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(ABSTRACT) 

There is a growing recognition in design professions that lighting is a significant factor 

in energy consideration. This has generated an interest in daylighting; the bringing of direct 

and diffuse daylight into buildings to reduce the use of artificial lighting. Many methods exist 

for quantifying diffuse daylight distribution for use in the design of buildings, but the methods 

vary widely both in technique and capability. Moreover, no present method deals with direct 

daylight (sunshine) distribution. Additionally, none have taken advantage of improvements in 

computer technology that make feasible more complex mathematical computational models 

for dealing with direct and diffuse daylight together. 

This dissertation describes the theoretical development and computer implementation 

of a new mathematical approach to analyzing the distribution of direct and diffuse daylight. 

This approach examines light transfer from extraterrestrial space to the inside of a room 

based on the principles of astrometry, solid geometry, and radiation transfer. This study dis-

cusses and analyzes certain aspects critical to develop a mathematical model for evaluating 

daylight performance and compares the results of the proposed model with 48 scale model 

studies to determine the validity of using this mathematical model to predict the daylight dis-

tribution of a room. Subsequent analysis revealed no significant variation between scale 

model studies and this computer simulation. Consequently, this mathematical model. with the 

attendant computer program, has demonstrated the ability to predict direct and diffuse day-

light distribution. Thus, this approach does indeed have the potential for allowing designers 

to predict the effect of daylight performance in the schematic design stage. 



A microcomputer program has been developed to calculate the diffuse daylight distrib-

ution. The computation procedures of the program use the proposed mathematical model 

method. The program was developed with a menu-driven format, where the input data can be 

easily chosen, stored, and changed to determine the effects of different parameters. Results 

can be obtained through two formats. One data format provides complete material for ana-

lyzing the aperture size and location, glass transmission, reflectance factors, and room ori-

entation. The other provides the graphic displays which represent the illuminance in plan, 

section, and 3-dimensional contour. The program not only offers a design tool for determining 

the effects of various daylighting options quickly and accurately in the early design stage, but 

also presents the daylight distribution with less explanation and with more rapid communi-

cation with the clients. The program is written in BASICA language and can be used with the 

IBM microcomputer system. 
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CHAPTER 1 INTRODUCTION 

1.1 Problems 

Fenestration is a significant factor affecting architecture, whether from the view point of 

aesthetics, function, or economy. Most building designers are well trained in aesthetics and 

building function in architectural design. International events and the resultant energy crisis 

in the ?O's forced a reexamination of energy use patterns in building design. Consequently, 

the concerns of energy consciousness also apply to the design profession. The building design 

professions need to examine their current curriculums and available resources to determine 

the extent of the need for adaptation of energy-related training for assisting in their decision-

making on energy related design. 

Lighting accounts for 20 percent of the total electrical energy consumption in the United 

States, or 420 billion kWh per year. 1 This represents over 5 percent of the total national energy 

consumption. Therefore, effective use of daylighting is considered one of most promising en-

ergy conservation strategies in building design. 

Daylight and the view from windows have always been desired by building occupants for 

a variety of reasons. Building designers responded to these desires but also have used 

fenestration as a formal element of design expression. When efficient energy utilization re-
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cently became an important national concern, new design issues emerged which suggested 

that reduced fenestration was the appropriate response to diminishing energy supplies and 

rising utility bills. Today this response is recognized as simplistic and frequently incorrect, but 

definitive daylighting predicting methods are not available to provide for appropriate archi-

tectural solutions. 

Unlike other elements which can be exactly determined building, daylight is constantly 

changing. The designers can fix the dimensions of solids and cavities, the orientation of the 

buildings, the arrangement of the interior. etc. Daylight is an element that designers cannot 

control easily. Its intensity changes from hour to hour, day to day, and season to season. How 

can this unstable element be predicted correctly to assist designers in their decision-making? 

How can it be utilized efficiently and appropriately when the artificial lighting is also involved? 

1.2 Background and Need for Study 

Daylight, like other natural resources, is free. Many reasons have been offered for ad-

mitting daylight into buildings such as energy conservation, the promotion of health, the psy-

chological response, and the belief that daylight is inexhaustible. 

Although the value of daylight has been appreciated for centuries. little was done to 

predict its behavior and how it transits into the interior until the end of the nineteen century. 

In 1885, L. Weber recorded the practical significance of the ratio of internal to external 

illuminance, and this ratio was explained in rule-of-thumb calculations of window size.2 In 1895, 

A.P. Trotter who became in 1909 (one of the founders of the Illuminating Engineering Society). 

devised a portable photometer for measuring light intensities and suggested that it would be 

useful in understanding the daylight coefficients of certain buildings; Trotter's "coefficients" 

are today's daylight factors.2 

Many researchers have contributed results to the definition and measurement or predic-

tion of both quantity and quality of the daylighting conditions in architecture. These re-
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searchers include P.J. Waldram, J.M. Waldram, and J. Swarbrick in the architectural 

profession from 1920's to 1960's; the remarkable group of workers led by Allen, Beckett, 

Dufton, Hopkinson and Petherbridge at the Building Research Station in Britain; the team at 

the Texas Engineering Experiment Station led by W. W. Caudill, B. H. Reed, and E. E. Vezey; 

the group at Southern Methodist University led by Arner, Conover, and Griffith who developed 

the lumen method, the most accepted method to predict daylight distribution in United States; 

and many others across the world. 

Existing methods for prediction of daylight can be analytic or computational or graphic; 

they can be in the form of graphic tables and computer programs or protractors and physical 

models. Fifty-eight recognized daylight design methods are listed in the 1970 CIE 

publication. 3 Most were originated in European countries where cloudy skies are the typical 

minimum brightness condition, and few are well suited to United States where clear skies 

prevail and direct sunlight is involved. 

These existing methods for calculating and analysing daylight distribution can be divided 

into two categories: those that use assumptions which may reduce flexibility and accuracy; 

and those that use large-scale computer programs, which, although they may be more fiexible 

and accurate, require the preparation of detailed input data, not user friendly, and access to 

computers or time-sharing computer facilities. Some of these methods are limited to schemes 

of maximum utilization of daylight and only predict illuminance levels at certain points in 

building interior. 

Computers may be useful in daylighting design, but daylighting analysis techniques need 

further development to take advantage of their tremendous potential. Most of the current 

computer modeling techniques are based on an oversimplified idea of the window or on 

oversimplified experimentally established empirical relationships. Some are useful in energy 

analysis for the statistical determination of the number of hours that lights could be off. A 

number of computer programs have been developed for energy analysis, but they are based 

on certain assumptions about the thermal design of a building. Daylight performance has been 

incorporated experimentally into several of these programs, but the results have yet to be 
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validated by comparison with actual conditions. None is at a state 'where a designer could use 

it with confidence. The problems of validation and the implications of the simplified data used 

in these computer programs have yet to be resolved. 

Design is not a one-way, linear problem-defining, decision-making, and solution-finding 

process. Building designers move back and forth between defining problems, making deci-

sions, finding solutions. and some other elements of this iterative design process until an ac-

ceptable configuration has been reached. It is also probable that the criteria and conditions 

of design problems change constantly and cannot be well defined. 

The design process requires an analytical tool capable of quick responding, affordable, 

and repeatable, is user friendly, and has the ability to interact with the designers at different 

levels of specificity. Most existing methods for daylight analysis tend to be either incomplete, 

too complex in calculation procedures, or require long periods of expensive design time, and 

consequently have not been broadly accepted in the design profession. Therefore, there is a 

need for an mathematical model with a microcomputer appropriate for the process of de-

signing. The mathematical model, developed in theoretical from the viewpoint of the physics 

of light and processed with mathematical relations, should provide the reliability, accuracy, 

and generalization in daylight analysis that will sufficiently assist designers in their dynamic 

design process. 

1.3 Purpose and Objectives of Study 

The purpose of this study is to develop a user friendly, quickly responsive, computer-

aided daylighting design tool for use by building designers in schematic design phase, and 

thereby advance the utilization of daylight in the built environment. This tool can provide de-

signers an idea of the daylighting performance of their designs, case by case. and provide 

them a better opportunity through self-training to develop intuitive understanding of daylight 

situations. 
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The primary objectives of this study are: (1) to develop a mathematical model which has 

the ability to separately calculate the illuminance influences of exterior sources both directly 

and from the inter-reflection phenomenon to any reference point in a rectangular room. This 

analytical model has the ability not only to predict the total illuminance received for any inte-

rior point, but also has the ability to analyze the influences of reflectance factors; and (2) to 

develop a microcomputer program based on the above mathematical model which has the 

ability to predict daylight distribution, to produce graphic representations, and to interact with 

a designer at different stages of specificity. 

1.4 Limitations of study 

This study has been pursued under the following assumptions: 

1. In a certain time and place, all the sun's rays are considered parallel. 

2. There is no loss of luminance or illuminance when light travels through the air.( actual loss 

of luminance is so small as to be insignificant) 

3. The illuminance directly from the sky vault and indirectly from the exterior ground is as-

sumed to be homogeneous and isotropic; that is, the entire sky vault and the ground are 

uniform with constant physical properties in all directions. 

4. The daylight availability models used in this study are correct; in other words, the errors 

of the models in predicting available daylight are outside the scope of this study. 

5. The shape of any room to be analyzed must be a rectangular solid with six surfaces, and 

with rectangular windows. 

CHAPTER 1 INTRODUCTION 5 



6. The windows are a secondary source of diffuse daylight instead of the primary source( sky 

vault or exterior ground) under the diffuse daylight situation. 

7. The sky vault and the exterior ground appear to merge at an infinite distance from the 

opening of a room. This defines the boundary. determined by the height of the point being 

calculated, which separates the exterior sources of diffuse daylight as being either the 

sky vault or the ground when calculating the luminance directly incident from the exterior 

to the calculated point. 

1.5 Methodology 

Achieving the objectives and purposes previously stated is dependent upon the method-

ology for determining the natural light from extraterrestrial space that reaches a room and the 

inside of a room, and the knowledge of related microcomputer hardware and software. The 

approach in each stage of this study follows. 

Based on the knowledge of the sun-earth relationship, the solar altitude, the solar 

azimuth, and the related profile angles are calculated. These angles are used for determining 

the direction of direct sunlight incident to a room and is the major factor in deciding diffuse 

daylight availability. 

A celestial sphere and a 3-dimensional rectangular coordinate system is established to 

ain in describing the relationship between the sun and a room, and the plane and solid ge-

ometry of a room. The direct sunlight distribution inside a room is calculated via trigonometry 

and 3-dimensional geometry. The unit-sphere method with the inverse-square and cosine laws 

of light are employed to analyze the inter-reflection phenomenon caused by the direct sunlight 

penetrating the windows and to calculate both the direct and inter-reflective illuminance for 

any point in the reference plane. 
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The diffuse daylight distribution, excluding the inter-reflection phenomenon inside a 

room, is obtained with the assumption that the windows are a secondary source of diffuse 

daylight. A unit hemisphere, Lambert's cosine law, and the inverse-square law are used to 

obtain the relation between the window area and any point in a room. Using the known ex-

terior luminance with the double integration method, the illuminance for points in a room are 

calculated. The method for obtaining the illuminance increase caused by the inter-reflection 

of diffuse daylight is the same as the method used for direct sunlight. 

The computer simulation for the proposed mathematical model was written with a high 

level language---BASICA. The zoning method was used to develop the computer program for 

calculating the illuminance caused by the inter-reflection phenomenon both in direct and dif-

fuse daylight situations. The Bicubic Spline Surface fitting mathematical method4 was used 

to develop a user friendly program for the 3-dimensional graphic representation. 

A 16-channel photo-sensor and an analog-signal to digital-code interface board were 

designed to overcome the simultaneous photometry problem in the process of data acquisi-

tion with scale model studies. The polynomial correlation coefficient function test for cali-

bration of photocells and the difference analysis for validation of the mathematical model 

under the statistics analysis system in CMS at Virginia Tech were executed to verify the ac-

ceptability of this study. 

1.6 Organization of the Remainder of the Study 

The results of this study are presented in the following order: Chapter 2 treats past re-

search related to this study in the areas of daylight availability, daylighting design methods, 

scale model studies and photometry, and computer-aided daylighting analysis. 

Chapter 3 and 4 present the process of developing the mathematical model to predict the 

illuminance for any point in a rectangular room under different sky conditions for both direct 

and diffuse daylight situations. The structure of the computer program for diffuse daylight 
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simulation is also presented to explain daylighting prediction and representation in 

computer-aided design of daylighting. 

Chapter 5 presents procedures of validation. A brief explanation of the procedures are 

as follows: It begins with design of the instruments, which includes a 16-channel photocell, an 

AID converter card, and a computer program, for use in collect data simultaneously in scale 

models. The polynomial correlation coefficient functions have been developed via the statis-

tical analysis for calibrating and building look-up tables of each photocell. Second, the study 

of scale models, which includes model building, measuring positions, and data collecting un-

der the Skydome Daylight Simulator in the Price's Fork Research Center (PFRC) at Virginia 

Polytechnic Institute and State University (VPl&SU), are introduced. Third, the analysis of dif-

ference is used to verify the relationship between the mathematical model and the exper-

imental data. Fourth, the P-value and the confidence coefficient are employed as the critical 

values to verify the reliability and acceptability of the proposed mathematical model. 

Chapter 6 contains the findings and an analysis of the mathematical model, and dis-

cusses the implications of this study. 

Chapter 7 summarizes the important features of this study, presents conclusions arising 

from the research, and recommends areas for further work. 
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CHAPTER 2 REVIEW OF RELATED LITERATURE 

2.1 Introduction 

Although the daylight mathematical model developed herein is relatively new, many 

studies provide background and direction for the proposed study. They include publications 

in daylight availability, design methods, instrumentation, physical modeling, and computer-

aided daylighting analysis related to energy concerns. An appropriate model for predicting the 

daylight available at a given site is necessary for estimating the original source of daylight in 

developing this proposed mathematical model study. Understanding of the existing calculation 

methods of predicting daylight distribution, the techniques for scale model studies, and the 

characteristics of photometry, will give direction to research in both the conceptual approach 

and the empirical validation. Understanding use of the computer-aided program in daylighting 

helps designers to realize the potential and recognize the direction of computer-aided design 

in the future and the specifications which the design profession needs for the design process. 

Each of the aspects mentioned above is discussed in this review. 
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2.2 Daylight Availability 

Daylight availability can be defined in terms of the amount of light reaching a point in the 

earth's surface at a specific location, date, time, and sky condition.1 Available references 

suggest a member of approaches which can be divided into three categories. Type one is the 

meteorological model which is based on continuous measurements of global and diffuse 

illuminance on an unobstructed horizontal plane, such as the models of Secker,2 Kingsbury, 3 

Hunt,' Ruck,5 and Gillette. 6 Type two consists of the models usually employed in illumination 

engineering research and which assume some conditions to typify the daylight climate such 

as the works of C/E,7·8·9 and /ES 1•10·11 (Illuminating Engineering Society). Type three includes the 

theoretical or synthetic models which attempt to characterize prevailing, average daylight 

availability for definite locations or climatic zones and time periods according to practical re-

quirements, such as described in Tregenza, 12Littlefair, 13Kittler, 1'0ki, 15 Nakamura, 16 

andSelkowitz.17 (See Figure 1 on page 13, Figure 2 on page 15, and Figure 3 on page 18) 

Meteorological models are limited by location and provide no general case or formula to 

predict daylight availability in any specific area. Theoretical or synthetic models are not suit-

able for comparing daylight designs, since their use is for quantifying the energy effects of 

daylighting. 

In daylight design, the usual concern is to determine the minimum daylight availability 

conditions to meet the design criteria. Thus, the typical standard approach is to predict the 

ii luminance of the standard clear sky, partly cloudy sky, and cloudy sky. To meet the minimum 

daylight distribution requirements, the standard sky conditions can be very helpful for de-

signers when they put daylight factors to use in building designs. Gillette,8 found that these 

approaches can also be used in North America with a fair amount of confidence because the 

predictions of type two approaches were found to be similar to actual measurements recently 

made in the United States. Thus, reasonably accurate comparisons can be made of daylight-

ing design alternatives without further information of the local sky luminance data. This means 
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that daylight availability can be predicted under different standard sky conditions with such 

variables as optical air mass, atmospheric extinction coefficient, cloud ratios, time, and 

season.1 

A portion of the incident light radiated from the sun is scattered by water vapor, dust, and 

other particles when passing through the atmosphere. This scattered radiation provides a 

substantial amount of daylight and normally is divided into three sky conditions: clear, partly 

cloudy, and cloudy. The National Bureau of Standards (NBS) uses the Sky Ratio Method22 and 

the National Oceanic and Atmospheric Administration (NOAA) uses the Sky Cover Method to 

describe these three sky conditions. Both methods defining sky conditions as follows: 

clear sky = sky ratio ~ 0.3 or sky cover between 0 to 3 tenths 

partly cloudy sky = 0.3 < sky ratio < 0.8 or sky cover between 4 to 7 tenths 

cloudy sky = sky ratio ;;::: 0.8 or sky cover between 8 to 10 tenths. 

The sky ratio is the ratio of horizontal sky irradiance to global horizontal irradiance. The sky 

cover is determined by visual observation of the amount of cloud cover. Cloud cover is re-

ported in tenths and is expressed in a range from 0 for no clouds to 10 for complete sky cover. 

The sky ratio method is inaccurate at low solar altitudes, requiring some corrections of diffuse 

daylight availability at sunrise and sunset. 

IES General Equations 

Researchers propose different equations within different models for each of the three 

conditions of diffuse sky. Solar altitude is the factor which most affects these equations. Other 

factors such as atmospheric turbidity, sea level, cloud type, cloud amount, and snow cover 

are also recognized as affecting the sky illuminance. But these factors also appear to have 

only a slight affect on sky illuminance, thus, can usually be ignored. The IES Calculation Pro-

cedures Committee (IES-CPC) proposed the following general equation1 (Equation 2.2.1) based 

on the horizontal illuminance from the sky (excluding direct sunlight) versus solar altitude: 
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Ed = A + B ( sin Al (2.2.1] 

where A, B, and c are the daylight availability constants, and Ar is the solar altitude. 

The general equation form comes from many equations which were presented by differ-

ent researchers (see Figure 1 on page 13 . Figure 2 on page 15 , and Figure 3 on page 18 ). 

Though these researchers have proposed different equations to predict diffuse daylight avail-

ability, their plots are similar and all fall within the approximate range of the measurements.6 

The IES-CPC claims that this general equation form works well for all three sky conditions, 

with different values for the constants depending on whether the sky is clear, partly cloudy, 

or cloudy. 

Clear Sky Condition 

Gillette, Pierpoint, and Treado 6 compare the equations of Lynes,23 Chroscicki, 33 

Hopkinson, 24 Krochmann, 25 Nakamura and Oki, 26 Elvegard and Sjosteddt,27 and Jones and 

Condit28 and plot the diffuse clear sky illuminance as a function of solar altitude in some of 

these equations. They found that not only a consistency for such sky condition, but also a 

consistency for other locations. One important fact that appears from Gillette et. al's compar-

ison is that all the equations and measurements fall within the same approximate range ( 

Figure 1 on page 13 ). Therefore, because most of the suggested equations plot the idea in a 

similar way, and because the general equation 2.1.1 is still apparent among these equations, 

Gillette recommended that the general equation for clear sky condition be: 

Edclr = 0.8 + 15.5 ( sin Ar )05 (inKLux) [2.2.2] 

Gillette's equation is virtually the same as the Krochmann equation25 with a slight adjustment 

for the sunrise and sunset hour illuminance. Figure 1 on page 13 shows the clear sky diffuse 

illuminance as a function of solar altitude for several equations. 

CHAPTER 2 REVIEW OF RELATED LITERATURE 12 



DlfrtJSE DAYLICHT AUAILABILITY ---CLEAR SKY 

A IES Suggested Model in Study 
18 /J. Kl'ocJ.ann' s Model 

O Chroscicki' s "odel 

16 

14 

12 

19 

I 
49 

I Piel'point' s ftodel 
O Elvega!'d's I Sjostedt's Model 
f Lynes' s Model 

I I 
5Q 69 

I 
79 

Sola!' Altitude---degree 

Figure 1. Comparison of Diffuse Daylight Availability Models Under Clear Sky Condition 
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Gillette compares this equation with the existing values given in the IES Reference 

Vo/ume,29 and found that these equations are still representative of the larger data base. 

Nevertheless, equation 2.2.2 shows itself more representative of the larger data base and 

should be applicable for other locations as well. This equation also was accepted by IES-CPC 

in 1984.1 

Partly Cloudy Sky Condition 

Much attention in the past twenty years has been directed to resolving the issue of the 

partly cloudy sky condition. Though many researchers have proposed luminance distributions 

for the partly cloudy sky condition, it is difficult to attach substantial meaning to any single 

equation for such an unstable sky condition. Nevertheless. progress has been made in ap-

proximating the dynamics of the nonstandard, nonperfect sky and in suggesting ways of 

dealing with these dynamic skies. Lynes23 and other researchers such as Hopkinson, 24 

Elvegard and Sjostedt, 27 Nakamura and Oki, 26 and Gillette et. al. suggest simple equations to 

predict partly cloudy sky condition. These equations ( Figure 2 on page 15 ) are very similar 

with the IES's general equation, and most of them fall within the band of the measurement 

shown in Figure 2 on page 15.6 Therefore, an expression analogous with' the partly cloudy sky 

can be written as: 

Edpc = 0.3 + 45.0 sin A, (inKLux) [2.2.3) 

Equation 2.2.3 may not be commonly experienced under the real sky, but it is fairly represen-

tative of these general conditions and provide a means of predicting daylighting design alter-

natives without being concerned with the dynamics of the natural sky. 

Cloudy Sky Condition 
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Figure 2. Comparison of Diffuse Daylight Availability Models Under Partly Cloudy sky Condition 
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A cloudy sky is defined as a cloud ratio greater than 0.8; the presence of clouds which 

almost cover the complete sky and cause the sky to be less stable. Factors such as cloud 

density, water vapor, cloud height, and air pressure difference are continuing changing and 

effect the predictability of daylight availability. Kittler30 in his paper shows that cloud type and 

snow cover alone could vary the overcast horizontal illuminance by as much as 300 percent. 

Several researchers proposed equations to predict cloudy sky condition. Figure 3 on page 

18 is the comparison of these equations. Absolute overcast sky models are given by: 

Kittler14 

Edavr = 9.75 X ( 1 + sin Ar) sin Ar (inKLux); 

Hopkinson 24 

Edovr = 0.215 X Ar (inKLux); 

Feitsma 31 

Edovr = 0.467 X Ar (inKLux); 

Nakamura and Oki2' 

0.5 + 42.5 x sin Ar (inKLux); 

Elvegard and Sjostzdt27 

. 10-01 = 0.26 x ( 123.2 sin A,) ( -. -A- ) + 0.54 ( 16.25 sin°·5 A,) 
Sin t 
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(inKLux); 

[2.2.4) 

[2.2.5) 

[2.2.6) 

[2.2.7) 

[2.2.8) 
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Pierpoint6 

Edovr = 0.2 + 0.31 X A, + 10.3 X ( 1 - COS A,) (inKLux); [2.2.9) 

Krochmann 32 

Edovr = 0.3 + 21 X sin A, (inKlux); [2.2.10) 

where 

A, = solar altitude. 

Equations 2.2.4, 2.2.5, 2.2.6, and 2.2.8 give Edovr = 0 for solar altitude ( A,) equal to zero. 

Equation 2.2.8 is not acceptable for the case when A, =O. The factor 0.467 in equation 2.2.6 

seems to be too large. In equations 2.2.5 and [2.2.6 Edovr is given as a linear function of solar 

altitude, which is not likely a good idea to predict cloudy sky illuminance. However, Figure 3 

on page 18is evident that some of these expressions plot the diffuse illuminance in approxi-

mately the same way, and given the scatter in the data, imply the sufficiency of the more 

simple forms. Especially the Krochmann's equation 2.2.10, which is generated from a large 

data base since 1923 to 196232 (not a continuous data base), probably the best fit to the insta-

bility of the cloudy sky condition, is also among the simplest. Furthermore, the values used in 

the IES Reference Volume (shown) demonstrate that this equation is in general agreement 

with the IES reference data as well. 

2.3 Daylighting Calculations 

There are many recognized methods for calculating the illuminance level inside a 

room 33 as mentioned in chapter I. Most were developed in Europe, where cloudy skies prevail, 

and few are well suited to United States, where the clear sky prevails. Most of these calcu-

CHAPTER 2 REVIEW OF RELATED LITERATURE 17 



.. .. .. 

45 

49 

35 

39 

25 

DIFFUSE DAYLIGHT AUAILABILITY---CLOUDY SKY 

.i Haka1mra' s A Oki' s Hodel 

0 IES l KrochMann's Hodel 

D. Hopkinson' s "°del 

I 

I I I I I I 
Q 19 29 39 49 SQ 69 79 

Solar Altitude---degree 

I 
89 

Figure 3. Comparison of Diffuse Daylight Availability Models Under Cloudy Sky Condition 
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lation methods can be divided into two groups: the lumen method and the daylight factor 

method. 

The lumen method,34 of daylighting based on the extensive empirical data from building 

measurements as well as model studies under an artificial sky, was developed by J.W. Griffith 

at Southern Methodist University and adopted by /ES. 3~ This method, which can consider both 

clear and overcast sky conditions, was developed originally for Libbey-Owens-Ford 

Company 36 and is widely used in the United States. It allows comparison of various window 

wall schemes and their economic tradeoffs with HVAC and electrical lighting value. Factors 

such as ground and wall reflectances, diffusing shades, glass transmittances, sky conditions, 

and direct solar radiation are included in the method. 

The lumen method is limited to schemes of maximum coefficient of utilization of daylight, 

and it predicts illuminance levels on a center line from the windows at five feet from the back 

of the room, five feet from the front, and at the center point. The method was designed to 

evaluate schemes of different window management, as well as fixed controls, to obtain the 

total benefits of daylight utilization, rather than meeting a minimum requirement. The method 

is applicable to a limited range of window configurations and accurate only for points situated 

along the center line from the window; it is also limited to vertical glazing. 

The daylight factor method,37 is used in Europe, particularly in Britain where design aids 

such as protractors, nomographs, tables and graphs have been developed by A.F. Dufton38 

and J. Longmore39 for easy determination of daylight factors at various stages of the design 

process. Unlike the lumen method, the daylight factor method can predict daylight at any point 

in the room and can be used for a wide range of window configurations, but without sun inci-

dent on the window. The daylight factor is described as the ratio of interior illuminance at a 

given point to the available illuminance from an unobstructed sky, received at a reference 

point. 

The daylight factor method allows non-uniform sky luminance distribution and is sensitive 

to the position of a window in a wall. There is no limit to room size or shape, and it accom-

modates nonvertical glazing. Its capacity to respond to shading devices and clear sky condi-
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tion is limited. Direct sun is excluded. The daylight factor method, however, does provide a 

relative measure of all daylight, not only directly from the sky, but also from visible exterior 

surfaces and from light inter-reflected between the room's interior surfaces. 

2.4 Scale Model Studies and Photometry 

Of all the methods used for studying a proposed building while it is still at the design 

stage, the use of scale models is probably the most reliable daylighting evaluation tool. 

Evans.t-0 points out difficulties in the technique of model studies such as lack of detail in the 

model building as compared to the full-scale building, the determination of the sky condition 

for model simulation, and the spectral difference between instrument response and the visual 

range of the human eye. Although these technical problems do exist, model studies provide 

information to assist designers in daylighting analysis. The advantages of the physical model 

studies in daylighting are: 

1. A crude model can provide an approximate illuminance level. 

2. Single-element design comparisons can be made easily and quickly. 

3. Physical scale model studies are common in professional offices and, with slight modifi-

cations, can result in a sensitive design tool for daylighting analysis in addition to con-

tinuing to be an effective communication device. 

4. Physical scale models provide opportunities for quantitative and qualitative study through 

visual observation and/or photography. 

5. Model studies can provide quick evaluations with a minimum time, cost, and effort. 
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A full-scale model of the interior of a building or a room is a true subjective simulation 

of the lighting conditions and permits a precise evaluation to be made of the illuminance in its 

photometric aspects. The scale of the model and the amount of detailing are dependent upon 

the use to which the model will be put. Photometric studies alone do not require the simulation 

of visual appearance detail, but the model should be true to scale and the main internal sur-

faces must have reflectances corresponding to those of the room being simulated. Where a 

surface in the full-scale room consists of a number of small surfaces or objects, this can often 

be matched in the photometric model by a uniform surface of the same average reflectance. 

However, careful simulation of the window details is essential for a precise prediction. 

In theory, the scale of a model intended for photometric measurements is of no signif-

icance. In practice, scale is limited by the size of the photocell which is to be used for meas-

urements. This determines the size of the physical model, because if the photocell is too large 

relative to the model, only a broad generalization of the daylight distribution can be obtained, 

and because if the photocell is too small, the sensitivity of illuminance is not approximate for 

measuring. Hopkinson, Petherbridge, and Longmore'1 suggest that a scale of 1 in. to 1 ft. for 

models of interiors with ceiling heights of the order on 10 ft. is approximate for general prac-

tice. Larger interiors can conveniently be modelled to a scale of ~ in. to 1 ft. Evans41l finds that 

a scale of ~ in. to 1 ft. produces a convenient size model for studying a room. For larger 

buildings, a scale off or ~ in. to 1 ft. may be used if care is exercised in model construction. 

Egan'2 also suggests model scales in the range of ~ in. to 1 ft. to ~ in. to 1 ft. Usually, the 

larger the scale, the easier it will be to duplicate complex shapes. 

The most difficult problem in studying daylight with the use of models is simulating the 

sky. Sometimes the natural sky is used, but then work is limited to those days in which the 

sky luminance distribution is that desired. However, it is with this method that the greatest 

chance of errors exists, because of the changing character of the sky. This problem can be 

overcome by making daylight measurements of the ratio of interior to exterior illumination 

rather than in interior illumination only. Two factors,'1 the daylight factor and the window fac-

tor, should be employed in measurements made under the natural sky. 
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Most model studies are made with the model under an artificial sky.2·3 This has the great 

advantage that the required luminance distribution can be controlled for as long as many be 

desired. Two kinds of artificial sky, the hemispherical sky and the rectilinear sky,40·45•46 are 

used for the detailed photometric study of daylighting in scale model interiors. There are 

three requirements for the artificial sky: first, a luminous surface of known and controlled 

luminance distribution to represent the sky; second, a surface of known reflectance to repre-

sent the ground; and third, a horizon which is correctly placed in relation to the models to be 

used in the artificial sky. 

The advantage41 of the hemispherical artificial sky is that it is readily appreciated by the 

layman for what it represents. and is therefore particularly suitable for demonstration. The 

disadvantages of such a sky are two. First, the models must be of small scale in relation to the 

diameter of the sky dome. Secondly, the luminous surface of the artificial sky should not ex-

tend below the window head in the model, because otherwise light will reach the ceiling in the 

model from below the horizontal. 

The rectilinear type of artificial sky, used for teaching and general research purposes, can 

be easily constructed. The disadvantages of such a sky is that it is difficult to control the il-

lumination level that is suitable for a specific condition. 

Scale model photometry is an empirical method for predicting daylighting. Ideally, the 

quantity of illuminance measured inside a scale model is equal to the quantity of illuminance 

in a full-scale room or building. This is because the ratio between the wavelength of the visible 

light and the size of a scale model is relatively small. Besides, radiative light is addable, 

which supports testing under different light sources and measuring separately and ensures 

that the total quantity of luminance can be obtained by adding. 

Measurements of illuminance in scale model are made with photocells. Hopkinson and 

Kay47 suggest that the measurements should not be undertaken by the inexperienced because 

the process poses all the regular problems of the measurement of illumination together with 

two additional aggravations: first the need to measure simultaneously two levels of illumi-

nation, outdoors and indoors, differing by 100 to 1 or more. and second the need to measure 
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light which reaches the sensors at near glancing incidence. Simultaneous measurement of 

outdoor and indoor illumination is necessary to obtain daylight factors. With appropriate 

interface system between photocells and a microcomputer, the difficulty of simultaneous 

measurement is resolved. The second of these difficulties is met by a photometer which in-

corporates a degree of "obliquity error" correction not normally used in the photometry of in-

terior lighting. 

There are four requirements of the photometer for daylight measurements. First, the 

photometer must be color corrected, which makes it sensitive only to the visible portions of 

the sunlight spectrum. Second, it must be cosine corrected, which makes the photocell sen-

sitive to the incidental light coming between the horizontal and 90° from the vertical. Third, the 

size of the photocells must not be too large in relation to the dimensions of the scale model. 

Fourth, the linearity of the photometer must correlate with the expected range of measured 

quantities. The photometer should be capable of measuring from 1 to 12,000 footcandles.'0 

regular calibration is required. 

Evans'° suggests that 9 measuring points in rectangular rooms are suitable in model 

studies. The positioning of the photocells within the model can be chosen based on the de-

signer's need for the particular conditions of his design. 

With the greatly improved computer technology in the past decade, the data acquisition 

method of model studies in daylighting can be interfaced with microcomputers which enables 

the multiple photometric sensors to be recorded simultaneously. Two interfacing systems 

have been developed to execute data acquisition in daylighting experiments. One is the 

SAM48 (Serial Analog Module) with the EPSON portable microcomputer. The data acquisition 

of SAM scans up to 32 photocells maximum and uses a 12-bit analog-to-digital converter to 

do the data translation which enables a conversion rate as high as 15 per second and accu-

rate to one-tenth of a footcandle. Another is the RELAY Interface Model 487449 with the 

Hewlett-Packard BSA microcomputer, which enables the data acquisition unit to scan up to 12 

photometric sensors and provides the measurement of the lighting level to the nearest one-

hundredth of a footcandle. It is very possible to enlarge the abilities of these computer inter-
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face systems in the near future to include activities such as 3-dimensional graphic 

presentation, simple statistical analysis, and the automation of data acquisition in certain pe-

riods of time. 

2.5 Computer-Aided Daylighting Analysis 

As mentioned in chapter 1, a number of computer programs have been developed for 

energy analysis. Most concentrate on thermal issues and deal with illuminance by using 

standardized operating profiles for installed lighting. Only a few deal with daylight. Large 

programs are relatively complex and expensive, and are therefore of limited usefulness for the 

design profession. Small programs are too simplified to predict and analyze the daylight dis-

tribution. 

In 1969, both the Architectural Science Review50 and the Ministry of Public Buildings and 

Works 51 published bibliographies and reports on computer-aided architectural design and 

related areas. Both contain only a few references to lighting. A recent search, which involved 

abstracts in architecture, engineering, and scientific fields, confirmed that publications dealing 

with the application of computers or microcomputers to lighting are very thinly spread over 

the whole field of lighting. In spite of this, it has become apparent from the information gath-

ered by the /ES 52 that there is considerable interest and as yet much unpublished experience 

in the use of computers in lighting. 

For most beneficial use of the computer, it is important to recognize those functions which 

are best done by man and those which are best performed by computer. This issue has been 

discussed by Singleton 53 and by the Design Research Laboratory at UM/Srs' (University of 

Manchester, Institute of Science and Technology). A set of principles has been established to 

assist the development of computer-aided design in lighting. The following is a brief review 

of the relative roles of lighting and computers in some well know public domain programs. 
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Barthes, Burrus, and Richard55 have developed an on-line program for use in interior 

lighting design. The first of these starts with the specification of room dimensions, required 

working plane illuminance, reflectances and a desired luminance ratio. The program consid-

ers all cases using a given range of fitting types and prints out acceptable solutions with de-

tails of fitting types, wall and ceiling luminances, and the total installed flux. A subroutine 

program can then be used to apply further restrictions on the installations layout or the fitting 

type. 

A different approach has been used by Phillips. 56 The surfaces of a rectangular room are 

divided up into a total of 30 elements. A set of 30 equations may be written for the inter-

reflection behavior within the room. The initial data consist of the room dimensions from 

which the form factors and the reflectances of each of the elements may be calculated. Any 

of the elements may be specified as a window with a given sky luminance. The program then 

calculates the direct, indirect and total illuminances for each of 30 elements. Comparisons 

have been made between measured and computed values and good agreement has been 

claimed. Dwyer, Franta, and the ENSAR 49 Group have developed a design tool using a micro 

processor for the analysis of daylighting schemes in both physical models and full-size 

buildings. This tool has the ability to produce instant two dimensional CRT {cathode ray tube) 

graphic image, print the graphic hard copy, and allow the measuring instrument to be used 

as an iterative design tool. The complete system consists of the LI-CCR photometric sensors, 

a RELAY interface model 4874 to transfer the signals to digital reading, an integrating multi-

slope converter which enables the user to trade reading speed for resolution, and an HP-85 

microcomputer to provide a CRT display and print a hard copy. The ENSAR Group also pro-

vides a software package to communicate with the data acquisition unit and the HP-85 for the 

daylight analysis program. 

The ENSAR Group assumes that physical model studies are the best way to evaluate the 

quantitative and qualitative design elements of daylighting schemes; therefore. they have de-

veloped the ENSAR daylight analysis program which consists of a computer and a data ac-

quisition system for modeling the distribution of natural lighting in buildings based on the 
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experiments. The systems primary use is with scale models; in other words, the Ll-COR 

photometers provide the input data to support the daylighting analysis. It can provide quick 

feedback for designers on daylighting design under different daylight conditions. 

Davis and Bernecker57 have described certain consideration which seem to be important 

in developing computer models for lighting and have reported on an experiment which ex-

amines the validity of using these models to predict the visual environment function of lighting 

systems. Results from their study show that these models do indeed have great potential for 

allowing the designers to predict the effect their design will have on human impressions of the 

visual environment. They also suggest that the changes in people's responses between 

lighting conditions were so closely matched by the computer model responses that perhaps 

the best use of these computer images at the present time is in comparing alternative lighting 

systems. 

Bryan, Clear, Rosen, and Se/kowitz58 have developed the Quicklite 1 computer program 

to predict daylight illuminance at any point within a room. The CIE sky luminance distribution 

function for predicting the daylight availability under overcast33 and c/ear59 skies are used for 

calculating in Quicklite 1. Two components are considered when executing the calculation of 

any interior reference point. One is the sky component which uses a source area formula to 

calculate. Another is the reflected component which uses the split flux approach to calculate. 

This program has been designed to be relatively accurate, simple, and quick in predicting. The 

computation of the total daylight factor is limited by one reference point for each calculation. 

For repeated predictions, it is necessary to re-enter part of the input data. Because the re-

flected component is calculated as an average value throughout the room, the simulation will 

generally result in an overestimate of daylight illuminance in the rear part of the room. 

Gillette and Kusuda have developed the DALITE and RML/TE60 computer programs which 

are designed to study the dynamic energy performance of buildings that employ daylighting. 

Unlike other programs in daylighting simulation, this program is intended for inclusion as a 

subroutine into larger energy programs such as DOE - 2,61 BLAST,62 andNBSLD.63 It provides 

a method to simulate the daylighting conditions simultaneously with the thermal calculations 
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hour by hour. Both the DALITE and RMLITE programs can simulate a continuous range of 

partly cloudy sky conditions, the reflected light from exterior surfaces such as surrounding 

buildings and reflected ground light, and the interior inter-reflected light. Direct sunlight is 

excluded. The results of simulation compared to the data of field measurements show a cor-

relation in most cases within 30 percent of real condition. 

Milne 64 and others in UCLA have developed a program to simulate daylighting for as-

sisting architects and architecture students at the very beginning of the design process, which 

is written in Fortran IV and run on a Tektronix storage tube graphics terminal. It uses the 

Kusuda and Lynes65 equations to predict the daylight availability for the input of the luminance 

source. The sun's altitude and bearing angles are calculated based on the equation contained 

in the ASHRAE Handbook. 66 The lumen method, based on experimental work done originally 

by Griffith and others in the early 1950's, was employed to do the algorithm work for calcu-

lation the daylight distribution in a room. As the lumen method, this program has the ability 

to predict the illuminance at any one of three spots along the center-line of the room, to con-

sider various sky conditions for any window orientation and latitude, to accommodate the dif-

ferent ground reflectance and the different glazing transmittances, and to draw a 

2-dimensional section with a plot of the illuminance in footcandles. 

Another computer-aided simplified daylighting design tool called MICROLITE-1 was re-

ported by Bryan and Krinke/67 in 1982. It is an outgrowth of the British daylight factor method 

originally developed by Hopkinson, but which normally applies only to overcast skies. Bryan 

earlier reported68 using the CIE clear sky luminance distribution equation to develop a 

Waldram diagram for clear skies. This program has interactive input, with the output available 

in three different forms: Daylight factors printed on a plan, a section overlaid with a plot of the 

daylight factors, and a plot the the room with daylight factors appearing as 3-dimensional 

lines. It illustrates one of the main strengths of the daylight factor approach, that it can cal-

culate a value for any point in the room and for a wide range of window sizes and shades. The 

disadvantage is that it cannot handle direct sunlight on the window and overhangs, and the 

clear sky methodology has not yet been validated experimentally. Nor does it give illuminance 
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data directly in footcandles. the units of measure most familiar to designers in the United 

States. 
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CHAPTER 3 MATHEMATICAL MODEL OF DIRECT 

SUNLIGHT 

3.1 Analysis of Daylighting 

The only and the original source of daylight is the sun. Diffuse skylight supplies the major 

component of interior daylighting in the temperate, overcast climates. Direct and diffuse 

daylight supply areas with other climate types, especially in the middle latitude areas where 

there is no adequate diffuse daylight to light interior space. 

The relative contributions of direct daylight and of diffuse daylight in interior lighting de-

pend on, the latitude and longitude of the place, and on the local climate with respect to the 

distributed sky. These two natural factors determine the building tradition in relation to win-

dows and fenestration design in architecture. Hence, the theoretical model can be divided into 

three parts. One is the relationship between the sun's rhythm and the geometry of a rectan-

gular room. The second is the relationship between direct sunlight and the distribution of in-

terior illuminance. The third is the relationship between diffuse daylight and the distribution 

of interior illuminance. These three sections of the theoretical model then be combined for 
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calculating the total quantity of daylighting distribution in a rectangular room. It is the purpose 

of this study to deal with the quantity of interior daylighting distribution only. 

3.2 Choosing a Daylight Availability Model 

Introduction: As mentioned in section 2.2, daylight availability can be defined in terms of the 

amount of light at a specific location. time, day, and sky condition.1 In the process of devel-

oping the mathematical model for calculating daylight distribution in a rectangular room, it is 

necessary to know how much exterior daylight can be expected from the unobstructed sky. 

One of the problems in predetermining the role of daylight distribution in buildings is the need 

for reliable models of daylight availability. There have been several approaches to defining 

and predicting daylight availability using different reference models. 

Existing references suggest many approaches which can be divided into three types. 

Type one is the meteorological model which is based on continuous measurements of global 

and diffuse illuminance on an unobstructed horizontal plane. Type two comprises the models 

which are usually employed in illumination engineering research and assume some condi-

tions to typify the daylight climate. Type three includes the theoretical or synthetic models 

which attempt to characterize prevailing, average daylight availabilities for definite locations 

or climatic zones and time periods according to practical requirements. 

Choosing a Theoretical Model: The meteorological models are limited by location with no 

general case or formula to predict daylight availability in any arbitrary area. Theoretical or 

synthetic models are not suitable for comparing daylight designs since they attempts to 

quantify the energy effects of daylighting. 

In daylight design, the usual concern is with the minimum daylight availability conditions 

which will meet the design criteria. Thus, the usual approach is to predict approximate inten-
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sity of illuminance of the standard clear sky, partly cloudy sky, and cloudy sky(overcast). To 

meet the minimum daylight distribution requirements, these standard sky conditions can be 

very helpful for designers when they use daylight factors in building design. Gillette, 1 found 

that these approaches can be used in North America with a fair amount of confidence because 

the predictions from use of the type two approach was found to be similar to actual meas-

urements recently made in the United States. Thus reasonably accurate comparisons can be 

made of daylighting design alternatives without further information of the local sky luminance 

data. This means that daylight availability can be calculated for different standard sky condi-

tions with such variables as optical air mass, atmospheric extinction coefficient, cloud ratios, 

time, and season. The following are the daylight availability models which were chosen and 

used in this study for the theoretical model of daylighting distribution in a rectangular room. 

Direct Solar llluminance: 

Solar Illumination Constant 

where 

E,c = solar illumination constant 

Km = international standard maximum spectral luminous efficacy, 

683 lumens/watt2 

Gi. = solar spectral irradiance at wavelength lambda 

Vi. = CIE standard photo-spectral eye response2 

/, = wavelength in nanometers (380-780 nanometers) 

Solar illumination constant = 127.S K Lux = 11,850fc.3 
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Extraterrestrial Solar llluminance: To obtain the extraterrestrial solar illuminance on any day 

of the year, it is necessary to adjust the formula to compensate for the relative uneven 

movement relation between sun and earth. 

E!(f 2 7t E,c {1 + 0.034 cos[ 365 ( J - 2)]} [3.2.2] 

where 

E.i = extraterrestrial solar illuminance 

J = Julian date (1 s: J s: 365). 

Direct Normal Solar llluminance: To obtain the quantity of direct normal solar illuminance 

inside the atmosphere when sunlight reaches the ground at any time of any day of a year, the 

optical air mass and the atmospheric extinction coefficient factors should be considered.4 The 

amount of direct normal solar illuminance ( see Figure 4 on page 36 , and Figure 5 on page 

37 ) that passes through the atmosphere can be expressed by, 

[3.2.3] 

where 

Edn = direct normal solar illuminance 

c = atmospheric extinction coefficient2 

where 

c = 0.21 for clear sky condition 

c = 0.80 for partly cloudy sky condition 

c = 0.00 for cloudy sky condition (no direct sun Edn = 0) 

m = optical air mass 

e = 2.7183 

The air mass(m) also can be expressed by,5 
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m = 1 [3.2.4] sin A, 

where 

A, = solar altitude. 

Direct Horizontal Solar llluminance 

[3.2.5] 

where 

Ed,, = direct horizontal solar illuminance (Figure 4 on page 36 ). 

Direct Vertical Solar lllumlnance 

[3.2.6] 

where 

Edv = direct vertical solar illuminance 

A; = incident angle between sun's ray and the normal line to vertical surface. 

The direct daylight on a vertical elevation is expressed in the above equation and 

Figure 6 on page 38. It is not practical to use the incident angle in the real physical environ-

ment. Hence, the concepts of trigonometry and vector geometry were employed here to rep-

resent equation [3.2.6] in the following forms ( Figure 6 on page 38 ). 

cos A; = cos A, cos AZ [3.2.7] 

[3.2.8] 

where 

Az = solar-elevation azimuth. 
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Consistency of Direct Solar llluminance: For the purpose of consistency and convenience in 

later study of theoretical development, it is necessary to unify the equations of direct normal 

solar illuminance (Edn). and direct horizontal solar illuminance {Ed.). 

From equation [3.2.2]. [3.2.3], and [3.2.4] 

Edn = 127.5KLux { 1 + 0.034 cos [ 0.9863014 { J - 2)]} 2.7183 ( - c 
sin At [3.2.9] 

From equation [3.2.5]. and [3.2.9] 

Edh = 127.5 KLux { 1 + 0.034 cos [ 0.9863014 { J - 2)]} 2.7183 ( - c . A ) sin At [3.2.10] 
sin 1 

From equation [3.2.8]. and [3.2.9) 

Ed• = 127.5KLux{ 1 + 0.034 cos[0.9863014{J - 2) )}2. 7183(--:=-£-) cos At cos( Az - A~) [3.2.11] 
sin At 

3.3 Sun Angles on Buildings 

A major obstacle to daylighting design is a continuing lack of simple and accurate design 

analysis methods to obtain solar altitude, solar azimuth, and profile angles for any given time 

of day or day of the year To deal with the difference in sun angles according to day and season 

without sun-earth relationship from the viewpoint of astrometry is an incomplete and logically 

inconstant approach. The literature search revealed no methods now to determine with ab-

solute accuracy of the solar altitude, the hour angle, the solar azimuth, and the profile angles. 

Thus, this section presents a method to obtain exact angles between sun and buildings. 

3.3.1 Celestial Coordinates: To understand the sun-earth relationship a knowledge of the ce-

lestial sphere6 is essential. The celestial sphere is an imaginary sphere constructed with an 
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arbitrary radius with its center at the observer's point on the surface of the earth. The basic 

lines and points of location of a celestial body, in this case the sun, are indicated on its sur-

face. Figure 7 on page 41 shows the construction of a celestial with coordinates sphere. Let 

us briefly review our imaginary position with respect to the visible sky. The sky appear to us 

as an infinitely large hollow sphere. 

Let the point in the northern sky as the north celestial pole about which the celestial 

sphere seems rotate be designated. The celestial equator can then be defined as an invisible 

but nevertheless real reference coordinate which divides the celestial sphere into two hemi-

spheres. Then, the latitude circles on the celestial sphere can be established. Figure 7 on 

page 41 shows the latitude and longitude of a given point P with reference to the prime 

meridian on the earth's surface. ( 0° longitude ). The prime meridian according to interna-

tional agreement passes through Greenwich, England7• 

Terminology and Explanation 

1. Elevation Azimuth (A.) : For the purpose of calculating daylight on a vertical surface from 

a plan view of the building. The angle of elevation azimuth is measured clockwise with 

respect to true south. ( Figure 8 on page 42 ) 

2. Standard Meridian for Time Zone ( SM ) : The standard time zones in the United States 

(not including Alaska and Hawaii) are Eastern Standard Time (EST), Central Standard 

Time (CST), Mountain Standard Time (MST), and Pacific Standard Time (PST), which re-

spectively keep the mean time of the meridians at 75, 90, 105, and 120 degrees of west 

longitude.7 

3. Julian Calendar ( J ) : The ca/endar8 was to be based on the tropical year, whose length 

had at that time been determined to be 365.25 days. Of course, one-fourth of a day could 

not be tacked on to the end of the calendar year. Therefore, common years were to con-
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tain only 365 days, This study takes the integral part of the Julian calendar of each indi-

vidual year. 

