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Abstract: This work describes a method for 
evaluating quantitatively the daylight admittance of 
wi ndows under any outdoor condi ti ons in terms that 
make it possible to calculate interior light distri­
bution. The work is based on a new concept in quan­
ti tati ve dayl i ght analysi s, the "Transmi ssi on Func­
ti on Approach", developed by the author whil e prepar­
ing graduate thesis (1976 and 1982) l2J, [3J. and 
l4J. 

The visible daylight flux introduced through a 
window (or other daylight-admitting aperture) can be 
considered, from the point of view of the internal 
space, as being emitted from a point source or from a 
fi ni te-area uniform source. The photometri c proper­
ti es of those 1 i ght sources are defi ned in terms of 
the well-known candlepower distribution curves. The 
ways in which this approach can be applied for dif­
ferent window designs are demonstrated. 

Thi s approach to the photometri c properti es of 
window systems allows one to translate typical day­
lighting calculation problems into a format in which 
they can be resolved using traditional electric 
1 ighting calculations or computer codes. Even 
"dayl i ghted-ori en ted" computer codes are 1 imited as 
to the geometri c complex ity of the wi ndows they can 
model--this method eliminates such limitations. It 
will al so contri bute to a better understandi ng and 
visual ization of the photometric properties of vari­
ous wi ndows and other dayl i ght-admi tti ng el ements. 
This approach, therefore, may also serve as an educa­
tional tool. 

Introduction 

The sun and sky, as modified by meteorological 
condi ti ons, are the prime sources of dayl i ght. In 
addi ti on, those primary 1 i ght sources interact wi th 
the observer's nearby environment, including ground 
surface, buildings, and other surrounding objects. 
The results of that interaction create an "external 
luminance scenario" for observers inside a built 
space. This scenario may occupy up to a 4. steradian 
solid angle; however for many practical applications, 
i nformati on concerni ng 2. steradi an of that scenari 0 

is sufficient. 
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The traditional methods for calculating daylighT. 
admitted through windows (for example L1j), find a11 
the possible photometric 1 inks between the interna1 
poi nt of interest and the external 1 umi nance 
scenario, including reflections and interreflections 
between the wi ndow and the deta i 1 s of the i nterna 1 
space. In these methods the photometri c 1 inks are 
quantitatively defined and repeatedly calculated for 
thei r contri buti ons to the 1i ght 1 evel as the resul t 
of specific outdoor luminances. 

_ The approach described in thi s work makes a 
methodological separation between the outdoors and 
the indoors in daylighting ca1culations •. A calcu­
lated or measured term, the equi va 1 ent 1 i ght source, 
is defined as an imaginary light source;-a point 
source or a fi ni te area of uniform properti es. Thi s 
source, when installed inside the space in place of 
the original window, wou1d create an illuminance dis­
tribution similar to that created when the window is 
in pI ace. 

One of the potential benefits from separating 
indoor and outdoor spaces for calculation purposes is­
that daylighting calculation becomes analogous to 
electric lighting; thus conventional methods of cal­
culating illumination from electric luminaires can be 
used for daylight. The designer need not be involved 
with fenestration details and special daylighting 
practices or calculations when this approach is used. 
Thus this approach also makes it possible to analyze 
the daylight performance of fenestration systems, 
including complex sun control systems, under all sun 
and sky conditions. This is a necessary prerequisite 
for analysis of the annual energy impacts of day­
lighted buildings. 

Method 

The basi c concept behi nd the proposed method is 
that, at the initial stage, the window should be 
analyzed for its capacity to introduce viSible radi­
ant fl ux (dayl i ghti ng, in thi s case) as a resul t of 
all possible locations of outside pOint 1 ight 
sources. The analyses have to be performed 
separately for each one of those light sources, 
assigning to each the same normalized intensity 
value. The results should be kept in a form that 
preserves their directional properties. 



The 'full set of those properties is called the 
transmission function (L2J, L3J), and each specific 
.... indow has only one particular fonn of that function. 
To iJse -uie transmission function to detennine what 
kind of equivalent light source a specific window 
will be under specific daylight conditions. the fol­
lowing two steps are required: 

* The light-introduction properties for each input 
direction that made up the transmission function 
must be multiplied by the actual lighting inten­
sity values of each of the real outside light 
source el ements'. 

