (aad vice versa.
We distinguish between “coupling” and “uncouplingfiths depending if the paths connect or not theapestures
(see Fig. 1). The reversibility principle in optiestablishes that the attenuation undergone bypalarized beam
on the same path at opposite directions is the s&ms (1) show the attenuation for single reftattr, and
refraction,T.
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Figure 1. Examples of light paths connecting (aft) non connecting (e-h) input (ia) and output @g@rtures in nonimaging (cpc) and imaging
(fresnel lens, fl) concentrators. Beams: (a, dyctitransmitted; (b, c) inverse transmitted; (egctireflected; (f) inverse reflected; (g) inverse
absorbed (h) direct absorbed.
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It's easy to verify that factol® and T remain unchanged at exchanging incidence andnhittesl anglesg , ¢'.
Eqg.s (1) can be extended to any multi step paidentie concentrator. The transmission of flux fioaput to output
apertures and vice versa takes place only throgltoupling paths and is attenuated as dictatdgigby (1). The
non coupling paths, both direct and inverse, detegnthe loss of flux for reflection and full abstigm. In the
coupling, overlapped paths (a) and (b) of Fig.at,dxample, the attenuation factor of-B path is equal to the
attenuation factor of B A path: Tag = Tga , then the relative loss of radiance of “direc€am in (a) is the same
experienced by the “inverse” beam in (b), if tharhg “direct” and “inverse” beams are unpolariz&de
attenuation factor for the radiance of “direct” bemcident on A at ¢) direction is the “local direct” transmission
efficiency r74:(A, 6, @), whereas the attenuation factor for the radiafdée “inverse” beam emitted by A &, (@)
direction is the “local inverse” transmission (esim) efficiency.(A, 8, §). We extend now these concepts to all
the points of (ia) “directly” irradiated at(¢) direction and to the same points of (ia) “invéy5emitting at (6, ¢)
direction. If the input “inverse” radiands,, is kept constant for any direction, that meanseéfput a lambertian,
source at output aperture, then the output “inVerdiancel.c™(6, ¢), averaged for all the points of (ia), must have
the same angular distribution of the “inverse” smassion efficiency.(6, @), averaged for all the points of (ia).
We can affirm therefore thafthe output “inverse” radiande-""(6, ¢) of a concentrator irradiated on the backside
by a lambertian, unpolarized source, is proporfitms#he “direct” transmission efficienoyy;, (6, ¢) of a collimated,
unpolarized beafn Equivalently, beind.c™(8, ¢) = Lc™(0) (L™ ™8, @) and 74i(6, @) = Nair(0) D746, @), we
can write:L™"(8, @) = 14:"(6, @), as affirmed at the beginning of this paragraphe theory so far exposed
establishes the validity of “inverse” method toeihe full information about the relative transnossefficiency of
concentrator in “direct” irradiatior;"®'(6, @) (see Fig. 2a).
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Figure 2. a) Scheme of “direct method” (DM). b) 8ete of “integral direct method” (IDM). ¢) Scheme'wiverse method” (IM).

Let's now consider the “isotropic direct” or “imgeal direct” irradiation of SC with constant radéani_y, as
illustrated in Fig. 2b (integral direct method &M). The total input flux is:
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where we have considered cylindrical symmetry forpdicity. The extension of equations to the gehesse is
immediate. The flux “transmitted” to the outputigual to:
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The integral transmission factor, or the “diredegral transmittance” of the concentratgy™, is given then by:
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When we irradiate the SC in the “inverse” mode (B&e 2c), the output aperture (oa), of afgg, becomes a
lambertian source with uniform radiantg,. The total input flux is:®,," =/ L, [Py , With Li,, = constby
definition. The inverse flux transmitted at outple input aperture (ia) of arég of the SC, is given by:
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where @,¢) is the direction of emission of inverse rays @ésthe concentrator anc:
emitted light. Now we define the “inverse integit@nsmittance (or emission) efficiencygp,

(6 is the radiance of
"IV of the concentrator:
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whereCye, is the geometrical concentration ratio. Let us para the two integral transmittancgs™ and 7,,,™:
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In the special casky, = L;n, , the total integral flux transmitted in the “dité and the “inverse” directions is the
same: @y *" = @,,°", because the flux transmitted through the eleargroupling paths in “direct” and “inverse”
directions is the same. Then we have:
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Eqg. (8) allows to calculatgy;(0) by IM measuringlLc"Y(0), the average on-axis radiance of SC, byg the
radiance of the inverse lambertian source. To perfinese measurements we need to orient the CCBrdsvthe
(ia) and to record its image. The average intertitya) is proportional td.-"™(0), while the intensity of receiver is
proportional toL;,,. These measures are easy for CPC concentratoese e receiver is visible. For refractive
concentrators the image of receiver must be takereimoving the lens in front of the concentratanori Eq.s (7)

and (8) we obtain:
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that is: for equal transmitted flux in the two ditiens, the “inverse integral transmittance” of @iS Cy, times its
“direct integral transmittance”, and: the “inputetit integral flux” needed to sustain an equalgrnaitted flux in the
opposite directions i€y, times the “input inverse integral flux”.
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