4. Hour Angle ( HA ) : The angle9 measured westward along the celestial equator from the 

local meridian to the hour circle passing through an object. Time is reckoned by the an-

gular distance around the sky that the reference object has moved since it last crossed 

the meridian. The motion of that point around the sky is like the motion of the hour hand 

on a 24-hour clock. The angle measured to the west along the celestial equator from the 

local meridian to the hour circle passing through sun is the sun's hour angle. Because 

of the relation between hour angle and time, it is often convenient to measure angles in 

time units. In this notation, 24 hours corresponds to a full circle of 3600 . 1 hour equals 

15°, and 1° is four minutes of time. 

5. Apparent Solar Time ( T): The hour angle of the sun's center plus 12 hours, so apparent 

solar time is determined by the hour angle of the sun. At midday, apparent solar time, the 

sun is on the meridian. The positive hour angle of the sun is the time past midday. The 

negative hour angle of the sun is the time before midday. It is convenient to start the day 

not at noon, but at midnight. Therefore the elapsed apparent solar time since midnight 

day is the hour angle of the Sun plus 12 hours10 • 

6. Mean Solar Time ( Tm ) : Mean solar time is defined as the hour angle of the mean sun 

plus 12 hours, where the mean sun is a fictitious point in the sky that moves uniformly to 

the east along the celestial equator, with the same average eastern rate as the true sun. 

In other words, mean solar time is just apparent solar time averaged uniformly. The ir-

regular rate of apparent solar time causes it to run alternately ahead of and behind mean 

solar time. The difference between the two kinds of time can accumulate to about 17 

minutes10 • ( Figure 9 on page 44 ) 
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7. Equation of time ( ET) : The equation of time is the quantity which must be added alge-

braically to the apparent time to produce the mean solar time, in other words, the differ-

ence between apparent and mean solar 2:48 a.m.9 ( Figure 9 on page 44 ) 

8. Local Time ( T, ) : The measure of time defined by the standard meridian for time zone. 

9. Solar Declination ( D ) : The angular distance from the celestial equator to the point in 

question measured along the hour circle through the point. It is reckoned positive north 

(negative south) of the celestial equator. The north polar distance is sometimes used. 10 ( 

Figure 7 on page 41 ) 

10. Solar Azimuth ( Ar ) : The azimuth is the number of degrees along the horizon to the 

vertical circle of the sun from some reference point on the horizon. In astronomical tra-

dition, azimuth formerly was measured clockwise from the south point on the observer's 

horizon, but in this study, the true bearing of azimuth of the sun is the angle between the 

plane of the observer's meridian and the plane of the great circle passing through the 

zenith and the sun, measured clockwise (positive) from the observer's meridian with re-

spect to true south ( Figure 8 on page 42 and Figure 10 on page 46 ). 

11. Normal Incident Angle ( A;n ) : The angle between the normal to the wall and the rays of 

the sunlight. ( Figure 10 on page 46 ) 

12. Parallel Incident angle ( A,P) : The angle between a plane parallel to the wall and the rays 

of the sunlight. ( Figure 10 on page 46 ) 

13. Normal Profile Angle ( Anp ) : The angle between the apparent altitude of the sun in the 

vertical plane and the normal to the wall. ( Figure 10 on page 46 ) 

14. Parallel Profile Angle ( APP ) : The angle between the plane parallel to the window and the 

rays of the sun perpendicular to the window plane. ( Figure 10 on page 46 ) 
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3.4 Mathematical Approach 

Equation of Time: Mi//s11 suggests five mathematical models to calculate the equation of time. 

For easily understanding and calculation, in this study has combined two of them to obtain the 

equation of time. These two models are 

ET = ET, + ET2 min 

ET, = - 7.64 x sin ( L + 78 ) min 

ET2 = 9.683 x sin ( 2 x L) min 

where 

ET = Equation of times ( see Figure 9 on page 44 ) 

ET, = component from the eccentricity of the Earth's orbit 

ET2 = component from the inclination of the ecliptic ( 23.44° ) 

L = sun's longitude 

ET, = - 7.64 x sin ( 3;~.~5 x J) min 

where 

J = Number of days since January 1st 
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Equation (3.4.1] can be expand as: 

ET = - 7.64 x sin { 0.9856263 x J) + 9.683sin [ 1.9712526 x ( J - 80.5 ) ] min [3.4.3) 

Solar Declination: The solar declination can be calculated precisely by the ecliptic longitude 

E10 • and ecliptic latitude E1• , use the following formula: 

D = sin sup -1 {sin ( E1.) x cos ( Dmax) + cos ( E1.) x sin ( Dm••) x sin ( E10 ) } [3.4.4] 

where the Dm•• is the obliquity of the ecliptic ( 23.44° ). E1• = 0° (since the Earth's orbital radius 

is taken to be unity), E10 is in the range from 0° to 360° , it is depend upon the numbers of days 

since January 1st. Hence, equation [3.4.4) can be expressed as: 

D = sin - 1( sin ( 23.44) x sin ( J - 81 x 360 ) ] 
364 

where 

D = Solar declination 

Mean Solar Time 

= 4 Tm T, + ( L0rr - L01 ) x 6Q hour 

where 

T sub m = Mean solar time 

T, = Local time in decimal hour 

T0 rr = Longitude of Zone Time area 

T01 = Longitude of location 
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Apparent Solar Time: Based on definitions which were expressed in the last section, the dif-

ference between mean solar time and apparent solar time is the Equation of Time. Therefore, 

combine [3.4.3] and [3.4.6] to create equation [3.4.7] and to convert the local time to apparent 

solar time. 

T = ET 
60 

hour 

T = T, + ( L0n - L01 ) x 0.25 + ( - 0.12733 )sin ( 0.9856263 x J) 

+ (0.16138)sin(1.9712526xJ - 156) hour 
[3.4.7] 

Hour Angle: According to the definition of hour angle and equation [3.4. 7], use the following 

equations to convert the apparent solar time into solar hour angle. 

HA ( T - 12) x 15 ° 

Solar Altitude 

Ar = sin- 1 [ sin( D) x sin ( L.) + cos ( D) x cos(L.) x cos (HA) ] 

Solar Azimuth 

Az = cos- 1 
sin ( D) - sin ( L.) x sin (At) 

cos ( L. ) x cos ( At ) 

[3.4.8] 

[3.4.9] 

[3.4.10] 

Because this study measures the solar azimuth as positive (or negative) clockwise (or 

counterclockwise) from the observer's meridian with respect to true south ( Figure 8 on page 

42 , Figure 10 on page 46 ), and the calculators or computers can only return inverse trig-

onometrical function correctly over half the range from 0° to 360° . It is necessary to correct 
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the cosine function mathematically to suit the need of this study. Equation [3.4.10] is not the 

true solar azimuth needed in this study. Hence, whenever the inverse function of cosine is 

taken an ambiguity arises which has to be cleared up by the following method. If the "sin (HA)" 

is positive then the true azimuth is "180 - Az" degrees. If the "sin (HA)" is negative then the 

true azimuth is "Az - 180" degrees. 

Normal and Parallel Incident Angle 

A;,, = cos - 1 ( cos A, x cos ( AZ - A~ ) ) 

A;p = cos - 1 ( cos A, x cos ( 90 - AZ + A. ) ) 

Normal and Parallel Profile Angle 

= tan_ 1 ( sin A, ) 
cos A;,, 

= tan- 1 ( sin A, ) 
cos A;p 

[3.4.11] 

[3.4.12] 

[3.4.13] 

(3.4.14] 

Based on the above mathematical equations, the calculation for obtaining solar altitude, 

solar azimuth, and profile angles is available and accurate. A computer program will be built 

to calculate these angles for any year and to make simulations for predicting direct and diffuse 

daylight distribution and to do validation. 
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3.5 Mathematical Model for Dealing with Direct Daylight 

3-D Rectangular Coordinate System 

A three-dimension rectangular coordinate system is defined and set for the purposes of 

convenience and consistency in the study of direct daylight distribution, and with the 

projection of windows by the direct daylight. Any coordinate system is based on one-, two-. 

or three axes depend upon the dimensions. Hence, any rectangular room can be defined as 

a 3-0 rectangular coordinate system. In Figure 11 on page 52 , origin point is set as the 

lower-left deep corner of a rectangular room, and the interior walls including floor and ceiling 

can be defined as the following: 

1. Left Wall (0 s: x s: d, y = 0, 0 s: z s: h ) 

2. Back Wall (x = 0, 0 s: y s: w, 0 s: z s: h ) 

3. Right Wall (0 s: x s: d, y = w, 0 s: z s: h ) 

4. Window Wall (x = 0, 0 :::: y :::: w, 0 :::: z :::: h ) 

5. Floor (0 s: x s: d, 0 s: y s: w, z = 0 ) 

6. Celllng (0 s: x s: d, 0 s: y s: w, z = h ) 

where 

h = room's height 

w = room's width 

d = room's depth 
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Base on above definitions of a 3-D rectangular coordinate system, any sizes and positions 

of a rectangular window can be expressed by this coordinate system. 

If the width of window is a , the height of window is b , the distance of left edge lines 

between window and room is c , and the distance between bottom edge line of window and 

floor is f as the Figure 11 on page 52 shown, then the four corners' coordinates are: 

1. K-·Upper Left Corner ( xk = d, yk = c, zk = b + f) 

2. L···Lower Left Corner ( x, = d, y, = c, z, = f) 

3. M···Lower Right Corner ( Xm = d, Ym = a + c, Zm = f) 

4. N···Upper Right Corner ( Xn = d, Yn = a + c, Zn = b + f) 

Therefore, any rectangular room with rectangular windows can be defined and expressed as 

above coordinates. The variables in this coordinate system are the sizes of room, the sizes 

of window, and the positions of window in window wall, and these variables' value are known 

in the study of developing the theoretical model for predicting direct and diffuse daylight dis-

tribution. 

Sun's Ray---The Direct Angle and Direct Cosine 

For defining a directed line in a 3-D rectangular coordinate system, it is necessary to 

know the direct cosine and direct angle of this directed line (see Appendix A). If the solar 

altitude ( Ar), solar azimuth ( Az), and elevation azimuth ( A. ) are known, then the Sun's ray 

can be defined with the assumption that all the sun's rays are parallel. In Figure 12 on page 

54 , the direct angle a is angle AOC , the direct angle p is angle AOD, and the direct angle y 

is angle AOE. If the direct cosine a , p and y are known, then the sun's rays can be defined 

with the following formula. 
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a, fl, & Y- - - Direct Angles 

A, - Ae- -- Elevation Azimuth 

At--- Solar Altitude 
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Figure 12. Direct Cosine and Direct Angle in 3-D Coordinate System 
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x - x, 
cos a = y - y, 

cos p 

where 

= z - z, 
cosy [3.5.1) 

(x, , y, , z, ) are the coordinates of any possible point which was passed through 

by the sun's rays 

In Figure 12 on page 54, the angle AOB is the solar altitude, the angle BOC is the angle 

of ( A, - A. ). The relationships among angles of Ar, A,, A. , a, p, and y can be found by the 

trignometry transformation. 

Angle AOB = Ar 

Angle BOC = A, - A. 

Angle BOD = 90° - (A, - A0 ) 

From the definition of direct cosine and direct angle in the 3-D coordinate system, the direct 

cosine of the sun's rays are: 

cos a = cos AOC = OC = OB x OC = cos A v cos(A - A ) 
AO AO OB r ' ' 

(3.5.2) 

cos A = cos AOD = OD = OB x OD = cos Ar (90° - A + A) 
,_, AO AO OB cos • • [3.5.3) 

cosy = cos AOE = cos(90° - Ar) [3.5.4] 

Once the direct angles of the sun's rays a, p, andy can be expressed by the known factors 

At, A., andA. in a certain time and place, the equation of any single sun's rays passing through 

any point ( P.1 , Py1 , P,1 ) can be expressed as: 

x - P.1 

cos a = y - Py, 
cos p = z - P,1 

cosy 
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Projection of Window 

Theoretically, the direct daylight will not be incident to the ceiling and window wall itself, 

therefore, only four interior surfaces {left wall, back wall, right wall, and floor) are possible to 

be lighted by direct daylight. The direction of the sun's rays is required to determine the 

projection of any rectangular window in a rectangular room. 

From the definitions and concepts of 3-0 analytic geometry, it is known that there is one, 

and only one, intersected point between a directed line {sun's rays passing through one of the 

window's four corners) and a plane {four possible interior surfaces) which are not parallel. 

Hence, it is possible that the projections or images of the window by the sun's rays exist in 

plane x = 0 {back wall), plane y = 0 {left wall), plane z = 0 {floor), and plane y = w {right 

wall). But whether or not the projections or images are insides the range of the room's coor-

dinates is not confirmed at this moment. Therefore, to locate the four projections or images 

of the window's in these four planes is the first step; to check these four window's projections 

or images are in the coordinates' range of 4 possible interior surfaces is the second step; and 

to decide the actual window's projection on interior surfaces is the third step. The following 

are the processes to obtain the interior lighting area by direct daylight penetrating through the 

window. 

Left Wall ( 0 s;; x s;; d, y = 0, 0 s;; z s;; h ) 

The window's projection or image does exist in plane y = 0 and the four corners of this 

projection or image are assigned { x,k , 0 , z,k ), { X11 , 0 , Z11 ), { x,m , 0 , Z1m ), and { x,n , 0 , Zin ). 

From this definition of a line in section 3.6.2 , the sun's rays which pass through the window's 

corners { xk, yk, zk ), ( x,, y,, z, ), ( Xm, Ym· Zm ), and ( Xm Yn• Zn) can be obtained as the following four 

equations {see Figure 13 on page 57 ): 

= = [3.5.6) 
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X11 - x, 0 - y, Z11 - z, = = cos a cos p cosy [3.5.7] 

X1m - Xm 0 - Ym Z1m - Zm = = cos a cos p cosy [3.5.8] 

x,n - Xn 0 - Yn Zin - Zn = = cos a cos p cosy [3.5.9] 

From equation [3.5.6] 

= 0 - Yk 
cos p 

= cosa 
cos p 

[3.5.10) 

From equation [3.5.6] 

0 - Yk z,k - zk 
cos p cosy 

cosy = ( - Yk) cos p 

[3.5.11] 

From equation [3.5.7] 
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Xu = cos a 
cos J3 

( - y,) + x, [3.5.12] 

Zn = 
cosy 

( - yi) + z, 
cos J3 

[3.5.13] 

From equation [3.5.8) 

X1m = cos a ( - Ym) + Xm cos p [3.5.14) 

z,m = 
cosy 

( - Ym) + Zm cos p [3.5.15) 

From equation [3.5.9) 

cos a 
A ( - Yn) + Xn cos.., 

[3.5.16) 

z,,, = cosy 
A ( - Yn) + Zn cos.., 

[3.5.17] 

The projection of window in plane y =O is the area connecting these four intersected 

points ( x,k , 0, z,k ), ( x 11 , 0, z 11 ), ( x,m , 0, z,m ), and ( x," , 0, z," ). Determining whether this 

projection is in the left wall area or not is based on the definitions of left wall ( 0 ~ x ~ d , 

y=O, 0 ~ z ~ h ). 

Hence, 

Then the projection of point K (the upper-left corner of window) is in the left wall area, and 

located at point ( x,k , 0, z,k ); otherwise, the projection of point K is not in left the wall. Apply 

the above procedure to the other three intersected points to judge whether these three points 

( x 11 , 0 , z11 ), ( X1m, 0 , Z1m), and ( x,", 0 , z,") are in the left wall or not (see Figure 13 on page 

57 ). If any of these four points are not all the range of the left wall, then there must be another 

one or two surfaces on which the direct daylight falls. If these four points are all in the left wall, 
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then the projection in plane y =O is the actual projection of the window in a rectangular room 

(see Figure 15 on page 62 type 4). In other words, this projection is the area where the direct 

daylight passes through the complete window area and strikes inside to the left wall of a 

rectangular room. 

Unfortunately, it does not often happen as in the above case. The projections of a window 

on the interior surfaces have 19 possible types which are illustrated in Figure 14 on page 61 

, Figure 15 on page 62, Figure 16 on page 63, Figure 17 on page 64, and Figure 18 on page 

65 ; therefore, it is necessary to determine which type of projection one has to deal with. To 

determine the type of window projection, two sets of coordinates are needed: one is the actual 

projection points of the window corners, another is the intersected points of direct daylight 

passing through the window frame (line K-L, line L-M. line M-N, and line K-N) and incident to 

the line 0-H, line 0-0, line 0-W, line W-Q, and line W-R. For example, if the actual projections 

of point L (the lower-left corner of window) and point M (the lower-right corner of window) 

were in the floor, and point N (the upper-right corner of window) and point K (the upper-left 

corner of window) were in the back wall, it is very· clear that the window projection is type 3 

in Figure 14 on page 61. It is still uncertain how to connect these four known projection points 

of the window's corners; thus, the coordinates of KLy and MNr are required to find out how to 

connect these six projection points in the back wall and floor of type 3 ( KLy is the intersected 

point where the direct daylight passes through the window's left frame K-L and is incident to. 

the line 0-W; MNy is the intersected point of the direct daylight passing through the window's 

right frame M-N and incident to the line 0-W). 

Intersection Points at Axes 

Window's Top Frame and Z·axls: line K·N ( Xkn = d, c :S: Ykn :S: c + a, zkn _ b + f) 

line O·H ( Xuoh = 0, Yuoh = 0, 0 !>: Zuoh :S: h ) 
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= 

d - 0 
cos a 

From equation [3.5.18] 

~d cos a 

From equation [3.5.18] 

Ykn - 0 b + f - Zuoh 
cosy = = 

cos~ 

d - 0 
cos a = Ykn - 0 

cos p 

Y cos a = cos ~ d kn P 

d - 0 
cos a = b + f - Zuoh 

cosy 

( b + f - Zuoh ) COS a = COS y ( d ) 

= b + f - ( cos y d ) 
cos a 

b+f-zuoh = cos "I 
cos a d 

[3.5.18] 

[3.5.19] 

[3.5.20] 

If c :s;;; Ykn :s;;; c + a and 0 :s;;; Zuoh :s;;; h , then the point ( 0, 0, Zuoh ) in the z-axis is the 

intersection point between the sun's rays passing through the point ( d, Ykn , b + d ) in the top 

frame of the window and the line 0-H. In other words, the projection of the window is at least 

on the two surface-wall (left wall and back wall). Repeating the process of equation [3.6.54], 

[3.6.55), and [3.6.56], the actual intersection points for direct daylight passing through the 

window frame into axes or lines (line 0-H, line 0-D, line 0-W, line W-Q, and line W-R) can be 

calculated and checked. The following are the results of processing. 

CHAPTER 3 MATHEMATICAL MODEL OF DIRECT SUNLIGHT 66 



Window's Top Frame and X-axis: line K·N ( Xkn = d, c ~ Ykn ~ c + a, Zkn _ b + f) 

Xuod 

Ykn 

line O·D ( 0 ~ Xuod S: d, Yuod = 0, Zuod = 0) 

= 

= 

d - Xuod = cos a 

From equation [3.5.21) 

Ykn - 0 
cos p = b + f - 0 

cosy 

d - Xuod COS Y = ( b + f - 0 ) X COS a 

( b + f ) COS a = COS Y ( d - Xuod ) 

d - cos a ( b + f) cosy 

From equation [3.5.21) 

b + f - 0 Ykn - 0 
= cosy cos p 

(b + f) cos p = cosy Ykn 

(b + ~ f) ( cos"{ ) 

[3.5.21 J 

[3.5.22) 

[3.5.23) 

If c ~ Ykn ~ c + a and 0 ~ Xuod ~ d , then the point ( Xuod , 0, 0 ) in the x-axis is the 

intersection point between the sun's rays passing through the point ( d, Ykn , b + d ) in the top 

frame of the window and the line 0-0. In other words, the projection of the window is at least 

on the two surfaces (left wall and floor). Repeating the process between equation [3.5.18) and 

equation [3.5.23), the actual intersection points for direct daylight passing through the win-

dow's top frame into line W-Q, and line W-R can be calculated and checked. The following are 

the results of processing. 
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Window's Top Frame and Line W·Q: line K·N ( xkn = d, c ~ Ykn ~ c + a, Zkn • b + f) 

line W-Q ( Xuwq = 0, Yuwq = W, 0 ~ Zuwq ~ h ) 

d - 0 
cos a 

= b + f - cos '( ( d ) 
cos a 

Y - w+ (~)(d) kn cos a 

= Ykn - w 
cos p = b+f-zuwq 

cosy 

Window's Top Frame and Line W·R: line K·N ( xkn = d, c ~ Ykn ~ c + a, zkn • b + f) 

line W-R ( 0 ~ Xuwr ~ d , Yuwr = W, Zuwq = 0) 

d - Xuwr = Ykn - W 
cos a cos p 

= d - cos <l ( b + f) 
cos'( 

Y = w + ( ~ ) ( b + f) kn COS ·1 

b + f - 0 
cosy 

(3.5.24] 

[3.5.25] 

[3.5.26] 

(3.5.27] 

(3.5.28] 

[3.5.29] 

If c ~ Ykn ~ c + a and 0 ~ Zuwq ~ h , then the point ( 0, w, Zuwq ) in the line W-Q is the 

intersection point between sun's rays passing through the point ( d, Ykn, b + d ) in the top frame 

the of window and the line W-Q. In other words, the projection of the window is at least on the 

two surfaces (right wall and back wall). Again, if c ~ Ykn ~ c + a and 0 ~ Xuwr ~ d , then the 

point ( Xuwr• w, 0 ) in the line W-R is the intersection point between the sun's rays passing 

through the point ( d, Ykn , b + d ) in the top frame of window and the line W-R. In other words, 

the projection of the window is at least on the two surfaces (right wall and floor). Repeating 

the process between equation (3.5.18] and equation (3.5.29], the actual intersection points for 

direct daylight passing through the window's lower frame into axes or lines (line 0-H, line 0-D, 

line W-Q, and line W-R) can be calculated and checked (appendix C). 
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Inter-Reflective Phenomenon of Light Transfer 

Type 16 ---Figure 19 on page 70 and Figure 20 on page 71 

0. Yo 0, Z0 = 0) 

L, ( X11 • Y11 = 0 . Z11 ) 

M, ( x,m . Yrm . z,m = 0 ) 

LM, ( Xdod • Y dod 0 • Zdod = 0 ) 

L,. ( x,. = X11 ' Y1. = 0 . z,. = 0 ) 

0 • Yrow • Zrow 0) 

KNz { Xuoh = 0 • Yuoh = 0 • Zuoh) 

The values of Zuoh , xdod • and Yrow can be obtained from equation [3.5.20]. (C.3]. and 

[C.18].From Figure 20 on page 71 , the lighting areas can be divided into three portions to 

analyze ---lighting area in the left wall, back wall, and floor. Apply the procedures in appendix 

D to calculate the intensity of illuminance in the interior surfaces which were influenced by the 

lighting areas of type 16. The following are the processes and results to obtain the intensity 

of illuminance which were affecting by the inter-reflective diffuse daylight on all the six interior 

surfaces. This inter-reflective diffuse daylight influenced by the direct sunlight of type 16. 

Type 16·1 

From equation [D.2] 
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Figure 20. Direct Sunlight Transfer··· Type 16 
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f,g(z) Sy Edvb Tg Rb Yb X1 
E1b = row dy dz 

f(zl Yo 4 
r1b it 

[3.5.30] 

From equation [D.7] 

fg(y) J'dod Ed,., Tg R, z, y, 
E,, = Jf!yl , 0 4 dx dy 

r,, 7t 
[3.5.31] 

where 

Zrow - Zo f(z) = Line 0 - MNY = z0 + (Yb - Yo) y _ = 0 
row Yo 

Zbn - Zuoh = g(Z) = Line KN. - Nb = Zuol'r + (Yb - Yuo/'r) y y z.,0 ,., 
bn - uo/'r 

f(y) = Line 0 - LM, = Yo + ( x, - X ) Ydod - Yo = 0 
0 Xdod - Xo 

g(y) = Line MNy - M, = Yrow + ( x, - Xrow) ~Im - ~row 
fm row 

form equation [3.5.6] 
1~~~~~~~~~~~~~~~ 

r,b = ....; ( x, - xb )2 + ( y, - Yb )2 + (z, - zb )2 

r1b is the distance between any possible point in left wall and any possible point in 

the lighting portion of back wall. 
,~~~~~~~~~~~~~~~ 

r,, = y ( x, - x, )2 + ( y, - y, )2 + (z, - z, )2 

r,, is the distance between any possible point in left wall and any possible point in 

the lighting portion of the floor. 

where 

0 !>: x, !>: d ' y, = 0 ' 0 !>: z, !>: h 

0 !>: X1 !>: X1m = Xdod , 0 !>: Y1 !>: Yim , z, = 0 

Combine equation [3.5.30] and [3.5.31] 

E, = E1b + E,, [3.5.32] 

Equation [3.5.32] gives a method to calculate the intensity of illuminance of any point or 

small area in the left wall which was influenced by the lighting area of type 16. E, is the in-

tensity of illuminance of left wall. 
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Type 16-b 

From equation [D.14) 

= J,g1z11 s•ix Edv1 Tg R, Yb X11 
Eb, ! 1 dx dz I z1 •o 4 

rb11 n 

- rg(z2) s•tx Edvl Tg R, Yb X12 dx dz 
Jl!z2l 'dod 4 

rb12 n 

from equation [D.12] 

rg(y) S'dod Edh Tg R1 zb X1 
Ebl = Jllyl •o 4 dx dy 

rb, n 

where 

f L. z,, - Zo -- Q (z1) = ine 0 - L,, = z0 + (X11 - 0) ----x,, - X0 

( 1) L. KN K = + ( ) z,k Zuoh 9 Z = In e z - / Zuoh X11 - Xuoh X X lk - uoh 

f(z2) = Line LM, - L,, = Zdod + ( X12 

g(z2) = Line LM, - L, Zdod + ( X12 

f(y) = Line 0 - LM, = Yo + ( x, -

g(y) = Line MNy - M1 = Yrow + ( X1 

form equation (3.5.6] 

) z,, - Zdod = Q 
Xdod X,, - Xdod 

Z11 - Zdod 
Xdod ) X11 - Xdod 

X ) Ydod - Yo = O 
0 Xdod - Xo 

) Yim Yrow 
- Xrow X - X 

Im row 

1---------------~ 
rb11 = v ( xb - x,1 ) 2 + (Yb - Y11 )2 + (zb - z,1 ) 2 

(3.5.33] 

[3.5.34] 

rb,1 is the distance between any possible point in back wall and any possible point 

inside the quadrilateral 0 - KN, - K1 - L,, in left wall. 

rb/2 = .j(xb - X12)2 + (Yb - Y12) 2 + (Zb - Z12) 2 

rb12 is the distance between any possible point inside the triangle of 

L, - LM, - L,, in left wall and any possible point in back wall. 

rb, = .J ( xb - x, )2 + ( Yb - y, )2 + (zb - z, )2 

rb, is the distance between any possible point in back wall and any possible point 

in the lighting portion of floor. 

where 
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0 ::;; x, ::;; x,m = Xdod • 0 ::;; y, ::;; Yfm • z, = 0 

Combine equation (3.5.33] and (3.5.34] 

[3.5.351 

Equation [3.5.35] gives a method to calculate the intensity of illuminance of any point or 

small area in back wall which were influenced by the lighting area of type 16. Eb is the intensity 

of illuminance of the back wall. 

Type 16-w 

From equation [D.3] 

From equation [D.15] 

_ fg(z2) J'lx Edvl T9 R1 Yw { Xw - X12) dX dz 
Jf!z2) 'dod 4 

rw/2 7t 

From equation [D.91 

Ewf = fg(y) J'dod Edh Tg R, Zw { Xw - x,) dx dy 
Jf!y) •o 4 r wf 7t 

where 
z - z 

f{Z) = Line 0 - MN = Z + {Yb - y ) row 0 = 0 x 0 0 Yrow - Yo 
Zb,, - Zuoh 

g{z) = Line KN. - Nb = Zuoh + {Yb - Yuoh) y - y 
bn uoh 

Z1x - Zo = Q f(z1) =Line 0 - L1• = z0 + (X11 - 0) ----X1, - X0 

) Z1k Zuoh 
g{Z1) = Line KN. - K 1 = Zuoh + ( X11 - Xuoh X _ x 

lk uoh 
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z,, - Zdcd f(z2) = Line LM, - L,, = Zdod + ( x,2 Xdod) 0 x,, - Xdod 
Zu - Zdod g(z2) = Line LM, - L, Zdod + ( x,2 Xdod) Xu - Xdod 

Ydod - Yo f(y) = Line 0 - LM, = Yo + ( x, - Xo) = 0 
Xdod - Xo 

Yim - Y-ow g(y) = Line MNY - M, = Yrow + ( x, - Xrow) x,m - Xrow 

form equation [3.5.6) 

rwb = .y'(xw - Xb) 2 + (Yw - Yb) 2 + (Zw - Zb)2 

rwb is the distance between any possible point in window wall and any possible 

point in the lighting portion of back wall. 

rw11 is the distance between any possible point in window wall and any possible 

point inside the quadrilateral 0 - KN, - K, - L,, in left wall. 

rw/2 is the distance between any possible point inside the triangle of 

L, - LM, - L,, in left wall and any possible point in window wall. 

rw, = ..j(xw - x,)2 + (Yw - y,)2 + (Zw - z,)2 

rw, is the distance between any possible point in window wall and any possible 

point in the lighting portion of floor. 

where 

0 s; x, s; x,m = Xdod • 0 s; y, s; Yfm • z, = 0 

Xw = d, 0 S: Yw S: W , 0 S: Zw S: h 

Combine equation [3.5.36), [3.5.37] and [3.5.38] 

[3.5.39] 
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Equation [3.5.39] gives a method to calculate the intensity of illuminance of any point or 

small area in window wall which was influenced by the lighting area of type 16. Ew is the in-

tensity of illuminance of the window wall. 

Type 16-r 

From equation [D.4] 

= rglzl SYrow Ec!vb Tg Rb x, ( y, - Yb) dy dz 
Erb Jllzl Yo ----4-----

r,b 7t 

From equation [D.16] 

-- J,g'z1) S'lx Ec!vl Tg R, y, y, E dx dz rl f(z1) x0 4 r,,, 7t 

- rg(z2) S'lx Ec!vl Tg R, y, y, dx dz 
Jllz2l 'dod 4 r,,z 7t 

From equation [D.10] 

E,, = rg(y) S'dod Ee!,, Tg R, z, ( Yr - y,) dx dy 
Jllyl •o 4 rr, 7t 

where 

Z - z0 f(z) = Line 0 - MN, = Z0 + (Yb - Yo) Yrow _ = 0 
row Yo 

Zbn - Zuol! g(z) = Line KN, - Nb = Z.,0h + (Yb - Yuoh) y _ y bn uol! 

L z,, - Zo -- 0 f(z1) = ine 0 - L,, = z0 + (X11 - 0) ----x,, - X0 

g(z1) = Line KN, - K, Zuol! + ( x,, Xuoh) 
z,k Zuoh 
x,k Xuol! 

f(z2) = Line LM, - L,, Zdod + ( X12 Xdod) 
z,, Zdod 
x,, Xdod 

g(z2) = Line LM, - L, = Zdod + ( X1z Xdod) 
Z11 - Zdod 
Xu - Xdod 

Ydod - Yo f(y) = Line 0 - LM, = Yo + ( x, - Xo) = 0 Xdod - Xo 

g(y) = Line MNY - M, = Yrow + ( x, - Xrow) Yim Yrow 
X1m - Xrow 

form equation [3.4.6] 

r,b = .J ( Xr - xb )2 + ( Yr - Yb )z + (Zr - zb )z 
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r,b is the distance between any possible point in right wall and any possible point 

in the lighting portion of back wall. 
1·~~~~~~~~~~~~~~~~ 

r,,, = V ( X, - X11 )2 + ( y, - y,, )2 + (Z, - Z11 )2 

r,11 is the distance between any possible point in right wall and any possible point 

inside the quadrilateral 0 - KN, - K, - L,, in left wall. 

r,12 is the distance between any possible point inside the triangle of 

L, - LM, - L,, in left wall and any possible point in right wall. 
1~~~~~~~~~~~~~~~ 

rr1 = ..j(X, - x,)2 + (y, - y,)2 + (z, - z,)2 

rr1 is the distance between any possible point in right wall and any possible point 

in the lighting portion of floor. 

where 

0 :::: x11 :::: x11 = x,k , y,, = O , O :::: z,, :::: z,k 

0 ::; x, ::; x,m = Xdod ' 0 ::; y, ::; Yim ' z, = 0 

0 :::: x, :::: d , y, = w , 0 :::: z, :::: h 

Combine equation [3.5.40], [3.5.41) and [3.5.42) 

E, = E,b + E,1 + Er1 [3.5.43] 

Equation [3.5.43) gives a method to calculate the intensity of illuminance of any point or 

small area in right wall which was influenced by the lighting area of type 16. E, is the intensity 

of illuminance of the window wall. 

Type 16·c 

From equation [D.5] 

[3.5.44] 

From equation [D.17] 
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Eel = fg(z1) J'lx Edvl Tg R, Ye { Zc - Z11 ) dx dz 
Jf!z1) x0 • 

Zc11 1t 

From equation [D.11] 

where 
z - z. f{Z) = Line 0 - MN = z + { y - y ) _row __ _ 

" 0 b 0 Yrow - Yo = 0 
Zbn 

g{z) = Line KN, - Nb = Zuoh + {Yb - Yuoh) y 
bn 

z,. - z. - = + -
- Yuoh 

= f{z1) = Line 0 L,, z. { x,, 0) 0 x,. - x. 
g{z1) = Line KN, - K, = Zuoh + { x,, Xuoh) 

z,k Zuoh 

x,k Xuoh 

f{z2) = Line LM, - L,. = Zdod + { X12 Xdod) 
z,. Zdod 

x,. Xdod 
Z11 - Zdod g{z2) = Line LM, - L, = Zdod + { X12 Xdod) 
Xu - Xdod 

Ydod - Yo f{y) = Line 0 - LM, = Ya + { x, - Xa) = 0 
Xdod - x. 

g{y) = Line MNY - M, = Yrow + { x, - Xrow) 
Yim Yrow 

X1m - x,.w 
form equation (3.4.6] 

(3.5.45] 

(3.5.46] 

= 0 

rcb is the distance between any possible point in ceiling and any possible point in 

the lighting portion of back wall. 

rc/1 = .J{ Xe - x,,)2 + {Ye - y,, )2 + {Zc - z,, )2 

re,1 is the distance between any possible point in ceiling and any possible point in-

side the quadrilateral 0 - KN, - K, - L,. in left wall. 
1~~~~~~~~~~~~~~~~~ 

rc12 = ..j{Xe - X,2) 2 + {Ye - Y12)2 + {Ze - Z12)2 

r012 is the distance between any possible point inside the triangle of 

L, - LM. - L,. in left wall and any possible point in ceiling. 
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re, is the distance between any possible point in ceiling and any possible point in 

the lighting portion of floor. 

where 

O s;; x,1 s;; X11 = x,k . Y11 = O • O s;; z,1 s;; z,k 

0 s;; x, s;; x,m = Xdod • 0 s;; y, s;; Yim . z, = 0 

0 S:: Xe S:: d , 0 ~ Ye S:: W , Ze = h 

Combine equation [3.5.44]. [3.5.45) and [3.5.46) 

[3.5.47) 

Equation [3.5.47) gives a method to calculate the intensity of illuminance of any point or 

small area in ceiling which was influenced by the lighting area of type 16. Ee is the intensity 

of illuminance of the window wall. 

Type 16-f 

From equation (0.6) 

[3.5.48) 

From equation [D.18] 

E,, = fg!z11 J''x Edv1 Tg R, y, Z11 dx dz 
Jl!z1) •o 4 z,,, 7t 

- rg(z2) s•tx Edvl Tg R, y, Z12 dx dz 
Jllz2l 'dod 4 

'112 7t 
[3.5.49] 

where 
z - z 

f(z) = Line 0 - MN = z + ( y - y ) row 0 = O 
• 0 b 0 Yrow - Yo 

Zbn - Zuoh 
g(z) = Line KN, - Nb = Zuoh + (Yb - Yuoh) y _ y 

bn uoh 
Z1, - Z0 

f(z1) = Line 0 - L,. = z0 + ( x,, - 0) x _ x = 0 
,. 0 
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g(z1) = Line KN, - K, = Zuoh + ( X11 Xuon) 
z,k Zuon 
x,k Xuoh 

f(z2) = Line LM, - L,, Zdod + ( X12 Xdod) 
z,, Zdod 0 x,. - Xdod 

g(z2) = Line LM, - L, = Zdod + ( x,2 Xdod) 
Zu Zaocl 
X11 - Xdocl 

form equation (3.4.6] 
,~~~~~~~~~~~~~~~ 

r,b = v ( x, - xb )2 + ( y, - Yb )2 + (z, - zb )2 

r,b is the distance between any possible point in floor and any possible point in the 

lighting portion of back wall. 

r111 is the distance between any possible point in floor and any possible point inside 

the quadrilateral 0 - KN, K, - L,, in left wall. 
1~~~~~~~~~~~~~~~~ 

r,12 = y(x, - x,2)2 + (y, Y12)2 + (z, - z,2)2 

r,12 is the distance between any possible point inside the triangle of 

L1 - LM, - L,, in left wall and any possible point in floor. 

where 

0 ~ x, ~ d . 0 ~ y, ~ w . z, = 0 

Combine equation [3.5.48] and [3.5.49] 

(3.5.50] 

Equation [3.5.50) gives a method to calculate the intensity of illuminance of any point or 

small area in floor which was influenced by the lighting area of type 16. I, is the intensity of 

illuminance of the window wall. 
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I/luminance of Reference Plane 

Reference Plane 

Definition 

To define the plane at which work is usually done, and on which the visual function 

lies, the illumination is specified and measured. Unless otherwise indicated, this 

plane is assumed to be horizontal and 30 inches or 2.5 feet above the floor plane. 

According to the above definition, the reference plane in a rectangular room can be de-

fined as follows (plane z = r) : 

Reference Plane ( x, , y,, z,) 

where 

0 ~ x, ~ d 

0 ~ y, ~ w 

z, = r = 30-inch = 2.5 feet 

The intensity of illuminance in the reference plane affected by direct daylight under clear 

sky and partly cloudy sky conditions was one of the targets in this study. Three situations 

needed to be considered for calculating the intensity of illuminance in the reference plane. 

First was the illuminance in the reference plane affected by direct sunlight penetrating through 

the window and directly incident to the measurement point ( E,) . Second was the lighted area 

higher than the reference plane on vertical surfaces (left wall, back wall, and right wall), 

lighted by the direct daylight penetrating through the window and directly incident to the ver-

tical surfaces, which diffuse daylight to the reference plane ( E2 ) . Third is the lighted area of 

the window projection which diffuse daylight to every point of every interior surface; the inte-

rior surfaces will diffuse and inter-reflect diffuse light to each other until the illuminance at 

every point of any surface is stabilized; these stabilized interior surfaces which are higher 

than the reference plane diffuse daylight to the reference plane ( E3 ) • All three situations of 
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light received in the reference plane must be combined E1 , E2 , and E3 will give a total intensity 

of illuminance Edir in the reference plane. This is the prediction of this mathematical model for 

the direct daylight condition only. 

Situation One ( E1 ) 

To assign the coordinates of the four corners of the window projection in the reference 

plane z = r are ( X,k, Yrk, z,k) , ( x,,, y,1 , Z,1) , ( X,m, Yrm, z,m) , and ( X,,,, y,,,, z,,,) . Then the inter-

sected area of the direct daylight penetrating through the window and incident to the reference 

plane can be calculated using the equations from [A.25] to [A.36]. From the definition of line 

in section 3.2 , the following equations can be obtained(see Figure 21 on page 83 ). 

From equation [3.4.8] 

x,k - xk Yrk -
== Yk == 

2.5 - zk 
cos a cos p cosy 

x,, - x, 
== 

y,, - y, 
== 

2.5 - z, 
cos a cos r~ cosy 

X,m - Xm 
== Yrm - Ym == 

2.5 - Zm 
cos a cos p cosy 

== Yrn - Yn == 
2.5 - Zn 

cosy cos p 

From equation [3.5.51) 

== 
2.5 - zk 

cosy 

( x,k - xk) cosy == cos a ( 2.5 - zk) 

== cos a ( 2 5 x,k xk + cos Y . - zk ) 

cos a 
cosy 
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= 2.5 - zk 
cosy 

{ y,k - Yk) cos y = cos p { 2.5 - zk) 

Y Y = ~ {25 z) rk - k COS y · - k 

Y,k = Yk + ~~~ ~ { 2.5 - zk) (3.5.56] 

From equation (3.5.52] 

x,, = x, + cos a 
cosy ( 2.5 - z,) 

y,, = y, + ~ ( 2.5 - z,) cosy 

From equation [3.5.53] 

X,m Xm + cos a { 2.5 - Zm) cosy 

Yrm = Ym + ~ ( 2.5 - Zm) cosy 

From equation [3.5.54] 

Xrn = Xn + cos a ( 2.5 - Zn) cosy 

Yrn = Yn + ~ ( 2.5 - Zn) cosy 

(3.5.57] 

[3.5.58] 

[3.5.59] 

[3.5.60] 

[3.5.61] 

(3.5.62] 

The projection of the window in the reference plane (z = r = 2.5 feet) is the area con-

necting these four intersected points ( x,k, y,k, z,k) , ( x,,, y,1, z,1) , ( x,m, Yrm, zsurrm) , and 

( Xrn, Yrn, Zrn) . Determining whether this projection is in the reference plane or not is based 
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on the definition of the reference plane ( 0 ~ x, ~ d , 0 ~ y, ~ w , z = 2.5 ). Hence, if 

0 ~ x,k ~ d and 0 ~ y,k ~ w , then the projection of point K (the upper-left corner of window) 

is in the reference plane. Apply the above procedure to the other three intersected points to 

judge whether points ( X,1 , y,,. 2.5) . ( X,m, Yrm, 2.5) , and ( Xrn, Yrn, 2.5) are in reference plane 

or not, and decide which intersected point at axes needs to be further calculated and checked. 

If all the four intersected points are in the reference plane, then the projection of the window 

is type 2 (see Figure 14 on page 61 and appendix A). Otherwise, the intersected points be-

tween the window frame and the following lines need to be further checked. 

Line H, H ( XH1H = 0 'YH1H = 0. 2.5 ~ ZH1H ~ h) 

H3 ( 0 ~ XH1H3 ~ d' YH1H3 = 0' ZH1H3 = 2.5) 

Line H, H2 ( XH1H2 = 0 '0 ~ YH1H2 ~ w' ZH1H2 = 2.5) 

Q { XH2Q = 0. YH2Q = w. 2.5 ~ ZH2Q ~ h) 

H, ( 0 ~ XH2H4 ~ d . YH2H4 = w . ZH2H4 = 2.5 ) 

The processes of calculating intersected points of the sun rays passing through the win-

dow frame and incident to the above line are similar to section 3.5.4 . It is unnecessary to re-

process here; therefore. the following are the results of processing. 

Window's Upper Frame K-N ( xk,, = d , c ~ yk,, ~ c + a , zk,, = b + f) 

From equation [3.5.18], the intersected point between Line K-N and Line H, - Hare 

~d cos u 

= b + f - cosy d 
cos a 

if c ~ ( yk,, = ~~~ g d) ~ { c + a) , and 2.5 ~ { ZuHlH = b + f - ~~: ~ d) ~ h , there is 

a one and only one sun's ray passing through the { d, ~~~ £ d , b + f) which is in the upper 

frame of window and incident to the point ( 0, 0, b + f - ~~: ~ d ) which is in the line 

H, - H . The above method determines which type of window projection there will be, and the 

boundary of the lighted area (window projection) caused by direct daylight. Every combination 
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of window frame and edges of a rectangular room with a reference plane needed to be 

checked to determine the boundaries and type of window projection. 

From equation (3.5.21 ). the intersected point between Line K-N and Line H1 - H3 is 

Ykn = ~~~ ~ ( b + f - 2.5) 

XuH1H3 = d - ~~~ ~ ( b + f - 2.5 ) 

Checking Condition : 0 s: x.,H1H3 s: d 

From equation (3.5.24], the intersected point between Line K-N and Line H2 - Q is 

Checking Condition : 2.5 s: z.,Hzo s: h 

= b + f - cos 'I d 
cos a 

From equation (3.5.27), the intersected point between Line K-N and Line H2 - H, is 

Ykn = w + ~~~ ~ ( b + f - 2.5 ) 

= d - cos a ( b + f - 2.5) cosy 

Checking Condition : 0 s: XuH2H4 s: d 

Window's Lower Frame L·M ( X1m = d, c S: Yim S: c + a, Z1m = f) 

From equation [C.1], the intersected point between Line L-M and Line H1 - His 

Y = ~d 
Im COS U 
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Checking Condition : 2.5 ~ zdHlH 5: h 

= f - cosy d 
cos a 

From equation [C.3], the intersected point between Line L-M and Line H, - H3 is 

-~ Yim - COS y (f - 2.5 ) 

X = d cos a ( f 2 5 ) 
dH1H3 - COS f - • 

Checking Condition : 0 :::;: xdH1H3 :::;: d 

From equation [C.5], the intersected point between Line L-M and Line Hz - Q is 

Y =w+~d Im COS a 

Checking Condition : 2.5 5: zdHZQ 5: h 

= f - cosy d 
cos a 

From equation [C.7], the intersected point between Line L-M and Line Hz - H, is 

= w + ~ ( f - 2.5) Yim cosy 

= d _ cos a (f _ 2_5 ) 
cosy 

Checking Condition : 0 :::;: xdH2H' 5: d 

Window's Left Frame K·L ( xk, = d , Ykt = c , f 5: zk, ~ b + f) 
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From equation [C.12). the intersected point between Line K-L and Line H1 - H3 is 

cosy -- c 
cos p 

= d _ cos a c 
cos p 

Checking Condition : 0 ~ x1H 1H 3 ~ d and f ~ zk, ~ b + f 

From equation [C.16). the intersected point between Line K-L and Line H2 - H4 is 

zk, = 2.5 + cos Y ( c - w) 
cos p 

= d _ cos a ( c _ w ) 
cos p 

Checking Condition : 0 ~ xdH2Jf• ~ d 

From equation [C.9], the intersected point between Line K-L and Line H1 - H2 is 

YIH1H2 

Checking Condition : 0 ~ YtH2Jf• ~ w 

cosy d 
cos a 

= c-~ d cos a 

Window's Left Right M-N ( Xmn = d, Ymn = c + a, f ~ Zmn ~ b + f) 

From equation [C.23), the intersected point between Line M-N and Line H1 - H3 is 

cos Y ( c + a) + 2.5 
cos p 
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XrH1H3 
d _ cos a { c + a ) 

cos~~ 

Checking Condition : 0 ~ x,H1H3 ~ d and f ~ zk, ~ b + f 

From equation [C.25], the intersected point between Line M-N and Line Hz - H, is 

= 2.5 + cos Y ( c + a - w) 
cos~ 

Checking Condition : 0 ~ x,HZH' ~ d 

d - cos a ( c + a - w ) 
cos p 

From equation [C.21], the intersected point between Line M-N and Line H, - Hz is 

Zmn = 
cosy 

d + 2.5 cos a 

YrH1HZ = c + a - ~ d cos a 

Checking Condition : 0 ~ YrHZH' ~ w 

Based on the above calculations and checking procedures, it is clear that the type of 

window projection in the reference plane can be decided. From equation [3.2.10] the intensity 

of illuminance in the lighted area of reference plane caused by direct daylight then can be 

expressed as 

-c . E, = 127.5{ 1 + 0.034 cos[ 0.9863014 { J - 2)]} 2.7183-. -A- sin Ar T9 KLux 
sin r 
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E1 is the illuminance of direct daylight penetrate through window and incident to the measuring 

point in the reference plane. If the measuring point is not in the lighted area of the reference 

plane, then the E, = 0 lux. 

Situation Two E2 

There are two more situations affecting the illuminance, under the condition of direct 

daylight penetrating through a window. which need to be calculated. One is where the window 

projection is not in the floor or part of the projection in not in the floor area. In other words, 

at least a certain portion of the window projection is in a vertical surface {left wall, back wall, 

and right wall). The lighted area in the vertical surface, which is higher than the reference 

plane { ~ 2.5 feet ), will diffuse daylight to the reference plane. Hence, any point in the refer-

ence plane will be illuminated. This illuminance of any point in reference plane. which was 

affected by the potion of lighted area on the vertical surface, can be expressed as the following 

equations. 

Lighted Portion in Left Wall 

From equation [D.18] 

= rg(z) S''k 
E2L Jtizl •1 n 

where 

Edvl T9 RI Yr { z, - 2.5 ) 
-------- dx dz 

4 
(RL 7t 

[3.5.64] 

EdvJ = direct vertical solar illuminance of left wall from equation [3.2.11). 

T9 = Transmission factor of glass {0.85) 

R, = Reflectance factor of left wall 

'izi and g1•1 depend on the type of window projection. The details for calculating f(z) 

and g{z) are in section 3.5.5 . 

rRL = The distance between any point in the reference plane and any point in the 

lighted area in the left wall which is higher than 2.5 feet. rRL = 

,.j( X, - X1 ) 2 + (Yr - y1 )2 + ( Z, - Z1 ) 2 
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If there is no lighted area in the left wall which is higher than 2.5 feet, then the E2L = 0. 

In other words, no light will diffuse from the left wall to the reference plane. 