* Those resul ts, when superimposed (superpositi on 
is possible because of the additive properties 
of the visible radiant flux), create the 
equivalent light ~ properties of the 
daylight-introducing window. 

To reduce significantly the volume of work asso­
ciated with the creation of the transmission function 
data base infonnation, it is feasible to assume that 
the outdoor light sources are located far enough from 
the wi ndow that each one of them can be seen as if 
radiating only coll imated and unifonn flux on the 
window. 

The practi ca 1 meani ng of that assumpti on is 
that, from the window plane towards the outside, 
there may correspond, to every di recti on of observa­
tion only one possible external 1 ight source, located 
infinitely far away. 

Application 

For indoor daylight distribution calculations, 
there are different options for using the ,equivalent 
~ ight source approach: 

A. In the Single Transmittance Approach, 

1. all visible flux can be assumed to be emit­
ted from a single point source located,for 
examp 1 e, at the center of the ori gi na 1 wi n­
dow area. 

2. the emitted flux may be divided into several 
pOint light sources of equal directipnal 
properties. 

3. the emitted flux may be assumed to originate 
from a finite light ~ource planar area of 
unifonn photometriC properties. 

Remark: In all of the above cases, the ori­
ginal directional distribution properties of 
the radiant flux as defined in the transmis­
sion function data base are preserved. 

B. In the Mul ti pl e Transmi ttance Approach, 

the window can be subdivided into several seg­
,.1ents. For each one of the created sub-wi ndows, 
a sep,arate transmi ssi on functi on data base; have 
to be found. The new sub-transmission functions 
will be applied in one of the fonns: A(l), A(Z). 
or A(3). It should be observed that this subdi­
vision strategy may also compensate for the sim­
p 1 i fi cati on suggested earl ier, that of assumi ng 
that the outside light sources are distant 
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enough to shed only collimated and unifonn radi­
ant flux on the windows. Choosing between these 
opti ons is simil ar to choosi ng between the 
options for dimensions of luminaires with 
respect to their distances from a calculated 
reference. This is a traditional issue in elec­
tric illumination and the same considerations 
applied to electric lighting can be applied to 
daylighting. 

To complete this concept of the suggested auton­
omy of indoor daylighting calculations. it may be 
necessary (depending on the relative size of the win­
dow area compared to the interior envelope and its 
reflectances) to assign an equivalent reflectance 
property to the window area as seen from inside. 
This can be either measured, or estimated based on 
knowl edge of the real wi ndow details. 

The Transmittance Data Base 

Knowl edge of the specifi c transmi ssfon functi on 
data base is essential for using the equivalent light 
source or candl epower method. Once the transmi ss i on 
functi on has been estab 1 i shed for a parti cul ar wi ndow 
system, it becomes a unique and complete property, 
1 ike a personal i zed photometri c fi ngerpri nt of the 
system, containing all of the possible radiant fl ux­
fil teri ng properti es of the system; Thus, thi s 
infonnation can be used repeatedly to account for the 
system's photometri c perfonnance in an endl ess 
variety of daylighting circumstances. 

As mentioned in Refs. l2J and l3J, there are two 
basic methods that can be used to establish the 
transmission function data base for a particular 'day-
1 i ghti ng system: 

(A) A photometri c method 

(B) A mathematical method 

Method (A) is based on experimental photometry. 
This method requires either a prototype of the real 
system being analyzed, a representative sample of it, 
or a photometrically correct scale model .of the sys­
tem. The analysis is perfonned by ill uminating the 
exterior of the system with a reference beam, and the 
resu 1 ti ng transmitted fl ux is di recti ona 11 y scanned. 

The author is developing an automated facil ity, 
the luminance transmittance scanner, deSigned to per­
fonn these measurements quickly and effiCiently. . 

The advantage of the experimental method is that 
it is unaffected by the design details of the 
analyzed system. So long as the correct sample or 
scale model is provided, the measurements can be per­
fonned, and the transmission data base established. 

Method (B), the mathematical approach, takes 
different fonns dependi ng on the photometri c proper­
ties of a particular system. For example, a ray­
traCing method may deal with specul arly reflective 
elements but is inefficient for diffusive or semi­
diffusive surfaces. 