Lighted Portion in Back Wall 

From equation [D.6] 

E = fg!z) JYbm 
2B Jl!z) Yb/ 

Edvb T9 Rb x, ( zb - 2.5 ) 
----4----- dy dz 

rR-B 7t 

Lighted Portion in Right Wall 

E.,, = fg(z) J'rm 
"' Jl!z) • rl 

Edvr Tg R, ( w - y,) ( z, - 2.5) 
------4------ dx dz 

rRR 7t 

Combine equation [3.5.64]. [3.5.65], and [3.5.66]. the E2 then can be found as: 

[3.5.65] 

[3.5.66] 

[3.5.67] 

Normally, neither E2L nor E2R will be equal to zero, because it is impossible for the window 

projection to fall in the left wall and the right wall simultaneously. Equation [3.5.67] is a gen-

eral form to express light transfer diffusely from vertical lighting area, which is caused by the 

direct daylight penetrating through the window and incident to the vertical surface which is 

higher than the reference plane, to the reference plane. 

Once the direct daylight come into the interior space, no matter what types of window 

projection there is, all the interior surfaces will receive light from the window projection and 

inter-reflect with each other. No matter how many of inter-reflections occur among these six 

interior surfaces, they finally will reach a steady state because the inter-reflection phenome-

non is a mathematical convergence. This inter-reflective phenomenon is the third situation 

to affect the illuminance under the condition of direct sunlight penetrating through the window 

and will be discussed in below. 

One of the chief mathematical complexities in treating light transfer among interior sur-

faces is accounting for the geometric relations involved in how the surfaces view each other. 
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These effects result mathematically in integrations of the light inter-reflecting over the finite 

areas involved in the inter-reflective processes. 

In this section, a method of accounting for the perfect diffuse surfaces condition is em-

ployed to calculate the quantity of reflected light from interior surfaces to the measuring points 

in the reference plane. In section 3.6.5 . the intensity of light at any point on each interior 

surface can be calculated. For example, if the window projection is type 16, then the intensity 

of light for any point in the back wall can be expressed as the equation (3.5.35]. The equation 

[3.5.35] only presents the illuminance which was affected by the lighted area of type 16. Actu-

ally, the illuminance in the back wall is also affected by the inter-reflective phenomenon of 

light transfer from other surfaces. Therefore, the following equation presents further calcu-

lation of the illuminance in the back wall which take the results of inter-reflection into cons id-

eration. 

llluminance in back wall 

[3.5.68] 

where Eb is exactly the same with equation [3.5.35]. E8 w , E8 w • E8 R , E8 c , and E8 F are the 

illuminance reflected from the left wall, window wall, right wall, ceiling, and floor and was re-

ceived on the back wall. The following are the mathematical formulas to calculate the above 

illuminance increased by the inter-reflection phenomenon. 

llluminance transfer from left wall to back wall 

[3.5.69] 

where E, can be obtained from equations [3.5.30] to (3.5.32], R, is the reflective factor of the left 

wall, Yb is the y-axis coordinate of any possible measuring point in the back wall, x, is the x-

axis coordinate of any possible point in the left wall, and r8 L is the distance of any possible 

combination points between the back wall and the left wall. Repeating the above processes, 
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the following formulas can be obtained to calculate the illuminance which diffuse from the 

other four surfaces and was received in back wall. 

Ew Rw Xw Xw 
--4--- dy dz 

raw 7t 

where Ew can be obtained from equation [3.5.36] to [3.5.39]. 

EaR = s: s: _E_, _R_,_x_, _(_Y_, _-_y_b_) dx dz 
4 

(BR 7t 

where E, can be obtained from equation [3.5.40] to [3.5.43]. 

where Ee can be obtained from equation [3.5.44] to [3.5.47]. 

E, R, x, zb 
--4--- dx dy 

(BF 7t 

where E, can be obtained from equation [3.5.48] to [3.5.50]. 

[3.5.70] 

[3.5. 71 J 

[3.5.72] 

[3.5. 73] 

Equation [3.5.69] to [3.5.71] gives a explanation of equation [3.5.56]. Repeating the above 

processes from equation [3.5.568] to [3.5.61] and applying them to the other surfaces, the fol-

lowing equations will be produced to calculate the illuminance, which includes the illuminance 

coming from the lighted area of the window projection and from the phenomenon of inter-

reflection among the other five interior surfaces. 

llluminance in left wall 

[3.5.74) 

[3.5. 75) 

[3.5.76) 
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[3.5.77) 

[3.5.78] 

The intensities of light on all six interior surfaces are known at this stage. The next step 

will calculate the illuminance which is diffused from these six interior surfaces and incident 

to the measuring points in the reference plane. The concept employed here is the same as the 

phenomenon of the inter-reflection among surfaces. The only difference is to treat light 

transfer between the measuring point and the surfaces as the geometric relations involved in 

how the measuring point views these six surfaces. As a matter of fact, the light of the floor 

area and the vertical surfaces which are below the reference plane ( z 5: 2.5feet ) will not in-

fluence the intensity of light in any point of the reference plane. This is because the reference 

plane only receives light from the surfaces above and not from any light sources from below. 

Hence, the following calculation only process the reflective light from the surfaces which are 

higher than the reference plane. In other words, the range of the integration involved in the 

z-axis will start from 2.5 feet and end at h (the height of room). 

Light transfer from left wall to the points in the reference plane 

EL R, y, ( z, - 2.5) dx dz 
4 

rRL 7t 
[3.5.79] 

where 

EL can be obtained from equation [3.5.74) 

R, is the reflective factor of the left wall 

y, is the y-axis coordinate of the reference point 

z, is the z-axis coordinate of the left wall 

rRL is the distance of any possible combination of points between the reference 

plane and the left waif 
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Light transfer from window wall to the points in the reference plane 

= fh fh Ew Rw ( Zw - 2.5) ( d - X,) dy dz 
J2 5 JO J 

rRw 7t 
[3.5.80) 

where EL can be obtained from equation [3.5.75] 

Light transfer from right wall to the points in the reference plane 

rh rd ERR, ( z, - 2.5 l ( w - y, l 
E3R = J25 Jo 4 x dz 

(RR 7t 
[3.5.81] 

where ER can be obtained from equation [3.5.76] 

Light transfer from back wall to the points in the reference plane 

fh rw Ea Rb ( zb - 2.5 ) x, d d 
J25 JO J y z 

(R-a 7t 
[3.5.82] 

where Ea can be obtained from equation [3.5.68] 

Light transfer from ceiling to the points in the reference plane 

[3.5.83] 

where Ee can be obtained from equation [3.5.77] 

From equation [3.5.79] to [3.5.83], each equation expresses the quantity of light transfer 

from each surface to the measuring point in the reference plane. Therefore, the total received 

illuminance of the measuring point in the reference plane is the gross of the above equations. 

[3.5.84] 
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Considering the direct daylight coming from the exterior and incident to the measuring points( 

£1 from equation [3.5.83] ), the illuminance emitted from the lighted area which caused by di-

rect daylight and diffuse to the measuring points( E2 from equation [3.5.75] ), and the 

illuminance gained by the phenomenon of inter-renection(E3 from equation [3.5.84 ), the total 

illuminance for any measuring points in the reference plane can be obtained by combining the 

equations [3.5.71]. [3.5.75]. and [3.5.84]. 

[3.5.85] 

Ed,,ect stands for the total illuminance which was affected by the direct daylight in this analytical 

model under the clear sky or partly cloudy sky condition. 
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CHAPTER 4 MATHEMATICAL MODEL OF DIFFUSE 

DAYLIGHT 

4.1 Introduction, and Definition 

This section begins the discussion of diffuse daylight exchange among interior surfaces 

in a rectangular room and is concerned with the special situation in which all the room sur-

faces diffuse daylight perfectly. These surfaces reflect in a perfectly diffuse fashion, such that 

the light leaving a surface is independent of the direction of emission. This simplifies the 

computation of how much of this light will reach another surface. 

The window is the only opening to let daylight come in and to light the interior space. It 

is the basic assumption that no window means no daylight available in the room. This does 

not mean that the larger opening will produce a higher quality of daylighting, but it does mean 

a higher quantity of daylight available. In this part of the study, the major concern is the diffuse 

daylight coming from the sky vault and the exterior ground; other factors, such as diffuse 

daylight reflected from external obstructing buildings will be discussed in a later chapter. 

Basically, the diffuse daylight received via the window at any measuring points can be 

divided into two parts: light directly from sky vault, and light indirectly and reflectively from the 
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exterior ground. Both kinds of diffuse daylight coming from exterior to interior can be termed 

the first order of diffuse daylight. This first order of diffuse daylight must transit through the 

window to the interior reference points or surfaces. Once the surfaces receive the diffuse 

daylight from the exterior, a certain amount of diffuse light will be reflected to the other sur-

faces or reference points which depend on the reflectance of the surfaces. Therefore, this 

illuminance passing through the window is the key point for discussing the distribution of dif-

fuse daylight in a room. In other words, the window is the only source of diffuse daylight for 

interior space as the sky vault is the only source of diffuse daylight for the earth. Hence, the 

intensity of illuminance for an interior point depends on solid angle, the source of diffuse 

daylight outside the window, and how the diffuse daylight is transferred among surfaces and 

between surfaces and reference points inside a room. 

DEFINITION : SOLID ANGLE 

the area intercepted on the surface of a unit sphere by a conical angle originating at 

the sphere center. 1 Figure 22 on page 99 shows that the solid angle dco is related to 

the projected area of dA 1 and to the distance between the differential elements. 

4.2 Solid Angles in A Rectangular Coordinate System 

The solid angle can be obtained from the following formula. 2 

dco = dA cos 0 
R2 

(4.1] 

where dA is a very small area of the source (here is window) of diffuse daylight, R is 

the distance3 from an interior point to dA, 01 ,and 02 are the angles between the normal 

line of point T ( see Figure 23 on page 100 ) and the distance line of R. 

[4.2] 
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Figure 22. An Example of a Solid Angle in 3-Dimension 
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Figure 23. Diffuse Light Interchange Between Two Differential Areas 
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cos e = I cos a, cos U2 + cos p, cos P2 + cos 'Y1 cos P2 I [4.3] 

where 
x - x 

COS U1 = dA 1 COS A = R , ,_,, YdA - Yt 
R ' cos y 1 = zdA - Zr ' cos Uz = 0 ' 

cos Pz = 1 , and cos y2 = 0 

a, , p, , y1 , a 2 , Pz, and y are the direct angles of line R and normal of point T. 

To obtain a point's solid angle toward a rectangular window, the integration was employed to 

integrate the whole window area. The following is the general formula to calculate an interior 

point's solid angle when viewing the window. 

co = JZupper edge SYright edge cos e dA 
z1 ower edge YI eft edge R 2 

[4.4] 

For example, if the dimensions of a window are 12 feet by 6 feet and the point P is in the left 

wall, then the solid angle for point T is view of the window. 

fYm • 17 
JY/ • 5 

cos 0 
Rz dA 

4.3 Sources of Exterior Diffuse Daylight 

[4.5] 

Based on the above assumptions and definition, it is understandable that a solid angle 

does exist for every interior point viewing the exterior throught the window. Two points having 

equal solid angles does not mean that these two points will receive equal quantities of diffuse 

daylight from the the exterior. Because two possible exterior sources of diffuse daylight, the 

sky vault and the ground, have different illuminance and luminance. Therefore, three types of 

solid angles for any interior point can be determined in this study according to three types of 

these angles can be used to calculate the intensity of illuminance received from the exterior 

sources. The first is the solid angle toward the sky vault only; in other words, the areas or 
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points in surfaces or space below the lower edge of the window. The second is the solid angle 

toward the exterior ground only; in other words, the areas or points in surfaces or space 

above the upper edge of the window. The third is the solid angle toward the sky vault and the 

ground both, in other words, the areas or points in the surfaces or space within the range of 

the window's height. 

4.4 Diffuse Daylight Transfer Between Two Sur1aces 

The fraction of the light leaving one surface that reaches another surface is defined as the 

geometric configuration factor between the two surfaces, because it depends on the geometric 

orientation of the surfaces with respect to each other ( Figure 23 on page 100 ). The geometric 

dependence is discussed here for perfectly diffuse interior surfaces, but the results have a 

wider applicability as they will apply for any uniform diffuse light leaving a surface such as the 

sky vault or the ground. This geometric dependence leads to some algebraic relations be-

tween the factors, and these relations are demonstrated in this section for a rectangular room 

under a uniform diffuse sky condition. 

After the relation for exchange between two surfaces has been developed, the relation 

can be applied to any number of surfaces arranged to form a rectangular room of six surfaces, 

each at a different intensity and reflectance. 

In the following section, the general set of equations governing the exchange within such 

a rectangular room is developed, and some illustrative examples are provided. The relations 

describing diffuse daylight transfer between differential areas are considered first, as they will 

be used in the succeeding sections to derive the relations for diffuse daylight transfer from the 

window to the interior surfaces or reference plane and the inter-reflective relations among the 

interior surfaces. Consider two differential areas as shown in Figure 24 on page 104 The area 

dAw (a very small area in the window with the coordinates of xw, Yw, and Zw ) and dA, (a very 

small area in the floor with the coordinates of x,, y,, and z,) are isochromtaic at intensities of 
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Ew and E, , respectively, are arbitrarily oriented, and have their normals at angles 0w and 0, to 

the line of length R joining them. 

The total luminance per unit time leaving dAw and incident upon dA, is : 

dEAw-Af = EAw cos ew cos O, dco, [4.6] 

where dro, is the solid angle subtended by dAw when viewed from dA, . Equation (4.6] follows 

directly from the definition of EAw , the light intensity of the window, as the light emitted by 

window(Aw) per unit time, per unit of area dAw is projected normal to R (the distance between 

dAw and dA, ), and per unit of solid angle. 

The solid angle dw, is related to the projected area of dAw and the distance between the 

differential areas by the relation of equation [4.6]. 

dro, = projected area of dAw 
R2 

(4.7] 

Substituting this relation into equation [4.6] gives the following for the total light leaving dAw 

that is incident upon dA, : 

dEAw-Af = EAw cos ow dA, cos e, 
R2 

[4.8] 

The total quantities of light at dA, from the window area are then found by integrating the over 

all area of the window as in the following formula. 

= s~ + g sdd + f EAw cos ew cos er d d EAw-Af • 2 Y Z 
R 7t 

(4.9) 

where 

EAw-Af = The total diffuse daylight leaving the window and incident to the area 

dA, 

EAw = Ed Tg or EG . Tg 

Ed = Horizontal illuminance (section 3.5) 
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Figure 24. Diffuse Daylight Transfer from Window to Floor 
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Tg = Transmission factor of glass (0.85) 

EG = Ed Rground 

EG = Ground luminance 

Rground = Reflectance of ground 

ew = Angle between normal to dAw and the line of length R 

e, = Angle between normal to dA, and the line of length R 

R = The distance between dAw and dA, 

In this case, point T is in the floor which is below the lower edge of the window; therefore. the 

exterior source of diffuse daylight for point T is the sky vault only. In other words, the intensity 

of illuminance for the secondary source (window) here is EAw = Ed Tg . 

4.5 Diffuse Daylight Directly From the Exterior 

From section 4.3, a standard was developed to divide three types of solid angle into the 

interior areas or points which receive the different sources of diffuse daylight directly from the 

exterior, and from section 4.4, processes were developed to calculate the illuminance of any 

interior points. This section is based on the above two sections to calculate the illuminance 

received in the interior surfaces and reference plane (z = 2.5 feet). The diffuse daylight 

availability model used in this study are listed in the following which are accepted by 

JES - CPC5 in 1984 as mentioned in section 2.2. 

C/earSky8 Edctr = 0.8 + 15.5 ( sin Ar )05 (in Klux) 

Part/yC/oudySky8 Edpc = 0.3 + 45.0 sin Ar (inKlux) 

CloudySky7 Edavr = 0.3 + 21.0 sin Ar (inK/ux) 

Left Wall ( 0 ~ x, ~ d , y, = O , 0 ~ z, ~ h ) 

CHAPTER 4 MATHEMATICAL MODEL OF DIFFUSE DAYLIGHT 105 



Window Area ( Xw = d, c S: Yw S: a + c .f S: Zw S: b + f) 

From section 4.3 and Figure 25 on page 107, the solid angle for any points in the left wall can 

be divided into three parts to discuss. They are: 

(1) Points above the upper edge of the window ( O s: x, s: d, y, = 0, b + f s: z, s: h) 

From equation [4.9] 

ELG = r + , s: + c 
EG Tw COS Ow COS OJ 
---2---- dy dz 

RLW 7t 

(2) Points below the lower edge of the window ( 0 s: x, s: d, y, 

From equation [4.9) 

= rb + f r· + c EH Tw cos ew cos OJ 
ELs Jf Jc 2 dy dz 

Rm 7t 

[4.10] 

0 ' 0 s: z, s: f) 

[ 4.11] 

(3) Points having the same height as the window ( 0 s: x, s: d, y, = 0 ' f s: z, s: b + f ) 

From equation [4.9] 

= Sb+ f r• + c EG Tw cos ow cos OJ dy dz 
ZJ Jc R2 

LW 7t e e [4.12] + rz1 r· + c EH Tw cos w cos I d dz 
Jf Jc 2 Y 

RLW Tt 

where 

ELG = The illuminance of any point in the left wall which is higher than the upper 

edge of the window 

ELs = The illuminance of any point in the left wall which is below the lower edge 

of the window 

ELGs = The illuminance of any point in the left wall which has the same height with 

the window 

EG = The luminance of the exterior ground 
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Figure 25. Diffuse Daylight Directly Received in Left Wall and Back Wall 
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EH == The luminance of the sky vault (assume a uniform diffuse sky condition) 

Tw == Transmission factor of window (normally assume Tg == 0.85 ) 

RLw == The length of line R connecting the any point in the left wall and the any 

small area in the window 

ew == The angle between the normal to the and small area in the window and the 

line of length RLw 

O, == The angle between the normal to the any point in the left wall and the line of 

length RLw 

[4.13] 

cos ow I cos aLW cos aw + cos Ptw cos Pw + cos Ytw cos Yw I [4.14] 

cos e, = I cos aLW cos a, + cos Ptw cos p, + cos Ytw cos y, I [4.15] 

where 

aLW, Ptw, and·ftw are the direction angles of the line of length RLw (section 3.5), aw, 

Pw, and Yw are the direction angles of the normal to the window, a,, p,, and y, are 

the direction angles of the normal to the left wall. 

cos aw = -1 ' cos Pw = 0' and cos Yw = 0 

cos a, = 0 , cos p, = 1 , and cos y, = 0 
x - x, 

cos w 
aLW 

RLW 

Ptw = Yw - y, 
cos 

RLW z - z, 
cos = w 

Ytw 
RLw 

Reduce [4.14] and [4.15] 

cos ew = I cos aLW cos aw I = 

cos e, = I cos Ptw cos p, I = 

d - x, 
RLw 

Yw - 0 
RLW 

d - x, 
RLW 
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Equation [4.10], or [4.11]. or [4.12] expresses that the diffuse daylight, either from the sky 

vault or ground, penetrates through the window and is incident to the left wall. Based on these 

equations, the illuminance for every point or small area in the left wall can be obtained. This 

illuminance in the left wall is directly affected by the exterior sources of diffuse daylight. The 

illuminance of the inter-reflection of diffuse daylight among the interior surfaces then will be 

calculated base on this direct illuminance from the exterior and will be discussed later. Re-

peating the processes from equation [4.10) to [4.17]. the formula for calculating the illuminance 

of other surfaces can be obtained, which is shown in the appendix E. 

Reference Plane ( 0 ~ x,e, ~ d, o ~ Yref ~ w , Z,e, = 2.5 ) 

The illuminance which comes from the exterior and is incident to the reference plane 

depends upon the window's position and size. Therefore, it is necessary to analyze the re-

lationship between the height of the window and the height of the reference plane for deter-

mining the effective opening of the window and the sources of diffuse daylight. It is clear that 

the height of opening which is lower than the height of the reference plane will not emit any 

diffuse daylight into the reference plane. In other words, the reference plane only receives 

ii luminance from space, surfaces, and opening above it. If the height of the window's upper 

edge is lower than 2.5 feet (height of the reference plane), no diffuse daylight will pass through 

the window and be incident to the reference plane directly. If the height of the window's upper 

edge is higher than 2.5 feet and the height of window's lower edge is below 2.5 feet, then the 

reference plane will only receive the diffuse daylight which directly penetrates through the 

portion of the window with the height higher than 2.5 feet. If the height of window's lower edge 

is higher than 2.5 feet, then all the rays of diffuse daylight passing through the window are 

effective to the reference plane. The following are based on the above conditions to analyze 

the luminance received in the reference plane. 

Window Area ( Xw = d. 0 ~ Yw ~ W, f ~ Zw ~ b + f) 
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f ~ 2.5feet (window's lower edge higher than the height of the reference plane) 

E,.,_ ext EH Tg cos ow cos e,., dy dz 

R~.,- w 7t 
[4.18) 

f ~ 2.5feet ~ b + f (window's lower edge lower than the height of the reference plane and 

window's upper edge higher than the height of the reference plane) 

E,e,- ext = Sb. , s· -c 
2.5 c 

EH Tg cos ow cos 0,., 
---2----- dy dz 

RRcf- W 7t 

( b + f) ~ 2.5feet (window's upper edge lower than the height of the reference plane) 

E,.,_ ext 0 

where 

I 2 2 2 y ( d - Xref) + ( Yw - Yref) + ( Zw - 2.5) 

d - x,., 
cos ow = 

RRef-W 

ZIV - 2.5 
cos e,., = 

RRef-W 
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4.6 Diffuse Daylight Exchanges Among Surfaces 

In section 4.5, the situations of illuminance incident from exterior diffuse sources into 

interior surfaces and the reference plane have been introduced. Once the diffuse daylight 

strikes the surface, the surface itself also has the ability to reflect light to space. Thus, all the 

interior surfaces will reflect the light to each other, depending on the reflectance factor of each 

surface. A method will be developed to analyze the inter-reflective phenomenon of diffuse 

daylight transfer among interior surfaces in this section. 

For the purpose of convenience in predicting the result of the inter-reflective phenome-

non, it is necessary to assume that there is a surface which is the first surface receiving the 

reflective light from the other five surfaces in a rectangular room; even through the actual 

phenomenon of inter-reflection among interior surfaces occurs instantaneously and contin-

uously. This section is based on the same idea which has been introduced in section 3.6.5 to 

process the results of inter-reflective light transfer among interior surfaces. In section 4.5, no 

illuminance comes from the exterior to the window wall directly; therefore, the first surface 

which will be processed to calculate the result of inter-reflective light transfer among surfaces 

is the window wall, then the other five surfaces. 

Window Wall : ( Xw d , 0 ~ y w ~ W , 0 ~ Zw ~ h ) 

The illuminance which comes from the exterior and is incident to the interior surfaces 

will give these surfaces the ability to reflect light into the interior space. The luminance of 

these surfaces depends on the reflectance factor of each surface. The illuminance of the in-

terior surfaces can be obtained from equation (4.10] to (4.17] in section 4.5. Therefore, to ob-

tain the luminance of any small area or any point in each surface, simply multiply the 

reflectance factor with the illuminance of that area or point. 

Lluminance = Eilluminanc• R reflrctancefaetor 
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Light Transfer From Left Wall to The Window Wall 

(4.21) 

where 

EwL = The luminance received for a small area or a point in the window wall dif-

fused from the left wall 

ELL = The luminance of a point or a small area in the left wall which is caused by 

exterior sources of diffuse daylight ( equation (4.10) to 4.12] ), ELL = ELG , or 

R, = The reflectance factor of the left wall 

RwL = The distance between the calculated point in the window wall and the any 

possible point or small area in left wall 

ew = Angle between the normal to the calculated point or small area in the left 

wall and the line of length RwL 

e, = Angle between the normal to the calculated point or small area in the left wall 

and the line of length RwL 

To obtain the total diffuse daylight affected by the illuminance of interior surfaces for a 

calculated point in a specific surface, the formulas to calculate the light transfer from surfaces 

to the calculated point must be developed. Repeat the processes of obtaining the light coming 

from the left wall to the calculated point in the window wall; the following formulas will be 

obtained. 

Light Transfer From Right Wall to The Window Wall 

(4.22] 

where 

ERR = ERG (from equation [E.1] ), or 
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ERs (from equation [E.2] ). or 

ERGS (from equation [E.3]) 

Light Transfer From Back Wall to The Window Wall 

where 

E88 Rb cos Ow cos Elb 
----2---- dy dz 

RviB 7t 

E88 = EaG (from equation [E. 7) ), or 

E85 (from equation [E.8] ), or 

EaGs (from equation [E.9] ) 

Light Transfer From Ceiling to The Window Wall 

\ 

where 

Ecc R, cos Ow cos Oc 
---'----2-----'- dx dy 

Rwc 7t 

Ecc = EcG (from equation [E.13] ) 

Light Transfer From Floor to The Window Wall 

where 

EFF R, cos ew cos e, 
---2---- dx dy 

RwF 7t 

EFF = EFs (from equation [E.17]) 

[4.23] 

[ 4.24] 

[4.25] 

From equation [4.21] to [4.25]. the quantity of illuminance from the interior surfaces (ex-

cept the window wall itself) to the calculated point in the window wall has been derived. 

Therefore, the illuminance for any point of the window wall can be expressed in the following 

form. 

[4.26] 
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In section 4.5, the illuminance coming from the exterior to the interior surfaces has al-

ready been calculated. Equation [4.26) only explains the illuminance for a calculated point in 

the window wall, which come from the interior surfaces and is received in the window wall. 

Combine E~11 and the illuminance coming from the exterior to the window wall directly; the 

diffuse daylight in the window wall can be obtained as Ew1 here. Because no diffuse daylight 

will directly come from outside and strike to the inside of the window wall. Equation [4.26] 

stands for the intensity of light in the window wall and will be used later to calculate the light 

transfer from the window wall to the other five surfaces and the reference plane. 

Only the illuminance of the window wall which was affected by the inter-reflective phe-

nomenon among interior surfaces has been developed at this stage. Repeat the processes 

from equation [4.21] to [4.26], the illuminance of other five surfaces caused by the phenome-

non of inter-reflection can be obtained which is shown in the appendix E. 

In this section, the inter-reflection among interior surfaces has been analyzed. In the na-

ture of light, the inter-reflection among surfaces is continuous. In other words, the light trans-

fer among surfaces is continuous until every surface reaches a temporary stable condition 

unless the intensity of the original sources is changed. The processes in this section only deal 

with the first inter-reflective phenomenon among interior surfaces. The reason for only calcu-

lating light exchange among surfaces once is that the difference of illuminance between pri-

mary and secondary inter-reflection is too small to be significant. 

4.7 llluminance in the Reference Plane 

The analyses of diffuse daylight transfer from exterior to interior and diffuse daylight ex-

change by inter-reflection among interior surfaces are discussed in section 4.5 and 4.6. The 

illuminance for every point or small area on each interior surface can be obtained via the 

equation in the last two sections. This section will use the results of the last two sections to 

calculate the illuminance in the reference plane. 
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The illuminance of the reference plane, which defined as y = 2.5 feet, depends upon the 

intensity of light sources and their reflectances. The possible light sources for the reference 

plane can be divided into two parts. One is the diffuse daylight coming from the exterior and 

incident directly to the reference plane, which has already been developed and can be cal-

culated with the equations of (4.18). [4.19). and (4.20). The other is the diffuse daylight coming 

from the interior surfaces which is the major topic in this section. 

In section 4.3, the model for light leaving one surface and that reaching another surface 

has already been introduced. Based on this model, once the intensities of illuminance and 

luminance for a source surface (interior surfaces) are known, then the intensity of illuminance 

for the target surface (reference plane) can be calculated. 

Since the reference plane is defined as z = 2.5 feet (2.5 feet higher than the noor level), 

the surface which is lower than 2.5 feet will not diffuse daylight to the reference plane. In other 

words, no matter how high the intensity of luminance in the surfaces lower than 2.5 feet, there 

is no change of illuminance in the reference plane. Therefore, Only the opening and the in-

terior surfaces higher than the reference plane ( z ::: 2.5feet) will affect the illuminance of the 

reference plane directly. The following are the processes to obtain the illuminance coming 

from different surface and incident to a point in the reference plane. 

Reference Plane : ( 0 s X,e, s d , 0 s y,., s w , z,., 2.5 ) 

light Transfer From Left Wall to Reference Plane 

Effective Area of Left Wall : ( 0 s x, s d , y, 0 ' 2.5 =:;;: z, =:;;: h) 

2 RR cf- L 1t 
(4.27] 

light Transfer From Window Wall to Reference Plane 
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Effective Area of Window Wall : ( xw = d, 0 s: Yw S: w, 2.5 S: Zw S: h) 

Ew Rw cos O,., cos 0w 
-------- dy dz 

Rz .. 
Ref-W '"' 

Light Transfer From Right Wall to Reference Plane 

Effective Area of Right Wall ( 0 S: xw S: d, Yw = w, 2.5 S: z, S: h) 

ER R, cos O,e, cos 0, dx dz 
R~.r-R 7t 

Light Transfer From Back Wall to Reference Plane 

Effective Area of Back Wall : ( xb s: 0, 0 s: Yb s: w, 2.5 s: zb s: h) 

Sh rw E8 Rb cos 0,e, cos Ob = 2.5 JO 2 dy dz 
RRef-8 7t 

Light Transfer From Celling to Reference Plane 

Effective Area of Ceiling : ( 0 s: Xe s: d, 0 s: Ye s: w, 2.5 s; Ze s: h ) 

= rod row ERef-C Ji JI 
Ee Re cos O,e, cos Oe -----dxdy 

R~ef-C 7t 
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From equation [4.27] to [4.31], each equation expresses the quantity of light transferred 

from each interior surface is higher than the reference plane, to the calculated point in the 

reference plane. these equations can be combined to obtain the illuminance of the calculated 

point in the reference plane affected by the inter-reflective phenomenon. 

ERef-/nter-rellection = ERef-L + ERcf-W + ERef-R + ERef-B + ERef-C [ 4.32] 

Equation [4.32] expresses the light coming from interior surfaces and incident to the ref-

erence plane. To obtain the total illuminance for the reference plane, which includes not only 

the illuminance from the inter-reflection but also the illuminance directly from the exterior 

diffuse daylight source (sky vault and ground), the equation [4.18], or [4.19], or [4.20] must be 

combined with equation [4.32]. Determining which equation should be combined with equation 

[4.32] is based on the effective opening, discussed in section 4.5. Equation [4.33] is the formula 

to calculate the total diffuse daylight received in the reference plane, which include diffuse 

daylight transferred from exterior to interior, and diffuse daylight exchanged among interior 

surfaces (inter-reflection). 

ER cf-Inter- rellect1on + /Ref-Ext [4.33] 

The mathematical model for predicting the illuminance distribution of direct sunlight and 

diffuse daylight in a rectangular room has been well developed in this chapter. The 

illuminance of any point in the reference plane can be obtained with equations [3.6.165] and 

[4.33]. The illuminance can be predicted either in direct sunlight or diffuse daylight, or both. 

The following chapter will present the experimental study and statistical analysis to validate 

this mathematical model of daylighting. 
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4.8 Computer Simulation 

A computer program using a high level language, the Advanced BASIC (Beginners All-

purpose Symbolic Instruction Code), under IBM PC's DOS version 2.1 has been written for 

simulation and prediction of the diffuse daylight distribution in a rectangular room. All calcu-

lation methods in this program are based on the mathematical model previously stated. 

Naturally, this program was written for the IBM PC, XT, and AT system. It permits the user 

to use one or two disk drives for the master program diskette and the storage diskettes. The 

initialized disk may be used as a storage disk. As a result, more than one design case may 

be calculated during any period of time and orientation, and more than one storage diskette 

may be used for different options. This program allows the prediction of illuminance at any 

point in the interior with any combination of rectangular fenestration and reflective surfaces 

under different sky conditions. A program list is in appendix F and a brief description of each 

stage of the program is explained in the following. 

Organization of Input Data 

Two groups of information are required for the input of this program. One is the weather 

data. Another is the basic geometry information of a room. The following are the required in-

put data for weather information. 

1. The location of the room which includes the longitude, latitude, time zone, and the orien-

tation of the window facing. 

2. The time of the daylighting need to be analyzed which includes the time of the day and 

the date of the year. 
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3. The desired sky condition which includes the clear sky, the partly cloudy sky, and the 

cloudy sky. 

With the weather data input, the program will calculate the daylight availability based on 

the IES accepted equations which have been discussed previously. The solar altitude, solar 

azimuth. and profile angles will be calculated also. The input of the desired sky conditions 

are an optional function which depends upon the user's need. In other words, this program 

has the ability to predict different sky conditions simultaneously. 

The minimum information of a room required to run this program is normally available 

at the schematic design stage. Once a designer has sketched a building shape, he needs only 

the following information to use this program for daylighting prediction. 

1. The size of a room, which included the depth (x-axis), the width (y-axis), and the clear 

ceiling height (z-axis) of a room. 

2. The location and the size of windows, which include the distances between the left wall 

and the left edge of the windows. the right wall and the right edge of the windows, the 

floor and the lower edge of the windows, and the ceiling and upper edge of the windows. 

3. The reflectances of each interior surface. If the reflectances have not been decided and 

input, the program itself has the ability to default to the /£5 8 suggested reflectances for 

each interior surface. 

4. The transmission factor of the glass. If no factor is entered, it defaults to 0.85.9 

5. The correction factor of maintenance of the glass. If no factor is entered, it defaults to 0.85 

which means the program will not put this factor in prediction. 
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6. The correction factor of window framing and window bars. This factor is determined by 

dividing the actual glass area by the area of window aperture. If no factor is entered, it 

defaults to 0.75. 10 

7. The height of the reference plane. If no value is entered, It defaults to 2.5 feet. 11 The cal-

culation process needs this value to decide the effective window area of diffuse daylight. 

Algorithms 

Two numerical analysis methods were employed to execute the calculations in this pro-

gram for daylighting prediction. One is the well-known Simpson's second ru/e, 12 probably the 

most frequently used of all the integration formulas. Simpson's second rule, which is based 

on odd intervals with an even number of base points, is applied to calculate the double inte-

grations in the mathematical model. This numerical method promises that the error of cal-

culating will be insignificant in this study. 

Another method is the zoning method, which was originally designed 13 for calculating the 

radiant heat exchange in a gas-filled enclosure. Hottel and Sarofim 14 develop this method at 

some length for computer solution in calculating the iterative phenomenon of radiative trans-

fer. This method can compute light exchange in a rectangular space containing known 

renectances of surfaces, which for calculation are divided into finite areas, while the medium 

is divided into finite volumes. The areas and volumes are assumed to be individually uniform, 

and luminance and illuminance exchange among all areas and volumes is then calculated. In 

this program, each interior surface is divided into 81 small areas for calculating the quantity 

of illuminance caused by inter-renection phenomenon. The more areas into which each sur-

face has been divided, the better precision in prediction will be obtained. This method allows 

the calculation of inter-reflective phenomena to be made individually; thus, the analysis of 
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reflectances for each surface is accessible. Other calculation procedures in this program are 

the same as the mathematical model. 

Organization of Output Data 

Two kinds of output data are provided in this computer simulation. One is the quantity of 

predicted illuminance for 11 by 9 points in the reference plane, which provides the following 

information. 

1. All the given input data. 

2. The position of each point being calculated in the reference plane. 

3. The illuminance of each point due to direct incident daylight. 

4. The illuminance of each point due to inter-reflective phenomena. 

5. The total illuminance of each point. 

6. The predicted daylight factor for each point. 

Another kind of output data is the quantity of predicted illuminance for each of the 81 

points on each interior surface, which provides the same information as the former output did. 

With this output data, designers can analyse the illuminance affected due to direct incident 

daylight via openings and due to inter-reflective phenomena via surfaces separately or to-

gether. This analysis can assist designers to adjust their schematic designs or reflective sur-

face as needed. 
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Graphic Representation 

Figure 26 on page 123 shows three kinds of graphic representation to explain the results 

of daylighting distribution in this program. First is the typical floor plan showing footcandles 

or daylight factors for 25 points, which provides a quantitative overview of the entire room. 

Second is the typical section showing curve change in footcandles or daylight factors, which 

provides the relative brightness from the window wall to the back wall. This is useful in eval-

uating potential glare problems. Third is the 3-dimension graphic contour. which provides 

complete information of daylighting distribution in a rectangular room. The Bicubic Spline 15 

method is employed to execute the calculation of curve fitting and surface fitting. 
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CHAPTER 5 SCALE MODEL STUDIES AND 

VALIDATION 

5.1 Instrumentation and Calibration 

Several instruments have been employed in validation of the mathematical model de-

veloped here. These include a photometer, 1 a glossmeter and reflectometer, 2 an analog-signal 

to digital-code interface board, and a set of 16 quick response photocells. The latter two in-

struments were specially designed and constructed for this study. 

Photometer: A Tektronix J-16 photometer/radiometer with a J-6511 photometric probe was 

used as a standard with which to calibrate the Clairex CL909L 3 photocells. The J-16 has been 

calibrated by the manufacturer with a 3100 degree K tungsten-halogen light source traceable 

to NBS standards. The J-16 with J-6511 provides stability within 2% per year, linearity within 

2% over the entire range, integration time within 100 ms which is similar to the human eye, 

cosine correction for a 180 degree field-of-view, and wavelength response which insures a 

close match to the CIE photopic curve. 
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Reflectometer: A Gardner portable glossmeter and reflectometer was used to measure the 

reflectance of materials used in the model study. 

Analog/Digital (AID) Converter Card: An analog-signal to digital-code converter card for signal 

transfer was developed and constructed. It can be programmed from the IBM PC's interpreted 

or compiled Advanced Basic language to perform analog-signal to digital-code conversions. 

An AID converter changes the analog voltage(the output of a photocell) into a digital-code of 

O's and 1's which is intelligible to the computer. The hardware includes a 16 channel 

multiplexer(AD 7507) followed by an instrumentation amplifier(714), a sample and hold(AD 

582), and a twelve bit AID converter (A0574ak).' 

This A/D card provides a resolution of one in 4096 which is required if illumination is to 

be read to a tenth of a foot candle in the 400 footcandles range. The data acquisition time is 

25us; in other words, it only take a half second to collect 30 readings for each channel. The 

hardware schematic described above, the calibration procedure of this A/D card, and the 

software to communicate between the A/D card and the IBM PC are in Appendix G. 

The linearity error refers to the deviation of each individual code from a line drawn from 

"zero" through "full scale". The point used as "zero" is 1.22 mV for a 10 volt span before the 

first code(O) transition. Full scale is defined as 3.67 mV for a 10 volt span beyond the last 

code(4095) transition. The AD 574ak grades are guaranteed for maximum nonlinearity of 1.22 

mV. For this grade, this means that an analog value which falls exactly in the center of a given 

code width will result in the correct digital output code. Values nearer the upper or lower 

transition of the code width may produce the next upper or lower digital output code. The 

calibration procedure for this A/D card is in Appendix G. 

Photocells: In a physical model study of daylighting, the simultaneity of data collection has 

always been an important criteria for predicting illuminance distribution coincidentally. Many 

photometers are available for measuring the illuminance in models. Usually, these 
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photometers involve the application·of electronic devices for translatting the output voltage 

of photocells into illuminance units. 

However, none of the existing photometers can support the simultaneous measurement 

of illuminance (in less than half a second) for 16 positions. The simultaneity of data collected 

in the Skydome Daylight Simulator is important because the unstable voltage situation for the 

light source inside the Skydome causes fast changes in illuminance. This also applies to 

measurements made in the fast changing of the real physical environment. Hence, it was 

necessary to improve the factor of simultaneity in data collection for the this study and the 

validation of the analytical model. 

16-Channel Photocell Set: The photocells selected for this study were produced by Clairex 

Electronics Co. (Mount Vernon, New York 10550). The index number of these photocells is 

CL909L. The CL909L's have the following characteristics to suit the requirements of physical 

model experiments in the Skydome Daylight Simulator: 

1. The peak spectral response is 5500 Angstroms which closely matches that of the human 

eye. 

2. Its stability, high speed, and low temperature coefficient allow use in the real physical 

environment and Skydome Daylight Simulator. 

3. There is no more than a 6% difference in accuracy from -25 degrees to + 75 degrees 

Celsius. 

4. The maximum measurement voltage is 10V, which matches the AID card need. 

5. Response time is less than 0.005 seconds at 1.0 footcandles, 0.002 seconds at 10 

footcandles, and 0.001 seconds at 100 footcandles. 

6. The variation of conductance with temperature and light is less than 2.5%. 
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7. The sensitivity versus angstroms curve sufficient for simulation of illuminance in the 

physical environment. 

The CL909L photocells do not have cosine correction. thus, it was necessary to 

accomodate for cosine correction in the computer program. The 16-channel set of photocells 

and the A/D converter card allow the simultaneous measurement of model illuminances and 

were used to validate the mathematical model for use by designers for the prediction of inte-

rior daylighting distribution. 

The spectral response, the details of photocell, the color temperature response, the var-

iation of conductance with temperature and light, the response time versus light, and the 

electronic circuit design of CL909L are listed Appendix G. 

Calibration of Photocells: The CL909L photocells were calibrated using the J-16 photometer 

as a reference. Based on a range from 0 footcandles to 118.8 footcandles of illuminance in the 

Skydome, each photocell was calibrated via 19 observations. Table 1 on page 128 shows the 

steps in the calibration procedure. The calibration procedure and program to communicate 

between photocells and the IBM PC are listed in Appendix G. 

The statistical Analysis System (SAS) package was employed to find the General Linear 

Model (GLM) for each photocell to predict the illuminance as the J-16 did. According to the 

R-Square of these 16 GLM created by SAS, the CL909L's prediction ability of illuminance is 

dependable and stable. Table 2 on page 130 shows the GLM and R-Square for each channel. 

Even through the R-Square of each photocell provide a minimum value of 0.99 for the 

correlation coefficients between J-16 and CL909L photocells, the intercepts of some GLMs are 

too high to predict a low illuminance level. Hence, it is necessary to divide the observations 

into three parts to find the GLM for each range of illuminance which permits the lower 

illuminance prediction precisely. Table 3 on page 131 , Table 4 on page 132 , and Table 5 

on page 133 show the GLM and R-Square for each photocells. Figure 27 on page 134 ex-

presses the linear characteristic for the prediction in different ranges of illuminance. All the 
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Table 1. Flow Chart of Photocell Calibration 

START 

TEST THE RANGE OF 

THE PHOTOCELL 

SET UP THE NUMBER OF 

DAT A TO BE MEASURED 

TURN ON THE POWER FOR 
THE cc~.lPUTER AND DA TA 
ACQUISITION SYSTEM 

PUT THE STAND~RE 
PHOTC~,1ETER IJ·15J 
IN THE CENTER OF 
THE SK YDO~,,~E 

CHECK THE LEVEL OF 

PHOTOCELL & J-15 

TURN ON THE LIGHTS TO 

SPEC:F:EO LUMINANCE 

RECORD THE READ:NG ON 

THE COMPUTER AND J-16 

REPLACE THE CELL 
TO BE CALIBRATED 

ADJUST THE LUMINANCE 
TO THE UEXT LEVEL 

NO 
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interceptions for every GLM at low illuminance levels are small enough to execute the pre-

diction. 

5.2 Scale Model Studies and Data Acquisition 

Forty-eight sequential diffuse daylighting model studies were done for the validation of 

this study under the Skydome in the PFRC at VPl&SU. Four scale model floor plans were built 

for the 48 case studies. The models were all at the same scale of 3/4" = 1'. The models were 

treated to simulate as realistically as possible the assumptions made in this study, such as 

the perfectly diffusing ground and room surfaces, and the luminance in the Skydome {homo-

geneous and isotropic). Dimensions of the four plans are shown below: 

1. 12 feet deep by 18 feet wide 

2. 12 feet deep by 24 feet wide 

3. 14 feet deep by 19 feet wide 

4. 15 feet deep by 26 feet wide. 

The range variables chosen for the scale model studies are as follows: 

1. Ceiling height --- 10 feet, 11 feet, and 12 feet 

2. Sill height --- 2 feet, 2.5 feet, 3 feet, and 3.5 feet 

3. Ceiling reflectance -- .06, .51, .76, and .81 

4. Wall reflectance --- .06, .31, .51, . 76 
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Table 2. The Correlation Coefficient Function for CL909L (range: 0 to 118.8 footcandles) 

T FOR HO• PR > IT I 
CL909l R-SQUARE PARAMETER ESTIMATE PARAMETER=O 

INTERCEPT 4.2266.3514 2.70 0.0151 
0.997104 p -o. 0.3776282 -5. 7 5 0.0001 

P•P 0.00014129 23.98 0.0001 

INTERCEPT 6.5304.3228 2.30 0.0343 
2 0.991461 p -0.04274789 -5.24 0.0001 

P•P 0.0000788 15. 56 0.0001. 

INTERCEPT 1.01258003 2.49 0.02.32 
3 0.999701 p 0.02572579 10.47 0.0001 

P•P 0.00014666 49.26 0.0001 

IllTERCEPT .3.90399009 2.71 0.0150 
4 0.997458 p -0.03228407 -5.4.3 0.0001 

P•P 0.00012946 24.93 0.0001 

IllTERCEPT 2.57671076 2.80 0.0124 
5 0.998829 p -0.01667462 -3.67 0.0019 

P•P 0.00015.351 32.85 0.0001 

ItlTERCEPT 5 . .38276496 2.47 0. 0 24 5 
6 0.994608 p -0.03516351 -5.35 0.0001 

P•P 0.0000783 18.49 0. COO! 

ItlTERCEPT 4.16597794 2.61 0.0184 
7 0.996748 p -0.02834615 -4.85 O.C002 

P•P 0.0000990 22.01 0.0001 

ItlTERCEPT 5.718n371 2.43 a. 026 5 
8 0.99.3800 p -0.04032526 -5.33 O.CCOl 

P•P 0.0000914 17.54 0.0001 

ItHERCEPT 5.352'•6745 2.45 0.0253 
9 0.994430 p -a. 03459060 -5.07 0.0001 

P•P 0.0000803 ~7.97 0.0001 

WTERC[PT 4. 952'•4503 2. 56 0.0205 
10 0.995655 p -0.03342135 -5.43 0.0001 

P•P 0.0000839 20.14 0.0001 

WT ERCEPT 5.54071587 2.45 0.0252 
11 0.994185 p -0.03499634 -5.25 0.0001 

P•P 0.0000751 17.86 0.0001 

ItHERCEPT 4.07956637 2.77 0.0131 
12 0.997427 p -0. 0.H 12351 -5.87 0.0001 

P•P 0.00010293 25.24 0.0001 

I tlT ERCEPT 4. 68187746 2. 52 0.0222 
13 0.995825 p -0.03262170 -5.06 0.0001 

P•P 0.0000951 20.09 0.0001 

ItlTERCEPT 3.94840953 2.32 0.0328 
14 0.995698 p -0.01472081 -2.89 0.0102 

P•P 0.0000553 17.74 0.0001 

IllHRCEPT 4.56885388 2.54 0.0213 
15 0.996102 p -0.03307660 -5. l 0 0.0001 

P•P 0.00010220 20.66 0.0001 

ItlTERCEPT 0. 13942532 0.60 0.55.39 
16 0.999865 p 0.23417147 58.42 0.0001 

P•P 0. 000496 77 37.03 0.0001 
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Table 3. The Correlation Coefficient Function for CL909L (range: 0 to 10.9 footcandles) 

T FOR H01 PR > IT I 
CL909L R-SQUARE PARAMETER ESTIMATE PARAMETER=O 

INTERCEPT 0.00958946 0.28 0.7983 
0.999951 p 0.00839214 19.93 0.0003 

P•P 0.0000624 54.56 0.0001 

IIHERCEPT 0.01028910 0.21 0.8496 
2 0.999900 p 0.00356873 9.37 0.0026 

PllP 0.0000279 42.71 0.0001 

INTERCEPT 0.00956556 0.80 0.4835 
3 0.999993 p 0.04195117 136.26 0.0001 

PllP 0.00010608 63.76 0.0001 

ltlTERCEPT 0.00624326 0.26 0.8124 
4 0.999976 p 0. 00936370 31.61 0.0001 

P•P 0.0000597 74.24 0.0001 

I tlTERCEPT -0.01266599 -0.48 0.6669 
5 0.999970 p 0.01723783 39.97 0.0001 

PllP 0.0000836 54.82 0.0001 

IllTERCEPT -0.00891133 -0.25 0. 8182 
6 0.999948 p 0.00548825 18.39 0.0004 

PllP 0.0000306 54.62 0.0001 

ItlTERCEPT -0.00496879 -0.17 0.8775 
7 0.999963 p 0.01057084 32.10 0.0001 

PllP 0.0000428 53.41 0.0001 

INTERCEPT 0. 00036915 0. 01 0. 9918 
8 0.999955 p 0.00550724 18.70 0.0003 

PllP 0.0000344 59 .12 0.0001 

IllTERCEPT -0. 02577031 -0.49 0.6586 
9 0.999886 p 0.00688165 14.87 0.0007 

PllP 0.0000312 34.42 0.0001 

INTERCEPT -0. 01877994 -0.39 0. 7Zl2 
10 0.999906 p 0.00627079 14.57 0.0007 

P•P 0.0000344 39.79 0.0001 

ItlT ERCEPT -0.02378986 -0.49 0. 6564 
11 0.999905 p 0.00590585 14.90 0.0007 

P•P 0.0000284 39.06 0.0001 

INTERCEPT -o. 00877 306 -0.21 0.8496 
12 0.999926 p 0.00731909 16 .40 0.0005 

PllP 0.0000465 44.49 0.0001 

ItlTERCEPT -o. 01310101 -0.33 0.7658 
13 0. 999933 p 0.00829301 20.42 0.0003 

PllP 0.0000396 43.59 0.0001 

IllTERCEPT -o. 06293237 -0.7Z 0.5238 
14 0.999662 p 0.01528041 17.33 0.0004 

PllP 0.0000217 11.35 0.0015 

ItlTERCEPT -0.02703111 -0.46 0.6793 
15 0.999856 p 0.00845886 13.65 0.0009 

P•P 0.0000436 30.17 0.0001 

ltlTERCEPT 0.28993800 1. 31 0.2815 
16 0.997056 p 0.24835530 9.87 0.0022 

PllP -0.00010639 -0.19 0. 86 33 
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Table 4. The Correlation Coefficient Function for CL909L (range: 7 .3 to 58.0 footcandles) 

T FOR HQ, PR > IT I 
CL909L R-SQUARE PARAMETER ESTIMATE PARAMETER=O 

IllTERCEPT 8.851:54288 7.46 0.0003 
0.999778 p -0.04325979 -9.20 0.0001 

PllP 0.00015630 31.20 0.0001 

ItHERCEPT 14.70741085 6.93 0.0004 
z 0.999475 p -0.04961430 -9.02 0.0001 

PllP 0.0000751 Z2.28 0.0001 

IllTERCEPT 0.40945781 0.70 0.5116 
3 0.999826 p 0.03613131 9.53 0.0001 

PllP 0.00012634 22.97 0.0001 

ItHERCEPT 7.52156230 6.21 0.0008 
4 0.999745 p -0.03459832 -7.26 0.0003 

P•P 0. 00012255 28.24 0.0001 

IIHERCEPT 3. 89053791 5. 13 0.002Z 
5 0.999858 p -0.01308137 -3.55 0.0120 

P•P 0.00014125 34. 16 0.0001 

ItlTERCEPT 11.03004883 7.57 0.0003 
6 0.999694 p -0.0385'1124 -9.54 O.OCOl 

P•P 0.0000737 27.87 0.0001 

ItlTERCEPT 7.36449194 5.97 0.0010 
7 0.999699 p -0. 027'-5641 -6.43 0.0007 

P•P 0.0000907 26.33 0.0001 

ItlT ERCEPT 11.98125563 7.25 0.0003 
8 0.999625 p -0. 044b95.)3 -9. 19 0.0001 

P•P 0.0000860 25.53 0.0001 

ItlTERCEPT 10.09951'·06 7.08 0.0004 
9 0.999671 p -o. 03500"62 -8.56 0.0001 

P•P 0.0000755 26. 72 0.0001 

I tlTERCEPT l 0. 02724 048 8.03 o.oooz 
10 0.999760 p -0.05663309 -9.94 0.0001 

P•P 0.0000792 31. 00 0.0001 

INTERCEPT 11.70605635 7.28 0.0003 
11 0.999616 p -0.03945949 -9.03 0.0001 

P•P O.OOOU713 25.50 0.0001 

ItlTERCEPT 8.85724010 7.53 0.0003 
lZ 0. 999779 p -0.05695544 -9.22 0.0001 

PllP 0.00010044 31. 34 0.0001 

INTERCEPT 8.52470445 7.42 0.0003 
13 0.999772 p -0.03250121 -8.73 0.0001 

P•P 0.0000373 30.91 0.0001 

ItlTERCEPT 4.66156101 4.66 0.0035 
14 0.999668 p -0.00591958 -2.05 0.0864 

P•P 0. 0000<,r.7 2.L39 0 .0001 

INTERCEPT 8. 51807930 8. 56 0.0001 
15 0.999829 p -0. 035968 58 -10.11 0.0001 

P•P 0.0000949 35.73 0.0001 

ItHERCEPT 0.0~857413 0.01 0.9898 
16 0.999571 p 0.23243452 16. 56 0.0001 

P•P 0.00050533 7. 6 3 0.0003 
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Table 5. The Correlation Coefficient Func;:tion for CL909L (range: 49.8 to 118.8 footcandles) 

T FOR HO: PR > IT I 
CL909L R-SQUARE PARAMETER ESTIMATE PARAMUf.R=O 

INTERCEPT 62.21160861 11. 53 0.0001 
0.999956 p -o. 1926 3292 -15.60 0.0001 

P•P 0.00024064 34.33 0.0001 

IllTERCEPT 170.46404934 9.32 0.0001 
2 0.999738 p -0.33360043 -11.57 0.0001 

P•P 0.00020450 18.10 0.0001 

I tlTERCEPT 12. 9326 0402 80.72 0.0001 
3 0.999936 p -0.01860516 -37.46 0.0001 

P•P 0.00018516 488.68 0.0001 

IllTERCEPT 54.58618601 9. 19 0.0001 
4 0.999941 p -o .16533200 -12.48 0.0001 

P•P 0. 00021304 29 .10 0.0001 

ItlTERCEPT 34.99829351 7.84 0.0002 
5 0.999948 p -0.11641456 -9. 92 0.0001 

P•P 0.00022667 29.74 0.0001 

ItlTERCEPT 117. 40288284 20.37 0.0001 
6 0.999964 p -0.24314048 -25.73 0.0001 

P•P 0.00017198 44.74 0.0001 

!IHERCEPT 77.43981409 19.62 0.0001 
0.999975 p -0.19194635 -24.89 0.0001 

P•P 0.00018719 50. 12 0.0001 

I tlTERCEPT 122 .62840467 9.79 0.0001 
8 0.999843 p -o. 27 348403 -12.48 0.0001 

P•P 0.00020415 21. 45 O.COOl 

IIHERCEPT 110.08570114 6.90 0.0005 
9 0.999702 p -0.23505934 -8.81 O.CCOI 

P•P 0.00017332 15. 6 5 0.0001 

IllTERCEPT 90.86737783 12.02 0.0001 
1 c 0.999928 p -0.20361117 -15.63 0.0001 

P•P 0.00016529 29.67 0.0001 

llHERCEPT 135. 55077274 28. 13 0.0001 
II 0.999975 p -0.26785384 -34.69 0.0001 

P•P 0.00017662 57. 51 0.0001 

ItlTERCEPT 36.49087578 2. 13 0.0773 
12 0. 999508 p -0.11178562 -3.33 0.0159 

P•P 0.00014981 9.16 0.0001 

!llTERCEPT 93.96988761 7. 12 0.0004 
13 0.999760 p -0.22267303 -9.04 0.0001 

P•P 0.00019296 16.92 0.0001 

IllT ERCEPT 116. 04708009 6. 91 0.0005 
14 0.999486 p -0.20531207 -7.95 0.0002 

P•P 0. 00013397 13.62 0.0001 

ItlTERCEPT 99.47989791 12. 13 0.0001 
15 0.999904 p -0.24051610 -15.09 0.0001 

P•P 0.00021216 27.64 0.0001 

IllTERCEPT -7.40699368 -2.27 0. 0639 
16 0.999786 p 0.30499171 l 0. 6 3 0.0001 

P•P 0.00033964 5.55 0.0014 
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Figure 27. GLM Model for Channel No. 1 

PHOTOCELL CALIBRATION NO. 

OBS CL909L SD 

1 0.000 0.00000 
2 102.900 0.59722 
3 185.533 1.23108 
4 246.433 1.40673 
5 282.967 1.97456 
6 357.167 2.14605 

1 282.967 1. 97456 
2 357.167 2.14605 
3 449.733 2.85112 
4 517.267 3.86379 
5 563.100 3.25935 
6 614.733 3.82913 
7 681.833 3.96723 
3 730.033 4.46828 
9 778.233 4.33346 

1 730.03 4.46828 
2 77 8. 23 4.33346 
3 823 .13 5.14285 
4 859.90 4.64292 
5 893.27 5.17000 
6 919.53 5.34623 
7 952.53 5.46341 
8 988.47 4.66714 
9 1029.83 6.25611 
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0.0000 
1.5445 
3.7431 
5.8534 
7.3315 

10.9858 

7.3315 
10.9358 
17. 0885 
22.8767 
28.1013 
33.4359 
42.4023 
49.8548 
53.0164 

49.855 
58.016 
66.696 
74.508 
82.142 
88.435 
96.972 

107.280 
118.860 
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5. Floor reflectance --- .06, .23, and .31 

6. Exterior ground reflectance --- .06 and .31 

7. Opening to Wall ratio --- from 23% to 49% 

8. Available diffuse daylight on the horizontal --- from 31 footcandles to 118 footcandles. 

These variables in the model studies were designed to be interchangeable to further increase 

the number of possible combinations. To make comparisons between scale models and the 

mathematical model, variables such as glass transmission, maintenance factor, and the cor-

rection factor of window framing were not considered in these studies. 

Figure 28 on page 136 shows the 15 measuring points in the floor plan; photocells 1 to 

15 are put inside the model for measuring the diffuse daylight distribution in each case. 

Photocell 16 is put outside the model for measuring the available horizontal illuminance of the 

Skydome. All the photocells were mounted on the floor and the upper surface of each 

photocell was at a height of 30 scale inches. 

As mentioned in the previous section, the data acquisition procedure employs a computer 

interface system to collect data simultaneously from the 16 photocells. Fifty observations were 

collected and recorded for each photocell in each case. The analog signals from photocells 

are transferred via AD574ak into digital-codes and saved temporarily in he RAM of an IBM 

PC. These digital-codes then were translated via the correlation coefficient functions. which 

were established in the calibration procedures under the Statistical Analysis System computer 

package, into illuminance. Figures 29-32 graphically present the collected data in 4 cases. All 

data from the 4 cases, including the digital-codes and footcandles, are shown in Appendix H. 
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Figure 28. The Measuring Points in the Floor Plan 
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TEST CGHDlTIOH 

DIFFUSE DAYLIGHT AVAILA9LE IH sirrgftf ----------------- 105.9181 FOOVCAHDLES 
OI~EHSIOll OF RVO/f -------------------------- IS !OJ x 26 llll x 1l m FEET 
DISTAHCE BETHEEH HI#C9# LEFT EDGE AHO LEFT HALL -------------------- 7 FEET 
DISTANCE BET#EEN #IHOO# RIGHT EDGE AND RIGHT JIALL ------------------ 7 FEET 
DISTANCE BET#EEH HIHDOH UPPER EDGE AHD CEILING --------------------- 1 FEET 
DISTAHCE BETWEEN #lNDOH LOWER EDGE AHO FLOOR ----------------------- 4 FEET 
TRAnSnISSIDH FACTOR OF #]HOO# --- 1.0 REFLECTANCE OF EXTERIOR GROUND -- .Jl 
REFLECTAHCE FACTORS LEFT ~ALL--- .51 BACK HALL--- .51 RIGHT #ALL----- .51 

CEILIH6----- .76 FLOOR------- .06 #IHOOI #ALL --- .SJ 

CASI 1 --- SCALE MODEL STUD I ES 

n Section at 1/19 Width or ROOM 
! Section at 3/19 Width of RooM 
O Section at 5/19 Width of Roo~ 
I Section at 7/19 Width of RooM 
O Section at 9/19 Width of RooM 

s: 314• = 1' 

/ 
/ 

, 
,I 

M 01-~r----r~-.-~-.-~~~~~~~~~~~~~~~~~~~_J 

s 19 11 12 13 14 1 
DEPTH OF ROOM <FEET> 

Figure 29. Scale Model Studies ••• Case 1 
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TEST CGHDITIOH 
------------------------------------------------------------------------------------

DIFFU~[ DAYLIGHT AVAILABL[ IH SKYDOKE ----------------- 105.1735 FDODCAHDLES 
DI~EHSIO~ OF ROOn -------------------------- 15 !01 r 26 IWJ x /l !HJ FEET 
DISTAHCE BETWEEN WINDOW LEFT EDSE AND LEFT MALL -------------------- 7 FEET 
DISTANCE BETMEEH ~IHDOW RIGHT EDGE AND RIGHT MALL ------------------ 7 FEET 
DISTANCE BETWEEN WIHDCW UPPER EDGE AHO CEIL/HG --------------------- 2 FEET 
DISTANCE BETWEEN WINDOW LOWER EDGE AND FLOOR ----------------------- 4 FEET 
TRAKSMISSIOH FACTOR OF WINDOM --- 1.0 REFLECTANCE OF EXTERIOR GROUND -- .JI 
REFLECTANCE FACTORS LEFT WALL--- .76 BACK WALL--- .76 RIGHT WALL----- .76 

CEILING----- .76 FLOOR------- .06 WINDOM WALL --- .76 
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Figure 30. Scale Model Studies -·· Case 2 

CHAPTER 5 SCALE MODEL STUDIES AND VALIDATION 138 



39 

28 

26 

241 

22J 
20J 

I 
19j 

i 
" 

::1 

~ 
!;; 
.l 
Q 
z 
« 
IJ 
I 

"' ':j v 

iii 
0 z bi 
~ z .. 
I 
::2 2 .l 
~ .. 0 

TEST CGHDITIOH 

DiFF~SE DAYLIGHT AVAILABlE IH SKYDOnE ----------------- III.9105 FOODCAHDLES 
DlnENSlOH OF ROO~ -------------------------- I2 rDJ ' IS !WI r 10 (HJ FEET 
DISTAHCE BETU££H MlHDOU lEFT ECG£ AND lEFT MAlL ------------------- 5 FEET 
DISTANCE BETNEEH MlHDOW RIGHT EDGE AHO RIGHT MALL ----------------- 5 FEET 
DISTANCE BETWEEN UIHD3N UPPER EDGE AHO CEILING -------------------- 7.5 FEET 
DlSTAHCE BETWEEN WINDOW LCW[R EDGE AND FLOOR ---------------------- 1.5 FEET 
TRAnSKISSIOH FACTCR. OF ~!~DON --- 1.0 REFlECTAHCE OF EXTERIOR GROUND -- .JI 
REFLECTANCE FACTORS LEFT M4LL--- .51 BACK MALL--- .51 RIGHT MALL----- .51 

CEILING----- .84 FlOOR------- .06 UIHDOM WALL --- .SI 

CASE 3 --- SCALE MODEL STUDIES s: 314• : 1' 

il Section at 1/19 Width of RooM 
l Section at 3/10 Mirlth of RooM 
Q Section at S/19 Width of RooM 
I Section at 7119 Width of RooM 
O Section at 9/19 IHdth of RooM 

11 1 
DEPTH OF ROOM <FEET> 

Figure 31. Scale Model Studies ••• Case 3 

CHAPTER 5 SCALE MODEL STUDIES AND VALIDATION 139 



TEST CDllDIT/011 

OIFFUS[ DAYLIGHT AYAILABLE JH s~rD~~[ ----------------- 112.0621 FOOOCAHDLES 
DinEHSIOH OF ROOW -------------------------- 11 !DI r 19 IYJ x /] !Hi FEET 
DISTANCE 8£TWE£H MIHDOM L£FT EDS£ ASO LEFT WALL -------------------- 5 F££T 
DISTAHCE BETWEEN MIHOOU RIGHT fDGE AHD RIGHT UALL ------------------ 2 FEET 
DISTANCE BETWEEN MIHDOM UPPER EDGE AHO C£ILIHG --------------------- 2 FEET 
DISTANCE BETWEE~ UIHDOW LOWER EDGE AND FLOOR ----------------------- J FEET 
TRA~S~ISSICH FACTOR OF MIHOOU --- 1 .0 P.EFLEC:ftHCE OF EXTERIOR GROUHD -- .J! 
REFLECTAHCE FACTORS LEFT WALL--- .05 BACK WALL--- .06 RIGHT MALL----- .06 

CE!Llk6----- .06 FLOOR------- .06 MIHDOM MALL --- .06 

C$\S! 4 --- SC$\LE MODEL STUD I ES s: 3/4" = 1' 

38 ~ Section at 1/10 Midth of RooM 
36 

34 

32 

30 

28 

26 

24 

" 22 
~ 
Iii 20 
,J 
Q 18 z « 16 
0 
I 

I&. 

... 

! Section at 3/10 ~idth of RooM 
O Section at S/10 ~idth of Roo" 
I Section at 7/10 ~idth of RooM 
O Section at 9/10 Midth of Roo" 

DEPill OF noott <FEET> 

Figure 32. Scale Model Studies --· Case 4 

CHAPTER 5 SCALE MODEL STUDIES AND VALIDATION 

I~ 
II 

I! // 
II I• ;'/ 

/I 

// 
II 
II 

! I 

/'/ 
// 

// 

140 



5.3 Comparison of Experimental and Theoretical Results 

The mathematical model for predicting daylight distribution has been validated by the 

scale model studies. The scale model study was selected because it represents the simplest, 

most acceptable, and most reliable technique for simulating daylighting distribution, as men-

tioned in Chapter 2. 

To validate the daylighting predictability of the proposed mathematical model, measure-

ments were made in models in Skydome. The major concern in validation of the mathematical 

model was how accurately the daylighting distribution might be predicted as compared to the 

model studies. 

Forty-eight cases were studied and in most of them the agreements were quite good, 

considering the unavoidable uncertainties in generating both instrumentation and scale model 

construction. Four cases are presented in Figures 33-36, which plot measured illuminance in 

the scale model studies and the corresponding computed values generated by the math-

ematical model. The completed data lists of these 4 cases, both collected from experiments 

and generated from computer simulations, are listed in Appendix H. 

The difference in the data of these 4 cases between the scale model studies and the 

mathematical model were computed and all presented in Tables 6-9. It can be observed from 

these 4 tables that the greatest difference between the mathematical model results and the 

scale model results in 14 percent, which occurs in 3 out of 3,000 observations at channel 5 in 

case 1. It should be noted that the greatest portion of this difference occurred at the very 

lowest illuminance levels, which can be explained by the fact that photometers have lower 

linearity at low illuminance situation as mentioned in section 5.1. The differences are less 

than 10 percent in most other observations of each channel for each case. The standard de-

viations for the scale model data are less than 5 percent compare to the mean values re-

spectively. These results suggest a satisfactory correlation between the scale model studies 

and the mathematical model. 
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Table 6. Difference Analysis of Experimental and Theoretical Results ••• Case 1 

Case 1 

DIFFEREHCE AHALYSIS BETUEEH HODEL STUDY AHD COHPUTER SIHULATIOH 

1 2 3 4 6 7 8 9 10 11 13 14 15 

1 0.01 0.01 0.04 0.06 0.11 0.08 0.04 0.03 0.04 0.04 0.05 0.08 0.06 0.06 0.01 
2 0.03 0.02 0.05 0.05 0.09 0.09 0.03 0.03 0.03 0.05 0.05 0.07 0.05 0.07 0.00 
3 0.03 0.01 0.01 0.03 0.12 0.07 0.05 0.03 0.03 0.05 0.05 0.07 0.09 0.07 0.03 
4 o.oo 0.02 0.03 0.06 0.10 0.08 0.05 0.05 0.03 0.05 0.07 0.09 0.06 0.07 0.05 
5 0.04 0.01 0.06 0.05 0.08 0.09 0.06 0.04 0.03 0.05 0.05 0.10 0.06 0.07 0.05 
6 0.03 0.00 0.05 0.02 0.08 0.08 0.05 0.03 0.03 0.01 0.05 0.06 0.05 0.08 0.00 
7 0.09 0.01 0.02 0.04 0.11 0.09 0.04 0.04 0.04 0.05 0.05 0.06 0.05 0.07 0.01 
8 0.05 0.01 0.03 0.08 0.09 0.08 0.04 0.04 0.03 0.07 0.05 0.06 0.04 0.04 0.01 
9 0.03 0.02 0.05 0.06 0.09 0.09 0.05 0.05 0.03 0.06 0.06 0.09 0.06 0.06 o.oo 

10 0.05 0.00 0.05 0.02 0.06 0.06 0.06 0.04 0.03 0.05 0.04 0.06 0.05 0.07 0.00 
11 0.03 0.02 0.02 0.04 0.07 0.08 0.05 0.04 0.04 0.05 0.05 0.07 0.05 0.05 0.00 
12 0.03 0.01 0.04 0.06 0.07 0.08 0.03 0.04 0.03 0.04 0.05 0.06 0.05 0.05 0.01 
13 0.03 0.02 0.06 0.05 0.07 0.06 0.06 0.06 0.04 0.05 0.05 0.07 0.04 0.04 0.04 
14 0.04 0.02 0.05 0.06 0.05 0.09 0.06 0.06 0.03 0.05 0.05 0.07 0.05 0.05 0.01 
15 0.03 0.02 0.05 0.06 0.07 0.07 0.05 0.04 0.03 0.06 0.06 0.07 0.05 0.05 0.05 
16 0.05 0.01 0.06 0.06 0.10 0.07 0.05 0.06 0.03 0.05 0.07 0.09 0.07 0.07 0.01 
17 0.03 0.00 0.03 0.01 0.07 0.08 0.06 0.03 0.03 0.05 0.04 0.07 0.05 0.05 0.01 
18 0.06 0.02 0.05 0.05 0.01 0.09 0.07 0.04 0.03 0.05 0.05 0.08 0.08 0.07 0.03 
19 0.03 0.00 0.03 0.01 0.07 0.07 0.07 0.03 0.04 0.04 0.05 0.09 0.05 0.07 0.01 
20 0.04 0.01 0.02 0.04 0.07 0.06 0.05 0.03 0.04 0.05 0.05 0.07 0.05 0.06 0.01 
21 0.00 0.02 0.05 0.05 0.07 0.08 0.06 0.06 0.03 0.05 0.07 0.10 0.08 0.07 0.02 
22 0.01 0.00 0.04 0.03 0.07 0.08 0.08 0.03 0.03 0.02 0.05 0.06 0.09 0.05 0.01 
23 0.09 0.01 0.04 0.05 0.11 0.07 0.05 0.04 0.03 0.05 0.06 0.09 0.07 0.07 0.03 
24 0.03 0.00 0.04 0.02 0.07 0.08 0.06 0.03 0.03 0.05 0.05 0.07 0.05 0.07 0.01 
25 0.03 o.oo 0.03 0.01 0.07 0.08 0.06 0.03 0.02 0.05 0.05 0.07 0.05 0.07 o.oo 
26 0.00 0.01 0.01 0.05 0.08 0.07 0.04 0.05 0.03 0.05 0.05 0.07 0.05 0.05 o.oo 
27 0.03 0.00 0.07 0.05 0.09 0.08 0.06 0.06 0.04 0.01 0.05 0.10 0.07 0.07 0.03 
28 0.03 0.01 0.03 0.04 0.08 0.07 0.03 0.04 0.04 0.05 0.04 0.06 0.05 0.06 0.01 
29 0.06 0.02 0.06 0.06 0.01 0.07 0.05 0.06 0.03 0.05 0.06 0.10 0.07 0.07 0.01 
30 0.03 o.oo 0.07 0.04 0.07 0.08 0.07 0.04 0.01 0.05 0.05 0.08 0.07 0.07 0.02 
31 0.01 0.01 0.01 0.02 o.o9 o.o7 o.o4 o.o4 o.o3 o.o5 0.06 o.o9 o.o4 o.o5 0.01 
32 0.03 0.00 0.06 0.04 0.01 0.07 0.06 0.03 0.01 0.01 0.05 0.07 0.09 0.08 O.OI 
3j 0.03 0.01 0.05 0.03 0.04 0.07 0.07 0.04 0.03 0.01 0.05 0.07 0.08 0.08 0.01 
34 0.03 0.00 0.02 0.03 0.07 0.06 0.06 0.03 0.03 0.05 0.04 0.07 0.05 0.05 0.02 
35 0.03 0.02 0.06 0.05 0.07 0.09 0.07 0.05 0.03 0.05 0.05 0.10 0.06 0.08 0.01 
36 0.03 0.00 0.05 0.02 0.07 0.06 0.06 0.04 0.02 0.01 0.05 0.07 0.07 0.08 0.01 
37 0.01 0.00 0.03 0.03 0.07 0.05 0.06 0.03 0.03 0.05 0.04 0.07 0.05 0.06 0.03 
38 0.03 0.03 0.05 0.04 0.08 0.10 0.06 0.05 0.01 0.04 0.06 0.08 0.09 0.07 o.oo 
39 0.03 0.01 0.02 0.02 0.07 0.06 0.05 0.03 0.04 0.05 0.05 0.06 0.05 0.06 o.oo 
40 0.04 0.01 0.05 0.05 0.14 0.06 0.06 0.05 0.02 0.05 0.05 0.08 0.09 0.07 0.01 
41 0.00 0.00 0.02 0.02 0.14 0.06 0.04 0.04 0.04 0.05 0.05 0.07 0.05 0.05 0.04 
42 0.03 0.01 0.02 0.04 0.14 0.06 0.04 0.05 0.04 0.05 0.07 0.07 0.05 0.05 0.03 
43 0.03 0.03 0.05 0.06 0.07 0.09 0.06 0.06 0.03 0.05 0.07 0.09 0.07 0.08 0.01 
44 0.02 o.oo 0.03 0.01 0.09 0.07 0.05 0.04 0.04 0.05 0.05 0.06 0.06 0.05 0.01 
45 0.05 0.02 0.06 0.06 0.07 0.08 0.05 0.04 0.03 0.05 0.06 0.09 0.09 0.07 0.00 
46 0.03 0.00 0.05 0.02 0.03 0.07 0.06 0.04 0.03 0.04 0.05 0.09 0.06 0.08 0.03 
47 0.03 0.00 0.03 0.04 0.07 0.06 0.04 0.03 0.04 0.05 0.05 0.07 0.06 0.05 0.04 
48 0.07 0.01 0.05 0.06 0.04 0.08 0.07 0.05 0.03 0.05 0.07 0.07 0.07 0.07 0.01 
49 0.03 0.01 0.05 0.02 0.07 0.07 0.06 0.03 0.03 0.04 0.05 0.08 0.06 0.07 0.05 
50 0.05 0.02 0.03 0.05 0.01 0.08 0.05 0.06 0.02 0.05 0.05 0.09 0.05 0.07 0.05 
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Table 7. Difference Analysis of Experimental and Theoretical Results •.. Case 2 

Case 2 

DIFFERENCE ANALYSIS BETUEEN HODEL STUDY AND COHPUTER SIHULATIOH 

1 2 J 4 6 7 8 9 10 11 12 lJ 14 15 

1 0.07 0.02 0.05 0.02 0.04 0.05 0.00 0.06 o.oo 0.02 0.07 0.08 0.10 a.11 0.04 
2 0.11 0.0J 0.07 O.a2 0.04 0.04 O.a4 a.a7 a.OJ a.05 0.07 0.08 O.la 0.10 a.OJ 
J 0.12 0.04 0.07 o.aJ a.a2 a.a7 O.OJ 0.07 o.oo 0.05 o.a7 a.08 a.o9 a.to 0.04 
4 0.07 0.01 0.04 O.OJ a.08 a.05 0.02 0.08 0.02 O.a5 0.07 a.09 a.10 0.10 0.04 
5 0.08 0.04 0.06 0.00 O.Oa O.aJ O.OJ O.a7 a.oo 0.05 0.07 0.08 0.09 a.11 o.a4 
6 0.08 0.01 0.02 0.04 a.09 0.05 o.ao 0.08 0.02 0.05 o.a8 0.10 0.09 0.11 0.02 
7 0.09 0.05 0.06 0.00 0.06 0.04 O.OJ 0.07 a.01 0.07 0.08 0.09 0.10 0.11 0.02 
8 0.07 O.OJ O.a7 0.00 O.a5 0.04 O.OJ O.a7 0.00 0.05 0.08 a.09 0.10 O.la 0.06 
9 0.07 0.04 0.06 0.00 0.06 o.a4 O.OJ 0.06 0.00 0.05 0.07 0.08 O.JO O.lJ O.a7 

10 0.08 O.OJ O.OJ 0.01 0.08 O.a4 0.00 a.a7 a.02 O.a5 O.a6 0.08 a.09 a.11 0.05 
11 0.04 0.0J 0.07 0.04 0.05 0.06 0.02 0.07 0.02 0.05 0.08 0.09 0.11 0.11 0.06 
12 0.07 O.OJ 0.06 0.01 0.06 0.05 O.a4 0.06 0.00 0.05 0.08 0.09 0.12 O.lt O.OJ 
lJ 0.09 0.04 0.05 0.01 0.07 O.OJ 0.02 O.a4 0.02 0.01 0.06 0.08 O.JO a.11 0.08 
14 0.07 O.OJ 0.01 0.01 0.12 o.aJ 0.00 0.07 0.02 0.05 0.07 0.08 a.10 0.10 0.07 
15 0.10 0.02 a.07 0.01 0.02 0.04 0.02 0.08 0.00 0.05 0.09 a.08 0.10 0.10 o.a2 
16 O.a5 0.05 a.a5 O.ao O.aJ 0.04 o.aJ 0.05 0.03 a.05 0.06 0.08 0.10 0.11 a.07 
17 0.08 O.OJ a.OJ o.a4 0.05 a.04 O.Oa a.05 a.OJ O.a5 0.07 O.a8 a.09 0.10 O.aJ 
18 a.08 0.02 a.06 0.02 0.07 O.a4 O.OJ 0.07 a.OO 0.06 0.09 a.10 0.11 a.11 O.OJ 
19 a.12 0.01 0.08 o.aJ 0.05 a.04 0.02 o.a7 0.02 0.05 0.09 0.08 a.10 a.11 0.07 
20 a.12 0.04 o.a7 0.01 0.04 0.05 a.02 a.a7 a.02 o.a5 a.a7 o.a8 a.09 0.10 0.06 
21 0.12 0.01 0.05 0.02 0.08 a.a7 O.a2 0.07 a.Ol 0.05 0.08 0.09 0.10 0.1a O.aJ 
22 a.10 0.04 O.OJ 0.00 0.00 0.04 0.02 a.05 0.02 a.05 O.a8 a.08 0.09 0.11 O.a6 
2J 0.05 0.02 O.OJ 0.04 0.07 0.04 O.aa a.07 0.02 0.05 0.06 o.a8 a.09 a.10 0.05 
24 0.04 O.OJ O.OJ 0.01 0.08 O.OJ O.Oa 0.08 a.02 a.05 o.a7 0.08 0.09 a.10 O.OJ 
25 0.10 O.OJ 0.07 o.aJ O.a6 o.a5 o.a4 a.a7 0.00 a.05 a.07 a.10 0.10 0.11 0.02 
26 0.08 a.o3 0.02 o.a1 0.08 0.04 a.oo a.a7 0.02 a.a5 a.06 o.a8 0.09 0.10 a.02 
27 0.09 a.aJ 0.07 0.03 a.05 a.a5 O.aJ 0.07 0.00 O.OJ 0.07 0.09 0.11 0.12 a.a7 
28 0.04 O.OJ O.aJ 0.02 0.07 O.a4 O.Oa a.07 O.a2 a.05 a.a7 O.a8 0.10 0.10 o.a4 
29 0.12 0.02 0.06 0.04 0.06 a.a4 o.ao a.a7 0.02 a.05 o.a8 0.10 a.11 0.11 a.a7 
JO a.07 a.OJ a.a5 O.Oa 0.05 O.OJ O.aJ 0.05 0.01 0.05 0.07 0.08 0.11 0.11 0.07 
Jl O.OJ 0.02 0.05 O.OJ 0.08 0.05 0.01 0.07 a.OJ 0.06 o.a9 0.09 a.10 a.12 a.05 
32 o.a3 a.04 0.04 o.oo 0.05 a.06 0.04 0.07 a.02 0.05 a.a7 0.09 0.11 a.12 a.08 
JJ 0.04 a.02 0.04 0.01 0.05 O.OJ o.ao a.06 0.03 O.a5 0.08 0.09 0.10 0.11 0.04 
J4 0.06 0.03 0.07 0.00 0.01 0.04 0.03 0.07 0.02 0.05 o.a9 0.09 a.11 a.11 0.07 
J5 0.07 0.02 0.08 0.00 0.06 o.a6 0.03 0.06 0.01 0.05 0.08 0.10 a.11 0.12 0.07 
36 0.07 O.aJ 0.04 0.01 0.08 0.04 O.aJ a.04 a.03 0.05 o.a6 a.08 a.10 a.11 O.a8 
J7 0.08 0.02 0.03 0.01 0.07 a.04 0.01 a.07 a.04 a.a5 o.a8 0.09 a.09 a.la a.04 
J8 0.09 O.a2 O.a7 0.00 0.04 0.06 0.04 a.07 0.00 0.07 0.07 0.09 a.10 a.1a O.OJ 
39 0.08 0.04 0.06 0.00 O.OJ 0.04 0.03 a.05 0.02 0.03 0.06 0.09 0.10 a.11 0.07 
40 O.a3 0.02 O.OJ 0.04 0.08 0.04 O.Oa 0.07 0.02 0.05 0.09 0.09 a.09 a.11 O.ao 
41 0.08 0.02 0.06 0.02 0.08 0.06 0.03 0.07 0.00 a.05 0.07 0.10 0.10 0.11 O.OJ 
42 0.07 a.02 0.06 0.01 0.07 0.04 0.02 0.06 0.01 0.04 o.a7 o.a9 a.ta 0.12 0.07 
4J 0.10 a.02 0.03 o.a2 0.08 0.04 0.01 o.a7 a.02 0.05 a.09 a.to 0.10 0.12 0.06 
44 O.a4 0.05 O.OJ 0.01 0.06 0.04 0.01 o.a5 a.03 0.05 o.a8 O.a8 0.10 0.10 a.aa 
45 O.a7 0.01 0.07 O.a4 0.08 a.a4 O.aJ O.a7 O.OJ 0.05 0.08 0.09 O.JO 0.11 a.OJ 
46 0.09 0.02 0.07 0.01 0.04 0.04 0.04 o.a6 o.oo 0.04 o.a7 0.09 a.11 o.1a a.a7 
47 0.07 O.OJ a.03 0.01 0.05 O.OJ O.a2 0.05 O.aJ a.05 0.06 0.06 0.09 0.12 O.OJ 
48 O.a8 0.02 a.aJ o.a2 0.07 0.07 o.a2 0.07 0.01 0.05 0.08 0.08 0.11 0.12 O.OJ 
49 0.07 0.04 0.03 0.00 0.03 0.04 0.01 O.a6 O.aJ 0.05 0.07 0.08 O.a9 a.09 O.a4 
50 0.07 O.OJ 0.07 0.01 0.07 0.04 0.02 0.07 0.00 0.05 0.09 0.08 0.10 0.10 0.06 
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Table 8. Difference Analysis of Experimental and Theoretical Results ·•• Case 3 

Case 3 

DIFFERENCE ANALYSIS BETUEEH HODEL STUDY AHO COMPUTER SIHULATIOH 

J 4 6 7 8 9 10 11 12 1J 14 15 

1 0.08 o.o4 o.o4 o.o9 o.oo 0.01 0.01 o.o7 0.02 0.01 o.o7 o.oo 0.01 0.06 0.08 
2 0.00 0.04 0.05 0.08 0.05 0.00 0.01 0.08 0.04 0.01 0.07 0.04 0.01 0.07 0.07 
J 0.06 0.06 0.05 0.10 0.00 0.01 O.OJ 0.07 O.OJ 0.01 0.09 0.02 0.01 0.07 0.08 
4 0.08 0.06 0.06 0.11 0.02 O.OJ 0.01 0.07 0.02 0.00 0.07 O.OJ 0.02 0.09 0.1J 
5 0.05 0.09 0.02 0.08 0.01 0.01 0.01 0.07 0.04 0.02 0.11 O.OJ 0.00 0.09 0.08 
6 0.06 0.07 0.02 0.07 O.OJ 0.01 O.OJ 0.07 0.05 0.01 0.07 0.02 0.02 0.06 0.10 
7 0.00 0.07 0.06 0.10 O.OJ 0.02 0.01 0.08 0.04 0.00 0.11 0.06 0.01 0.07 0.08 
8 0.06 0.07 0.05 0.10 0.00 O.OJ 0.00 0.07 O.OJ 0.02 0.10 0.02 0.01 0.08 0.08 
9 0.07 0.07 0.02 0.05 0.02 0.01 0.01 0.09 0.05 0.02 0.07 O.OJ 0.02 0.07 0.08 

10 0.08 0.07 0.02 0.09 0.00 0.01 O.OJ 0.08 0.06 0.01 0.07 0.02 0.00 0.06 0.06 
11 O.OJ 0.06 0.05 0.09 0.05 0.01 0.00 0.07 0.04 0.02 0.10 0.06 0.01 0.07 0.08 
12 0.06 0.04 0.06 0.10 O.OJ 0.01 0.00 0.08 0.05 0.02 0.10 0.06 0.00 0.06 0.08 
1J O.OJ 0.06 0.05 0.07 0.01 0.01 0.00 0.08 0.04 0.01 0.07 0.06 0.02 0.08 0.1J 
14 0.06 0.05 0.05 0.07 O.OJ 0.01 0.00 0.07 0.04 O.OJ 0.10 O.OJ 0.01 0.09 0.09 
15 0.05 0.05 0.04 0.06 0.05 0.00 O.OJ 0.09 0.04 0.01 0.07 0.02 0.02 0.07 0.08 
16 0.08 0.06 O.OJ 0.08 0.00 0.01 0.02 0.07 0.05 0.01 0.10 0.04 0.02 0.07 0.06 
17 0.05 0.04 0.05 0.07 0.02 0.01 0.00 0.08 0.04 0.03 0.09 0.02 0.01 0.09 0.10 
18 0.06 0.06 0.02 0.07 0.02 O.OJ 0.01 0.07 0.04 0.01 0.10 0.04 0.00 0.08 0.08 
19 0.05 0.08 0.05 0.10 0.02 0.02 0.01 0.08 0.04 0.01 0.10 0.04 0.02 0.07 0.08 
20 0.01 0.06 0.05 0.06 0.02 0.01 0.00 0.07 0.04 0.02 0.07 O.OJ 0.02 0.08 0.09 
21 0.05 0.06 0.02 0.06 0.01 0.01 0.00 0.07 O.OJ 0.01 0.07 0.02 0.01 0.07 0.1J 
22 0.10 0.05 0.02 0.06 0.00 0.00 0.02 0.07 0.05 0.01 0.10 O.OJ 0.01 0.07 0.08 
2J 0.07 0.06 0.06 0.08 0.00 O.OJ 0.00 0.07 0.03 0.05 0.07 0.04 0.01 0.10 0.09 
24 0.08 0.04 0.05 0.10 0.04 0.02 0.01 0.07 0.04 0.01 0.07 0.04 0.01 0.08 0.08 
25 0.05 0.05 o.oo 0.07 0.01 0.01 0.01 0.07 0.04 0.01 0.07 0.04 0.01 0.08 0.09 
26 0.06 0.06 O.OJ 0.08 0.03 0.02 0.02 0.07 0.04 0.01 O.l0·0.04 0.02 0.09 0.08 
27 0.05 0.06 0.07 0.06 0.01 0.03 0.01 0.08 0.04 0.01 0.07 0.06 O.OJ 0.11 0.10 
28 0.08 0.06 0.02 0.06 0.00 0.00 0.02 0.07 0.04 0.02 0.07 O.OJ 0.00 0.07 0.09 
29 0.06 0.07 0.07 0.12 o.oo 0.03 o.oo 0.07 0.03 0.01 0.11 0.06 0.02 0.09 0.08 
JO 0.06 0.06 0.02 0.06 0.00 0.01 0.00 0.09 0.05 0.01 0.07 O.OJ 0.01 0.09 0.10 
Jl 0.07 0.06 0.02 0.08 0.05 0.01 0.05 0.07 0.06 0.00 0.10 0.04 o.oo 0.07 0.08 
J2 0.07 0.05 0.07 0.08 0.05 0.01 0.01 0.09 0.04 0.01 0.10 0.04 0.01 0.08 0.09 
33 0.05 0.05 0.03 0.08 0.02 0.01 0.02 0.07 0.06 0.01 0.07 0.01 0.01 0.07 0.08 
J4 0.0J 0.07 0.05 0.10 O.OJ 0.01 0.02 0.08 0.06 0.00 0.11 0.06 0.00 0.07 0.1J 
35 0.02 0.04 0.06 0.09 0.02 0.03 0.01 0.08 0.03 0.03 0.07 0.04 0.00 0.07 0.09 
J6 0.06 0.05 0.07 0.06 0.00 O.OJ 0.01 0.08 0.04 0.02 0.07 0.02 0.01 0.08 0.07 
J7 0.06 0.06 O.OJ 0.11 0.01 0.01 0.02 0.08 0.03 0.01 0.10 0.04 0.00 0.07 0.08 
J8 0.01 0.06 0.04 0.09 0.04 0.01 0.01 0.08 0.04 0.02 0.07 0.02 0.01 0.08 0.09 
J9 0.06 0.05 0.02 0.08 0.02 o.oo 0.00 0.07 0.04 0.02 0.07 0.04 0.01 0.08 0.08 
40 0.06 0.06 0.02 0.08 0.00 0.01 0.02 0.08 0.06 0.01 0.07 0.02 0.01 0.07 0.05 
41 0.05 0.04 0.01 0.06 0.01 0.01 o.oo 0.07 0.02 0.03 0.07 0.06 o.oo 0.08 0.08 
42 0.06 0.06 0.02 0.08 0.02 o.oo o.oo 0.07 0.04 0.02 0.07 0.04 0.01 0.08 0.09 
4J 0.00 0.06 0.01 0.08 0.02 0.01 a.OJ 0.08 0.05 0.01 0.09 0.02 0.00 0.07 0.08 
44 0.00 0.06 0.05 0.10 0.00 0.05 0.01 0.08 0.04 0.02 0.10 0.03 0.02 0.08 0.08 
45 O.OJ 0.04 0.05 0.05 0.00 0.01 0.02 0.07 0.05 0.02 0.09 O.OJ 0.00 0.07 0.08 
46 0.00 0.06 0.05 0.10 0.00 0.01 0.00 0.08 O.OJ 0.01 0.11 0.06 0.00 0.08 0.09 
47 0.08 0.05 0.05 0.07 O.OJ 0.00 0.00 0.08 0.04 0.03 0.07 0.03 0.02 0.07 0.08 
48 0.06 0.04 O.OJ 0.07 0.05 0.01 0.00 0.09 O.OS 0.02 0.07 0.04 0.03 0.09 V.11 
49 0.05 0.04 0.06 0.08 0.00 0.02 0.01 0.07 0.04 0.02 0.09 0.02 0.02 0.08 0.10 
so 0.04 0.06 0.01 0.07 0.00 0.01 0.02 0.08 0.22 o.oo 0.10 0.05 0.01 0.07 0.07 
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Table 9. Difference Analysis of Experimental and Theoretical Results ••• Case 4 

Case 4 

DIFFERENCE ANALYSIS BETUEEN HODEL STUDY AHD COHPUTER SIHULATIOH 

1 2 J 4 5 6 7 8 9 JO 11 12 13 14 15 

J 0.04 0.03 0.01 0.01 0.07 0.01 0.03 0.01 0.05 0.08 0.02 0.02 0.02 0.12 0.03 
2 0.06 0.00 0.04 0.04 0.06 0.02 o.oo 0.02 0.07 0.07 0.00 0.03 0.01 0.11 0.02 
3 0.05 o.oo 0.03 0.04 0.05 o.oo 0.01 o.oo 0.06 0.06 0.04 0.02 0.01 0.13 0.01 
4 0.07 o.oo 0.01 0.04 0.06 0.02 0.02 o.oo 0.06 0.07 0.01 0.02 0.02 o. 11 0.02 
s 0.02 o.oo 0.01 0.03 0.05 0.02 0.01 0.01 0.06 0.06 o.oo 0.02 0.01 0.11 0.03 
6 0.02 o.oo 0.02 0.04 0.06 0.01 0.01 0.00 0.06 0.07 0.01 0.02 o.oo 0.08 0.02 
7 0.03 0.00 0.05 0.03 0.05 o.oo 0.01 0.01 0.07 0.06 o.oo 0.01 o.oo 0.10 0.00 
8 0.06 o.oo 0.02 0.04 0.07 0.04 0.01 0.01 0.05 0.07 0.01 0.05 0.01 0.12 0.01 
9 0.03 0.02 0.02 0.02 0.09 0.01 0.02 0.01 0.05 0.08 0.01 0.01 0.01 0.12 0.00 

10 0.03 o.oo 0.05 0.04 0.04 0.02 0.01 0.01 0.06 0.07 0.01 0.02 0.01 0.09 0.04 
11 0.06 o.oo 0.01 0.03 0.08 0.02 0.00 0.00 o.os 0.07 0.01 0.02 0.01 0.09 0.02 
12 0.04 o.oo 0.00 0.02 0.07 0.02 0.02 o.oo 0.06 0.07 0.01 0.03 0.02 0.12 0.02 
13 0.07 0.02 0.05 0.00 0.06 0.00 0.02 0.00 0.06 0.07 o.oo 0.08 0.01 0.12 0.02 
14 0.05 0.00 0.04 o.oo 0.05 0.01 0.02 o. ()1 0.07 0.07 o.oo 0.02 0.00 0.12 0.02 
15 0.06 o.oo 0.02 0.02 0.06 0.00 0.02 o.oo 0.07 0.07 0.01 0.02 0.01 0.10 O.OJ 
16 0.03 0.00 0.05 0.04 0.06 0.01 0.00 0.01 0.06 0.08 0.02 0.01 0.01 0.12 0.01 
17 0.04 0.01 0.02 0.04 0.06 0.01 o.oo 0.01 0.06 0.06 0.00 0.01 0.01 0.09 0.01 
18 0.02 0.01 0.01 0.02 0.10 0.01 0.02 0.01 0.06 0.06 0.00 0.03 0.01 0.11 0.01 
19 0.06 0.02 0.01 0.01 0.09 0.01 0.02 0.00 0.04 0.09 0.01 0.03 0.01 0.12 o.oo 
20 0.04 0.02 0.03 0.02 0.05 0.02 o.oo 0.00 0.0'5 0.08 0.01 0.02 0.01 0.09 o.oz 
21 0.01 0.00 O.OJ 0.04 0.06 0.01 0.00 0.01 0.06 0.05 0.01 0.03 0.01 0.11 0.01 
22 0.01 0.02 0.01 0.01 0.08 0.01 0.02 0.02 0.0'5 0.07 o.oo 0.03 0.01 0.12 0.02 
23 0.03 0.02 0.05 o.oo 0.07 0.00 o.oo 0.01 0.07 0.06 0.01 0.01 0.01 0.08 0.02 
24 0.02 o.oo 0.01 0.04 0.10 0.02 0.02 0.00 0.07 0.06 0.04 0.02 0.01 0.08 0.02 
2'5 0.04 0.01 0.01 0.04 0.07 0.02 0.02 0.00 0.06 0.07 0.02 0.03 o.oo O. 10 0.02 
26 0.01 0.03 0.02 0.03 0.09 0.01 0.03 0.00 0.05 0.08 0.01 0.02 0.01 0.12 0.00 
27 0.05 0.02 0.05 0.03 0.05 o.oo 0.01 0.01 0.06 0.06 o.oo 0.01 o.oo 0.08 0.02 
28 0.04 0.01 0.01 0.04 0.04 0.01 0.02 o.oo 0.05 0.08 0.00 0.04 0.02 0.13 0.01 
29 0.01 0.02 0.04 0.02 0.06 0.01 0.01 0.01 0.07 0.07 0.00 0.03 0.01 0.12 0.02 
JO 0.06 0.00 0.0'5 0.03 0.04 0.01 0.00 0.01 0.06 0.06 0.01 0.02 0.01 0.12 0.01 
31 0.02 0.03 0.01 0.01 0.08 0.01 0.02 o.oo 0.05 0.09 o.oo 0.04 0.01 0.12 0.02 
32 0.04 0.02 0.04 0.03 0.05 o.oo o.oo 0.01 0.06 0.06 0.04 0.01 o.oo o. 10 0.03 
33 o.oo o.oo 0.01 0.04 0.0'5 0.01 0.01 0.01 0.05 0.08 0.01 0.02 0.01 o. J 3 0.01 
34 0.05 O.OJ 0.05 0.02 0.08 0.01 0.01 O.OJ 0.06 0.07 0.04 0.02 o.oo 0.09 0.01 
35 0.04 0.03 o.oo 0.02 0.09 0.02 0.02 0.01 0.04 0.07 o.oo 0.03 0.01 0.08 0.00 
J6 0.01 0.02 0.01 0.03 0.07 0.02 0.03 o.oo 0.05 0.08 o.oz 0.03 0.01 0.12 O.OJ 
37 0.0'5 0.03 0.05 0.01 0.08 0.01 0.01 o.oo 0.06 0.07 0.00 0.02 0.02 0.12 0.02 
38 0.00 0.00 0.02 0.03 0.08 0.02 o.oo o.oo 0.05 0.06 0.02 0.04 0.02 0.12 0.02 
39 0.01 o.oo 0.01 0.01 0.03 0.01 0.03 0.01 0.05 0.09 0.02 0.03 0.01 0.13 0.01 
40 0.08 0.01 0.02 0.00 0.01 0.02 0.02 0.01 0.07 0.05 0.04 0.04 0.01 0.12 0.00 
41 O.OJ 0.01 o.oo 0.01 0.06 0.02 0.01 o.oo 0.06 0.06 0.02 0.02 0.01 0.12 0.04 
42 0.01 0.02 o.oo 0.03 0.07 0.01 0.04 0.01 0.05 0.09 0.01 0.04 0.03 0.13 0.02 
43 0.08 0.01 0.04 0.01 0.06 0.01 0.00 0.01 0.06 0.08 0.04 0.03 o.oo 0.11 0.03 
44 0.01 o.oo o.oo 0.04 0.05 0.01 o.oo 0.01 0.06 0.07 0.01 0.02 o.oo 0.09 0.02 
45 0.03 0.02 0.02 0.04 0.07 0.01 0.01 o.oo 0.05 0.08 0.02 0.04 0.00 0.12 0.01 
46 0.06 0.02 0.02 o.oo 0.06 0.01 0.02 0.00 0.05 0.09 0.02 0.02 0.01 0.11 0.02 
47 0.03 0.00 O.OJ 0.01 0.06 0.01 0.02 0.01 0.06 0.09 0.01 0.01 0.02 o. 11 0.01 
48 0.06 o.oo O.OJ O.OJ 0.0'5 0.03 0.01 0.00 0.06 0.07 0.04 O.OJ 0.01 0.10 0.01 
49 0.06 0.02 0.02 0.01 0.09 0.02 0.02 o.oo 0.05 0.07 0.02 0.05 o.oo 0.12 0.04 
so 0.03 0.03 0.02 0.02 0.10 0.01 O.OJ 0.02 0.06 0.09 0.01 0.02 0.02 0.12 0.01 
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5.4 Validation 

As mentioned in the previous section, 48 combined scale model studies have been con-

ducted for validation. The results of these model studies show that there were no significant 

differences between the computer simulations and those of the experimental work for 47 of 

48 scale models. Only in a very low available diffuse daylight situation (about 30 footcandles 

available on the horizontal in the Skydome) was there a significant difference (21 % difference 

maximum) between experimental and theoretical predictions. This means the CL909L 

photocell does not have good sensitivity when low illuminance is encountered. Fortunately, 

the daylight available in the real physical environment normally does not have luminance less 

than 500 footcandles; therefore, this unmatched predictions does not have significance in the 

validation process. 