At, present, there is no general mathematical 
method that can be computeri zed to cal cul ate 
transmi ttance data base properti es regardl ess of the 
photometriC properties of the analyzed system and the 
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diversity and complexity of its details. The example 
presented below is one mathematical approach, the 
applicability of which is clearly limited by the pho-· 
tometric properties of the analyzed system. 

Demonstration of the Method 

The particular window design chosen is shown in 
Fig. 1. A horizontal, sloped overhang is part of the 
window. The thickness of the frame in which the win­
dow is set is accounted for in the analysis. How­
ever, this sample analysis will deal only with the 
direct penetration of light through the windows under 
consideration. This assumption is applicable when 
the textures of the wi ndow detai 1 s have very low 
ref1 ec tance, so the quantity of 1; ght adm; tted 
through reflection and interref1ection among those 
detail s is ; nsi gn; fi cant compared to the quanti ti es 
of 1 i ght admi tted to the i nsi de through di rect pene­
tration. It is also assumed in this example that 
there is no glazing installed in the window frame. 

Using these assumptions, the capacity of the 
example window (see Fig. 1) to transfer collimated 
uniform flux is directly. proportional to the open 
area it defines when observed from a particular 
direction, which can be formulated in geometric 
terms. The full calculated (composed of 2- domain of 
directions) transmission function data base of this 
particular window is shown in polar coordinates in 
Fig. 2. 

To transl ate the transmission function informa­
tion into specific 1 ight source properties, we must 
weight it with actual external luminance distribution 
values and the actual dimensions of the window must 
be defined (for the initial analysis, its geometry 
may be dimensionless). 

Assuming the sky to have a standard "overcast" 
luminance distribution and the ground (everything 
be low the hori zon 1 i ne) to be of constant 1 umi nance 
(1(5 of the zeni th sky 1 umi nance), we determi ne the 
equivalent candlepower properties of the visible flux 
introduced by that window, as shown in Fig. 3. 

Discussion and Conclusion 

The method proposed in this work was demon­
strated using photometric quantities (the definitions 
of those quantities include integration over the pho­
tJtopi c curve). However, the same concept can be 
used in a spectrally separative way, so that for each 
narrow band of visible spectrum, there is a separate 
transmission function data base. This might be par­
ticularly useful to account for window systems having 
spectrall y sel ecti ve properti es, and for the poten­
ti ally dynami c qual i ty of dayl i ghti ng scenari os wi th 
respect to their spectral characteristics. The same 
approach may be app1 icab1 e to parts of the spectrum 
outside of the visible range, ie, the I.R. and the 
U.V. 

This work assumed that windows fil ter only in 
one way -- from outside to inside. This is because, 
during the day, light levels outside are so much 
higher than those indoors that quantitatively signi­
ficant interaction (with potential feedback) between 
those two environments exists only in one direction. 
It also be should realized that quite often, and in 

-3-

particular with multi-element filters, like some 
fenestration systems, transmittance may be direction­
ally dependent. As a result, the transmission func­
tion data base (T.F.D.B.) from outside to indoors, 
may not be equal to the TFDB from indoors to the out­
side. 

It should be mentioned that it is possible to 
establish a reflection function in a similar way to 
the transmission function. If this reflection func­
tion is applied to a window as observed from outside, 
the difference between the functions (transmission 
minus reflectance) will account for the radiation 
absorbed within the window system •. 

This work outlines a step-by-step method to make 
indoor daylighting calculations possible using elec­
tric illumination calculation methods. Thus this 
approach has the potenti alto be implemented in day-
1 i ghti ng computer codes, as is bei ng done wi th the 
'SUPERLITE' program l5J, l6J. This approach also 
provides a tool for compact visualization of the day­
light admittance properties of different fenestration 
systems. 

In addition, this method can be used to deSign 
new systems, using interior requirements and external 
dayl i ght avail abil i ty as bases for defi ni ng proper­
ti es of the desi red transmi ss ion functi on. If an 
existing system's transmission function will not fit 
the requirements, a new window system ystem could be 
designed to meet those expectations. 
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