The curves shown in Figures 33 through 36 compare the predictions of the mathematical 

model to those of the scale model studies for each of the 4 cases with a separate curve for 

each measured section. The variations of curves among the 5 sections shown in each case 

indicate that the 4 scale model studies presented demonstrated no significant difference be-

tween predictions of the mathematical model and actual value of scale model studies, further 

validating the mathematical model. In addition, although finding no significant differences 

(Table 6-9) between means is normally a weak conclusion from the statistical viewpoint, the 

curves show that in each section, the predicted curves of the mathematical model have gen-

eral agreements that the predicted curves of scale model studies. These results confirm the 

assumptions made in this study are acceptable and the mathematical procedures are reliable. 

The consistency between the scale model studies and the mathematical model confirm the 

validity of the computer simulations based on the mathematical model for predicting diffuse 

daylight distribution in a room. 
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Chapter 6 DISCUSSION 

6.1 Introduction 

Most designers predict daylight distribution using methods such as the lumen method,2 

the daylight factor method, 3 and charts and tables in the IES Handbook. 1 Others use scale 

model studies under a daylight simulator and real sky. Still others use sophisticated computer 

programs based on correlation coefficient functions generated mainly via scale model studies. 

While these methods are claimed to be relatively reliable and accurate, most of them are 

limited by the number of points to be predicted and tend to be time-consuming. This time re-

quirement discourages designers for considering daylight in their designs, who must also deal 

with such variables as reflectances, glass transmission factors, and reference plane heights, 

several candidate design schemes determining the optimal combination for a given condition. 

The mathematical model proposed in this study with the associated microcomputer 

program is intended to provide a more convenient design method for designers and to en-

courage them to consider daylight in their designs. This chapter discusses the scale model 

studies and validation presented in the previous chapter, the literature review presented in 

Chapter 2, and comparisons with other design methods. 
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6.2 The Proposed Mathematical Model 

A mathematical approach leads to a reliable method of predicting daylight distribution 

that can give rapid calculation of distribution under different sky luminance patterns. First, the 

angles between sun and buildings can be calculated and stored in the microcomputer. Sec-

ond, daylight availabilities under different sky condition can be calculated from the functions 

which were reported in section 2.2 and 3.2, and can be stor~d as data in the diskette. Third, 

the daylight factors and the illuminance of direct daylight passing through the windows and 

incident to the 209 points in the reference plane are calculated from the geometry and char-

acteristics of the rooms. Fourth, the daylight factors and the illuminance affected by the 

inter-reflection of the 209 points in the reference plane are calculated based on the 

reflectances of each surface. The zoning method4was employed here, which divides each 

surface into 81 small areas, for calculating in the computer simulation instead of calculation 

in the mathematical model. The computation of inter-reflection is the most complex part in this 

study. As mentioned in section 3.5 and 4.6, the inter-reflection computation is carried out one 

time in estimation. The daylight factor increase in the reference plane caused by an individual 

interior surface, for instance the left wall, can be calculated and stored in the microcomputer 

separately. The increased daylight factor described above allows the reflectance analysis of 

different surfaces possible. Then, for each interior surface. the exchange daylight factor af-

fected by the inter-reflection among surfaces is summed. Fifth. the total daylight factor of each 

estimated point is summed based on the luminance passing through the windows and the 

luminance diffusing from surfaces. Sixth, the daylight factors or illuminance received at the 

considered 209 points in the reference plane are represented in graphic display to assist de-

signers in their daylight design. 
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6.3 The Dilemma of Comparisons 

Comparing the proposed mathematical model with other available daylight design meth-

ods in predicting daylight distribution in an interior forces four difficulties. 

First, as in all measurement, there is no real value of illuminance for a point under a 

specific situation which is independent of the measuring system. All the daylight design 

methods give only a reference value for estimating the daylight factor and illuminance re-

ceived at a specific point at a specific time and place. Hence, the significance of comparisons 

between the proposed model and other design methods can only express relative relation-

ships. No conclusion about the improvement of accuracy with the mathematical model can 

be drawn via these kinds of comparisons. 

Second. the best procedure for estimating the illuminance at an interior point is would 

have been a study under perfect diffuse sky conditions in a real room. However, many diffi-

culties exist when make thistype of comparison: the real sky condition changes very quickly 

and is not in the experimental control; appropriate rooms for testing are hard to find; suitable 

photometry is not available to provide sensitive responses to the changing sky. Additionally, 

the assumptions made in the proposed model, such as the homogeneous and isotropic sky 

and the perfect diffuse character of the exterior ground and interior surfaces, do not allow use 

of the real sky method for comparison. 

Third. the difficulty in comparing computer methods is that most other computer pro-

grams concentrate on thermal design and energy related daylight performance and only a few 

of them provide the ability to estimate daylight distribution based on some simple correlation 

coefficient functions. They are relatively expensive and poorly documented; therefore, no 

available programs at VPl&SU allow the comparison to be made at the state-of-the-art. Ad-

ditionally, these computer-aided daylighting analysis programs are written for different com-

puter systems with different languages; these programs cannot be run without the appropriate 

computer facilities and not all are available at VPl&SU. 
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Fourth, most manual daylight design methods are based on extensive empirical data from 

scale model studies. Most computer programs are based on public domain methods, such as 

the lumen method and the daylight factor method, and these also were initially obtained from 

scale model studies. Scale model studies under a skycJome or a real sky costitute the original 

data base for most manual and computer-oriented daylight design methods. As mentioned in 

section 2.4, scale model studies are probably the most reliable daylighting evaluation tool, 

though there are some associated technical problems. Therefore, direct comparison with 

scale model studies provides the best answer. 

For validation, a method to be compared to the proposed mathematical model should 

provide a reliable prediction of daylight distribution and an opportunity to obtain the same test 

conditions between this method and the proposed mathematical model. The scale model 

study is the method which best meets these requirements. 

6.4 The Proposed Mathematical Model 

A major limitation of this mathematical model is its inability to predict the daylight dis-

tribution in a room with complex geometry and windows. This mathematical model is only at 

the beginning stage to develop a prediction method for direct and diffuse daylight distribution 

in a room from a scientific viewpoint. Certainly, prediction of daylight distribution in a room is 

subject to a compromise between precision and numerical complexity. The diffuse daylight 

computer simulation presented in this study can calculate 209 points in the reference level. 

The predictions of these 209 points provides an abundant information for building designers 

in their iterative design work. 

Compared with the conventional renderings and model studies, which are not always 

appropriate because of the labor and time cost, computer simulations are economical, con-

venient, and practical. They are available to provide graphic presentations for realistic views 

of daylighting distribution in an architectural space. While scale model studies are still appli-
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cable in some specific design features, computer graphics are becoming a vital tool in the 

architectural professions and the clients need to visualize potential designs to check them for 

aesthetic acceptability. Some discussions based on the proposed mathematical model and 

its implications are listed below. 

Better Precision in Prediction 

As mentioned in section 5.1, the data acquisition method in the scale model studies em-

ployed the computer interface of the data acquisition system to enable simultaneous meas-

urements and high resolution in illuminance. Thus, the scale model experiments conducted 

in this study are reliable enough to represent the reference values for comparison between 

the proposed mathematical model and the scale model studies. In general, the proposed 

model results compared quite well to scale model studies. Almost all values predicted by 

computer simulation are within 10% of the 35,000 observations in scale model studies. Part 

of the difference analysis were showed in tables 6-9. There was thus no significant difference 

between the proposed mathematical model and the scale model studies; the proposed model 

predicted as well as the scale model did. 

One of the advantages of this proposed computer program is that the maximum points, 

209 points in the reference plane, can be estimated simultaneously, unlike other design 

methods or computer programs which are limited by the number of points for each estimating. 

For examples, the lumen method is limited to predict illuminance levels on a center line from 

the windows at intervals of five feet from the back of the room; Though the daylight factor 

method can predict any point in the room, it cannot estimate different points simultaneously; 

the scale model study method is practically (but not in principle) limited to representing 16 

points maximum with the computer interface system; the Quicklite 1 and the Protractor7 pro-

grams can estimate 9 points; and the MICROLITE6 program can predict 15 points simultane-

ously. Some of the methods or programs claim that they have the ability to estimate daylight 

at any point in the room by the linear interpolation method, or the high order polynomial 

function method, or the spline interpolation, based on the concept that a precise interpolation 

depends on a sufficiently small interpolation step. In other words, the more known points, the 

Chapter 6 DISCUSSION 156 



better precision of estimation when interpolation methods apply. Again, the proposed pro-

gram's ability to predict 209 points simultaneously allow better precision in prediction. 

Ability to Analyze Direct Sunlight 

Though many methods are available to provide knowledge for daylight design, no meth-

ods have offered the ability to analyze direct sunlight. In temperate and northern latitudes 

area, the admission of sunlight to a room is generally regarded as an amenity. On the other 

hand there are areas, such as tropics and subtropics, in which sunlight must be carefully ex-

cluded from a room or some parts of it. A compromise is necessary, direct sunlight being 

admitted to a limited extent, either at certain seasons of the year or certain periods of the day, 

and excluded at other times. 

A knowledge of diffuse daylight alone is not enough for the daylight design process be-

cause the diffuse sky condition is not the only sky condition in the physical environment. Thus, 

a knowledge of direct sunlight related to building design is important, either to let the direct 

sunlight penetrate through the windows or to keep the direct sunlight away from a room. 

The proposed study has the ability to analyze the direct sunlight situation as well as the 

diffuse daylight sunlight condition reported so far. This study took a large number of design 

parameters into consideration such as relative angles between sun and buildings, aperture 

size and location, glass transmittance, building orientation, room geometry, room 

reflectances, and other design features which influence direct sunlight distribution in space. 

A mathematical model has been developed for estimating the influence of direct sunlight in 

a room. The proposed model not only has the ability to predict the direct sunlight distribution 

but also to analyze the light exchange among surfaces inside a room. 

While the proposed mathematical model has been validated for diffuse daylight exper-

imentally; it has not been validated for direct daylight distribution. The major difficulty for 

validation is that there is no available and reliable parallel light source except the sun itself. 

Thus a real sky is the best situation for validating direct sunlight. But the inability to distin-

guish between direct sunlight and diffuse daylight made the validation impossible. 

Comparison Capabilities for Daylight Design Performance 
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In the early stages of design, the designers need to sense the lighting performance in 

their design and decide which lighting distribution may be appropriate. With computer simu-

lation and 3-D graphic presentation, it is possible to compare the daylight performance in dif-

ferent design schematics. The 3-D contour graphically presents the complete information 

which enables the designer to be aware of the place of worst situation in daylight performance 

and decide where he or she needs to integrate the daylighting with the electric lighting sys-

tem. This can assist the designer to narrow down the options in detailed considerations. 

Additionally, the proposed computer program can provide the average daylight factors 

which allow designers to examine the daylight performance in their design. With the know-

ledge of average daylight factors and the worst situation, designers may alter their layout of 

interior space and to analyze the control strategies for different zones. 

Ability to Analyze Reflectance of Different Materials 

This mathematical model has the ability to provide three types of illuminance data for 

every considered point. First is the illuminance coming from the exterior and directly incident 

at the considered point. Second is the illuminance caused by the inter-reflection among inte-

rior surfaces and received at the considered point. Third is the total illuminance, which is the 

summation of the first and second, receive at the considered point. With these three types of 

data, designers can have a better idea how the openings and reflectance factors will affect the 

daylight distribution in their design separately. This gives designers detailed information to 

assist them not only in their schematic design but also in choosing the interior materials fin-

ishing for their design. 

Ability to Compare Aiming Angles 

Graphic presentations can allow designers to look at the lighting distribution produced 

by a range of aiming angles in order to pinpoint the appropriate angle before the positions 

and sizes of openings are decided. 

Graphic Presentation of Daylighting Distribution 

The proposed computer program offers three different graphic representations of results. 

First is the plan drawing showing the grid of considered points and their illuminance. This 
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display provides a quantitative overview of the entire plane. Second is the sectional view of 

the illuminance and/or daylight factors. This sectional display clearly shows the relative 

brightness from the window wall to the back wall. Overlays can then be used to compare the 

distributions through different sections of a room. Third is the 3-dimensional contour showing 

the complete daylight distribution in a room. This 3-D display is more significant than the ab-

solute values of the illuminance or daylight factors in interpreting data. This is because of the 

ability of the human eye to adapt to varying overall interior illuminance levels while easily 

perceiving differences in illuminance within the space at a given situation. With the three types 

of graphic display, designers can present the distribution with less explanation and with more 

rapid communication with clients. 

User-Friendly Interface 

In general, most of the computer programs available to date are accessible only to users 

sophisticated in the use of programmable hand calculators (Quicklite 1) or large batch-loaded 

programs (DOE-2). This means they are limited to the few design professionals who has such 

expertise. A user-friendly interface is therefore an important feature for computer-aided day-

light design. 

The proposed computer program was written for the widely distributed IBM microcom-

puter system which may be the most accessible and affordable system in architectural offices 

and schools. The structure of the proposed program is designed to be self-instructional, ena-

bling the user with no knowledge of programming to operate the functions of daylight distrib-

ution analysis easily. The program is menu-driven to make the input and output easy for the 

users. 

Self-Training Potential 

The computer simulation with graphics can give designers an idea of how their designs 

will perform in daylighting, and provide them a better opportunity through self-training to de-

velop intuitive understanding of daylight situations. The designer can test the different sche-

matics under many conditions rapidly, and every time a schematic is run, the designer gains 

experience in the possibilities of daylighting. Once the designer has experienced the com-
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puter simulation, the proposed model could be a part of the designer's decision-making 

process. 

Simulation Speed 

Unlike other design methods and computer programs, the method in this proposed study 

treats daylight transfer based on the physical characteristics of light via mathematical calcu-

lations. Thus, the prediction of daylight distribution in a room is subject to a compromise be-

tween accuracy and numerical complexity. As mentioned in section 4-8, the zoning method 

was employed in computer calculation, which divided each interior surface into 81 small areas 

for calculating the daylight exchange. The more areas divided, the better precision in pre-

diction obtained and the longer time required. The proposed computer simulation requires 21 

minutes to simulate a specific situation use the IBM AT microcomputer. If with the IBM PC 

system, 80 minutes are required. Other programs such as Energy Nomographs8 need about 

30 minutes to analyze daylight distribution, and the program developed at UCLA. 9 which 

based on the /ES/LOF10method, only needs 30 seconds to estimate 3 points for drawing a 

section with no curve fitting function. The LOF approach is computationally very simple, but 

becomes cumbersome because of the large number of tables of data required and because 

it is not readily extendable to design conditions other than those listed in the tables. However, 

due to the limitations of the LOF method in room size, ceiling height, reflectances, and the 

number of points available for calculation, its usefulness for evaluating daylight distributions 

in limited. 

In comparison with other programs, the proposed program is not fast. Two main reasons 

can explain the difference in speed. One is the difference of the computer system facilities. 

The microcomputer, the main frame system , and the minicomputer system work at different 

speed. Second is the difference of approach methods between the proposed program and 

others. The complex mathematical calculations of the proposed method take longer than the 

oversimplified correlation coefficient functions from an empirical data base in other methods. 

Therefore, the compromise of the number of points available for calculation and the precision 

of prediction are the critical factors affecting the speed of the proposed program. 
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To encourage designers to take the time for daylight function consideration, the proposed 

program provides three options in the number of points available for calculation, and hence 

the time required. First is 15 points which needs about 5 minutes to run in IBM AT system. 

Second is 77 points which needs about 10 minutes to simulate the daylight distribution. Third 

is 209 points which need about 21 minutes to obtain the complete estimation. 

The number of points to be estimated is based on the designers' needs. In other words, 

quick estimation of different schematics could be a major factor in the early design stage. 

But in the final design stage, designers might need a complete daylight distribution to present 

the daylight distribution in their design. Thus, the option of determining the number of points 

to be estimated in program simulation is necessary. 

The development of hardware technology promises that microcomputer systems will 

have more power of computation in the future. With the capabilities of the microprocessor, the 

speed of simulation in microcomputers will improve rapidly. Therefore, the disadvantage of 

long run time in the proposed program will not be a factor in the near future. 

The proposed mathematical model with its associated computer program have certain 

advantages in the field of daylighting. The methods shows considerable saving of time and 

labor in comparison with scale model studies and relative accuracy compared with other 

computer programs. This proposed method should free the design professional and lighting 

engineer from irksome lengthy calculations, thus so allowing them to consider a wider range 

of possible solutions. With the development of BASICA---a high level programming language 

and microcomputer system, it is hoped that more designers will be encouraged to take ad-

vantage of the method documented in this study. 

Reference 

1. Illuminating Engineering Society, IES Handbook, Reference Volume, 1982 
2. Griffith, J. W., Arner, W. G., and Conover, E.W., A Modified Lumen Method for Daylighting 

Design, Illuminating Engineering, March, 1955 
3. Hopkinson, R. G., Petherbridge, P., and Longmore, J., Daylighting, Heinmen, London, 

1966 
4. Hottel, H. C., and Sarofim, A. F., Radiative Transfer, McGraw-Hill Book Company, New 

York, 1967 

Chapter 6 DISCUSSION 161 



5. Gillette, G., and Kusuda. T., A Daylighting Computation Procedure for Use in DOE·2 and 
Other Dynamic Building Energy Analysis Program, Journal of IES, pp 78-85, January 1983 

6. Bryan, H. J .. and Krinkel, D. L., MICROLITE I: A Microcomputer Program for Daylighting 
Design, Department of Architecture, MIT. 1982 

7. Bryan, H. J .. and Carlberg, D. B., Development of Protractors for Calculating the Effects 
of Daylight from Clear Sky, Journal of IES. pp. 649-657, April 1985 

8. Sain, A. M., Rockwell, P. G .. and Davy, J. E .. Energy Nomographs as a Design Tool for 
Daylighting, 400 Morgan Center. Butler, Pennsylvania 16001 

9. Milne, M., Liggett, R., Campbell, C-L .. Lin, L-C .. and Tsay, Y-T., An Interactive Computer 
Graphic Daylighting Design Tool, UCLA Graduate School of Architecture and Urban 
Planning, 1982 

10. Libbey-Owens-Ford Company, How to Predict Interior Illumination, Toledo, Ohio, 1976 

Chapter 6 DISCUSSION 162 



Chapter 7 SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

7.1 Summary 

A mathematical method is presented for calculating expected interior distribution of both 

direct and diffuse daylight, and a microcomputer program is developed for simulating diffuse 

daylight. The mathematical approach presented is based on astrometry for calculating of the 

required angles between sun and building; and on three dimensional and solid geometry to 

examine the spatial relation among the openings, room, and reference plane; and on the 

physics of light to determine the daylight transfer from exterior to interior and exchange 

among interior surfaces. The microcomputer program, based on the mathematical approach, 

uses the BASICA high level language, and has been written for simulation of the diffuse day-

light distribution in a rectangular room. This program has the ability to calculate the 

illuminance at and daylight factor for any interior point, to account for the effect of different 

reflectances, and to represent the diffuse daylight distribution in graphic display. 

This study includes a discussion and analysis of certain aspects which seem to be critical 

in developing a mathematical model for evaluating daylight performance and has compared 
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the results of this mathematical model with scale model measurements as a method for es-

tablishing the validity of the mathematical model. Results of this study indicate that this ap-

proach does indeed have the potential for allowing designers to predict the effect of daylight 

performance in the schematic design stage. Because the analysis has verified that there is 

no significant variation between scale model and computer simulation, this mathematical 

model with its computer program does provide a method for effectively determining direct and 

diffuse daylight distribution during the building design process. 

7.2 Conclusions 

The mathematical model presented in this study should be viewed as a starting point for 

a more complete computational method of predicting daylight distribution in a room. 

Computer-aided daylight design can benefit from further exploration of microcomputer tech-

nology and further development of programming techniques. On the basis of this study, the 

following conclusions are derived: 

1. Unlike other daylighting design methods and computer packages, this study presents a 

mathematical method for predicting the daylight distribution in a rectangular room. Base 

on the results of comparisons between computer simulation and scale model measure-

ments, the proposed mathematical model could be used to evaluate daylighting designs 

without the need for conventional methods and scale model studies within the limitations 

of geometry specified. 

2. The mathematical model developed here allows not only calculation of illuminance re-

ceived in a room and daylight factor for any specific interior point, but also the average 

and the minimum daylight factors. These two factors provide the criteria for assessing 

daylight performance within an enclosure. 
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3. The computer-based mathematical daylight simulation program developed herein pro-

vides both 2- and 3-dimensional graphic images which are preferable to the tabular 

graphics. Usually presented by other computer-aided daylight design programs. 

4. The mathematical model developed here can be used to analyze direct sunlight distrib-

ution and light exchange among surfaces inside a room. No other daylight simulation 

techniques are capable of dealing with direct sun. 

5. The mathematical model presented here is limited to specified geometric room scheme. 

For more complex building configurations, the use of scale models is still the prefered 

method of analysis. 

This study presumably has contributed to the body of knowledge in microcomputer-aided 

daylighting design, and has provide a useful tool for building designers. It is hoped that this 

mathematical approach with its computer simulation program will result in an increased use 

of daylighting. 

7.3 Recommendations for Future Study 

This study presents the initial work done in the development of the mathematical model 

for estimation of direct and diffuse daylight distribution, and light exchange among interior 

surfaces in a room. Further development and implementation of this model remains to be 

done. Four related areas that should be investigated are presented in the following para-

graphs. 

First, more appropriate daylight availability models are needed. The daylight availability 

model most widely used in the United States involves the charts, tables, and graphs shown in 

the IES Handbook 1 and is based on empirical data collected by Kimball and Hand2 during the 

1920s in Washington D.C. The IES model does not allow for variations in atmospheric condi-
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tions based on geographic location. The needed daylight availability model should have not 

only the capability of providing predicted illuminance on the horizontal and vertical surfaces 

at a specific time, day, and location, but should also provide the following data: 

1. the maximum and minimum illuminance conditions, 

2. illuminance of different sky conditions, 

3. average hourly illuminance for critical months or seasons, 

4. statistical probability of occurrence of different illuminance range. 

Second. the mathematical model and attendant computer program developed here for 

assessing daylight distribution is only applicable to relatively simple window and room ge-

ometry. The model is incapable of dealing with complicated geometries, complex design de-

tails, and non-perfectly diffusing reflection properties. Thus, continued investigation is made 

for development of a more rigorous mathematical model that can simulate complex building 

and window geometries, and non-perfectly diffusive surfaces. 

Third, the present model is designed to estimate direct and diffuse daylight distribution 

in a room. No effort has been made to analyze the annual energy and economic savings for 

a specific design. Thus. a study of possibility of converting quantitative illuminance or daylight 

factors for different sky conditions into direct and indirect energy and economic savings would 

be valuable. Such a study might be in two directions. 

1. Development of a model for evaluation of energy savings based on a daylighting analysis 

performed on this model. 

2. Development of a subroutine to interface with other energy analysis programs. In other 

words, the output data of the daylight analysis model can be used as input data for energy 

analysis programs. 
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Fourth, external obstructions have not been considered in the development of this math-

ematical model. TL , is hardly realistic. Thus, a subroutine is needed to put external ob-

structions factors into diffuse daylight estimation. 

Reference 

1. Illuminating Engineering Society, IES Handbook, Reference volume. 1982 
2. Kimball, H. H., and Hand, I. F., Sky Brightness and Daylight Illumination Measurement, 

Monthly Weather Review, Vol. 48, p.481, 1921 

Chapter 7 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 167 



BIBLIOGRAPHY 

Abell, G. 0., Exploration of the Universe, University of California, Los Angles, Holt, Rinehart 
and Winston, 1974 

Ahlberg, J., Nilson, E., and Walsh, J., The Theory of Splines and Their Applications, Academic 
Press, New York, 1967 

Analog Devices 1984 Databook, Vol. 1, Norwood, MA., pp. 10-61, 1984 
Ander, G. D .. and Navvab, M .. Daylighting Impact of Fenestration Control, Proceedings of the 

eighth National Passive Solar Conference. Santa Fe, New Mexico. pp. 175-180, 1983 
Ashare, ASHRAE Handbook of Fundamentals, America Society of Heating Ventilation and 

Air-conditioning Engineers, New York, 1972 
ASHRAE Handbook and Product Directory: Fundamentals, Atlanta: American Society of 

Heating, Refrigerating and Air-Conditioning Engineers, Chapter 27, p. 27.3, 1981 
Barthes, E., Burrus, J., and Richard, J. L., Applications des Methodes de Calcul par 

Ordinateur-Eclairage lnterieur, Lux (Paris), pp. 442-447, October 1970 
Baud, J., Lighting Design in Buildings, Billing & Son Limited, Guildford and London, Part 1, 

1973 
Bryan. H. J., Lohr. A., Mathis, C. R., and Rosen, J., The Use of Physical Scale Models for 

Daylighting Analysis, Proceedings of the Sixth National Passive Solar Conference, 
Portland, Oregon, pp. 865-869, September 8-12, 1981 

Bryan. H. J., and Krinke!, D. L., MICROLITE I: A Microcomputer Program for Daylighting De-
sign, Department of Architecture, MIT, 1982 

Bryan, H. J., A Simplified Daylighting Design Methodology for Clear Skies, Department of 
Architecture, MIT 

Bryan, H. J., and Carlberg, D. B., Development of Protractors for Calculating the Effects of 
Daylight from Clear Sky, Journal of IES, pp. 649-657, April 1985 

Bryan, H., Clear, R., Rosen, J., and Selkowitz. S., Quicklite I: New Procedure for Daylighting 
Design, Solar Age, pp. 37-47, August 1981 

Burdette, A. C., Analytical Geometry, Academic Press, New York, p. 173, 1971 
Carnahan, B., Luther, H. A., and Wilkes, J. 0., Applied Numerical Methods, John Wiley & Sons, 

Inc., New York, pp. 69-140, 1969 
Caudill, W., and Reed, B. H., Geometry of Classrooms as Related to Natural Lighting and Na-

tural Ventilation, Texas Engineering Experiment Station, College Station, Texas, Re-
search Report No. 36, July, 1952 

Clairex Electrics, Optoelectronics Designers Handbook, 

BIBLIOGRAPHY 168 



CIE Publication No. 16, Daylight International Recommendations for the Calculation of Natural 
Daylight, Commission Internationale de l'Eclairage, Paris, 1970 Mount Vernow, New York, 
1985 

CIE Technical Committee E-3.2, International Recommendations for the Calculation of Natural 
Daylight, Commission Internationale de L'Eclairage, Paris, 

CIE Publication No. 22. Standardization of Luminance Distribution on Clear Skies, Commission 
Internationale de l'Eclairage, Paris, 1972 Publication No. 16, 1970 

CIE Technical Committee 4.2, Standardization of Luminance Distribution on Clear Skies, CIE 
Publication No.22, Paris, 1973 :Cole, F. W., Fundamental Astronomy, John Wiley & Sons, 
New York, 1974 

Bryan, H. J., Kroner, W. M., and Leslie, R. P., Daylighting a Resourcebook, Rensselaer 
Polytechnic Institute. Troy, New York, pp. 7.3-15. 1981 

Davis, R. G., and Bernecker, C. A., An Evaluation of Computer Graphic Images of the Lighted 
Environment, Journal of IES, pp. 493-514, October 1984 

Dogniaux, R., The Availability of Daylight, CIE Technical Report NR, Prepared for the Day-
lighting Committee of the International Commission on Illumination (CIE). 1975 

Dufton, A.F., Protractors for the Computation of Daylight Factors, D.S.l.R. Building Research 
Technical Paper No. 28, H.M.S.O., London, 1946 

Dwyer, L., Franta, G., and ENSAR Group, An Interactive Design Tool for Daylighting Analysis, 
Lakewood, Colorado, 1983 

Egan, M. D., Concepts in Architectural Lighting, McGraw-Hill Boo Company, New York, p. 154, 
1983 

Elvegard, E., and Sjostedt, G., The Calculation of Illumination from Sun and Sky, Illuminating 
Engineering, Vol. 35, pp. 333-342, April 1940 

Evans, B. H., Natural Lighting and Skylights, Texas Engineering Experiment Station, College 
Station, Texas, p. 22. April. 1958 

Evans, B. H., The Use of Models for Evaluation of Daylighting Design Alternatives, Daylighting 
Window Design Resource Package, Lawrence Berkeley Laboratory, University of 
California. California, Unit No. 8, p. 41, June. 1980 

Evans, B. H., Daylight in Architecture, McGraw-Hill Book Company, New York, p. 113, 1981 
Feitsma, B., Daylight Illumination Measurements at Katwijk (I), TNO, Delft, Report E51, 1971 
Flynn, J. E., Kingsbury, H. F., and Gillette. G., A Review of the State-of-the-art for Daylighting 

in Buildings, Department of Architectural Engineering, The Pennsylvania State Univer-
sity, p. 65, March, 1979 

Gardner Laboratory, Inc., Portable Glossmeters and Reflectometers Operation and Mainte-
nance Manual, Post Office Box 5728, Bethesda. Maryland 20014 

Gero, J. S., and Brown, M., A Selective Bibliography of Computers in Architecture, Architec-
tural Science Review, 12(4), pp. 105-111, 1969 

Gillette, G., Pierpoint, W., and Treado, S., A General llluminance Model for Daylight Availabil· 
ity, Journal of the Illuminating Engineering Society, Vol. 13. No. 4. pp. 330-339, July 1984 

Gillette, G., and Kusuda, T., A Daylighting Computation Procedure for Use in DOE-2 and Other 
Dynamic Building Energy Analysis Program, Journal of IES, pp. 78-85, January 1983 

Givoni, B., Man, Climate and Architecture, Van Nostrand Reinhold Company, New York, New 
York, 1981 

Glover, R. R., Daylighting Effects of Window Proportion, Location, and Ceiling Height Predicted 
by Physical and Computer Models, 7th National Passive Solar Conference, Knoxville, 
Tennessee, pp. 441-446, August-September, 1982 

Griffith, J. W., Arner, W. G., and Conover, E. W. A Modified Lumen Method for Daylighting De-
sign, Illuminating Engineering, March. 1955 

Grum, F., and Beecherer, R. J., Optical Radiation Measurements, Academic Press, New York, 
pp. 33-36, 1979 

Gusev, N. M., Practical Method of Calculation of Daylight Illumination for Premises with Sun 
Control Devices, Sunlight in Building, Proceedings of the CIE save lntersessional Confer-
ence, University of Newcastal-Upon-Tyne, Rotterdam, pp. 205-210, 1967 

BIBLIOGRAPHY 169 



Hittle, D., The Building Loads Analysis and System Thermo-Dynamics (BLAST) Program, 
Version 2.0 Users Manusl, Vol. 1 and Vol. 2, Technical Report E-153/ADA072272 and 
ADA722730, U.S. Army Construction Engineering Research Laboratory, June 1979 

Holmes, J.G., Essays on Lighting, Crane, Russan and Company, Inc., New York, pp.92-100, 
1975 

Holshausen, C. G., Sun Penetration and Exclusion in Tropical Regions, Sunlight in Buildings, 
Proceedings of the CIE lntersessional Conference. 1967 

Hopkinson. R. G., and Kay, J. D., The Lighting of Buildings, Frederick A. Praeger, Inc., Pub-
lishers. New York , New York. 1969 

Hopkinson, R. G., and Petherbridge, P .. The Natural Lighting of Buildings in Sunny Climates 
by Sunlight Reflected From the Ground and From Opposing Facades, Conference on 
Tropical Architecture, 1953 

Hopkinson, R. G., Petherbridge, P., and Longmore. J., Daylighting, University College, London, 
and Building Research Station. Garston, Watford, England. Heinemann(London), 1968 

Hottel, H. C .. and Cohen. E. S., Radiant Heat Exchange in a Gas-Filled Enclosure: Allowance 
for Nonuniformity of Gas Temperature, AIChEJ., Vol. 4. No. 1, pp. 3-14, 1958 

Hottel, H. C., and Sarofim, A. F., Radiative Transfer, McGraw-Hill Book Company, New York, 
1967 

Howell, J. R., and Siegel, R., Thermal Radiation Heat Transfer, McGraw-Hill Company, New 
York, New York. 1972 

Hunt, D. R. G., Availability of Daylight, Building Research Establishment, Department of the 
Environment. 1979 

IES Daylighting Committee, Recommended Practice of Daylighting IES-RP-5-1978, Lighting 
Design and Application, Vol. 9, No. 2, p.25. February, 1979 

IES, IES Lighting Handbook, 1981 Reference Volume, New York: Illuminating Engineering So-
ciety of North America, Section 7. 1981 

IES Symposium Report, The Use of Computers in Lighting, The Illuminating Engineering So-
ciety, p. 4, March 1972 

IES, IES Code for Interior Lighting, The Illuminating Engineering Society, York House, London 
SE1 ?UN, p. 16, February 1977 

IES, Proposed American National Standard Nomenclature and Definitions for Illuminating En· 
gineering, Proposed Revision of Z7.1-R1973, Journal of the Illuminating Engineering So-
ciety, Vol. 9, No. 1, pp. 7 & 35, October. 1979 

IES, Recommended Practice for the Calculation of Daylight Availability, Journal of the Illumi-
nating Engineering Society, Vol. 13. No. 4, pp. 381-392, 1984 

lmanoglu, V., and Markus, T. A., The Effect of Window Size, Room Proportion and Window 
Position on Spaciousness Evaluation of Rooms, Proceeding CIE Conference on Windows 
and Their Function in Architectural Design, Istanbul, 1973 

Jones. L. A., and Condit, H. R., Sunlight and Skylight as Determinants of Photographic Expo-
sure: Luminous Density as Determined by Solar Altitude and Atmospheric Conditions, 
Journal of the Optical Society of America, Vol. 38, No. 2, pp. 123-178, February 1948 

Keighley, E. C .. Visual Requirements and Reduced Fenestration in Office Buildings: A Study 
of Multiple Apertures and Window Area, Journal of Building Science, Vol. 8, pp. 311-331, 
1973 

Kingsbury, H. L., Anderson, H. H., and Bizzaro, V. U., Availability of Daylight, Illuminating En-
gineering, pp. 77-85, February 1957 

Kittler, R., Standardization of the Solar Radiation with Regard to the Prediction of Insulation 
and Shading of Buildings, teaching the Teachers on Building climatology Conference, 
Stockholm, 2, (45), 1972 

Kittler. R., An Historical Review of Methods and Instrumentation for Experimental Daylight 
Research by Means of Models and Artificial Skies, Commission Internationale de 
l'Eclairage, 14th Session, (Paris: The Commission, Vol. B, 1960) Paper P.59-8, p.319, 1959 

Kittler, R., Definitions of Characteristic Daylight Climates in Various Climatic Zones, Seminar 
on Daylighting and Energy Conservation. University of New South Wales, Kensington, 
1982 

BIBLIOGRAPHY 170 



Krochmann, J., and Seidl, M., Quantitative Data on Daylight for Illuminating Engineering, 
Lighting Research and Technology, Vol. 6, No. 3, pp. 165-171, 1974 

Krochmann, J., Muller, K., and Retzow, U .. The Horizontal llluminance Intensity and the Zenith 
Luminance of Clear Sky, Lichttechnik, Vol. 22. pp. 551-554, 1970 (in German) 

Kroner, W., Bryan, H., and Leslie. R., Daylighting Resourcebook, Rensselaer Polytechnic In-
stitute, Troy. New York. p. 7-66. 1981 

Kusuda, T., NBSLD: The Computer Program for Heating and Cooling Loads in Buildings, NBS 
Building Science Series 69, National Bureau of Standards, Washington, D.C., 1976 

Kusuda, T., and Collins, B., Simplified Analysis of Thermal and Lighting Characteristics of 
Windows: Two Case Studies, Appendix B: Daylight Calculation Procedures, NBS Building 
Science Series 109. February 1978 

Lanscaster, P .. and Salkauskas, K., Curve and Surface Fitting, Academic Press, New York, 
pp. 133-179, 1986 

Libbey-Owens-Ford Company. How to Predict Interior Illumination, Toledo, Ohio, 1976 
Lim, B. P., Rao, K. R., Tharmaratnam. K .. and Mattar, A. M., Environmental Factors in the 

Design of Building Fenestration, Applied Science Publishers LTD. London, 1979 
Littlefair, P. J.,The Luminance Distribution of an Average Sky, Lighting Research Technology, 

Vol. 13, No. 4, 1980 
Longmore, J., BRS Daylight Protractors, Building Research Station. H.M.S.O., London, 1967 
Lynes, J. A., Principles of Natural Lighting, Applied Science Publishers, LTD., London, 1968 
Lynes, J. A., Developments in Lighting---1 & 2, Applied Science Publishers LTD, London, 1978 
Markus, T. A., The Function of Windows: A Reappraisal, Buildings Sceence Journal, Vol. 2, 

pp. 97-121, 1967 
Middlemiss, R. R., Analytic Geometry, McGraw-Hill Company, New York, New York, 1955 
Microsoft Corp., IBM-PC Technical Reference 
Millet, M .. Lakin, J., and Moore, J., Light Without Heat: Daylighting and Shading, International 

Passive and Hybrid Cooling Conference, Miami Beach, Florida, pp. 333-337, November, 
1981 

Mills, H. R., Positional Astronomy and Astro-Navigation Made Easy, Stanley Thornes (Pub-
lishers) Ltd, England, pp. 209-226. 1978 

Milne, M., Liggett, R., Campbell, C-L.. Lin. L-C., and Tsay, Y-T.. An Interactive Computer 
Graphic Daylighting Design Tool, UCLA Graduate School of Architecture and Urban 
Planning, 1982 

Ministry of Public Building and Works, Computer-Aided Architectural Design Part 1, Appendix 
2, MPBW: London, 1969 

Ministry of Public Building and Works, Computer-Aided Architectural Design Part 1, Appendix 
8, MPBW: London, 1969 

Nakamura, H., and Oki, M., composition of Mean Sky and its Application to Daylight Prediction, 
International Commission on Illumination (CIE). 20th Session. Amsterdam, August 31 -
September 8, 1983 

Nakamura, H., and Oki, M., Study on the Statistic Estimation of the Horizontal llluminance from 
Unobstructed Sky, Journal of the Illuminating Engineering Institute of Japan, pp. 23-31, 
1979 

Oki, M., Calculations of Daylight Factor Nominated by Intermediate Sky, 1983 International 
Daylighting Conference. Phoenix, AZ. 1983, AIA Service Corporation, Washington 

Olgyay, V., and Olgyay, A., Design with Climate, Princeton University Press, Princeton, New 
Jersey, 1973 

Ott, L., An Introduction to Statistical Methods and Data Analysis, Duxbury Press, North 
Scituate, Massachusetts, 1977 

Phillips, R. 0., Computers in Lighting, IES. Lighting Review (Australia), pp. 4-9, February 1969 
Pritchard, D. C., Environmental Physics: Lighting, America Elsevier Publishing Company, Inc., 

New York, New York, 1969 
Radford. A. D., Optimization, Simulation and Multiple Criteria in Window Design, Computer-

Aided Design, Vol. 13, No. 6, pp. 345-350, November, 1981 

BIBLIOGRAPHY 171 



Reed, B. H., and Nowak, M. A., Accuracy of Daylight Predictions by Means of Models Under 
an Artificial Sky, Texas Engineering Experiment Station, College Station, Texas, Research 
Report No. 47, p. 12, July, 1955 

Roe, A. E., Orbital Motion. Adam Hilger Ltd., Bristol, pp. 18-48. 1982 
Ruck, N. C., Daylight Climate in Australia, International Commission on Illumination (CIE). 20th 

Session. Amsterdam, August 31 - September 8, 1983 
Sain, A. M., Rockwell, P. G .. and Davy, J. E., Energy Nomographs as a Design Tool for Day-

lighting, 400 Morgan Center, Butler, Pennsylvania 16001 -
SAM Manual, Fowlkes Engineering. Bozeman, Montana 

Standard Solar Constant and Air Mass Zero Solar Spectral lrradiance Tables, ASTM E490-73a, 
Philadelphia: American Society for Testing and Materials. 1974 

Secker, S. M., Regional Variations of Daylight Availability---a review of measured data and 
estimating methods, Journal of Lighting Research & Technology, Vol. 15, No. 3, pp. 
151-155, 1983 

Selkowitz, S., "Effective Daylighting in Building Part I and II," Lighting Design and Application, 
Feb. pp.6-11, 1979 

Selkowitz, S., Karayel, M., Navvab, M., and Ne'Eman, E., Zenith Luminance and Sky Luminance 
Distributions for Daylighting Calculation, Journal of Energy and Buildings, Vol. 6, pp. 
281-293, 1984 

Siegel, R., and Howell, J. R., Thermal Radiation Heat Transfer, Hemisphere Publishing Cor-
poration, McGraw-Hill Book Company, New York. p. 175, 1981 

Singleton, W. T., Current Trends Toards Systems Design, Ergonomics for Industry 12, 
H.M.S.O.: London. 1966 

Slaby, S. M., Fundamentals of Three-Dimensional Descriptive Geometry, John Wiley & Sons, 
Inc .. New York, New York. 1976 

Stephenson, D. G .. Equations for Solar Heat Gain Through Windows, Solar Energy, Vol. 9., No. 
2, Oxford: Pergamon Press, pp. 81-86, 1965 

Stevens. W. R., Buildings Physics: Lighting, Pergamon Press, London, 1969 
Tektronix, Manual of the J-16 Digital Photometer/Radiometer, 
Tregenza, P. R., A Simple Mathematical Model of Illumination From a Cloudy Sky, Lighting 

Research Technology, Vol. 12, No. 3, 1980 
Trewartha, G. T., An Introduction to Climate, McGraw-Hill Book Company, New York, 1980 
U.S. Department of Energy, DOE-2 Users Guide: Vol. 1, Lawrence Berkeley Laboratory, 

Berkeley, Cal., February 15. 1979 
Van Bergem-Jansen, P. M., and Soeleman, R. S., Window Design: Visual and Thermal Conse-

quences, International Lighting Review, Vol. 31, No. 2. pp. 62-64, 1980 
Van De Kamp, P., Principles of Astrometry, W. H. Freeman and Company, San Francisco and 

London, pp. 15-39, 1967 
Vezey, E. E., The Feasibility of Using Models for Predetermining Natural Lighting, Texas En-

gineering Experiment Station, College Station, Texas, Research Report No. 21, p. 33, 
January, 1951 

Vezey, E. E .. and Evans, B. H., The Study of Natural Illumination Under an Artificial Sky, Illu-
mination Engineering, 50, p.367, 1955 

Wade, T. L., and Taylor, H. E., Contemporary Analytical Geometry, McGraw-Hill Book Com-
pany, New York, p. 261, 1969 

Walsh, W. T., The Science of Daylight, Pitman Publishing Corporation, London, 1961 
Woolard, E. W., and Clemence, G. M., Spherical Astronomy, Academic Press, New York, pp. 

19-30, 1966 
Wyatt, S. P., Principle of Astronomy, Allyn and Bacon Inc., Boston, Mass., Chapter II, Ill. and 

IV, 1971 

BIBLIOGRAPHY 172 



Appendix A. Fundamental of Plane and Solid 

Analytic Geometry 

The Coordinate System: This section is a brief presentation of the basic concepts of plane 

and solid analytic geometry, including planes, lines. and points. 

There are a number of useful coordinate systems which may be used to describe points, 

lines, and planes in three dimensions, and before the study of theoretical model, it is neces-

sary to build and confine a rectangular coordinate system. This system is defined by drawing 

three mutually perpendicular directed lines through a common point 0 called the origin, and 

assign directions on these lines as indicated in Figure 37 on page 174. These lines are called 

coordinate axes, and each pair of them determines a coordinate plane. These three coordi-

nate axes are traditionally called the x axis, the y axis, and the z axis. The coordinate planes 

are referred to as the xy plane, the xz plane, and the yz plane. The position of a point P is 

described by its three directed distances (x,y,z) from each of the coordinate planes as shown 

in Figure 37 on page 174. 

Basic Formulas of Distances and Directions: If Pis a point whose coordinates are (x,y,z), then 

the line OP is the diagonal of a rectangular paralleled whose edges are OA = x. OB = y, OC 
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= z (see Figure 37 on page 174 ). The following formulas are evidently true for any position 

of the point P.1·2•3·4 

x = perpendicular distance from the yz-plane. 

y = perpendicular distance from the zx-plane. 

z = perpendicular distance from the xy-plane. 
1---..J y2 + z2 = perpendicular distance from the x-axis . 

...,! z2 + x2 = perpendicular distance from the y-axis. 
I • 

...; x2 + y2 = perpendicular distance from the z-axis . 

.J x2 + y2 + z2 = distance from the origin. 

In solid geometry, as in plane geometry, the angle between two directed lines in the an-

gle between their positive directions. The angle between two lines which do not intersect is 

defined as the angle between two intersecting lines which are parallel, respectively, to the 

given lines. 

The direction angles of a directed line are the angles between the line and the three 

coordinate axes. The direction angles are usually denoted by a , p , y . That is, a is the angle 

between a line and the x-axis, p the angle between the line and the y-axis, and y the angle 

between the line and the z-axis. 

In Figure 37 on page 174, angle AOP = a, angle BOP = p, angle COP = y. 

The direction cosines of a line are the cosines of its direction angles. Since the angle 

between two directed lines cannot exceed 180°, the angle is acute if its cosine is positive and 

obtuse if its cosine is negative. 

In Figure 37 on page 174 we have OP2 = 002 + QP2 = OA 2 + 082 + OC2• Hence if OP 

= d, then 

[A.1] 

Let the angles between OP and OX, OY, and OZ be, respectively, a, p, andy. The triangle OAP 

is a right triangle, for OA is perpendicular to AP. Also, angle XOP = a . Hence OA = OP cos 

a , or x = d cos a . Similar values for y and z are found from the right triangles OBP and OCP. 

Appendix A. Fundamental of Plane and Solid Analytic Geometry 175 



Hence 

x = d cos a, y = cos p, z = cos y. [A.2] 

Squaring these equations, adding them. using [A.1], and dividing by d2 , an important relation 

can be obtained 

[A.3) 

Hence the sum of the squares of the direction cosines of a line is unity. Equation [A.2] may 

be written as a set of equal ratios, namely, 

cos a _ cos ~ _ cos Y _ 1 
---~-----x y z d [A.4] 

Solving [A.2] for cos a , cos P , cosy , and using the value of d from [A.1 ], we obtain 

cos a = x ' cos p = y ' cos r = z 
,/ x2 + Y2 + 2 2 ,/ x2 + Y2 + 2 2 J x2 + Y2 + 2 2 

[A.5] 

Thus, define the length I of the line P,P2 joining two points P,(x1,y1.z1)andP2(x2,y2,z2). and the 

direction cosines of the line P,P2 in Figure 37 on page 174 The length I of the line joining any 

two points P,andP2 is given by5·6 

I 2 2 2 I = v (x, - X2) + (y, - Y2) + (z, - Z2) [A.6) 

Let a , p , and y be the direction angles of the line from P, to P2 • Then, from the 

Figure 37 on page 174 angle AP,P2 = a and P,A = I cos a Similarly, 

P,B = I cos p, P,C = I cos y . 

Hence, the following relation will be obtained 

x2 - X1 = I cos a, y2 - y, = I cos p, Z2 - Z1 = I cos y [A.7] 
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From equations [A.7] the values of the direction cosines may be found. Equation [A.7] can be 

reduced as the following formula: 

From equation [A.7] 

I = X2 - X1 = 
cos a 

Z2 - Z1 
cosy 

Therefore, a line which pass through any point P( x1, y1, z1 ) in this coordinate system can be 

defined as: 

X - X1 

cos a 
Y - Y1 
cos p 

= z - z, 
cos"'{ 

Appendix A. Fundamental of Plane and Solid Analytic Geometry 

(A.8] 

177 



Appendix B. The Calculation of The Window 

Projection 

Back Wall Back Wall ( 0, 0 ~ y ~ w, 0 ~ z ~ h ): Define the coordinates of window's 

projection or image in plane x = 0 are ( 0, Ybk• zbk ), ( 0, Ybi· zb, ), ( 0, Ybm• Zbm ), and ( 0, Ybn• zbn 

), and repeat the processes from equation [3.5.6] to [3.6.17] to obtain the values of these co-

ordinates which just defined. 

From section 3.5, the sun's rays which just passed through window's corners can be ob-

tained as the following equations (see Figure 38 on page 179 ). 

O - xk 
cos a 

0 - x, 
cos a 

0 - Xm 
cos a 

= 

= 

= 

Ybk - Yk 

cos f3 

Yb1 - Y1 

cos f3 

Ybm - Ym 

cos p 

= zbk - zk 
cosy 

zb, - z, 
cosy 

= 

0 - Xn = Ybn - Yn = Zbn - Zn 
cos a cos p cos y 
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[8.1] 

[8.2] 

(8.3] 

[8.4] 

178 



~
-
-
·
-
·
-
·
-
·
 

!\. 
. 

\ 
I 

. \ \ .\ 

A
ppendix B. C

alculation of The W
indow

 P
rojection 

179 



From equation [B.1] 

From equation [B.1] 

cosy 
cos a 

From equation [B.2] 

- .E2§JL ( ) + Ybt - cos a - x, y, 

cosy 
zb, = cos a ( - x,) + z, 

From equation [B.3] 

- .E2§JL ( ) + Ybm - cos a - Xm Ym 

0 - xk 
=---cos a 

0 - xk zb~ - zk ---=----cos a cosy 

cosy 
cos a 
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[B.6] 

[B.7] 

[B.8] 

[B.9] 
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[8.10] 

From equation (8.4) 

-~ ( )+ Ybn - cos a - Xn Yn [8.11] 
' 

(8.12] 

Right Wall Right Wall ( 0 ~ x ~ d, y = w, 0 ~ z ~ h ) :Repeating the process in the section 

of the left wall, the coordinates of window projection or image in the plan y%% =%%ware 

( x,k, w, z,k ), ( x,1, w, z,1 ), ( x,,, w, z,m ), and ( xrn, w, Zrn ). The line equations of sun's rays passing 

through the window corners are (see Figure 39 on page 182 ): 

x,k - xk 
cos a 

x,, - x, 
cos a = 

w - Yk 
cos p 

w - y, 
cos p 

w - Ym 
cos p 

w - Yn 
cos p 

From equation [B.13) 

z,k - zk 
cos'{ 

z,, - z, 
cos'{ 

= cosy 

= 

= 

cos a (w _ yk) 
cos~ 
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(8.14] 

(8 .15) 

(8.16] 
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cos a 
cos p (w - y.) + x. 

From equation [B.13) 

w - Y. 
cos p = z,. - z. 

cosy 

cos P (z,. - z.) = cos y (w - y.) 

z,. cosy 
(w - Y.) + z. 

cos p 

From equation [B.31) 

x,, = 

From equation [B.15) 

X,m = cos a 
~ (w - Ym) + Xm 

cos I-' 

cosy 
(w - Ym) + Zm 

cos p 

From equation [B.16] 

cos a (W - Yn) + Xn 
cos p 

z,. - z. cosy (w _ Y.) 
cos p 
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[8.17) 

(8.18) 

[8.19) 

[8.20] 

[8.21] 

[B.22] 

[B.23] 
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cosy 
A (W - Yn) + Zn 

cos .... 
[8.24] 

Floor Floor ( 0 s: x s: d, O s: y s: w. 0 ) :: Repeating the process in the section of the left wall, 

the coordinates of window projection or image in the plan z%% = %%0 are ( x,k• Ytk• 0 ). { 

x,,, Yt1· 0 ). ( X1m• Yim·O ). and ( X1n. Ybn• 0 ). The line equations of sun's rays passing through the 

window's corners are (see Figure 40 on page 185 ): 

= Y1k - yk 

cos~ 

x,, - x, = 
cos a 

X1m - Xm 
cos a 

-

= 

X1n Xn = cos a 

y,,_ y/ 

cos p 

Yim - ym 

cos p 

Yin - yn 

cos~ 

From equation (8.25] 

cos a 
cosy 

From equation [B.25] 

= 

= 0 - z, 
cosy 

0 - Zm 
cosy 

0 - Zn 

cosy 

= 
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0 - zk 
cosy 

[8.25] 

[8.26] 

[8.27] 

[8.28] 

[8.29] 
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cosy 

From equation [B.26) 

X = cos a ( z) + x 
fl COS'{ - I I [8.31) 

Yfl = ~ ( Z) +y COS y - I I [8.32] 

From equation [B.27] 

x,m = cos a ( - Zm) + Xm cos 1 [8.33) 

Yim = ~ ( - Zm) + Ym cos 1 [8.34] 

From equation (B.28] 

x,,, = cos a ( - z,,) + x,, cosy [8.35) 

y,,, = ~ ( - z,,) + y,, cosy [8.36] 
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Appendix C. Intersection Points of Window 

Projection and Axes 

Window's Lower Frame and Z-axis: line L-M ( x,m = d, c ::;;; Yim ::;;; c + a, Z1m f) 

line 0-H ( Xdoh = 0 , Y doh = 0, 0 ::;;; Zdoh ::;;; h ) 

f - cosy ( d) 
cos a 

Y = (~)(d) 
Im COS U 

Window's Lower Frame and X-axis: line L·M ( X1m = d, c ::;;; Yim ::;;; c + a, Z1m = f) 

line O·D ( 0 ~ Xdod ~ d , Ydod = 0, Zdod = 0) 

= d _ cos a ( f) 
cosy 

Y = ( ~ )(f) 
Im ' COSY 
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Window's Lower Frame and Line W-Q: line L·M ( X1m = d, c ~Yim ~ c + a, Z 1m = f) 

line W·Q ( Xdwq = 0, Ydwq = W, 0 ~ Zdwq ~ h ) 

= f - cosy ( d) 
cos a 

Y = w+ (~)(d) 
Im COS U 

Window's Lower Frame and Line W-R: line L·M ( X1m = d, c ~ Yim ~ c + a, Z 1m = f) 

Yim 

line W•R ( 0 ~ Xdwr ~ d , Ydwr = W, Zdwr = 0) 

= d cos a f - cosy ( ) 

w + ~ (f) cosy 

Window's Left Frame and Y-axis: line K·L ( xk, = d, yk, = c, f ~ zk, ~ b + f) 

Y1ow 

line O·W ( X10.,. = 0, 0 ~ Yiow ~ W , Z1ow = 0) 

From equation [C.9) 

= c - ~ (d) cos a 

From equation [C.9] 

d - 0 
cos a 

d - 0 
cos a 

C - Y1ow 

cos p = zk1 - o 
cosy 

= C - Y1ow 

cos p 

c - Yiow ( cos a ) = cos p ( d ) 
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d - O zk, - 0 = cos a cos r 

( zk,) cos a cos y ( d ) 

Z = ( cos·r) (d) [C.11] 
kl cos a 

Window's Left Frame and X-axis: line K·L ( xk, = d, Ykn = c . f s; zk, s; b + f) 

line O·D ( 0 s; X 10d ::;:; d , Y1od = 0, Z1od = 0 ) 

From equation [C.12) 

= d _ cos a ( c) 
cos p 

From equation [C.12) 

d - X1od 

cos a = c - 0 
cos p 

d - X1od 

cos a = 

= 

c 

zk, - 0 
cosy 

cos p 

( C ) COS a = COS P ( d - X10d ) 

(c - O)p 
cos = zk, - 0 

cosy 

( c ) cos y = cos P ( zk, ) 

[C.12) 

[C.13) 

zk, = ( c ) ( cos Y ) [ C .14] 
cos p 
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Window's Left Frame and Line W-R: line K·L ( xk, = d, yk, = c, f ~ zk, ~ b + f) 

line W·R ( 0 ~ Xiwr ~ d , Yiwr = W, Z1wr = 0) 

d - X1wr 
cos a 

= d _ ( cos a ) ( c _ w ) 
cos i' 

= c - w 
cos l~ = [C.15] 

(C.16] 

zk, = (cosy) (c - w) [C.17] 
cos p 

Window's Right Frame and Y-axis: line M·N ( Xm,, = d, Ymn = c + a, f ~ Zm,, ~ b + f) 

line O·W ( X,0 w = 0, 0 ~ Yrow ~ W , Z,0 w = 0 ) 

Yrow = ( c + a) - (~) ( d) cos a 

cos v 
Zmn = ( COS ~ ) ( d ) 

Window's Right Frame and X-axis: line M·N ( Xm,, = d, Ymn = c + a. f ~ Zm,, ~ b + f) 

line O·D ( 0 ~ Xrod ~ d , Yrod = 0, Zrod = 0 ) 

= d _ cos a ( c + a ) 
cos p 

= ( c + a ) ( cos y ) 
cos p 

[C.18] 

[C.19] 

[C.20] 

[C.21) 

Window's Right Frame and Line W·R: line M·N ( Xm,, = d, Ymn C + a, f ~ Zm,, ~ b + f) 

line W•R ( 0 ~ Xrwr ~ d , Yrwr = W, Zrwr = 0) 

= d - ( cos a ) ( c + a - w ) 
cos p 
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cosy ) 
cos~ 

(c + a - w) [C.23] 
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Appendix D. Inter-reflective Phenomenon of Light 

Transfer 

Type 1 

Kb ( Xbk = 0, Ybk, Zbk) 

Lb ( xb, 0, Ybt, Zbt) 

Mb ( Xbm 0, Ybm • Zbm) 

Nb ( Xbn = 0, Ybn • Zbn) 

where 

The coordinates of points Kb, Lb, Mb, and Nb are known from equation [b.1] to 

[B.10]. 

Definition: Define (xb , Yb , zb ) as the coordinates of a very small portion of the lighted area in 

the back wall , and (x, , y, , z,) as the coordinates of any point in the left wall. 

Hence, according to the above definition, xb = 0 , Ybt ~ Yb ~ Ybm, zb, ~ zb ~ zbk • 

0 ~ x, ~ d , y, = 0 , and 0 ~ z, ~ h are known. Connect point Kb and Nb to define the upper 
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Figure 41. Direct Sunlight Transfer-·· Type 1 
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boundary of lighting area in the back wall and connect point Lb and Mb to define the lower 

boundary of the lighting area in the back wall. The upper and lower boundaries can be ex-

pressed as the following equations. 

Line Kb - Nb 

g(z) = zbk + Yb 
Zbn zbk 

Ybn Ybk 

Line Lb - Mb 

f{z) = Zbt + Yb 
Zbm Zbt 

Ybm Ybk 

Therefore, the illuminance of any points in the left wall which were influenced by the 

lighting portion in the back wall can be expressed as: 

Type 1·1 (points in left wall) 

[glz) SYbm Edvb Tg Rb cos o. cos ee 
Jflzl Yb/ z dy dz 

r1b 7t 

where 

Edvb = the direct vertical solar illuminance of the back wall 

Tg = the transmission factor of the glass (0.85) 

Rb = the reflectance factor of the back wall 

[D.1] 

r1b = the distance between any point in left wall and any point at lighting area in 
1~~~~~~~~~~~~~~~ 

back wall. r1b = ....; (X1 - xb)2 + (y1 - Yb) 2 + (Z1 - zb)2 

COS ea = rXt ( 0 ~ X1 ~ d) ea is the angle between the normal line Of the back wall 
lb 

and the line of distance 

cos e. = ~b Ybt ~ Yb ~ Ybm ee is the angle between the normal line of the left wall 
lb 

and the line of distance 

Equation [D.1] can be reduced in the following form 

[D.2] 
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Repeating the above process to express the illuminance of any point in the other four sur-

faces (except the back wall itself), the intensity of light at any point in any interior surface can 

be expressed as the following form. 

Type 1-w (points in window wall) 

Ji g(z) SYb Edvb Tg Rb x .. Xw E = m dy dz wb f(z) Yb/ 4 
rwb 7t 

[0.3] 

Type 1-r (points in right wall) 

[0.4] 

Type 1-c (points in ceiling) 

[0.5] 

Type 1-f (points in floor) 

[0.6] 

Type 2 

L, ( x", y" . z" O ) 

M, ( x,m, y,m , z,m = 0 ) 

Line N, - M, 

g(y) = Yfn + ( x, - x,n) x,m 
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Figure 42. Direct Sunlight Transfer···Type 2 
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Line K, - L, 

f(y) Y" = y,. + ( x, - x,k) 
x" 

Type 2-1 (points in left wall) 

[g(y) S'" Ed,, Tg R, cos o. cos oc 
E,, = Jf!yl 'fk z dx dy 

r1, 7t 

Equation [D.7] can be reduced in the following form 

E1, = [g!yl J'" Ed,, Tg R, y, z, dx d 
Jf!yl 'fk 4 y r,, 7t 

Type 2-w (points in window wall) 

= J,g(y) S'fl Edh Tg R, ( Xw - X,) Zw Ewf ,11 dx dy 
Y 'fk r:, 7t 

= rg!yl J'" Ed,, Tg R, z, y, - y, 
E,, Jflyl ''k 4 dx dy r,, 7t 

Type 2-c (points in ceiling) 

Ecf = rg(y) S'"Ed,,TgR,(h)(h) dx d 
Jf!y) 'fk 4 y 

ref 7t 

Type 2-b (points in back wall) 

Type 4 

L, ( Xu , Yu = 0 , Zu ) 
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g(z) 

f(z) = 

Type 4-b (points in back wall) 

= J,g(z) S'lk Edv/Tg R, COS 0, COS O. Eb, dx dz f(z) 'In 2 rb, rt 
[D.13] 

Equation [D.13) can be reduced in the following form 

[D.14) 

Type 4-w (points in window wall) 

[D.15] 

Type 4-r (points in right wall) 

- rg(z) S'lk EdvlTg R, w w 
E,, - Jf<zl , 4 dx dz 

In r,, 1t 
[D.16] 

Type 4-c (points in ceiling) 

= rg(z) S'lk Edv/Tg R, Ye Ze - z, dx dz Eel Jflz) •1n ___ 4 ___ _ 

rel 1t 
[D.17] 

Type 4-f (points in floor) 
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= fg(zl J'lk Edv/Tg R, y, z, dx dz 
Efl Jl!z) •1 n 4 r,, 7t 

[D.18] 
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Appendix E. Calculation of Diffuse Daylight 

Right Wall ( 0 ~ x, ~ d , y, w. 0 ~ z, ~ h) 

(1) Points above the upper edge of the window ( 0 ~ x, ~ d, y, = w, b + f ~ z, ~ h) 

EG T w cos o,. cos er 
------- dy dz 

RRw2 1t 

(2) Points below the lower edge of the window ( 0 ~ x, ~ d, y, = w, 0 ~ z, ~ f) 

EH Tw cos ew cos er 
------- dy dz 

RRw2 7t 

(3) Points have the same height with window ( 0 ~ x, ~ d, y, = w, f ~ z, ~ b + f) 

[E.1] 

[E.2] 

= Sb., ra ... c 
•r Jc 

/G Tw cos ew cos Or 
------- dy dz 

RRw2 1t E T e e [E.3] + f,Ir fa + c H w COS w COS r dy dz 
Ji Jc RRw2 1t 

[E.4] 
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cos ew = I cos aRw cos aw I d - x, 
[E.5] 

RRw 

cos e, I COS PRw cos p, I Yw - w 
[E.6] = = 

RRw 

Back Wall ( xb = O , O ~ Yb ~ w , O ~ zb ~ h ) 

(1) Points above the upper edge of the window ( xb = 0, 0 ~ y, ~ w, b + f ~ zb ~ h) 

EG Tw COS Ow COS Ob 
------- dy dz 

Raw2 1t 
[E.7] 

(2) Points below the lower edge of the window ( xb = 0, 0 ~ Yb ~ w, 0 ~ zb ~ f) 

Eas = fb - , r· .. c EH Tw cos ew cos Ob d d [E.8] 
jf Jc Raw 2 7t Y Z 

(3) Points have the same height with window ( xb = 0, 0 ~ Yb ~ w, f ~ zb ~ b + f) 

= Sb ... , r· + c 
zb Jc 

Ceiling 

d 
Raw 

d 
Raw 

JG T w COS O,v COS Ob 
--"'-------- dy dz 

Raw2 7t 

Appendix E. Calculation of Diffuse Daylight 

E T e e [E.9] 
H w COS w COS b 
------- dy dz 

R!w 7t 

[E.10) 

[E.11) 

[E.12] 
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Since the points in the ceiling are higher than the upper edge of the window, the 

illuminance of the ceiling area which receives diffuse daylight directly from the exterior is only 

affected by the exterior ground. The following is the formula to calculate the illuminance of the 

ceiling area. 

EG Tg cos ow cos ec 
-------- dy dz 

Re~/ 7t 

Floor ( 0 :=;; x, :=;; d , o :=;; y, :=;; w , z, = 0 ) 

EH rg cos ow cos e, 
-------- dy dz 

RFw2 7t 

J ( d - Xr )2 + ( Yw - Yr )2 + ( Zw - Zc )2 

cos e, = 

d - x, 
RFw 

Light Exchange of Inter-Reflection Left Wall : ( 0 :=;; x, :=;; d , y, = 0 , 0 ~ z, ~ h ) 

Appendix E. Calculation of Diffuse Daylight 

[E.13) 

[E.14) 
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[E.19) 

[E.20] 
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Light Transfer From Window Wall to Left Wall 

where 

Eww Rw cos e, cos ew 
----2------'- dy dz 

RLW r.: 

Eww = Ew1 (from equation [E.46] ) 

Light Transfer From Right Wall to Left Wall 

Light Transfer From Back Wall to Left Wall 

EBB Rb cos e, cos eb ---'-"---------"- dy dz 
R~e 7t 

Light Transfer From Ceiling to Left Wall 

Ecc R0 COS O, cos 00 
----2---- dx dy 

RLC 7t 

Light Transfer From Floor to Left Wall 

EFF R, cos e, cos e, 
------- dx dy 

R'fi, 7t 

[E.21] 

[E.22] 

[E.23] 

[E.24] 

[E.25] 

[E.26] 

Equation [E.26] can calculate the intensity of illuminance which was affected by the 

inter-reflective phenomena among interior surfaces. In section 4.5, the intensity of illuminance 

in left the wall directly affected by exterior sources of diffuse daylight has been discussed in 

three portion. Therefore, to combine equation [E.26] and [4.10]. or [4.11]. or [4.12] for obtaining 

Appendix E. Calculation of Diffuse Daylight 204 



the total intensity of illuminance in the left wall. It is necessary to divide the surface into three 

parts for discussion. 

A. if z, ~ b + f (points in the left wall and above upper edge of the window), then 

[E.27] 

B. if f s; z, s; b + f (points in the left wall and have the same height with the window), then 

[E.28) 

C. if z, s: f (points in the left wall and below the lower edge of the window), then 

[E.29] 

Right Wall : ( 0 s; x, s; d , y, = w , 0 s: z, s; h ) 

Light Transfer From the Left Wall to the Right Wall 

[E.30] 

Light Transfer From the Window Wall to the Right Wall 

[E.31) 

Light Transfer From the Back Wall to the Right Wall 
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E88 Rb cos e, cos eb 
----2---- dy dz 

RRB 1t 

Light Transfer From the Ceiling to the Right Wall 

Ecc Re COS 0, COS Oc -------- dx dy 
R~c n 

Light Transfer From the Floor to the Right Wall 

EFF R1 cos e, cos e1 
------- dx dy 

R~F 1t 

A. if z, ;;::: b + f (points in right wall and above upper edge of the window), then 

[E.32) 

[E.33) 

[E.34) 

[E.35) 

[E.36) 

B. if f .s:: z, .s:: b + f (points in the right wall and have the same height with the window), then 

[E.37) 

C. if z, .s:: f (points in the right wall and below the lower edge of the window), then 

[E.38) 

Back Wall : ( xb = 0 , 0 .s:: Yb .s:: w , 0 .s:: zb .s:: h ) 
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Light Transfer From the Left Wall to the Back Wall 

Light Transfer From the Window Wall to the Back Wall 

Ew1 R .. cos Ob cos e .. 
-------- dy dz 

R~w n 

Light Transfer From the Right Wall to the Back Wall 

Ea, = s: Sod ERR R, cos ob cos 0, dx dz 
R~R 7t 

Light Transfer From the Ceiling to the Back Wall 

Ecc Re cos Ob cos Oc 
-------~ dx dy 

R~c n 

Light Transfer From the Floor to the Back Wall 

EFF R, cos ob cos e, 
------- dx dy 

R~F 7t 

A. if zb ;:;:: b + f (points in the back wall and above the upper edge of the window), then 

[E.39] 

[E.40) 

[E.41] 

[E.42] 

[E.43] 

[E.44] 

[E.45] 

B. if f ~ zb ~ b + f (points in the back wall and have the same height with the window), then 
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C. if zb s f (points in the back wall and below the lower edge of the window), then 

Ceiling : ( 0 s x, s d, 0 s Ye s w, z, h) 

Light Transfer From the Left Wall to the Ceiling 

Light Transfer From the Window Wall to the Ceiling 

Ew1 Rw cos e, cos ew 
----2---- dy dz 

Rew 7t 

Light Transfer From the Right Wall to the Ceiling 

Light Transfer From the Back Wall to the Ceiling 

E88 Rb cos e, cos eb 
---2---- dy dz 

Res 7t 

Light Transfer From the Floor to the Ceiling 
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[E.47] 

[E.48] 

[E.49] 

[E.50] 

[E.51] 

[E.52] 
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Appendix F. Diffuse Daylight Simulation Program 

List 

Computation Program 

10TW=1:CLS WIDTH40 
20 LOCATE 10,1 PRINT "INPUT THE DAYLIGHT AVAILABILITY"; 
30 LOCATE 12,7 PRINT "(IN FOOTCMlDLES)";: INPUT E 
40 CLS 
SO LOCATE 6,1: PRINT "PLEASE INPUT THE FOLLOWING INFORMATION": 
60 LOCATE 8,1 : PRINT "TO RUN THIS PACKAGE OF DIFFUSE": 
70 LOCATE 10,1 : PRINT "DAYLIGHT. (ASSUMING YOU WERE STAND"; 
80 LOCATE 12,1 : PRINT "OUTSIDE OF THE WINDOW)" 
90 FOR I= 1 TO 5000: NEXT I : CLS 
100 LOCATE 1,1 : PRINT "INPUT THE DEPTH OF THE ROOM":: INPUT XD 
110 LOCATE 3,1 : PRINT "INPUT THE WIDTH OF THE ROOM":: INPUT YW 
120 LOCATE 5,1 : PRINT "INPUT THE HEIGHT OF THE ROOM":: INPUT ZH 
130 LOCATE 7,1 : PRINT "INPUT THE DISTANCE BETWEEN THE"; 
140 LOCATE 8,7: PRINT "LEFT WALL AND THE LEFT EDGE": 
150 LOCATE 9,7: PRINT "OF THE WINDOW";: INPUT WDLEFT 
160 LOCATE 11,1 : PRINT "INPUT THE DISTANCE BETWEEN" 
170 LOCATE 12,7: PRINT "THE RIGHT WALL AND THE RIGHT": 
180 LOCATE 13,7: PRINT "EDGE OF THE WINDOW":: INPUT WDRIGHT 
190 LOCATE 15,1: PRINT "INPUT THE DISTANCE BETWEEN"; 
200 LOCATE 16,7: PRINT "THE CEILING AND THE UPPER-: 
210 LOCATE 17,7 : PRINT "EDGE OF THE WINDO\.Y-; : INPUT WDCEILING 
220 LOCATE 19,1: PRINT "INPUT THE DISTANCE BETWEEN"; 
230 LOCATE 20.7: PRINT "THE FLOOR AND THE LOWER"; 
240 LOCATE 21,7: PRINT "EDGE OF THE WINDOW";: INPUT WDFLOOR : CLS 
250 LOCATE 1,1 : PRINT "INPUT THE HEIGHT OF THE REFERENCE"; 
260 LOCATE 2,7 : PRINT "PLANE WHICH YOU INTEND"; 
270 LOCATE 3,7: PRINT "TO CALCULATE":: INPUT REFHEIGHT 
280 LOCATE 5,1: PRINT "INPUT THE REFLECTANCE OF THE"; 
290 LOCATE 6,7 : PRINT "EXTERIOR GROUND"; : INPUT RG 
300 LOCATE 8,1 : PRINT "INPUT THE REFLECTANCE OF THE"; 
310 LOCATE 9.7: PRINT "INTERIOR SURFACES": 
320 LOCATE 10,9: PRINT "LEFT WALL······: : INPUT RL 
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330 LOCATE 11,9 PRINT "BACK WALL-----·:: INPUT RB 
340 LOCATE 12,9 PRINT "RIGHT WALL----·:: INPUT RR 
350 LOCATE 13,9 PRINT "CEILING-------·:: iNPUT RC 
360 LOCATE 14,9 PRINT "FLOOR---------·:: INPUT RF 
370 LOCATE 15,9 PRINT "WINDOW WALL---·:: INPUT RW 
380 CLS : WIDTH 80 
390 DIM IW(6): DIM IU(6): CIM X(209,11) 
400 OPEN ·a: RPlane1 .dat" FOR OUTPUT AS 1 
410 K=O: XK=XD: XL=XK: XM=XK: XN=XK: YK=WDLEFT: YL=YK: YM=(YW-WDRIGHT): YN=YM 
420 ZK=IZH-WDCEILING): ZN=ZK: ZL=WDFLOOR: ZM=ZL 
430 PPl=ATN(1) I 45: Pl=PP1·1so 
4<10 XSTEP =XD/18: YSTEP =YW/10: ZBEGIN = REFHEIGHT: AREA= XSTEP'YSTEP 
450 IYl=YK: IYF=YM: IZl=ZL: IZF=ZK: INY=5: INZ=5 
460 IF IZI< REFHEIGHT THEN IZI =(REFHEIGHT+ .001) 
470 FOR 1=1TO19: FOR J=1TO11 
480 XBEGIN = ( 1-1 )'XS TEP: YBEGIN = (J-1 )'YSTEP: ZS TEP= 0 
490 DIY=(IYF-IYl)/(INY-2): DIZ=(IZF-IZl)/(INZ'2) 
500 GOSUB 980 
510 K=K+1 
520 PRINT USING "###":K:: PRINT #1, USING "###":K: 
530 PRINT USING "###.####"':XSTEP:YSTEP:ZSTEP: 
540 PRINT #1. USING "###.####"":XSTEP:YSTEP:ZSTEP: 
550 PRINT USING "####.####":XBEGIN:YBEGIN:ZBEGIN:AREA: 
560 PRINT #1,USING "####.####":XBEGIN:YBEG1N:ZBEGIN:AREA: 
570 PRINT USING "#####.####".:iTZ: PRINT #1, USING "#####.####":ITZ 
580 X(K,1)=K: X(K,2)=XSTEP: X(K.3)=YSTEP: X(K.4)=ZSTEP: X(K,5)=XBEGIN 
590 X(K,6J=YBEGIN: X(K,7)=ZBEGIN: X(K,8)=AREA: X(K,9)=1TZ 
600 NEXT J: NEXT I 
610 CLOSE #1 
620 "######################################################################### 
740 GOTO 1090 
750. ################PARAMETERS TRANSFER TO SUBTINE ########################## 
760' AAA---stand for the COS(THETA 1) 
770. BBB---stand for the COS(THETA 2) 
780' E---stand for the INTENSITY OF ILLUMINANCE OF THE SOURCE OBJECT 
790' TW---stand for the TRANSMISIVE FACTOR OF WINDOW OR REFLECTANCE OF THE 

SOURCE OBJECT 
800' X, Y, Z------------ COORDINATES OF THE 
CALCULATING POINT OR AREA 
810. IX, IY, IZ--------- COORDINATES OF THE SOURCE OBJECTT 
820. 
830 . ########################################################################## 
840. 
850 REM THE DOUBLE INTEGRATION USING THE SIMPSON'S RULE 
860 REM ••••••••••••••••••••••••••••••••••••••••••••••••••*•• 
870 REM 
880 REM 
890 REM 
900 REM 
910 REM 
920 REM 
930 REM 
940 REM 
950 REM 

PASSING VARIABLES FROM THE MAIN PROGRAM: 
IXl,IXF,IYl,IYF,INX,INY 
INX,INY: NO. OF INCREAMENTS IN THE INTEGRATION 

(IYF) (IXF) 
INTIGY INTIGX FNT(IX,IY) D< IX> D< IY> 
(IYI) (IXI) 

960 REM DEFINE THE FUNCTION -- FNT(IX,IY) FROM LINE 390 
970 REM 
980 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
990 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
1000 FOR 11=1 TO INY: IW(2)=1W(1)+DIY: 1W(3)=1W(2)+DIY: FOR IT=1 TO 3: IY=IW(IT) 
1010 AAA=XD-XBEGIN: BBB= IZ-REFHEIGHT 
1020 R#= (((XBEGIN-XD)C2) + ((YBEGIN-IY)C2) + ((IZ-REFHEIGHT)¢2)) 
1030 F=(E.TWAAA.888)/((R#c2)' (Pl)): IU(IT)= F: NEXT IT 
1040 IQ= (IU( 1) + IU(2)'4 + IU(3))'DIY/3 
1050 ITY=ITY+IQ: IW(1)=1W(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
1060 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ: 
1070 IW(4)=1W(6): NEXT JJ: ERASE IW: ERASE IU: RETURN 
1080 DIM V(486,11) 
1090 OPEN ·a: D1ffuse1.dat" FOR OUTPUT AS 2 
1100'#################################################################### 
1110' LEFT WALL 
1120 K=O 
1130 XLEFT=XD: YLEFT=O: ZLEFT=ZH 
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1140 XX=XLEFT: YY=YLEFT: ZZ=ZLEFT 
1150 COUNTERA=3: ZCONST=O: ZV=ZL 
1160 XSTEP=XX/9: YSTEP=YY/9 
1170 FOR 1=1 TO COUNTERA: FOR J=1TO9: ZSTEP=ZV/COUNTERA 
1180 XBEGIN = (J-.5)'XSTEP: YBEGIN =(J-.5)'YSTEP: ZBEGIN =ZCONST+(l-.5)'ZSTEP 
1190 K=K+1 
1200 PRINT USING -###":K: 
1210 PRINT #2, USING -###'":K: 
1220 AREA=XSTEP 'ZS7EP 
1230 PRINT USING "###.####":XSTEP:YSTED:ZSTEP: 
1240 PRINT #2, USING "###.####":XSTEP:YSTEP:ZSTEP; 
1250 GOSUB 1470 
1260 PRINT USING "####.####":XBEGiN:YBEGIN;ZBEGIN:AREA: 
1270 PRINT #2,USING "####.####"':XBEGIN:YBEGIN:ZBEGIN:AREA: 
1280 PRINT USING "#####.####'":ITZ 
1290 PRINT #2. USING "'#####.####":ITZ 
1300 V(K,1)=K: V(K,2)=XSTEP: V(K,3)=YSTEP: V(K,4)=ZSTEP: V(K,5)=XBEGIN 
1310 V(K,6)=YBEGIN: V(K,7)=ZBEGIN: V(K.8)=AREA: V(K,9)=1TZ 
1320 NEXT J: NEXT I 
1330 IF ZBEGIN = (2.5' ZSTEP) THEN 1340 ELSE 1350 
1340 ZCONST=ZL: COUNTERA=4: ZV=(ZK-ZL): GOTO 1170 
1350 IF ZBEGIN=(ZL + 3.5'ZSTEP) THEN 1360 ELSE 1370 
1360 ZCONST=ZK: COUNTERA=2: ZV=ZH-ZK: GOTO 1170 
1370 GOTO 1810 
1380' ################PARAMETERS TRANSFER TO SUBTINE ########################## 
1390' AAA---stand for the COS(THETA 1) 
1400' BBB---stand for the COS(THETA 2) 
1410' E---stand tor the INTENSITY OF ILLUMINANCE OF THE SOURCE OBJECT 
1420' TW---stand for the TRANSMiSIVE FACTOR OF WINDOW OR REFLECTANCE OF THE 

SOURCE OBJECT 
1430' X, Y, Z------------ COORDINATES OF THE CALCULATING POINT OR AREA 
1440' IX, IY, IZ--------- COORDINATES OF THE SOURCE OBJECTT 
1450. 
1460'########################################################################## 
1470 IF ZBEGIN > ZL AND ZBEGIN < ZK THEN 1480 ELSE GOTO 1490 
1480 IYl=YK: IYF=YM: IZl=ZL: IZF=ZBEGIN: GOTO 1500 
1490 IYl=YK: IYF=YM: IZl=ZL: IZF=ZK 
1500 INY=2: DIY=(IYF-1Yll/(INY'2) 
1510 INZ=2: DIZ=(IZF-IZl)/(INZ'2) 
1520 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
1530 :W(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
1540 FOR 11=1 TO INY: IW(2)=1W(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
1550 AAA=XD-XBEGIN: BBB=IY 
1560 R = (((XBEGIN-XD)c2) + ((YBEGIN-IY)¢2) + ((ZSEGIN-IZ)¢2)) 
1570 IF ZBEGIN < ZL THEN GOTO 1580 ELSE GOTO 1590 
1580 F=((E'TW)'AAA'BBB)/((R¢2)'PI): GOTO 1600 
1590 F=((E'TW'RGl'AAA'BBB)/((R¢2)'PI): GOTO 1600 
1600 IU(IT)=F: NEXT IT 
1610 IQ= (IU(1) + IU(2)'4 + IU(3l)'DIY/3 
1620 ITY=ITY+IQ: 1W(1)=1W(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
1630 IQ=(IU(4)+1U(5)'4+1U(6))'01Z/3: ITZ=ITZ+IQ: IW(4)=1W(6): NEXT JJ 
1640 IF ZBEGIN > ZL AND ZBEGIN < ZK THEN 1660 ELSE GOTO 1650 
1650 RETURN 
1660 IYl=YK: IYF=YM: IZl=ZBEGIN: IZF=ZK 
1670 INY=2: DIY=(IYF-IYl)/(INY'2) 
1680 INZ =2: DIZ = (IZF-IZl)/(INZ'2) 
1690 IW(4) = IZI : FOR JJ = 1 TO INZ 
1700 IW(5)=1W(4)+DIZ: IW(6l=IW(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
1710 FOR 11=1 TO INY: IW(2)=1W(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
1720 AAA=XD-XBEGIN: BBB=IY 
1730 R =(((XBEGIN-XD)¢2) + ((YBEGIN-IY)¢2) +((ZBEGIN-IZ)¢2)) 
1740 F=((E'TW)'AAA'BBB)/((RC2)'PI) 
1750 IU(IT)=F: NEXT IT 
1760 IQ= (IU(1) + IU(2)'4 + IU(3))'DIY/3 
1770 ITY=ITY+IQ: IW(1l=IW(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
1780 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
1790 IW(4)=1W(6): NEXT JJ 
1800 RETURN 
1810'##################################################################### 
1820 ' BACK WALL 
1830 XRIGHT=O: YRIGHT=YW: ZRIGHT=ZH 
1840 XX=XRIGHT: YY=YRIGHT: ZZ=ZRIGHT 

Appendix F. Diffuse Daylight Simulation Program List 212 



1850 COUNTERA=3: ZCONST=O: ZV=ZL 
1860 XSTEP=XX/9: YSTEP=YY/9 
1870 FOR I= 1 TO COUNT ERA: FOR J = 1 TO 9: ZS TEP =ZV/COUNTERA 
1880 XBEGIN = (J-.5)'XSTEP: YBEGIN = (J-.5)'YSTEP: ZBEGIN = ZCONST + (l-.5)'ZSTEP 
1890 K= K+1 
1900 PRINT USING "###":K: 
1910 PRINT #2, USING -##ir:K: 
1920 AREA=YSTEP 'ZSTE? 
1930 PRINT USING "###.####":XSTEP:YSTEP:ZSTEP: 
1940 PRINT #2. USING "###.####-:XSTEP:YSTEP:ZSTEP: 
1950 GOSUB 2090 
1960 PRINT USING "####.####-:XBEGIN:YBEGIN:ZBEGIN:AREA: 
1970 PRINT #2,USING -####.####":XBEGIN:YBEGIN:ZBEGIN:AREA: 
1980 PRINT USING "#####.####"":ITZ 
1990 PRINT #2, USING -#####.####":ITZ 
2000 V(K,1)=K: V(K.2)=XSTEP: V(K.3\=YSTEP: V(K,4)=ZSTEP: V(K,5)=XBEGIN 
2010 V(K.6)=YBEGIN: V(K,7)=ZBEGIN: V(K,8)=AREA: V(K,9)=1TZ 
2020 NEXT J: NEXT I 
2030 IF ZBEGIN=(2.5' ZSTEP\ THEN 2040 ELSE 2050 
2040 ZCONST=ZL: COUNTERA=4: ZV=(ZK·ZL): GOTO 1870 
2050 IF ZBEGIN=(ZL + 3.5'ZSTEP) THEN 2060 ELSE 2070 
2060 ZCONST=ZK: COUNTERA=2: ZV=ZH-ZK: GOTO 1870 
2070 GOTO 2430 
2080. ################PARAMETERS TRANSFER TO SUBTINE ########################## 
2090 IF ZBEGIN > ZL AND ZBEGIN < ZK THEN 2100 ELSE GOTO 2110 
2100 IYl=YK: IYF=YM: IZl=ZL: IZF=ZBEGIN: GOTO 2120 
2110 IYl=YK: IYF=YM: IZl=ZL: IZF=ZK 
2120 INY=2: DIY=(IYF-IYl)i(INY'2) 
2130 INZ=2: DIZ=(IZF-IZl)i(INZ'2) 
2140 ITZ=O: IW(4\=IZI: FOR JJ=1 TO INZ 
2150 IW(5) = IW(4)+ DIZ: IW(6\= IW[5)+ DIZ: FOR ITT=4 TO 6'. IZ= IW(ITT): ITY=O: IW(1)= IYI 
2160FOR11=1 TO INY: 1W(2)=1W(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1 T03: IY=IW(IT) 
2170 AAA=XD: BBB=XD 
2180 R = (l(XBEGIN-XD)C2) + ((Y8EGIN-IY)c2) + (IZBEGIN-12)¢2)) 
2190 IF ZBEGIN < ZL THEN GOTO 2200 ELSE GOTO 2210 
2200 F=((E'TW)'AAA'B88)/((RC2)'PI): GOTO 2220 
2210 F=((E'TW'RG)'AAA'BBB)/((Rc2)'PI): GOTO 2220 
2220 IU(IT) = F : NEXT IT 
2230 IQ= (IU(1) + IUl2)'4 + IU(3))'DIY/3 
2240 ITY=ITY+iQ: IW(1)=1Wl3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
2250 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ: IW(4)=iW(6): NEXT JJ 
2260 IF ZBEGIN > ZL AND ZBEGIN < ZK THEN 2280 ELSE GOTO 2270 
2270 RETURN 
2280 IYl=YK: IYF=YM: IZl=ZBEGIN: IZF=ZK 
2290 INY=2: DIY=(IYF-IYl)/(INY'2) 
2300 INZ = 2: DIZ = (IZF-IZl)/(INZ'2) 
2310 IW(4)=1ZI: FOR JJ=1 TO INZ 
2320 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
2330 FOR 11=1 TO INY: IW(2)=1W(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
2340 AAA=XD: BBB=XD 
2350 R = (((XBEGIN-XD)c2) + ((YBEGI N-IY)¢2) + ((ZBEGIN-IZ)¢2)) 
2360 F=((E'TW)'AAA'BBB)/((R¢2)'PI) 
2370 IU(IT)=F: NEXT IT 
2380 IQ= (IU(1) + IU(2)'4 + IU(3))'DIY/3 
2390 ITY=ITY+IQ: 1Wi1)=1W(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
2400 IQ= (IU(4) + IU(5)'4 + IU(6))'DIZ/3: ITZ = ITZ +IQ 
2410 IW(4)=1W(6): NEXT JJ 
2420 RETURN 
2430'##################################################################### 
2440 ' RIGHT WALL 
2450 XRIGH=XD: YRIGH=YW: ZRIGH=ZH 
2460 XX=XRIGH: YY=YRIGH: ZZ=ZRIGH 
2470 COUNTERA=3: ZCONST=O: ZV=ZL 
2480 XSTEP=XX/9: YSTEP=O 
2490 FOR I= 1 TO COU NTERA : FOR J = 1 TO 9 : ZS TEP= ZV/COU NTERA 
2500 XBEGIN =(J-.S)'XSTEP: YBEGIN =YY: ZBEGIN =ZCONST +(1-.5)'ZSTEP 
2510 K=K+1 
2520 PRINT USING "###":K: 
2530 PRINT #2, USING "###":K; 
2540 AREA=XSTEP • ZSTEP 
2550 PRINT USING "###.####":XSTEP:YSTEP:ZSTEP: 
2560 PRINT #2, USING "###.####":XSTEP:YSTEP:ZSTEP: 

Appendix F. Diffuse Daylight Simulation Program List 213 



2570 GOSUB 2720 
2580 PRINT USING "####.####-:XBEGIN:YBEGIN:ZBEGIN:AREA: 
2590 PRINT #2.USING "####.####":XBEGIN:YBEGIN:ZBEGIN:AREA; 
2600 PRINT USING "#####.####':ITZ 
2610 PRINT #2, USING "#####.####":ITZ 
2620 V(K.1)=K: V(K,2)=XSTEP: Vl.l(,3)=YSTEP: V(K,4)=ZSTEP: V(K,5)=XBEGIN 
2630 V1K,6)=YBEGIN: V(K,7)=ZBEGIN: V(K,S)=AREA: V(K,9)=1TZ 
2640 NEXT J: NEXT I 
2650 IF ZBEG!N=(2.5' ZSTEP) THEN 2660 ELSE 2670 
2660 ZCONST=ZL: COUNTERA=4: ZV=IZK-ZLI: GOTO 2490 
2670 IF ZBEGIN=(ZL + 3.S'ZSTEP) THEN 2680 ELSE 2700 
2680 ZCONST=ZK: COUNTERA=2: ZV=ZH-ZK: GOTO 2490 
2690 'CLOSE #A 
2700 GOTO 3060 
2710. ################PARAMETERS TRANSFER TO SUBTINE ########################## 
2720 IF ZBEGIN > ZL AND ZBEGIN < ZK THEN 2730 ELSE GOTO 2740 
2730 IYl=YK: IYF=YM: IZl=ZL: tZF=ZBEGIN: GOTO 2750 
2740 lYl=YK: IYF=YM: tZl=ZL: IZF=ZK 
2750 INY=2: DIY=llYF-IY!)/(INY'2) 
2760 INZ=2: DIZ=(IZF-IZl)i(INZ'2) 
2770 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
2780 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT}: ITY=O: IW(1}=1YI 
2790 FOR 11=1 TO INY: IW12i=IW(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
2800 AAA=XD-XBEGIN: BBB=YW-IY 
2810 R = (((XBEGIN-XD)c2) + ((YBEGIN-IY)c2) + ((ZBEGIN-IZ)C2}) 
2820 IF ZBEGIN<ZL THEN GOTO 2830 ELSE GOTO 2840 
2830 F=((E'TW)'AAA'BBBl/((Rc2)'PI): GOTO 2850 
2840 F=l(E'TW'RG)'AAA'BBB)i((Rc2)'PI): GOTO 2850 
2850 IU(IT) = F : NEXT IT 
2860 IQ=(IU(1)+ IU(2)'4+ IU(3)l'DIY/3 
2870 ITY=ITY+IQ: 1Wl1)=1W(3): NEXT II: FZ=ITY: IU(ITT}=FZ: NEXT ITT 
2880 IQ=(IU14}+1U(5)'4+1U(6ll'DIZ/3: ITZ=ITZ+IQ: IW(4)=1Wl6): NEXT JJ 
2890 IF ZBEGlN > ZL AND ZBEGIN < ZK THEN 2910 ELSE GOTO 2900 
2900 RETURN 
2910 IYl=YK: IYF=YM: IZl=ZBEGIN: IZF=ZK 
2920 INY=2: DIY=(IYF-IYl1/11NY'2) 
2930 INZ=2: DIZ=(IZF-IZl)/(l~jZ'2) 
2940 IW(4) = IZI : FOR JJ = 1 TO INZ 
2950 IW(5)=1Wl4)+DIZ: IW(6)=1W(5}+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
2960 FOR 11=1 TO INY: IW(2}=1W(1)+DIY: IW(3}=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
2970 AAA=XD-XBEGIN: BBB=YW-IY 
2980 R = li(XBEGIN-XD)c2) + ((YBEGIN-IY)¢2)+ ((ZBEGIN-IZ}C2)) 
2990 F = (( E'TW)' AAA'BBB)/((R¢2)'PI) 
3000 IU(IT)=F: NEXT IT 
3010 IQ= (IU( 1} + IU(2)'4 + IU(3))'DIY/3 
3020 ITY=ITY+IQ: 1W(1)=1W(3): NEXT It: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
3030 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
3040 1W(4) = IW(6} : NEXT JJ 
3050 RETURN 
3060'##################################################################### 
3070, FLOOR 
3080 XLEFT=XD: YLEFT=YW: ZLEFT=KL 
3090 XX=XLEFT: YY=YLEFT 
3100 XSTEP=XX/9: YSTEP=YY/9: ZSTEP=OI: AREA=XSTEP'YSTEP 
3110 FOR 1=1 TO 9 
3120 FOR J=1 TO 9 
3130 XBEGIN = (l-.5)'XSTEP: YBEGIN = (J-.5)'YSTEP 
3140 ZBEGI N = ZSTEP 
3150 K=K+1 
3160 PRINT USING "###":K; 
3170 PRINT #2, USING "###":K: 
3180 GOSUB 3310 
3190 PRINT USING "###.####":XSTEP:YSTEP:ZSTEP: 
3200 PRINT #2, USING "###.####":XSTEP:YSTEP:ZSTEP: 
3210 PRINT USING "####.####":XBEGIN;YBEGIN:ZBEGIN;AREA: 
3220 PRINT #2,USING "####.####":XBC:GiN:YBEGIN:ZBEGIN;AREA: 
3230 PRINT USING "#####.####":ITZ 
3240 PRINT #2, USING "#####.####":ITZ 
3250 V(K,1) = K: V(K,2} =XS TEP: V(K,3) =YSTEP: V(K,4)=ZSTEP: V(K,5) =XBEGIN 
3260 V(K,6)=YBEGIN: V(K,7)=ZBEGIN: V(K,8)=AREA: V(K,9)=1TZ 
3270 NEXT J: NEXT I 
3280 'CLOSE #5 
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3290 GOTO 3510 
3300' ################PARAMETERS TRANSFER TO SUBTINE ########################## 
3310 IYl=YK 
3320 IYF=YM 
3330 IZI =ZL 
33JO !ZF=ZK 
3350 INY=2 
3360 INZ=2 
3370 DIY= (IYF-IYl)f(INY.2) 
3380 DIZ=llZF-IZIJ/(INZ.2) 
3390 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
3400 IW(5) = IW{4)+ DIZ: IW(6)= 1W(5J + DIZ: FOR ITT=4 TO 6: IZ= IWllTT): ITY=O: IW(1)= IYI 
3410 FOR 11=1 TO INY: IW!2l=IW(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
3420 AAA=XD-XBEGIN: BBB=IZ 
3430 R#= (((XBEGIN-XD)C21 + (\YBEGIN-IY)C2) + ((IZ)C2)) 
3440 F=(E.TW'AAA'88B)/((R#c2)' (Pl)): 'PRINT XBEGIN:YBEGIN:ZBEGIN:IY;IZ 
3450 IU(IT)= F: NEXT IT 
3460 IQ= (IU(1) + IU(2)'4 + IU(3l)'DIY/3 
3470 ITY=ITY+IQ: IW(1)=1W(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
3480 IQ=(IU(4)+1U(5)•4+1U16))'DIZ/3: ITZ=ITZ+IQ 
3490 IW(4)=1W(6): NEXT JJ 
3500 RETURN 
3510 '##################################################################### 
3520. CEILING 
3530 XLEFT=XD: YLEFT=YW: ZLEFT=KL 
3540 XX=XLEFT: YY=YLEFT 
3550 XSTEP=XX/9: YSTEP=YY/9: ZSTEP=O: AREA=XSTEP•YSTEP 
3560 FOR I= 1 TO 9: FOR J = 1 TO 9 
3570 XBEGl~l = ll-.5)'XSTEP: YBEGIN = (J-.5).YSTEP 
3580 ZBEGIN =ZH 
3590K=K+1 
3600 PRINT USING "###":K: 
3610 PRINT #2. USING "###":K: 
3620 PRINT USING "###.####":XSTEP:YSTEP:ZSTEP: 
3630 PRINT #2. USING "###.####":XSTEP:YSTEP:ZSTEP: 
3640 GOSUB 3740 
3650 PRINT USING "####.####":XBEGIN;YBEGIN:ZBEGIN:AREA: 
3660 PRINT #2.USING "####.####":XBEGIN:YBEGIN:ZBEGIN:AREA: 
3670 PRINT USING "#####.####":ITZ 
3680 PRINT #2. USING "#####.####":ITZ 
3690 l/(K,1)=K: V1K.2)=XSTEP: VIK.3)=YSTEP: V(K.4)=ZSTEP: V(K,5)=XBEGIN 
3700 VIK,61 =YBEGIN: V(K.7) =ZBEGIN: V(K,8) =AREA: V(K,9) = ITZ 
3710 NEXT J: NEXT I: GOTO 3880 
3720 'END 
3730' ################PARAMETERS TRANSFER TO SUBTINE ########################## 
3740 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
3750 IWl5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITY=O: IW(1)=1YI 
3760 FOR 11=1 TO INY: IW(2)=1W(1)+DIY: IW(3)=1W(2)+DIY: FOR IT=1TO3: IY=IW(IT) 
3770 AAA=XD-XBEGIN: BBB=ZH-IZ 
3780 R# = (((XBEGIN-XD)c2) + ((YBEGIN-IY)~2) + ((ZH-12)¢2)) 
3790 F=(E.TW.RG.AAA.BBB)/((R#c2)' (Pl)) 
3800 IU(IT)=F: NEXT IT 
3810 IQ= (IU(1) + IU(2)'4+ IU(3))'DIY/3 
3820 ITY=ITY+:Q: IW(1)=1W(3): NEXT II: FZ=ITY: IU(ITT)=FZ: NEXT ITT 
3830 IQ=(IU(4)+1U(5J•4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
3840 IW(4)=1W(6): NEXT JJ 
3850 RETURN 
3860 '#################################################################### 
3870 'WINDOW WALL 
3880 XWIDO=XD: YWIDO=YW: ZWIDO=ZH 
3890 ITZ=O 
3900 ZZ = ZWI DO: YY = YWI DO 
3910 XS TEP= O: YSTEP = YY/9: ZS TEP= ZZ/9: AREA =YSTEP.ZSTEP 
3920 FOR 1=1TO9: FOR J=1TO9 
3930 ZBEGIN =(l-.5)'ZSTEP: YBEGIN = (J-.5)'YSTEP 
3940 XBEGIN=XD 
3950 K= K+1 
3960 PRINT USING "###":K: 
3970 PRINT #2. USING "###":K; 
3980 PRINT USING "###.####":XSTEP:YSTEP:ZSTEP: 
3990 PRINT #2, USING "###.####":XSTEP:YSTEP:ZSTEP: 
4000 'GOSUB 5450 
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4010 PRINT USING "####.####":XBEGIN:YBEGIN:ZBEGIN:AREA: 
4020 PRINT #2,USING -####.####.:XBEGIN;YBEGIN:ZBEG!N;AREA; 
4030 PRINT USING -#####.###;f':ITZ 
4040 PRINT #2, USING -#####.####":ITZ 
4050 V(K,1)=K: V(K,2)=XSTEP: V(K,3)=YSTEP: VIK,4)=ZSTEP: V(K,5)=XBEGIN 
4060 V(K,6) =YBEGIN: V(K,7) = ZBEGIN: vrK.B) =AREA: V(K,9) = ITZ 
4070 NEXT J: NEXT I: CLOSE #2: GOTO 4100 
4080 '##################~#=################################################### 
4090 '#######################~~############################################### 
4100 OPEN .. a: interd1f.dat· FOR CUTPUT AS #3 
4110 XW=V(486,5): YW=V(163,6): ZH=V(325,7) 
4120 SKIN = 2 •Pl 
4130 FOR 1=406 TO 486 
4140' ######################################################################## 
4150 FOR K=1 TO 81 
4160 R = (( V(K,5)-XW)C2) + (( V(K,6)- V(l,6)lC2) + (( V(K,7) - V(l,7))c2) 
4170 'IF R< 10 THEN GOTO 4520 
4180 INTERW = ( V(K,9) • RL • V(K,8)) I (SKIN• (R)) 
4190 V(l,10) = V(l,10) + INTERW 
4200 ~lEXT K 
4210 ' ######################################################################## 
4220 FOR K=82 TO 162 
4230 R = (( V(K,5)-XW)c2) + (( V(K,6)- V(l,6))C2) + (( V(K,7) - V(l,7))c2) 
4240 'IF R< 10 THEN GOTO 4660 
4250 INTERW = ( V(K.9) •RB' V(K,8)) I (SKIN• (R)) 
4260 V(\,10) = V(l,10) + \NTERW 
4270 NEXT K 
4280 ' ######################################################################## 
4290 FOR K = 163 TO 243 
4300 R = (( V(K,5)-XW)c2) + (( V(K.6)- V(l,6))C2) + (( V(K,7) - V(l,7))c2) 
4310 'IF R< 10 THEN GCTO 4800 
4320 \NTERW = ( V(K,9) ' RR • V(K,8) ) I ( SKIN • (R ) ) 
4330 V(l,10) = V(l,10) + INTERW 
4340 NEXT K 
4350 ' ######################################################################## 
4360 FOR K = 244 TO 324 
4370 R = (( V(K.5)-XW)c2) + (( V(K,6)- V(l,6))c2) + (( V(K,7) - V(\,7))¢2) 
4380 'IF R< 10 THEN GOTO 4940 
4390 INTERW = ( V\K,9)' RF' V(K.8)) I (SKIN' (R)) 
4400 V(l,10) = V(l,10) + INTERW 
4410 NEXT K 
4420 . ######################################################################## 
4430 FOR K = 325 TO 405 
4440 R = (( V(K.5)-XW)c2l + (( V(K,6)- V(l,6))~2) + (( V(K,7) - V(l,7))C2) 
4450 'IF R< 10 THEN GOTO 5080 
4460 INTERW = ( V(K.9) ' RC' V(K,8) ) I ( SKIN ' (R ) ) 
4470 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l,10) 
44BOV(l,11)=V(l.9)+V(l,10): NEXT I 
4490 '######################################################################### 
4500 GOTO 5220 
4510. ######################################################################## 
4520 IX\ =V(K,5) - (.5) • V(K,2) : \XF = IXI + V(K.2) 
4530 IZl=V(K,7) - (.5). V(K,4): IZF=IZI + vrK,4) 
4540 INX=2: INZ=2: DIX=( V(K.2) I (INX •2)): DIZ= ( V(K,4) I (INZ •2)) 
4550 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO IMZ 
4560 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR !TT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
4570 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=\W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
4580 AAA=XW-IX: BBB=V(l,6) 
4590 R#= (((IX-XW)¢2) + ((BBBJc2) + ((IZ- V(l.7))¢2)) 
4600 F=(V(K,9)'RL'AAA'BBB)/\(R#c2)• Pl): IU(IT)=F: NEXT IT 
4610 IQ= (IU(1) + IU(2)'4 + IU(3))'DIX/3 
4620 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
4630 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
4640 IW(4)=1W(6): NEXT JJ : INTERW=!TZ/36: GOTO 4190 
4650 ' ######################################################################## 
4660 IXl=V(K,6) - (.5) 'V(K,3): IXF=IXI + V(K,3) 
4670 IZl=V(K,7) - (.5) 'V(K,4): IZF=IZI + V(K,4) 
4680 !NX=2: INZ=2: DIX=( V(K,3) I (INX •2)): DIZ= ( V(K,4) I (!NZ '2)) 
4690 ITZ=O: 1W(4)=1ZI: FOR JJ=1 TO INZ 
4700 IW(5)=\W(4) + DIZ: IW(6) = IW(S) + DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)= IX\ 
4710 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
4720 AAA=XW 
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4730 R#= (((XW)¢2) + ((V(l,6)-IX)c2) + ((IZ- V(!,7))C2)) 
4740 F=(V(K,9)'RB.AAA.AAAl I ((R# c 2) •Pl): IU(IT)=F: NEXT IT 
4750 IQ=(IU(1) + IU(2)'4 + IU(3))'DIXJ3 
4760 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
4770 IQ=(IU(4) + IU(5)'4 + IU(6l)'!JIZ/3: \TZ = ITZ +IQ 
4780 \W(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 4260 
4790' ######################################################################## 
4800 IXl=V(K.5) - (.5) • V(K.2/: IXF=IXI + V(K,2) 
4810 IZ:=V(K,7) - (.5)' V(K,4): IZF=IZI + V(K,4) 
4820 INX=2: INZ=2: DIX=( V(K.2) I (lNX '2)): DIZ= ( V(K,4) I (\NZ •2)) 
4830 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
4840 IW(5)=1W(4)+DIZ: IW\6)=1W:5l+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
4850 FOR 11=1 TO INX: IW\2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
4860 AAA=XW-IX: BBB=YW-1/(l,61 
4870 R#=(((IX-XW)C2)+((BB3iC2)+((lZ-V(l,7))ti2)) 
4880 F=(V(K,9)'RR'AAA'B88ii((R#C2)' Pl): IU(IT)=F: NEXT IT 
4890 IQ= (IU(1) + IU(2 i'4 + IU13))'DIXJ3 
4900 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
4910 IQ= (IU(4) + IU(5)'4+ IU(6))'DIZ/3: ITZ = ITZ +IQ 
4920 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 4330 
4930 '######################################################################## 
4940 IXl=V(K.5) - (.5)' V(K.2): IXr=IXI + V(K.2) 
4950 IZl=V(K,6) - (.5) 'V(K.3): IZF=IZI + V(K.3) 
4960 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (\NZ '2)) 
4970 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
4980 IW(5)= IW(4)+ DIZ: IW(6) = IW(5) + DIZ: FOR ITT=4 TO 6: IZ = IW(ITT): ITX=O: IW(1)= IX\ 
4990 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
5000 AAA=XW-IX: BBB=V(l,7) 
5010 R# = (((IX-XW)C2) + ((V(l,6)-IZ)C2) + (888C2)) 
5020 F=(VIK,9)'RF'AAA'888)/((R#::2)' Pl): IU(IT)=F: NEXT IT 
5030 IQ= (IU(1) + IU(2)'4 + IU(3))'DIXJ3 
5:J40 ITX=ITX+IQ: 1Wl1)=1Wi3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
5050 IQ=(IUl4)+1U(5)'4+1U(61)'DIZ/3: ITZ=ITZ+IQ 
5060 IW(4) = IWl6) : NEXT JJ : INTERW= ITZ/36: GOTO 4400 
5070 '######################################################################## 
5080 IXI =V(K,5) - (.5) 'V(K,2) : IXF = IXI + ViK,2) 
5090 IZl=V(K.6) - (.5) • VIK.3): IZF=IZI + V(K,3) 
5100 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ •2)) 
5110 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
5120 IW(5) = IW(4)+ DIZ: IW(6)= IW(5) + DIZ: FOR ITT=4 TO 6: IZ= IW(ITT): ITX=O: IW(1)= IX\ 
5130 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
5140 AAA=XW-IX: BBB=ZH-V(l,7) 
5150 R#= (((IX-XW)c2) + ((88BlC2) + ((IZ- V(l,6))¢2)) 
5160 F=(V(K,9)'RF'AAA'BBB)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
5170 IQ= (I U(1) + IU(2)'4 + IU(3))'DIXJ3 
5180 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
5190 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
5200 IW(4) = 1W(6) : NEXT JJ : INTERW= ITZ/36: GOTO 4470 
5210 '####################################################################### 
5220 FOR I= 1 TO 81 
5230 . ######################################################################## 
5240 FOR K = 406 TO 486 
5250 R = (( V(K,5)-Vll,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))¢2) 
5260 'IF R < 10 THEN GOTO 5600 
5270 INTERW = ( V(K,11) • RW • V(K,8)) I (SKIN• (R)) 
5280 V(l,10) = V(l,10) + INTERW 
5290 NEXT K 
5300' ######################################################################## 
5310 FOR K=82 TO 162 
5320 R = (( V(K,5)-V(l,5))¢2) + ((V(K,6)-V(l,6))tt2 ) + (( V(K,7) - V(l,7))¢2) 
5330 'IF R< 10 THEN GOTO 5740 
5340 INTERW = ( V(K,9) • RB• V(K,8) ) I ( SKIN • (R ) ) 
5350 V(l,10) = V(l,10) + INTERW 
5360 NEXT K 
5370' ######################################################################## 
5380 FOR K = 163 TO 243 
5390 R = (( V(K,5)-V(l,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))¢2) 
5400 'IF R< 10 THEN GOTO 5880 
5410 INTERW = ( V(K,9) • RR • V(K,8) ) I ( SKIN • (R ) ) 
5420 V(l,10) = V(l,10) + INTERW 
5430 NEXT K 
5440' ######################################################################## 
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5450 FOR K = 244 TO 324 
5460 R = (( V(K.5)-l/(1.5))c2) + ((V(K.6)-V(l,6))¢2) + (( V(K,7) - V(l,7))¢2) 
5470 'IF R< 10 THEN GOTO 6020 
5480 INTERW = ( V(K,9) • RF• V(K,8) ) I ( SKIN • (R ) ) 
5490 V(l,10) = V(l,10) + INTERW 
5500 NEXT K 
5510. ######################################################################## 
5520 FOR K = 325 TO 405 
5530 R = (( V(K.51-V(l.5J)c2) + ((V(K,6)-V(l,6)JC2) + (( V(K,7) - V(l,7))C2) 
5540 'IF R< 10 THEN GOTO 6160 
5550 INTERW = ( V(K,9) •RC• VIK.8)) I (SKIN' (R)) 
5560 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l.10): NEXT I 
5570 '######################################################################### 
5580 GOTO 6300 
5590 . ######################################################################## 
5600 IXl=V(K,6) - (.5) 'V(K,3): IXF=IXI + V(K.3) 
5610 IZl=V(K,7) - (.5) • V(K.4): IZF=IZI + V(K,4) 
5620 INX=2: INZ=2: DIX=( V(K,3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
5630 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
5640 IW(5)=1W(4)+DIZ: 1W(6\=IW(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
5650 FOR 11=1 TO INX: lW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
5660 AAA=XW-V(l,5): 888=1X 
5670 R#=(((AAAJC2)+((B88Jc2l+i(IZ-V(l,7))c2)) 
5680 F=(V(K,11)'RW'AAA'B8BV((R#C2)' Pl): IU(IT)=F: NEXT IT 
5690 IQ=(IU(1)+1U(2)'4+1U(3))'DIX/3 . 
5700 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
5710 IQ= (IU(4) + IU(5)'4+ IU(6))'DIZ/3: ITZ = ITZ +IQ 
5720 IW(4)=1W(6): NEXT JJ : !NTERW=ITZ/36: GOTO 5280 
5730 '######################################################################## 
5740 IXl=V(K,6) - (.5) 'V(K,3): IXF=IXI + V(K.3) 
5750 IZl=V(K,7) - (.5) • V(K,4): IZF=IZI + V(K,4) 
5760 INX=2: INZ=2: DIX=( Vii<,3) / ilNX '2)): DIZ= ( V(K,4) I (INZ •2)) 
5770 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
5780 IW15)=1W(4)+DIZ: IW\6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
5790 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
5800 AAA=IX: 888=V(l,5) 
5810 R#= (((V(l,5)-V(K.5))¢2) + ((V( 1,6)-IX)C2) + ((IZ- V(l,7))C2)) 
5820 F=(V(K,9)'R8'AAA'AAA)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
5830 IQ=(IU(1) + IU(2)'4+ IU(3))'DIX/3 
5840 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
5850 IQ=(IU(4)+1U(5)'4+1U(6l)'DIZ/3: ITZ=ITZ+IQ 
5860 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 5350 
5870 . ######################################################################## 
5880 IXl=V(K,5) - (.5)' V(K.2): IXF=IXI + V(K.2) 
5890 IZl=V(K,7) - (.5) • V(K,4): IZF=IZI + V(K,4) 
5900 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
5910 ITZ =O: IW(4) = IZI : FOR JJ = 1 TO INZ 
5920 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
5930 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
5940 AAA=YW: 88B=YW 
5950 R#= (((IX-V(l,5))¢2) + ((888)¢2) + ((IZ- V(l,7))c2)) 
5960 F=(V(K,9)'RR'AAA'888)/((R#tt2)' Pl): IU(IT)=F: NEXT IT 
5970 IQ= (IU(1) + IU(2)'4 + IU(3))'DIX/3 
5980 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
5990 IQ= (IU(4) + IU(5)'4+ IU(6))'DIZ/3: ITZ = ITZ +IQ 
6000 IW(4) = IW(6) : NEXT J J : I NTERW = ITZ/36: GOTO 5420 
6010 '######################################################################## 
6020 IXI =V(K,5) - (.5) 'V(K,2) : IXF = IXI + V(K,2) 
6030 IZl=V(K,6) -(.5) 'V(K,3): IZF=IZI + V(K,3) 
6040 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ '2)) 
6050 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
6060 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
6070 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1 TO 3: IX=IW(IT) 
6080 AAA=V(l,7): 888=1Z 
6090 R#= (((IX-V(l,5))C2) + ((V(l,6)-IZ)¢2) + (V(l,7)¢2)) 
6100 F=(V(K,9)'RF'AAA'888)/((R#C2)' Pl): IU(IT)=F: NEXT IT 
6110 IQ= (IU(1) + IU(2)'4 + IU(3))'DIX/3 
6120 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
6130 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
6140 IW(4) = IW(6) : NEXT JJ : INTERW= ITZ/36: GOTO 5490 
6150'######################################################################## 
6160 IXl=V(K,5) - (.5) 'V(K,2): IXF=IXI + V(K,2) 
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6170 IZl=V(K,6l - (.5) • V(K,3): IZF=IZI + V(K,3l 
6180 INX=2: INZ=2: DIX=( VIK,2) / llNX '2ll: DIZ= ( V(K,3) I (INZ •211 
6190 ITZ=O: IWl4l=IZI: FOR JJ=1 TO INZ 
6200 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
6210 FOR 11=1 TO INX: IW(2)=tW(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
6220 AAA=IZ: BBB=ZH-V(l.7) 
6230 R# = (((IX-V(l,5))C2) + (( 8BB)c2) + ((IZ- V(l,6))c2)) 
6240 F=(V(K.9)'RC'AAA'8B3l/((R#c2)' Pl): IU(IT)=F: NEXT IT 
6250 IQ= (IU( 1) + IU(2)'4 + IU(3))'DIX.13 
6260 ITX=ITX+IQ: iW(1)=1Wl3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
6270 IQ= (IU(4) + IU(5)'4 + IU(6))'DIZ/3: ITZ = ITZ +IQ 
6280 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 5560 
6290 '######################################################################## 
6300 FOR 1=82TO162 
6310 . ######################################################################## 
6320 FOR K = 1 TO 81 
6330 R = (( V(K,5l)C2) + (( V(K.6l-V(1,6l)¢2) + (( V(K,?l - V(l,7)l¢2l 
63.:!0 '.IF R< 10 THEN GOTO 6680 
6350 INTERW = ( V(K,9) ' RL' V(K,8l ) I ( SKIN ' (R l ) 
6360 V(l,10) = V(l,10) + INTERW 
6370 NEXT K 
6380 . ######################################################################## 
6390 FOR K = 406 TO 486 
6400 R = (( V(K.5l)C2l + (( V(K.6)- V(l,6ll¢2) + (( V(K,?l - V(1,7)lC2l 
6410 'IF R< 10 THEN GOTO 6820 
6420 INTERW = ( V(K.11)' RW' V(K,8)) I (SKIN• (R) l 
6430 V(l.10) = V(l,10) + INTERW 
6440 NEXT K 
6450' ######################################################################## 
6460 FOR K = 163 TO 243 
6470 R = (( V(K.5)lc2) + (( V(K,6)- V(l,6))¢2) + (( V(K,7) -V(l,7)lC2) 
6480 'IF R< 10 THEN GOTO 6960 
6490 INTERW = ( V(K.9)' RR' V(K,8l) I (SKIN• (R l l 
6500 V(l,10) = V(l,10l + INTERW 
6510 NEXT K 
6520 . ######################################################################## 
6530 FOR K = 244 TO 324 
6540 R = (( V(K,5l)C2l + (( V(K,6)- V(l,6))¢2l + ( V(l,7) i2l 
6550 'IF R< 10 THEN GOTO 7100 
6560 INTERW = ( V(K,9l • RF' V(K,8) ) I ( SKIN • (R ) ) 
6570 Vll,10) = V(l,10) + INTERW 
6580 NEXT K 
6590 . ######################################################################## 
6600 FOR K = 325 TO 405 
6610 R = (( V(K,5))<t2) + (( V(K.6)- V(l,6))¢2) + (( V(K,7) - V(l,7))C2) 
6620 'IF R < 10 THEN GOTO 7240 
6630 INTERW = ( V(K.9l' RC' V(K,8) ) I ( SKIN ' (R ) ) 
6640 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l,10): NEXT I 
6650 '######################################################################### 
6660 GOTO 7380 
6670 . ######################################################################## 
6680 IXl=V(K,5) - (.5l 'V(K,2): IXF=IXI + V(K,2l 
6690 IZl=V(K,7) - (.5l • V(K,4): IZF=IZI + V(K,4l 
6700 INX=2: INZ=2: DIX=( V(K,2l I (INX '2l): DIZ= ( V(K,4l I (INZ '2)) 
6710 ITZ=O: IW(4l=IZI: FOR JJ=1 TO INZ . 
6720 IW(5)=1W(4)+DIZ: IW(6l=IW(5l+DIZ: FOR ITT=4 TO 6: IZ=IW(ITTl: ITX=O: IW(1l=IXI 
6730 FOR 11=1 TO INX: 1W(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
6740 AAA=IX: BBB=V(1,6l 
6750 R#= (((1XlC2) + ((BBB)¢2) + ((IZ- V(l,7))1i2ll 
6760 F=(V(K,9l'RL'AAA'BBBl/((R#c2)' Pl): IU(IT)=F: NEXT IT 
6770 IQ= (IU(1) + IU(2)'4 + IU(3l)'DIX/3 
6780 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
6790 IQ= (IU(4) + IU(5)'4+ IU(6))'DIZ/3: ITZ = ITZ +IQ 
6800 IW(4l=IW(6): NEXT JJ : INTERW=ITZ/36: GOTO 6360 
6810' ######################################################################## 
6820 IXl=V(K,6) - (.5) • V(K,3): IXF=IXI + V(K,3l 
6830 IZI =V(K,7) - (.5) • V(K,4): IZF= IZI + V(K,4) 
6840 INX=2: INZ=2: DIX=( V(K,3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
6850 ITZ=O: 1W(4)=1ZI: FOR JJ=1 TO INZ 
6860 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
6870 FOR 11=1 TO INX: 1W(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
6880 AAA=XW 
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6890 R#= (((XW)¢2) + ((V(l,6)-IX)c21 +((IZ- V(l,7))¢2)) 
6900 F=(V(K,11)'RW'AAA'AAA)/t(R#C2)' Pl): IU(IT)=F: NEXT IT 
6910 IQ= (IU(1) + IU(2)'4 +I U(31 i' OIX/3 
6920 ITX=ITX+IQ: IW(1)=1Wi3l: NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
6!:130 IQ=(IU(4)+1U(5)'4+1Ui6))'DIZ/3: ITZ=ITZ+IQ 
6940 IW(4) = IW(6) : NEXT JJ : INTERW= ITZ/36: GOTO 6430 
6950 . ######################################################################## 
6960 IXl=V(K,5) - (.5) 'V(K,2): IXF=IXI + V(K.2) 
6970 IZl=V(K,?) - (.5) 'V(K,4): IZF=IZI + ViK,4) 
6980 INX=2: INZ=2: DIX=( V(K.2) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
6990 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
7000 IW(5)=1W(4)+01Z: 1Wi6)=1W(5)+01Z: FOR ITT=4 70 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
7010 FOR 11=1 TO INX: IW12)=1W(1)+01X: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
7020 AAA=IX: BBB=YW-V(l,6) 
7030 R#= ((\ IX)c2) + ((888)¢21 + ((IZ- V( l,7))c2)) 
7040 F=(V(K.9)'RR'AAA'BBB)/(fR#c2)' Pl): IU(IT)=F: NEXT IT 
7050 IQ= (IU( 1) + IU(2)'4 + 1Uf3))'DIX/3 
7060 ITX=ITX+IQ: IW(1)=1Wi3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
7070 IQ=(IU(4) + IU(5)'4 + IU(6)J'DIZi3: ITZ = ITZ +IQ 
7080 1Wf4)=1Wf6): NEXT JJ : INTE~W=ITZ/36: GOTO 6500 
7090 '######################################################################## 
7100 IXl=V\K,5) - (.5) 'V(K,2): IXF=IXI + V(K,2) 
7110 IZl=V(K,6) - (.5) 'V(K,3): IZF=IZI + V(K,3) 
7120 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ '2)) 
7130 ITZ=O: 1W(4)=1ZI: FOR JJ=1 TO INZ 
7140 IW(5)=1Wf4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
7150 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
7160 AAA= IX: BBB=V(l,7) 
7170 R#= (((IX)c2) +(fV(l.6)-1Zlc2) + (BBB<'.2)) 
7180 F=(V(K,9)'RF'AAA'BB8)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
7190 IQ= (I U( 1) +I U(2)'4 + IU(3))'DIX/3 
7200 ITX=ITX+IQ: IW(1)=1W(3i: NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
7210 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
7220 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 6570 
7230 '######################################################################## 
7240 IXI =V(K,5) - (.5)' V(K,2) : IXF = IXI + V{K,2) 
7250 IZI =V(K,6) - (.5) 'V{K,3): IZF = IZI + V(K,3) 
7260 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ '2)) 
7270 ITZ=O: 1Wf4)=1ZI: FOR JJ=1 TO INZ 
7280 IW(5)=1W(4)+DIZ: IW{6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
7290 FOR 11=1 TO INX: 1Wf2i=IW(1)+DIX: IW(3)=1W{2)+DIX: FOR IT=1TO3: IX=IW(IT) 
7300 AAA=IX: BBB=ZH-V(l,7) 
7310 R#=(((IX)C2)+ffBBBJc2)+((1Z- V(l,6))C2)) 
7320 F=(VfK,9)'RC'AAA'BBB)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
7330 IQ= (I U( 1) + IU(2)'4 + 1Uf3))' DIX/3 
7340 ITX=ITX+IQ: IW(1)=fW(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
7350 IQ=(IU(4)+1U(5)'4+1U(6))'01Z/3: ITZ=ITZ+IQ 
7360 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 6640 
7370'####################################################################### 
7380 FOR I= 163 TO 243 
7390 , ######################################################################## 
7400 FOR K=406 TO 486 
7410 R = (( V(K,5)-V(l,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))~2) 
7420 'IF R< 10 THEN GOTO 7770 
7430 INTERW = ( V(K,11)' RW' V(K,8)) I (SKIN' (R)) 
7440 V(l,10) = V(l,10) + INTERW 
7450 NEXT K 
7460' ######################################################################## 
7470 FOR K=82 TO 162 
7480 R = (( V(K,5)-V(l,5))c2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))¢2) 
7490 'IF R< 10 THEN GOTO 7910 
7500 INTERW = ( V(K,9) ' RB' V(K,8) ) I ( SKIN ' (R ) ) 
7510 V(l,10) = V(l,10) + INTERW 
7520 NEXT K 
7530' ######################################################################## 
7540 FOR K=1 TO 81 
7550 R = (( V(K,5)-V(l,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))¢2) 
7560 'IF R< 10 THEN GOTO 8050 
7570 INTERW = ( V(K,9) • RL • V(K,8)) I (SKIN' (R)) 
7580 V(l,10) = V(l,10) + INTERW 
7590 NEXT K 
7600' ######################################################################## 
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7610 FOR K=244 TO 324 
7620 R = (( V(K,5)-V(l.5))¢2) + ((V(K,6)-V(l,6))c2 ) + (( V(K,7) - V(l,7))~2) 
7630 'IF R< 10 THEN GOTO 8190 
7640 INTERW = ( V(K,9) • RF• V(K,8) ) I ( SKIN • (R ) ) 
7650 V(l,10) = V(l,10) + INTERW 
7660 NEXT K 
7670' ######################################################################## 
7680 FOR K = 325 TO 405 
7690 R = (( V(K,5)-V(l,5))C2) + ((V(K,6)-V(l,6))~2 ) + (( V(K,7) - V(l,7))~2) 

7700 'IF R< 10 THEN GOTO 8330 
7710 INTERW = ( V(K,9) • RC• VtK,8) ) I ( SKIN • (R ) ) 
7720 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l,101: NEXT I 
7730 '######################################################################### 
7740 GOTO 8460 
7750 . ######################################################################## 
7760 . ######################################################################## 
7770 IXI =V(K,6) - (.5) • V(K.3): IXF = IXI + V(K.3) 
7780 IZl=V(K,7) - (.5) • V(K.4): IZF=IZI + VIK,4) 
7790 INX=2: INZ=2: DIX=! V(K.3) I (INX •2)): DIZ= ( V(K,4) I (INZ •2)) 
7800 ITZ=O: IW!4)=1ZI: FOR JJ=1 TO INZ 
7810 1Wi5)=1W(4)+DIZ: IW(6)=1W!5l+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
7820 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
7830 AAA=XW-V(l,5): BBB=YW-IX 
7840 R#=(((AAA)c2) + ((BBB1c2) +!(IZ- V(l,7))C2)) 
7850 F=(VIK,11)'RWAAA•BBBl/((R#c2)• Pl): IU(IT)=F: NEXT IT 
7860 IQ= (IU(1) + IU(2)•4 + IU(3))'DIX/3 
7870 ITX=ITX+IQ: IW(1)=1W13): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
7880 IQ=(IU(4)+1U(5)'4+1U(61i'DIZ/3: ITZ=ITZ+IQ 
7890 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 7440 
7900'######################################################################## 
7910 IXI =V(K,6) - (.5)' V(K,3) : IXF = IXI + VIK,3) 
7920 IZl=V(K,7) - (.51 • V(K.4): IZF=IZI + V(K,4) 
7930 INX=2: INZ=2: DIX=( V1K,3) I (INX '2)): DIZ= ( V(K,4) I (INZ •2)) 
7940 ITZ=O: IWl4)=1ZI: FOR JJ=1 TO INZ 
7950 IW(5)=1W(4)+DIZ: IW(6)= IW(5)+ DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
7960 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
7970 AAA=V(l,5): BBB=YW-IX 
7980 R#=(((V(l,5)-V(K,5))C2l + ((V(l,6)-IX)c2) + ((IZ- V(l,7))¢2)) 
7990 F=(V(K.9).RB'AAA'AAAi/((R#c2)' Pl): IU(IT)=F: NEXT IT 
8000 IQ=(IU(1) + IU(2)'4+ IU(3))'DIX/3 
8010 ITX=ITX+IQ: IW(1)=1Wi3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
8020 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
8030 IW(4) = IW(6): NEXT JJ : INTERW= ITZ/36: GOTO 7510 
8040' ######################################################################## 
8050 IXl=V(K,5) - (.5) • V(K,2): IXF=IXI + V(K.2) 
8060 IZl=V(K,7) - (.5) • V(K,4): IZF=IZI + V(K,4) 
8070 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,4) I (INZ •2)) 
8080 ITZ=O: 1W(4)=1ZI: FOR JJ=1 TO INZ 
8090 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
8100 FOR 11 =1 TO INX: IW(2)= IW(1)+ DIX: IW(3)=1W(2) +DIX: FOR IT=1 TO 3: IX=IW(IT) 
8110 AAA=YW: BBB=YW 
8120 R#= (((IX-V(l,5))c2) + ((BBB)C2) + ((IZ- V(l,7))c2)) 
8130 F=(V(K,9).RL.AAA•BBB)/((R#c2)• Pl): IU(IT)=F: NEXT IT 
8140 IQ=(IU(1) + IU(2)'4 + IU(3)).DIX/3 
8150 ITX=ITX+IQ: IW(1)=1W(3): NEXT 11: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
8160 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
8170 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 7580 
8180'######################################################################## 
8190 IXI =V(K,5) - (.5) • V(K,2): IXF = IXI + V(K,2) 
8200 IZl=V(K,6) - (.5) • V(K,3): IZF=IZI + V(K,3) 
8210 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ '2)) 
8220 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
8230 IW(5)=1Wl4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
8240 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
8250 AAA=V(l,7): BBB=YW-IZ 
8260 R#= (((IX-V(l,5))C2) + ((V(l,6)-IZ)c2) + (V(l,7)¢2)) 
8270 F=(V(K,9)'RF'AAA'BBB)/((R#¢2)' Pl): IU(IT)=F: NEXT IT 
8280 IQ=(IU(1) + IU(2)'4+ IU(3)).DIX/3 
8290 ITX=ITX+IQ: IW(1)=1W(3): NEXT 11: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
8300 IQ=(IU(4)+1U(5)'4+1U(6))•D1Z/3: ITZ=ITZ+IQ 
8310 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 7650 
8320'######################################################################## 
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8330 IXl=V(K,5) - (.5) • V(K,2): IXF=IXI + V(K.2) 
8340 IZI =V(K,6) - (.5) * V(K,3): IZF = IZI + V(K,3) 
8350 INX=2: INZ=2: DIX=( V(K,2) I (INX •2)): DIZ= ( V(K,3) I (INZ •2)) 
8360 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
8370 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
8380 FOR 11=1 TO INX: IWl2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
8390 AAA=YW-IZ: BBB=ZH-V(l,7) 
8400 R#= ((CIX-V(l.5))c2) + ((BBB)c2) + ((IZ- V(l,6))¢2)) 
8410 F=(V(K,9)*RC.AAA•BBB)/((~#=2l• Pl): !U(IT)=F: NEXT IT 
8420 IQ= (IU(1) + IU(2)*4 + IU(3l)*DIX/3 
8430 ITX=ITX+IQ: IW(1)=1W(3): NEXT 11: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
8440 IQ=(IU(4}+1U(5)•4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
8450 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 7720 
8460 '######################################################################## 
8470 FOR I =244 TO 324 
8480'######################################################################## 
8490 FOR K=1TO81 
8500 R = (( V(K.5)-V(l,5))¢2) + (( V(K,6)- V(l,6))¢2) + (( V(K,7))¢2) 
8510 'IF R< 10 THEN GOTO 8920 
8520 INTERW = ( V(K,9) • RL • V(K,8) ) I ( SKIN • (R ) ) 
8530 V(l.10) = V(l,10) + INTERW 
8540 NEXT K 
8550' ######################################################################## 
8560 FOR K = 406 TO 486 
8570 R = (( V(K.5)-V(l,5)lit2) + (( V(K,6)- V(l,6))C2) + (( V(K,7))¢2) 
8580 'IF R< 10 THEN GOTO 9060 
8590 INTERW = ( V(K,11) • RW • V(K,8)) I (SKIN• (R)) 
8600 V(l,10) = V(l,10) + INTERW 
8610 NEXT K 
8620' ######################################################################## 
8630 FOR K = 163 TO 243 
8640 R = (( V(K.5)-V(l,5))C2) + (( V(K,6)- V(l,6))¢2) + (( V(K,7))C2) 
8650 'IF R< 10 THEN GOTO 9200 
8660 INTERW = ( V(K.9) • RR • V(K,8) ) I ( SKIN • (R ) ) 
8670 V(l,10) = V(l,10) + INTERW 
8680 NEXT K 
8690' ######################################################################## 
8700 FOR K=82 TO 162 
8710 R = (( V(K.5)-V(l,5))¢2) + (( V(K,6)- V(l,6))¢2) + (( V(K,7))it2) 
8720 'FR< 10 THEN GOTO 9340 
8730 INTERW = ( V(K,9) • RB• V(K,8) ) I ( SKIN • (R ) ) 
8740 V(l,10) = V(l,10) + INTERW 
8750 NEXT K 
8760' ######################################################################## 
8770 FOR K = 325 TO 405 
8780 R = (( V(K.5)-V(l,5))C2) + (( V(K,6)- V(l,6))¢2) + (( V(K,7))¢2) 
8790 'IF R< 10 THEN GOTO 9480 
8800 INTERW = ( V(K,9) • RC• V(K,8) ) I ( SKIN • (R ) ) 
8810 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l,10): NEXT I 
8820'######################################################################### 
8830 'FOR II= 1 TO 486 
8840 'PRINT USING "###":V(ll,1): 
8850 'PRINT #2, USING "###":V(ll,1); 
8860 'PRINT USING "####.####":V(ll,2):V(ll,3):V(ll,4);V(ll,5):V(ll,6):V(ll,7):V(ll,8):V(ll,9) 
8870 'PRINT #2, USING "####.####":V(ll,2):V(ll,3):V(ll,4);V(ll,5);V(ll,6);V(ll,7);V(ll,8);V(ll,9) 
8880 'NEXT II 
8890 'CLOSE #2 
8900 GOTO 9620 
8910' ######################################################################## 
8920 IXl=V(K,5) - (.5) * V(K,2): IXF=IXI + V(K,2) 
8930 IZl=V(K,7) - (.5) * V(K,4): IZF=IZI + V(K,4) 
8940 INX=2: INZ=2: DIX=( V(K,2) I (INX •2)): DIZ= ( V(K,4) I (INZ •2)) 
8950 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
8960 IW(5)=1W(4)+DIZ: IW(6)=1W(5l+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
8970 FOR 11=1TOINX:1W(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
8980 AAA=IZ: BBB=V(l,6) 
8990 R#= (((IX-V(l,5))c2) + ((BBB)c2) + ((IZ- V(l,7))¢2)) 
9000 F=(V(K.9)"RL.AAA.BBB)/((R#¢2)• Pl): IU(IT)=F: NEXT IT 
9010 IQ=(IU(1)+ IU(2)•4+ IU(3))*DIX/3 
9020 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
9030 IQ=(IU(4)+1U(5)•4+1U(6))"DIZ/3: ITZ=ITZ+IQ 
9040 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 8530 
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9050 ' ######################################################################## 
9060 IXl=V(K.6) - (.5)' V(K,3): IXF=IXI + V(K,3) 
9070 IZI =V(K,7) - (.5) • VIK.4) : IZF = IZI + V(K,4) 
9080 INX=2: INZ=2: DIX=( VIK,3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
9090 ITZ =O: IW(4) = IZI : FOR JJ = 1 TO INZ 
9100 IW(5)=1W(4)+DIZ: IW(6)=1Wl5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
9110 FOR 11=1 TO INX: 1Wi2J=IW(1)+DiX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
9120 AAA=XW-V(l,5): BB8=1Z 
9130 R#=(i(AAAic2)+((V(l,6)-IX) c 2)+((12)¢2)) 
9140 F=(l/(K,11)'RW'AAA'888)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
9150 IQ= (I U(1) + IU(2)'4 + IUl3))' DIX/3 
9160 ITX=ITX+IQ: IW(1)=1W13): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
9170 IQ=(IU(4)+1Ul5)'4+1U(6)J'DIZ/3: ITZ=ITZ+IQ 
9180 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 8600 
9190. ######################################################################## 
9200 IXl=VIK.5) - (.5) 'ViK,2): IXF=IXI + VIK.2) 
9210 IZl=V(K.7) - (.5) • V(K,4): IZF=lZI + VIK,4) 
9220 INX=2: INZ=2: DIX=( 'J(K,2) / (INX '2)): DIZ= ( V(K.4) I (INZ '2)) 
9230 ITZ=O: IWl4)=1ZI: FOR JJ=1 TO INZ 
9240 IW(5)=1W(4)+DIZ: IW16)=1W(5)+0iZ: FOR ITT=4 TO 6: IZ=IWllTT): ITX=O: IW(1)=1XI 
9250 FOR 11=1 TO INX: IWl2)=1W(1)+DIX: 1Wi3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
9260 AAA=IZ: BBB=YW-Vll,6) 
9270 R# = (((IX-V(1.5))c2) + ((8BB)c2) + ((IZ- V(l,7))c2)) 
9280 F=(V(K,9)'RR'AAA'BBB)i((R#c2)' Pl): IU(IT)=F: NEXT IT 
9290 IQ= ( IU(1) + IU(2)'4 + IU13l)'DIX/3 
9300 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
9310 IQ=llU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
9320 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 8670 
9330 '######################################################################## 
9340 IXl=V(K,6) - (.5) 'V(K,3): IXF=IXI + ViK.3) 
9350 IZl=V(K,7) - (.5)' VIK,4): IZF=IZI + V(K,4) 
9360 INX=2: INZ=2: DIX=( V(K,3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
9370 ITZ=O: 1W(4)=1ZI: FOR JJ=1 TO INZ 
9380 IW(5)=1W(4)+D!Z: IW(6)=1Wi5)+DIZ: FOR ITT=4 TO 6: IZ=IWllTT): ITX=O: IW(1)=1XI 
9390 FOR 11=1 TO INX: IWl2)=1W(1)+DIX: 1W(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
9400 AAA=IZ: BBB=V(l,5) 
9410 R#= (((BBB)c2) + ((Vll,6)-IX)c2) + ((V(l,7)-IZ)C2)) 
9420 F=(VfK.9)'RB'AAA'BB8)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
9430 IQ= (I U(1) + IU(2)'4 +I U(3))' DIX/3 
9440 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
9450 IQ=(IU(4)+1U(5)'4+1U(6))'D:Zt3: ITZ=ITZ+IQ 
9460 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 8740 
9470 '######################################################################## 
9480 IXl=V(K,5) - (.5) 'V(K.2): IXF=IXI + V(K.2) 
9490 IZl=V(K,6) - (.5) 'V(K,3): IZF=IZI + V(K,3) 
9500 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,3) I (INZ '2)) 
9510 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
9520 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
9530 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
9540 AAA=ZH: BBB=ZH 
9550 R# = (((IX-V(l,5i)C2) + ((BBB)C2) + ((IZ- V(l,6))c2)) 
9560 F=(V(K,9)'RC'AAA'BBB)/((R#¢2)' Pl): IU(IT)=F: NEXT IT 
9570 IQ= (I U( 1) +I U(2)'4 + IU(3))'DIX/3 
9580 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
9590 IQ=(IU(4l+IU(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
9600 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 8810 
9610'####################################################################### 
9620 FOR I =325 TO 405 
9630 . ######################################################################## 
9640 FOR K=406 TO 486 
9650 R = (( V(K,5)-V(l,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))¢2) 
9660 'IF R< 10 THEN GOTO 10080 
9670 INTERW = ( V(K,11)' RW • V(K,8)) I (SKIN• (R)) 
9680 V(l,10) = V(l,10) + INTERW 
9690 NEXT K 
9700'######################################################################## 
9710 FOR K=82 TO 162 
9720 R = (( V(K,5)-V(l,5))c2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))c2) 
9730 'IF R< 10 THEN GOTO 10220 
9740 INTERW = ( V(K,9) • RB' V(K,8) ) I ( SKIN• (R ) ) 
9750 V(l,10) = V(l,10) + INTERW 
9760 NEXT K 
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9770' ######################################################################## 
9780 FOR K=1 TO 81 
9790 R = (( V(K.51-V(l,5))¢2) + ((V(K,6)-V(l,6))¢2 ) + (( V(K,7) - V(l,7))c2) 
9800 'IF R< 10 THEN GOTO 10360 
9810 INTERW = ( V(K,9) • RL' VlK,8)) I (SKIN• (R)) 
9820 V(l,10) = V(l,10) + INTERW 
9830 NEXT K 
9840 ' ######################################################################## 
9850 FOR K = 244 TO 324 
9860 R = (( V(K,5)-V(l,5))c2) + ((V(K,6)-V(l,6))C2) + (( V(K,7) - V(l,7))C2) 
9870 'IF R< 10 THEN GOTO 1C500 
9880 INTERW = ( V(K,9)' RF' VlK,8)) I (SKIN• (R)) 
9890 V(l.10) = V(l,10) + INTERW 
9900 NEXT K 
9910 . ######################################################################## 
9920 FOR K = 163 TO 243 
9930 R = (( V(K.5l-V(l,51)c2) + ((V(K,6)-V(l,6))c2 ) + (( V(K,7) - V(l,7))C2) 
9940 'IF R< 10 THEN GOTO 10640 
9950 INTERW = ( V(K.9)' RR' V(K,81 l I (SKIN' (R)) 
9960 V(l,10) = V(l,10) + INTERW : NEXT K: PRINT l:V(l,10): NEXT I 
9970 '######################################################################### 
9980 FOR I= 1 TO 486 
9990 V(l,11)=Vll.9l+V(l,10) 
10000 PRINT USING "###":V(l.1): 
10010 PRINT #3, USING -##W:V(l,1): 
10020 PRINT USING -####.###!f';V(l,5):Vll,6):V(l,7):V(l,8):V(l.9):V(I, 10):V(l,11) 
10030 PRINT #3,USING -####.####":V(l,5);V(l,6):V(l,7):V(l,8):V(l,9):V(I, 10):V(l,11) 
10040 NEXT I 
10050 CLOSE #3 
1C060 GOTO 10780 
10070. ######################################################################## 
10080 IXl=V(K,6) - (.5) 'V(K.3): IXl==IXI + V(K.3) 
10090 IZl=V(K,7)- (.5) • V(K,4): IZF=IZI + V(K,4) 
10100 INX=2: INZ=2: DIX=( V(K.3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
10110 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
10120 IWl5)=1W(4)+D!Z: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
10130 FOR 11=1 TO INX: 1Wl2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
10140 AAA=XW-Vll,5): 88B=ZH-IZ 
10150 R#=(((AAAlc2)+i(BB8)c2)+((1X- V(l,6))¢2)) 
10160 F=(V(K,11)'RW'AAA'!388)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
10170 IQ= (I U(1) + IU(2)'4 +I U(3))'DIX/3 
10180 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
10190 IQ= (IU(4) + IU(5)'4 + IU(6))'DIZ/3: ITZ = ITZ +IQ 
10200 IW(4)=1W(6l: NEXT JJ : INTERW=ITZ/36: GOTO 9680 
10210 '######################################################################## 
10220 IXl=VlK,6)- (.5) 'V(K,3): IXF=IXI + V(K.3) 
10230 IZl=V(K,7) - (.5) • V(K,4): IZF=IZI + V(K,4) 
10240 INX=2: INZ=2: DIX=( V(K,3) I (INX '2)): DIZ= ( V(K,4) I (INZ '2)) 
10250 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
10260 1Wl5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
10270 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
10280 AAA=V(l,5): 888=ZH-IZ 
10290 R# = l((V(l,5))c2) + ((V(l,6)-IX)c2) + ((888)¢2)) 
10300 F=(VIK,9)'R8'AAA'AAA)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
10310 IQ= (IU(1) +I U(2)'4 + IU(3))'DIX/3 
10320 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
10330 IQ= (IU(4) + IU(5)'4 + IU(6))'DIZ/3: ITZ = ITZ +IQ 
10340 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 9750 
10350. ######################################################################## 
10360 IXl=V(K,5) - (.5) 'V(K,2): IXF=IXI + V(K,2) 
10370 IZI =V(K,7) - (.5) • V(K,4) : IZF = IZI + V(K,4) 
10380 INX=2: INZ=2: DIX=( V(K,2) I (INX '2)): DIZ= ( V(K,4) I (INZ •2)) 
10390 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO !NZ 
10400 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: 1W(1)=1XI 
10410 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
10420 AAA=V(l,6): 888=ZH-IZ 
10430 R#= (((IX-V(l,5))¢2) + ((888)¢2) + ((V(l,7))¢2)) 
10440 F=(V(K.9)'RL'AAA'888)/((R#c2)' Pl): IU(IT)=F: NEXT IT 
10450 IQ= (IU(1) + IU(2)'4 + IU(3))'DIX/3 
10460 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
10470 IQ=(IU(4)+1U(5)'4+1U(6))'DIZ/3: ITZ=ITZ+IQ 
10480 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 9820 
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10490 '######################################################################## 
10500 IX! =V(K,5) - (.5) • V(K,2): IXF = IXI + V(K.2) 
10510 IZI =V(K,6) - (.5) • V(K,31 : IZF = IZI + V(K,3) 
10520 INX=2: INZ=2: DIX=( V(K,2) I llNX •2)): DIZ= ( V(K,3) I (INZ •2)) 
10530 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
10540 IWl5)=1W(4\+0IZ: IW(6l=IW(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
10550 FOR 11=1 TO INX: IW(2)=1Wl1)+01X: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
10560 AAA=ZH: BBB=ZH 
10570 R# = (((IX-V( 1,5))c2) + ((V(i.6)-IZ)c2) + 1V(l,7)c2)) 
10580 F=(V(K.9)'RF'AAA'BBB)il(R#c2)' P1): IUllT)=F: NEXT IT 
10590 IQ= (IU(1) + IU(2)'4 + 1Ui3l)'DIXJ3 
10600 ITX=ITX+IQ: IW(1)=1W(3): ~EXT Ii: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
10610 IQ=(IU(4)+1U(5)'4+!U\6)\':JIZ/3: ITZ=ITZ+IQ 
10620 !W(4)=1W(6): NEXT JJ: iNTE~W=ITZ/36: GOTO 9890 
10630 '######################################################################## 
10640 IXl=V('<,5) - (.5) 'V(K.2): IXF= 1XI.;.. VIK,2) 
10650 IZl=V(K,7) - (.5) • V(K,41: iZF=IZI + V(K.4) 
10660 INX=2: INZ=2: DIX=I V1K,2l I (iNX '2)): DIZ= ( V(K,4) I (INZ •2)) 
10670 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
10680 iW(5)=1W(4l+DIZ: iWl6\=1Wi5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
10690 FOR 11=1 TO INX: IWl21=iW(1)+DIX: 1Wt3)=1W(2)+01X: FOR IT=1TO3: IX=IW(IT) 
10700 AAA=YVV-V(l,6): BBB=ZH-IZ 
10710 R# = ((( IX-V(l,5))C2) + (IAAA)C2) + ((IZ- V( l,7))C2)) 
10720 F=(V(K.9)'RR'AAA'B881i!IR#C2)' Pl): IU(IT)=F: NEXT IT 
10730 IQ= (IU(1) + IU(2)'4 + IU(31)'DIXJ3 
10740 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
10750 IQ=(IU(4)+1U(5)'4+1Ul6))'DIZ/3: ITZ=ITZ+IQ 
10760 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 9960 
10770 '######################################################################## 
10780 FOR I= 1 TO 209 
10790 . ######################################################################## 
10800 FOR K=1 TO 81 
10810 IF X(l.6)=0 THEN GOTO 10910 
10820 ZLOW = V(K,7)-(.5)'V(K,4): ZHIG = ZLOW + V(K,4) 
10830 IF ZLOW < 2.5 AND ZHIG < = 2.5 THEN GOTO 10890 
10840 R = (( V(K,5)-X(l,5))C2) + (( V(K,6)· X(i,6))C2) + (( V(K,7)-X(l,7))¢2) 
10850 'IF R< 10 THEN GOTO 11560 
10860 INTERW = ( V(K,11)' RL • V(K,8)) I (SKIN• (R)) 
10870 IF ZLOW < 2.5 ANO ZHIG > 2.5 THEN INTERW= INTERW • (ZHIG-2.5)/V(K,4) 
10880 Xll,10) = X(l,10) + INTERW 
10890 NEXT K 
10900 '#################################################################### 
10910 FOR K =406 TO 486 
10920 IF X(l,5) = V(406,5) THEN 11030 
10930 ZLOW = VIK,7)-(.5)'V(K,4): ZHIG = ZLOW + V(K,4) 
10940 IF ZLOW < 2.5 AND ZHIG < = 2.5 THEN GOTO 11000 
10950 R = (( V(K,5)-X(l,5))c2) + (( V(K,6)- X(l,6))¢2) + (( V(K,7)-X(l,7))¢2) 
10960 'IF R< 10 THEN GOTO 11710 
10970 INTERW = ( V(K,11) • RW • V(K,8)) I (SKIN• (R)) 
10980 IF ZLOW < 2.5 AND ZHIG > 2.5 THEN INTERW=INTERW • (ZHIG-2.5)/V(K,4) 
10990 X(l,10) = X(l,10) + INTERW 
11000 NEXT K 
11010' ######################################################################## 
11020 FOR K=163 TO 243 
11030 IF X(l,6)=V(163.6) THEN GOTO 11130 
11040 ZLOW = V(K,7)-(.5)'V(K,4): ZHIG = ZLOW + V(K,4) 
11050 IF ZLOW < 2.5 AND ZHIG < = 2.5 THEN GOTO 11110 
11060 R = (( V(K,5)-X(l,5))¢2) + (( V(K,6)- X(l,6))c2) + (( V(K,7)-X(l,7))¢2) 
11070 'IF R< 10 THEN GOTO 11860 
11080 INTERW = ( V(K.11) •RR' V(K,8)) I (SKIN• (R)) 
11090 IF ZLOW < 2.5 ANO ZHIG > 2.5 THEN INTERW=INTERW • (ZHIG-2.5)/V(K,4) 
11100 X(l,10) = X(l,10) + INTERW 
11110 NEXT K 
11120· ######################################################################## 
11130 FOR K=82 TO 162 
11140 IF X(l,5)= 0 THEN GOTO 11240 
11150 ZLOW = V(K,7)-(.5)'V(K,4): ZHIG = ZLOW + V(K.4) 
11160 IF ZLOW < 2.5 ANO ZHIG < = 2.5 THEN GOTO 11220 
11170 R = (( V(K,5)-X(l,5))1:'.2) + (( V(K,6)- X(l,6))¢2) + (( V(K,7)-X(l,7))¢2) 
11180 'IF R< 10 THEN GOTO 12010 
11190 INTERW = ( V(K,11)' RB• V(K,8)) I (SKIN' (R)) 
11200 IF ZLOW < 2.5 AND ZHIG > 2.5 THEN INTERW= INTERW • (ZHIG-2.5)/V(K,4) 
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11210 X(l,10) = X(l,10) + INTERW 
11220 NEXT K 
11230' ######################################################################## 
11240 FOR K =325 TO 405 
11250 R = (( V(K.5)-X(l,5))C2) + (( V(K,6)- X(l,6))e2l + (( V(K,7)-X(l,7))¢2) 
11260 INTERW = ( V(K,11) •RC• V(K.8l) I (SKIN• (R)) 
11270 X(l,10) = X(l,10) + INTERW : NEXT K: PRINT l:X(l,10): NEXT I 
11280 '##############~####~##################################################### 
11290 OPEN ·a: RP:ane2.dat" FOR OUTPUT AS #4 
11300 OPEN ·a: Bi-Spine.dat" FOR OUTPUT AS #5 
11310 PRINT #4. "DIFFUSE DAYLIGHT AVAILABILITY IS ":E:" FOODCANDLE" 
11320 PRINT #4, "TRANSMISSION FACTOR OF THE WINDOW IS ";TW 
11330 PRINT #4, "THE DEPTH OF THE ROOM IS ·:xo:· FEET" 
11340 PRINT #4, "THE WIDTH OF THE ROOM IS ·:vw:· FEET" 
11350 PRINT #4, "THE HEIGHT OF THE ROOM :s ";ZH;" FEET" 
11360 PRINT #4, "THE DISTANCE BETWEEN THE LEFT EDGE OF THE WINDOW AND 

THE LEFT WALL IS ":WOLEFT:" FEET" 
11370 PRINT #4, "THE DISTANCE BETWEEN THE RIGHT EDGE OF THE WINDOW ANO 

THE RIGHT WALL IS ·:WDR!GHT;" FEET" 
11380 PRINT #4, "THE DISTANCE BETWEEN THE UPPER EDGE OF THE WINDOW ANO 

THE CEILING IS ":WDCEILING:· FEET" 
11390 PRINT #4, "THE DISTANCE BETWEEN THE LOWER EDGE OF THE WINDOW AND 

THE FLOOR IS ";WDFLOOR:" FEET" 
11400 PRINT #4. "THE REFLECTANCE OF THE EXTERIOR GROUND IS ":RG 
11410 PRINT #4, "THE REFLECTANCE OF THE INTERIOR SURFACES ARE" 
11420 PRINT #4,. LEFT WALL-------:RL:" BACK WALL-------:RB 
11430 PRINT #4, • RIGHT WALL------: RR;" WINDOW WALL-----:RW 
11440 PRINT #4, • CEILING---------:Rc:· FLOOR-----------:RF 
11450 FOR 1=1TO209 
11460 X(l,11)=X(l,9) + X11,10) 
11470 PRINT USING "###":X(l.1): 
11480 PRINT #4. USING "###":X(l,1l: 
11490 PRINT USING "####.####":X(l.5l:X(l,6l:X(l.7):X(l.8):X(l,9):X(l,10):X(l.11) 
11500 PRINT #4. USING "####.####":X(l.5):X(l.6):X(l.7);X(l,8):X(l,9):X(l,10):X(l,11) 
11510 PRINT #5, USING "####.####":X(l,5):X(l,6):X(l,11) 
11520 NEXT I 
11530 CLOSE #4: CLOSE #5 
11540 GOTO 12630 
11550' ######################################################################## 
11560 IXl=V(K,5) • (.5) • VtK,2i: IXF=IXI + V(K,2) 
11570 IF ZLOW < 2.5 ANO ZHIG > 2.5 THEN IZI =2.5 ELSE IZl=ZLOW 
11580 IZF=ZHIG 
11590 INX=2: INZ=2: DIX=( V(K,2) I (INX •2)): OIZ= ( V(K,4) I (INZ •2)) 
11600 ITZ=O: 1Wf4)=1ZI: FOR JJ=1 TO INZ 
11610 IW15)=1W(4)+01Z: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
11620 FOR 11=1 TO INX: IW(2)=1W(1)+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
11630 AAA=IZ-2.5: BBB=Xfl,6) 
11640 R#= (((IX-Xfl,5)lc2)+ ((B88)c2) +((AAA)¢2)) 
11650 F=(V(l<',11)'RL*AAA·s08)1((R#t2). Pl): IU(IT)=F: NEXT IT 
11660 IQ= (IU(1) + IU(2)'4 + IU(3)).01X/3 
11670 ITX=ITX+IQ: IW(1)=1W(3): NEXT 11: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
11680 IQ=(IUf4)+1U(5)•4+1U(6))*DIZ/3: ITZ=ITZ+IQ 
11690 IW(4l=IW(6): NEXT JJ : INTERW=ITZ/36: GOTO 10880 
11700' ######################################################################## 
11710 IXl=V(K,6) - (.5) • V(K,3): IXF=IXI + V(K,3) 
11720 lF ZLOW < 2.5 AND ZHIG > 2.5 THEN IZl=2.5 ELSE IZl=ZLOW 
11730 IZF=ZHIG 
11740 INX=2: INZ=2: DIX=( V(K,3) I (INX •2)): DIZ= ( V(K,4) I (INZ •2)) 
11750 ITZ=O: IW(4)=1ZI: FOR JJ=1 TO INZ 
11760 IW(5)=1W(4)+ DIZ: IW(6)= IW(5)+ OIZ: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
11770 FOR 11=1 TO INX: IW(2)=1W(11+DIX: IW(3)=1W(2)+DIX: FOR IT=1TO3: IX=IW(IT) 
11780 AAA=V(K,5)-X(l.5): BBB=IZ-2.5 
11790 R#=(((AAA)c2)+((X(l,6)-IX) ¢ 2)+((888)¢2)) 
11800 F=(V(K,11)'RW'AAA'BBBl/((R#c2)• Pl): IU(IT)=F: NEXT IT 
11810 IQ= (IU(1) + IU(2)'4 + IU(3))'01X/3 
11820 ITX=ITX+IQ: IW(1)=1W(3): NEXT II: FZ=ITX: IU(ITT)=FZ: NEXT ITT 
11830 IQ= (IU(4) + IU(5)'4+ IU(6))*DIZ/3: ITZ= ITZ +IQ 
11840 IW(4)=1W(6): NEXT JJ: INTERW=ITZ/36: GOTO 10990 
11850'######################################################################## 
11860 IXl=V(K,5) - (.5) • V(K.2): IXF=IXI + V(K,2) 
11870 IF ZLOW < 2.5 AND ZHIG > 2.5 THEN IZ1=2.5 ELSE IZl=ZLOW 
11880 IZF=ZHIG 
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11890 INX=2: INZ=2: DIX=( V(K,2) I (INX •2)): DIZ= ( V(K,4) I (INZ •2)) 
11900 ITZ=O; IW(4)=1ZI; FOR JJ=1 TO INZ 
11910 IW(5)=1W(4)+DIZ: IW(6)=1W(5)+DIZ: FOR ITT=4 TO 6: IZ=IW(ITT); ITX=O; IW(1)=1XI 
11920 FOR 11=1 TO INX: IW(2)=1W(1)+DIX; IW(3)=1W(2)+DIX: FOR IT=1TO3; IX=IW(IT) 
11930 AAA=IZ-2.5: BBB=V(K.61-Xfl.6) 
11940 R#= (((IX-X(J.5)lc2) + ((S38)C2) + ((AAA)c2l) 
11950 F=(V(K,11)"RR.AAA·sa8)/(iR#C2). Pl): IU(IT)=F; NEXT IT 
11960 IQ= (IU(1) + IU(2)'4 + IU(3))'DIX/3 
11970 ITX=ITX+IQ: IW(1)=1W(3l: NEXT II; FZ=ITX; IU(ITT)=FZ; NEXT ITT 
11980 IQ=(IU(4)+1U(5)'4+1Ul6))'DIZ/3: ITZ=ITZ+IQ 
11990 IW(4)=1W(6): NEXT JJ : INTERW=ITZ/36: GOTO 11100 
12000 '######################################################################## 
12010 IXI =V(K,6) - (.5) • V(K,3): IXF = IXI + V(K.3) 
12020 IF ZLOW < 2.5 AND ZHIG > 2.5 THEN IZl=2.5 ELSE IZl=ZLOW 
12030 IZF=ZHIG 
12040 INX=2; INZ=2; DIX=( V(K,3) I (INX •2)); DIZ= ( V(K.4) I (INZ •2)) 
12050 ITZ=O: IWl4)=1ZI: FOR JJ=1 TO INZ 
12060 IW(5)=1W(4)+DIZ: IW(6)=1Wf5l+D'Z: FOR ITT=4 TO 6: IZ=IW(ITT): ITX=O: IW(1)=1XI 
12070 FOR 11=1 TO INX: IW(2)=1\N(1)+DiX: IW(3)=1W(2)+DIX; FOR IT=1TO3: IX=IW(IT) 
12080 AAA=IZ-2.5: BBB=X!l,5) 
12090 R#=(((BBBlc2) + ((X(l.6)-IX)c2l +((AAAl1:2)) 
12100 F=(V(K,11)"RB.AAA'B88)/l(R#c2)" Pl): IU(IT)=F; NEXT IT 
12110 IQ= (IU(1) + IU(2)'4 + IU(3)l'DIX/3 
12120 ITX=ITX+IQ; IW(1)=1W13); NEXT II; FZ=ITX; IU(ITT)=FZ: NEXT ITT 
12130 IQ=(IU(4)+1U(5)'4+1U(61)'DIZ/3: ITZ=ITZ+IQ 
12140 IW(4)=1W(6); NEXT JJ; INTERW=ITZ/36: GOTO 11210 
12150'######################################################################## 
12630 FOR I= 1 TO 209 
12640 ZP=X(l,11) 
12650 IF ZP> ZPICTURE THEN 12661 ELSE GOTO 12670 
12661 ZPICTURE=ZP: XPICTURE=X(l.5): YPICTURE=X(l,6) 
12670 NEXT I 
12700 OPEN "a; camera.dat" FOR OUTPUT AS #6 
12710 XVIEW=10 'XD: YVIEW=1o·vw; ZVIEW=12. ZPICTURE 
12720 XSCREEN = .5' XVIEW: YSCREEN = .5 • YVIEW: ZSCREEN = .5 'ZVIEW 
12730 PRINT #6."2::·2" 
12740 PRINT #6.XVIEW:·::YVIEW:·::ZVIEW 
12750 PRINT #6.XSCREEN:",":YSCREEN:·::ZSCREEN 
12760 PRINT #6,XD:·::YW 
12770 PRINT #6."n" 
12780 PRINT #6,XD:",":YW:·::ZPICTURE:",":XPICTURE:·,·:vPICTURE 
12790 CLOSE #6 
12800 END 
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Graphic Representation Program 

5 CLS 
1 0 . c .• --------------------------------------------------------------------
20 'C" PROGRAM FOR CUBIC SPLINE FITilNG ,PERSPECTION FOR A SURFACE 
3 0 • c •• --------------------------------------------------------------------
31'FOR1=1TO80: PRINT·-·:: NEXT I 
32 'FOR 1=1TO3: PRINT: NEXT I 
33 'PRINT "SURFACE PATCH PROGRAM ---- PUT INPUT DATA IN DISKETE A: • 
34 'FOR 1=1TO3: PRINT: NEXT I 
35 'FOR 1=1TO80: PRINT·-·:: NEXT I 
36 'INPUT "READY":OK$ 
40 CLS: SCREEN 2: WINDOW (-320,-100)-(320,100): KY=.8: KC=.6: PA1=3.141592 

: KEY OFF: C= 1 
45 OPEN "a: b1-spine.dat" FOR INPUT AS #1 
46 OPEN "a: camera.dat· FOR INPUT AS #2 
47 MA=11: NA=19: NU=4: DIM V(NA.MA.3): INPUT #2,NDU,NDV 
48 FOR 1=1 TO NA: FOR J=1 TO MA: INPUT #1.V(l.J.1),V(l.J,2),V(l,J,3): NEXT J,1 
49 CLR=1: RAD=5: NY=NDV'(MA-1!+1: NX=NDU'(NA-1)+1 
50 ND=3: DT=11/NU: DIM F(19,ND).P(3).Q13),0IR(3),Z(NU,3),CHLINE(MA,NA-1,4,ND), 
CVLINE(NA,MA-1,4.ND),COE(4,4),PP(NDU.NOV),PPP(NY,NX,ND) 
51 INPUT #2,P(1),P(2).Pi3): INPUT #2.Q(1 ).Q(2).Q(3) 
52 INPUT #2.DX,OY: INPUT #2,0$ : IF (Y$=·y· OR Y$="y") THEN PERS=1 
53 GOSUB 4000: FRAME=1: INPUT #2,SCX,SCY,SCZ: CLS 
54 LINE(-320,-100)-(320,100),1.B: GOSUB 900::>: 'LOCATE 2,2: PRINT P(1):P(2) 

:P13):" TO ":Q(1 ):Q(2):Q(3):" X,Y,Z AXIS = ":SCX:SCY:SCZ 
55 FOR IS=1TO2 
56 IF IS= 1 THEN NLINE= NA: NP= MA: GOTO 58 
57 NLINE=MA: NP=NA 
58 DIM CO(NP,4.NO) 
59 FOR KK=1 TO NLINE: G=O 
60 FOR 1=0 TO NP-1 
70 FOR K=1 TO 3 
75 IF IS=1 THEN F(l,K)=V(KK,1+1,K) ELSE F(l,K)=V(l+1,KK,K) 
76 NEXT K 
80 NEXT I 
85 FOR 1=0 TO NP-1: X=F(l,1): Y=Fll,2): Z=F(l,3) 
86 GOSUB 4300 : GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
87 GOSUB 4230 : XX=X'320/DX: YY=Y'100/DY: PSET(XX,KY'YY).C 
88 NEXT I 
90 'C" GOSUB CSPLINE 
92 GOSUB 500 
93 . ------------------------------------------------------------------------
95 FOR 1=1 TO NP-1 
96 FOR J = 1 TO 4 
97 FOR K=1 TO ND 
98 IF IS=2 THEN CHLINE(KK,l,J,K)=CO(l,J,K) ELSE CVLINE(KK,1,J,K)=CO(l,J,K) 
99 NEXT K,J,I 
~10 NEXT KK 
115 ERASE CO 
120 NEXT IS 
121 GOTO 230 
122 'C" 
123 ·c·· --------------------------------------------------------------------
124 FOR L=1 TO ND 
126 FORll=1TOMA-1 
128 FORJJ=1TONA-1 
130 FOR K=1TO4 
132 COE(1,K) = CHLINE(ll,JJ,K,L) 
134 COE(2,K) =CVLINE(JJ +1,11,K,L) 
136 COE(3,K)=CHLINE(11+1,JJ,K,L) 
138 COE(4,K) =CVLINE(JJ,11,K,L) 
140 NEXT K 
142 POD =V(JJ,11,L) 
144 P10=V(JJ+1,ll,L) 
146 P11=V(JJ+1,11+1,L) 
148 P01 =V(JJ,11+1,L) 
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152 . c •• -------------------------------------------------------------- ------
153 DIM PX(NDV+1,NDU+1) 
154 GOSU8 8000 'PATCH 
156 FOR I =OTO ~mv 
158 FORJ=OTONDU 
160 PPP(I + (11-1tNDV+1,J + (JJ-1tNDU+1,L) = PX(l,J) 
162 NEXT J,I 
163 ERASE PX 
164 NEXT JJ,11,L 
165 BL= 1 
167 FOR 1=1 TO NY: G=O: FOR J=1 TO NX 
168 X=PPP(l,J,1): Y=PPP(l,J,2): Z=PPP(l.J,3) 
169 GOSU8 4300 : GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
170 GOSUB 4230 : XX=X.320/DX: YY=Y'100/DY: GOSUB 2100 
172 NEXT J,I 
174 FOR J=1 TO NX: G=O: FOR 1=1 TO NY 
176 X=PPP(l,J,1): Y=PPP(l,J.2): Z=PPPll.J,3) 
178 GOSUB 4300 : GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
180 GOSUB 4230 : XX=X'320/DX: YY=Y'100/DY: GOSUB 2100 
182 NEXT l,J 
230 C$=1NKEY$: IF C$="" THEN 230 
240 CLOSE #1,#2 
250 END 
295 DAT A 2,0,0 
300 DAT A 0,0.0 
310 DATA 1,0,0 
320 DATA 1.1,0 
330 DATA 0,1.0 
335 DATA 0.2.0 
340 DAT A 0.0.0 
350 DATA 1,0.0 
360 DATA 1.0.1 
370 DATA 0,0,1 
375 DAT A 0.0.2 
380 DAT A 0,0,0 
390 DATA 0,1,0 
400 DATA 0.1,1 
410 DATA 0,0,1 
500 . c •. --------------------------------------------------------------------
510 'C.. SUBROUTINE C-SPLINE (ID,NP,F(NP,ND),NU 
520 ·c .. 
530 'C.. ND= NO. OF DIMENSION ,NP=NO OF POINT,F=FUNCTION (X,Y,Z) 
540 'C.. NU= NO. OF SEGMENT IN BETWEEN TWO POINT 
550 ·c .. 
560 . c .• --------------------------------------------------------------------
570 ·c .. CALCULATE LENGTH OF EACH SEGMENT 
5 8 0 . c •• --------------------------------------------------------------------
590 M = NP-1 
600 DIM LINV(Ml.LINV2(M),L(M),FP(M + 1,ND),A(M + 1,M + 1),8(M+1),X(M+1) 
610 DIM FF(NU),FFF(NU,ND),AX(M+1,M+1) 
620 FOR I= 1 TO M 
630 L2 =QI 
640 FOR J=1 TO ND: L2=(F(l,J)-F(l-1,J))¢2+L2: NEXT J 
650 L(l)=SQR(L2): LINV(1)=1/L(I): LINV2(1)=LINV(l)C2 
660 NEXT I 
67 0 . c .. --------------------------------------------------------------------
680 'C .. SET A MATRIX 
690 . c •• -------------------------------------- ------------------------------
700 AX(1,1)=4'LINV(1): AX(1,2)=2·LINV(1) 
710 FOR 1=2 TOM 
720 AX(l,I) =41.(LINV(l-1) + LINV(I)): AX(l,1-1) = AX(l-1,1): AX(l,1+1) = 21•uNV(I) 
730 NEXT I 
740AX(M+1,M + 1) =4.LINV(M): AX(M + 1,M) =2.LINV(M) 
7 50 . c .. --------------------------------------------------------------------
760 'C .. SET B MATRIX AND PUT A MATRIX 
7 7 o · c· • --------------------------------------------------------------------
780 FOR L=1 TO ND 
785 FOR J = 1 TO NP: FOR I= 1 TO NP: A(l,J) =AX(l,J): NEXT l,J 
790 8(1)=6.(F(1,L)-F(O,L))'LINV2(1): S1=8(1) 
800 FOR 1=2 TOM: S2=6.(F(l,L)-F(l-1,L))'LINV2(1): 8(1)=S1 +S2: S1 =S2: NEXT I 
805 8(M + 1) =6.(F(M,L)-F(M-1,L))'LINV2(M) 
81 o ·c· • --------------------------------------------------------------------
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815 'FOR 1=1 TO NP: FOR J=1 TO NP: PRINT A{l,J),: NEXT J: PRINT B{I): NEXT I 
820 N =NP: GOSUB 7000 'INV 
825 'FOR 1=1 TO NP: PRINT X(I): NEXT I 
830 • c· • ------------------------------------ --------------------------------
840 FOR 1=1 TO M+1: FP(l-1,L)=X(I): NEXT I 
850 NEXT L 
8 60 . c •. --------------------------------------------------------------------
870 ·c•• TRACE THE CURVE 
880 . c .• --------------------------------------------------------------------
890 FOR I= 1 TO NP-1 
900 FOR J=1 TO ND 
910 FO=F(l-1,J): F1=F(l,J): FPO=FP(l-1,J): FP1=FP(l,J) 
920 AA =2'F0-2'F1 + L(q+FPO + L(I)' FP1: BB =-3'FO +3•F1-2•L{l).FPO-L(l)'FP1 

: CC=L(I)• FPO: DD=FO 
925 CO(l.1,J)=AA: CO(l,2,J)=BB: CO(l,3,J)=CC: CO(l,4,J)=DD 
930 . c .. --------------------------------------------------------------------
940 GOSUB 5000 'DIFSCH 
950 . c .. --------------------------------------------------------------------
960 FOR K=O TO NU: FFF(K,J)=FF(K): NEXT K 
970 NEXT J 
975 IF (IS=2 AND l=NP-1) THEN GOTO 985 
980 GOSUB 2000 'PLOT 
985 NEXT I 
987 ERASE LINV,LINV2,L,FP,A,B,X,FF,FFF,AX 
990 RETURN 
1000 END 
2 o oo · c· • --------------------------------------------------------------------
2o1 o ·c•• SUB ROUTINE PLOT NP,FFF(K.J) 
2 020 · c· • --------------------------------------------------------------------
2045 FOR K=O TO NU: FOR J=1TO3: Z(K,J)=FFF(K,J): NEXT J,K 
2050 FOR K=O TO NU 
2060 X=Z(K.1): Y=Z(K,2): Z=Z(K,3): GOSUB 4300: GOSUB 4330: IF PERS=1 THEN 

GOSUB 4470 
2065 GOSUB 4230: XX=X'320/DX: YY=Y'100/DY 
2066 IF (IS=1 AND KK=NLINE) THEN GOTO 2080 
2070 GOSUB 2100 'GRAPHICS 
2080 NEXT K 
2090 RETURN 
2095 END 
21 oo · c· • --------------------------------------------------------------------
2110 ... SUBROUTINE GRAPHICS (XX,YY,C.G) 
2120 ·c· · --------------------------------------------------------------------
2130 GX=XX: GY= KY'YY 
2140 IF G=O THEN PSET (GX,GY),C: G=1 
2150 LINE -(GX,GY),C,,&HFFFF 
2151 'IF BL=O THEN LINE -(GX,GY),C: ELSE LINE -(GX,GY),C,.&H5555 
2160 RETURN 
2170 END 
2180 · c· • --------------------------------------------------------------------
2190 ·c•• SUBROUTINE CIRCLE 
2 2 00 • c •• --------------------------------------------------------------------
2210 'CIRCLE(XX,KV-YY),RAD,CLR,KC 
2220 RETURN 
2230 END 
4 000 . c •• --------------------------------------------------------------------
4010 ·c•• SUBROUTINE DIRCOS (TO DETEMINE XTH,YTH,ZTH FOR GIVEN VIEW DIRECTION) 
4020 ·c•• VIEW FROM POINT (P1,P2,P3) TO (Q1,Q2,Q3) 
4030 ·c•• PERS=1 (WITH PERSPECTION) PERS=O (NO PERSPECTION) 
404 0 . c •• --------------------------------------------------------------------
4050 ·c•• COMPUTE DIRECTION COSINE 
4060 H=O 
4070 FOR I = 1 TO 3 
4080 DIR(l)=P(l)-Q(I): H=DIR(1)¢2+H 
4090 NEXT I 
4100 H=SQR(H) 
4110 FOR 1=1TO3 
4120 DIR(l)=DIR(l)/H 
4130 NEXT I 
4140 IF DIR{3)=0 THEN GOTO 4160 
4150 T=DIR(2)/DIR{3): XTH=ATN(T) 
4160 TT=SQR(DIR(2)~2+DIR(3)¢2): IF TT=O THEN YTH=O: ELSE YTH=-ATN{DIR(1)/TT) 
4170 ·c•• FIND CX,CY--- ZTH 
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4175 'C .. PERFORM (0,0,50)-(0,0,0) TO DETEMINE ZTH 
4180 TX=-Q(1): TY=-Q(2): TZ=-Q(3) 
4190 X=O: Y=O: Z=50: GOSUB 4300: GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
4200 X1 =X: Y1 =Y 
4210 X=O: Y=O: Z=O: GOSUB 4300: GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
4211 XO=X: YO=Y: CX=X1-XO: CY=Y1-YO 
4212 IF(CX=O AND CY=O)THEN GTH=O ELSE IF CY=O THEN GTH=-PAl/2 ELSE GTH=ATN(CX/CY)+PAI 
4225 RETURN 
4230 'C .. SUBROUTINE T-Z-ROTAION-T 
4240 XW=X-XO: YW=Y-YO: X=XW'COS(GTH)-YW*SIN(GTH}+XO: Y=XW'SIN(GTH}+YW*COS(GTH)+YO 
4250 RETURN 
4300 'C'' TRANSLATION 
4310 X=X+TX: Y=Y+TY: Z=Z+TZ 
4320 RETURN 
4328 ·c·· --------------------------------------------------------------------
4330 'C" X-Y ROTATION 
4335 · c· • --------------------------------------------------------------------
4340 XW=X: YW=Y: ZW=Z 
4350 X=XW 
4360 Y=YW'COS(XTH}-ZW'SIN(XTH} 
4370 Z=YW'SIN(XTH)+ZW'COS(XTH) 
4380 XW=X: YW=Y: ZW=Z 
4390 X=XW'COS(YTH)+ZW'SIN(YTH) 
4400 Y=YW 
4410 Z=-XW'SIN(YTH)+ZW'COS(YTH) 
4420 RETURN 
4470 ·c .. PESPECTIVE 
4480 X=H'X/(H-Z): Y=H'Y/(H-Z) 
4490 RETURN 
5000 ·c·· --------------------------------------------------------------------
5010 ·c .. SUBROUTINE DIFSCH (AA,BB,CC,DD,NU,DT) 
5020 ·c·· --------------------------------------------------------------------
5030 DT2=DT'DT: DT3=DT2'DT 
5040 AO=DD: A1 =DT'((AA'DT+BB}'DT+CC): A2=DT2'((6'DT'AA)+2'BB): A3=6'AA'DT3 
5050 FOR K=O TO NU 
5060 FF(K)=AO: AO=AO+A1: A1 =A1 +A2: A2=A2+A3: NEXT K 
5070 RETURN 
5080 END 
7000 REM---SOLVE SIMULTANEOUS LINEAR EQUATIONS---
7010 REM---SUBROUTINE LEQ---
7020 FOR K = 1 TO N-1 
7030 AMAX=ABS(A(K,K)) : IMAX=K 
7040 FOR I= K + 1 TO N 
7050 AIK=ABS(A(l.K)) 
7060 IF AIK>AMAX THEN AMAX=AIK: IMAX=I 
7070 NEXT I 
7080 IF IMAX= K GOTO 7130 
7090 FOR J = K TO N 
7100 SWAP A(K,J),A(IMAX,J} 
7110 NEXT J 
7120 SWAP B(K),B(IMAX} 
7130 P=A(K,K) 
7140 FOR J=K+1 TON 
7150 A(K,J}=A(K,J)/P 
7160 NEXT J 
7170 B(K)=B(K}/P 
7180 FOR l=K+1 TON 
7190 Q=A(l,K} 
7200 FOR J = K + 1 TO N 
7210 A(l,J)=A(l,J)-Q'A(K,J) 
7220 NEXT J 
7230 B(l)=B(l}-Q'B(K) 
7240 NEXT I 
7250 NEXT K 
7260 X(N) = B(N)/A(N,N) 
7270 FOR K = N-1 TO 1 STEP -1 
7280 S=O 
7290 FOR J = K + 1 TO N 
7300 S=A(K,J}'X(J)+S 
7310 NEXT J 
7320 X(K)=B(K)-S 
7330 NEXT K 
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7340 RETURN 
8 000 . c •• --------------------------------------------------------------------
8010 'C .. SUBROUTINE PATCH(NDU,NDV,POO,P10,P11,P01,COE(4,4)) 
8020 DU=11/NDU: DV=1!/NDV 
8025 W=O 
8030 FOR I =OTO NOV 
8040 PCV=(((COE(4,1)'W+COE!4,2)J'W)+COE(4,3))'W+COE(4,4) 
8050 P1V=(((COE(2,1)'W+COE(2,2l)'W)+COE(2,3))'W+COE(2,4) 
8055 UU =O 
8060 FOR J =OTO NDU 
8070 PUO=(l(COE(1,1 )'UU +COE(1,2))'UU) +COE(1,3))'UU +COE(1,4) 
8080 PU1 = (((COE(3,1l'UU +COE(3,2))'UU) +COE(3,3))'UU +COE(3,4) 
8090 P1 UV= (1-UU)'POV+ UU'P1V 
8100 P2UV=(1-W)'PUO+W'PU1 
8110 P3UV= (1-UU)'(1-W)'?00+(1-UU)'W'P01 + UU'(1-W)'P10+ UU'VV'P11 
8120 PUV=P1UV+P2UV-P3UV 
8130 PXil,J)=PUV: UU=UU+DU 
8140 NEXT J 
8150 W=W+DV 
8160 NEXT I 
8170 RETURN 
9000 ' c .• --------------------------------------------------------------------
9010 'C" PLOT FRAME 
9020 . c .. --------------------------------------------------------------------
9030 FOR 11 = 1 TO 3 
9035 G=O: FOR JJ=1TO5 
9037 READ FX.FY,FZ: X= FX'SCX: Y= FY'SCY: Z = FZ'SCZ 
9040 GOSUB 4300 : GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
9050 GOSUB 4230 : XX=X'320/DX: YY=Y'100/DY: GOSUB 2100 
9060 NEXT JJ,11 
9065 X= .5'SCX: Y= .5'SCY: Z =O 
9067 GOSUB 4300 : GOSUB 4330: IF PERS=1 THEN GOSUB 4470 
9068 GOSUB 4230 : XX=X'320/0X: YY=Y'100/DY'KY: 'PAINT (XX,YY),C,C 
9070 RETURN 
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Schematic Design of CL909L 
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Schematic Design of AID Card 
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Calibration Procedures: CL9091 

1. Test the ranges of both the reference photometer (J-16) and cells to be calibrated 

(CL909L). 

2. Set up the number of date entries to be recorded---based on the step changes of the 

illuminance condition that can be set up by the switches in the Skydome Daylight Simu-

lator. 

3. 

4. 

a. turn on the computer and the power for the data acquisition system. 

b. Put the standard J-16 and photocell to be calibrate at the center of the Skydome. 

c. Check the level(make sure they are horizontal). 

d. Turn on the lights to get the specified degree of illuminance. 

e. Record the reading of J-16, and the data from the calibrated cell at the same time. 

f. Repeat steps (D and E) until all steps of illuminance are reached and the data are 

record. 

g. Repeat steps (8, C, D, and E) until all 16 cells are measured. 

a. Sort the data fro the J-16 and calibrated photocell under all steps of illuminance. 

b. Run the SAS program under CMS to find the calibrated function between the values 

read from the J-16 and the data recorded from the cell to be calibrated. 

c. Repeat steps A and B until the calibration functions for all 16 photocells are finished. 

5. Those calibration functions are ready for programming in further study·. 

A/D Converter Card 
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To perform a calibration on the A/D converter card, first power down the host IBM PC, 

and remove the computer's top cover. This premise access to the top edge of the A/D con-

verter card. On This top edge, immediately beside the AD574ak converter, are two 

potentiometers (R1 and R2, see schematic design). R1 is used to perform full scale adjust in 

the following calibration procedure; R2 is used to perform zero adjust in the calibration pro-

cedure. Following is the procedures to calibrate A/D converter card. 

1. Write software, base on the address number of IBM PC, to provide continuous readings 

of each channel and display them on a terminal. 

2. Allow one hour for the entire system to warm up and stabilize before calibration. 

3. Input (1/4096) x 10V = 2.44 mV signal and adjust potentiometer R2 for 1 count on the 

digital output. 

4. Input (4094.5/4096) x 10V = 9.9951V signal and adjust potentiometer R1 for 4095 count 

on the digital output. 

The full scale calibration error is the deviation of the actual level at the last transition 

from the ideal level(9.9951V). This error, which is typically 0.05 to 0.1 % of full scale, can be 

trimmed out by the method which is described in the data book of the Analog Device Com-

pany, page 10-61. The full scale calibration error over temperature is given with and without 

the initial error trimmed out. The temperature coefficients for each grade indicate the maxi-

mum change in the full scale gain from the initial value using the internal 10 volt reference. 
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Program List 
10 REM "TEST AND CALIBRATION CHANNEL 1 TO 16" 
20 CLS: INPUT "GIVE THE NUMBER OF OBSERVATIONS YOU NEED·: KK 
30 DIM A(KK),B(KK),C(KK),D(KK),E(KK),F(KK),G(KK),H(KK),l(KK),J(KK),K(KK),L(KK),M(KK),N(KK),O(KK),P(KK) 
40 OUT 772,227 
so OPEN "b: to.dat" FOR OUTPUT AS #1 
60 "####################################################################### 
70' OPEN THE HARDWARE OF PC 
80' READ AND SAVE THE DATA IN ROM 
90 "####################################################################### 
100 CLS: PRINT "TO START COLLECT DATA, PLEASE PRESS 'ls9"" 
110A$=1NKEY$ 
120 IF A$="9" THEN 130 ELSE GOTO 110 
130 FOR K=1 TO KK 
140 OUT 772,226 
1SOOUT768,0: FORQ=1 T01: NEXTQ 
160 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): A(K)=INT(DM) 
170 OUT 772,230 
180 OUT 768,0: TOTA=TOTA + A(K) 
190 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): B(K)=INT(DM) 
200 OUT 772,234 
210 OUT 768,0: TOTB=TOTB + B(K) 
220 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): C(K)=INT(DM) 
230 OUT 772.238 
240 OUT 768,0: TOTC=TOTC + C(K) 
250 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): D(K)=INT(DM) 
260 OUT 772.242 
270 OUT 768,0: TOTD=TOTD + D(K) 
280 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16).: E(K)=INT(DM) 
290 OUT 772,246 
300 OUT 768.0: TOTE=TOTE + EIK) 
310 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): F(K)=INT(DM) 
320 OUT 772,250 
330 OUT 768,0: TOTF=TOTF + F(K) 
340 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): G(K)=INT(DM) 
350 OUT 772,195 
360 OUT 768,0: TOTG=TOTG + G(K) 
370 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): H(K)=INT(DM) 
380 OUT 772,225 
390 OUT 768,0 : TOTH= TOTH + H( K) 
400 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): l(K)=INT(DM) 
410 OUT 772,229 
420 OUT 768,0 : TOTI= TOTI + l(K) 
430 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): J(K)=INT(DM) 
440 OUT 772,233 
450 OUT 768,0 : TOT J =TOT J + J(K) 
460 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): K(K)=INT(DM) 
470 OUT 772,237 
480 OUT 768,0: TOTK=TOTK + K(K) 
490 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): L(K)=INT(DM) 
500 OUT 772,241 
510 OUT 768,0: TOTL=TOTL + L(K) 
520 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): M(K)=INT(DM) 
530 OUT 772,245 
540 OUT 768,0: TOTM=TOTM + M(K) 
550 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): N(K)=INT(DM) 
560 OUT 772.249 
570 OUT 768,0: TOTN=TOTN + N(K) 
580 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): O(K)=INT(DM) 
590 OUT 772,163 
600 OUT 768,0: TOTO=TOTO + O(K) 
610 DM=INP(768): DL=INP(769): DM=(DM'16)+(DU16): P(K)=INT(DM): TOTP=TOTP + P(K) 
620 NEXT K: PRINT "DATA COLLECTING COMPLETED" 
630"####################################################################### 
640. 
650' PRINT DATA IN SCREEN AND WRITE DATA TO DISK 
660. 
670°####################################################################### 
680 FOR 1=1 TO KK 
690 PRINT USING "#####";A(l);B(l);C(l):D(l):E(l);F(l):G(l):H(l):l(l);J(l);K(l);L(l);M(l);N(l):O(l);P(I) 
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700 PRINT #1, USING "#####":A(l);B(l);C(l):D(l):E(l);F(l);G(l);H(l);l(l);J(l):K(l);L(l);M(l);N(l);O(l);P(I) 
710 NEXT I 
720'######################################################################### 
730' 
740' AVERAGE THE DATA AND CALCULATE THE STANDARD DEVIATION 
750. 
760'######################################################################### 
770 AVA=TOTA/KK: AVB=TCTB/KK: AVC=TOTC/KK: AVD=TOTD/KK: AVE=TOTE/KK 
780 AVF = TOTF/KK : AVG= TOTG/KK : AVH = TOTH/KK : AVI = TOTl/KK : AVJ =TOT J/KK 
790 AVK=TOTK/KK: AVL=TOTUKK: AVM=TOTM/KK: AVN=TOTN/KK: AVO=TOTO/KK: AVP=TOTP/KK 
800 ERA=O: ERB=O: ERC=O: ::RD=O: ERE=O: ERF=O: ERG=O: ERH=O 
810ERl=O: ERJ=O: ERK=O: ERLL=O: ERM=O: ERN=O: ERO=O: ERP=O 
820 FOR J=1 TO KK 
830 ERQA=A(J)-AVA: ERQB=B(J)-AVB: ERQC=C(J)-AVC: ERQD=D(J)-AVD 
840 ERQE=E(J)-AVE: ERQF=F(J)-AVF: ERQG=G(J)-AVG: ERQH=H(J)-AVH 
850 ERQl=l(Jl-AVI: ERQJ=J\J)-AVJ: ERQK=l((J)-AVK: ERQL=L(Jl-AVL 
860 ERQM=M(J)-AVM: ERQN=N(J)-AVN: ERQO=O(J)-AVO: ERQP=P(J)-AVP 
870 E~SA = ERQA c 2 : ERSB = ERQB C 2 : ERSC = ERQC ¢ 2 : ERSD = ERQD ¢ 2 
880 ERSE= ERQE c 2 : ERSF = ERQF c 2 : ERSG = ERQG ¢ 2 : ERSH = ERQH c 2 
890 ERSI = ERQI ¢ 2 : ERSJ = ERQJ c 2 : ERSK = ERQK c 2 : ERSL = ERQL c 2 
900 ERSM = ERQM ¢ 2: ERSN = ERQN € 2 : ERSO= ERQO c 2 : ERSP = ERQP € 2 
910 ERA=ERA+ERSA : ERB=ERB+ERSB : ERC=ERC+ERSC : ERD=ERD+ERSD 
920 ERE=ERE+ERSE : ERF=ERF+ERSF : ERG=ERG+ERSG : ERH=ERH+ERSH 
930ERl=ERl+ERSI: ERJ=ERJ+ERSJ: ERK=ERK+ERSK: ERLL=ERLL+ERSL 
940 ERM=ERM+ERSM : ERN=ERN+ERSN : ERO=ERO+ERSO: ERP=ERP+ERSP 
950 NEXT J 
960 ESA=ERAiKK : ESB=ERB/KK : ESC=ERC/KK : ESD=ERD/KK 
970 ESE=EREtKK : ESF=ERF/KK : ESG=E;:(G/KK : ESH=ERH/KK 
980 ES\= ERl/KK : ESJ = ERJ/KK : ESK = ERK/KK ESL= ERLUKK 
990 ESM=ERM/KK : ESN=ERN/KK : ESO=ERO/KK : ESP=ERP/KK 
10CO SDA=SQR(ESA): SDB=SQR(ESB) : SDC=SQR(ESCl : SDD=SQRIESD) 
1010 SDE=SQR!ESE): SDF=SQR(ESF) : SDG=SQRIESG) : SDH=SQR(ESH) 
1020 SDl=SQR(ESI): SDJ=SQR(ESJ) : SDK=SQR(ESK) : SDL=SQR(ESL) 
1030 SDM=SQR(ESM): SDN=SQR(ESN) : SDO=SQR(ESOl : SDP=SQR(ESP) 
1040 PRINT "THE AVERAGE OF CHANNEL 1 IS----------------:AVA 
1050 PRINT #1, "THE AVERAGE OF CHANNEL 1 IS----------------;AVA 
1060 PRINT "THE STANDARD DEVIATION OF CHANNEL 1 IS -----;SDA 
1070 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 1 IS -----;SDA 
1080 PRINT "THE AVERAGE OF CHA~NEL 2 IS----------------;AVB 
1090 PRINT #1, "THE AVERAGE OF CHANNEL 2 IS----------------;AVB 
1100 PRINT "THE STANDARD DEVIATION OF CHANNEL 2 IS -----:SDB 
1110 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 2 IS ----·:sos 
1120 PRINT "THE AVERAGE OF CHANNEL 3 IS---------------·:AVC 
1130 PRINT #1, "THE AVERAGE OF CHANNEL 3 IS----------------:AVC 
1140 PRINT "THE STANDARD DEVIATION OF CHANNEL 3 IS -----;SDC 
1150 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 3 IS ----·:soc 
1160 PRINT "THE AVERAGE OF CHANNEL 4 IS----------------;AVD 
1170 PRINT #1, "THE AVERAGE OF CHANNEL 4 IS---------------":AVD 
1180 PRINT "THE STANDARD DEVIATION OF CHANNEL 4 IS ----·:soo 
1190 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 4 IS -----;SOD 
1200 PRINT "THE AVERAGE OF CHANNEL 5 IS----------------:AVE 
1210 PRINT #1, "THE AVERAGE OF CHANNEL 5 IS----------------:AVE 
1220 PRINT "THE STANDARD DEVIATION OF CHANNEL 5 IS ----";SOE 
1230 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 5 IS -----;SDE 
1240 PRINT "THE AVERAGE OF CHANNEL 6 IS---------------·;AVF 
1250 PRINT #1, "THE AVERAGE OF CHANNEL 6 IS---------------·:AVF 
1260 PRINT "THE STANDARD DEVIATION OF CHANNEL 6 IS ----·;sDF 
1270 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 6 IS -----;SDF 
1280 PRINT "THE AVERAGE OF CHANNEL 7 IS---------------·:AVG 
1290 PRINT #1, "THE AVERAGE OF CHANNEL 7 IS---------------";AVG 
1300 PRINT "THE STANDARD DEVIATION OF CHANNEL 7 IS ----·:sDG 
1310 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 7 IS ----":SDG 
1320 PRINT "THE AVERAGE OF CHANNEL 8 IS---------------":AVH 
1330 PRINT #1, "THE AVERAGE OF CHANNEL 8 IS----------------:AVH 
1340 PRINT "THE STANDARD DEVIATION OF CHANNEL 8 IS -----:SDH 
1350 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 8 IS -----:SDH 
1360 PRINT "THE AVERAGE OF CHANNEL 9 IS----------------:AVI 
1370 PRINT #1, "THE AVERAGE OF CHANNEL 9 IS---------------·:AVI 
1380 PRINT "THE STANDARD DEVIATION OF CHANNEL 9 IS -----:SDI 
1390 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 9 IS ----":SDI 
1400 PRINT "THE AVERAGE OF CHANNEL 10 IS---------------";AVJ 
1410 PRINT #1, "THE AVERAGE OF CHANNEL 10 IS---------------·:AVJ 
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1420 PRINT "THE STANDARD DEVIATION OF CHANNEL 10 IS -----:SDJ 
1430 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 10 IS -----:SDJ 
1440 PRINT "THE AVERAGE OF CHANNEL 11 IS----------------:AVK 
1450 PRINT #1, "THE AVERAGE OF CHANNEL 11 IS----------------:AVK 
1460 PRINT "THE STANDARD DEVIATION OF CHANNEL 11 IS -----:SOK 
1470 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 11 IS -----:SOK 
1480 PRINT "THE AVERAGE OF CHANNEL 12 IS----------------:AVL 
1490 PRINT #1, "THE AVERAGE OF CHANNEL 12 IS----------------:AVL 
1500 PRINT "THE STANDARD DEVIATION OF CHANNEL 12 IS -----:SOL 
1510 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 12 IS -----:SOL 
1520 PRINT "THE AVERAGE OF CHANNEL 13 IS----------------:AV\1 
1530 PRINT #1, "THE AVERAGE OF CHANNEL 13 IS----------------:AVM 
1540 PRINT "THE STANDARD DEVIATION OF CHANNEL 13 IS -----:SOM 
1550 PRINT #1, "THE STAt-iDARD DEVIATION OF CHANNEL 13 IS -----:SOM 
1560 PRINT "THE AVERAGE OF CHANNEL 14 IS----------------:AVN 
1570 PRINT #1, "THE AVERAGE OF CHANNEL 14 IS----------------:AVN 
1580 PRINT "THE STANDARD DEVIATION OF CHANNEL 14 IS -----:SON 
1590 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 14 IS -----:SON 
1600 PRINT "THE AVERAGE OF CHANNEL 15 IS----------------:AVO 
1610 PRINT #1, "THE AVERAGE OF CHANNEL 15 :s----------------:AVO 
1620 PRINT "THE STANDARD DEVIATION OF CHANNEL 15 IS -----:SDO 
1630 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 15 IS -----:SDO 
1640 PRINT "THE AVERAGE OF CHANNEL 16 IS----------------:AVP 
1650 PRINT #1, "THE AVERAGE OF CHANNEL 16 IS----------------:AVP 
1660 PRINT "THE STANDARD DEVIATION OF CHANNEL 16 IS -----:SOP 
1670 PRINT #1, "THE STANDARD DEVIATION OF CHANNEL 16 IS -----:SOP 
1680 CLOSE #1 
1690 END 
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CASE 1 

DIGITAL CODE 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 252 758 341 507 171 371 381 552 477 355 368 319 358 325 295 287 
2 256 754 339 505 174 368 384 552 479 351 368 320 360 322 297 271 
3 255 757 349 501 170 373 379 552 478 351 369 320 351 323 301 285 
4 251 755 343 507 173 372 379 557 479 351 363 317 359 323 287 283 
5 257 763 336 506 175 369 376 555 479 351 368 315 358 321 287 279 
6 255 762 340 499 175 371 378 552 478 360 369 322 360 320 296 281 
7 264 758 346 504 171 369 381 555 477 351 368 322 361 323 295 287 
8 259 757 344 512 174 371 382 555 479 347 368 322 362 329 295 288 
9 255 753 339 507 174 369 378 557 479 349 365 317 357 324 297 277 

10 258 760 339 500 178 375 376 553 479 351 371 322 360 323 297 285 
11 256' 754 346 504 176 371 379 553 476 351 368 321 360 328 297 275 
12 255 757 341 507 176 371 384 553 478 353 369 322 360 327 299 287 
13 255 755 336 506 177 376 377 560 475 351 368 321 362 329 304 287 
14 257 753 338 508 179 369 377 559 479 351 368 320 360 328 298 287 
15 256 755 338 507 176 373 379 555 479 350 365 320 360 328 305 287 
16 259 756 336 508 173 373 379 558 479 351 363 316 356 321 298 274 
17 255 762 344 497 177 371 377 552 478 351 370 321 360 327 299 287 
18 260 755 339 505 184 369 375 555 479 351 369 318 354 322 301 281 
19 256 760 344 497 176 373 373 552 477 355 368 317 360 321 298 277 
20 257 758 346 504 176 375 380 552 477 351 369 321 361 325 298 289 
21 251 753 338 506 176 370 376 559 478 351 363 315 354 323 300 281 
22 252 761 341 501 176 370 371 552 479 358 367 322 351 326 298 286 
23 264 756 341 506 171 373 379 555 479 351 366 317 355 323 301 281 
24 255 761 341 500 176 371 376 552 479 351 369 320 360 321 298 281 
25 256 759 343 497 176 372 376 552 482 351 369 320 360 321 297 279 
26 251 757 348 505 175 374 382 556 479 351 368 321 360 328 297 283 
27 255 760 335 505 174 370 376 558 477 360 367 315 355 321 301 280 
28 247 757 343 504 175 373 384 553 475 351 370 322 361 324 295 287 
29 260 754 336 509 184 374 378 558 479 351 365 315 355 323 298 285 
30 256 760 335 503 176 371 373 553 485 351 369 318 355 321 300 280 
31 249 756 348 500 174 373 382 555 479 351 365 317 362 328 298 287 
32 255 761 337 504 184 373 376 552 484 360 369 320 351 320 298 281 
33 256 765 340 501 180 373 375 553 479 360 368 320 354 319 298 276 
34 255 759 345 502 176 375 377 552 479 351 370 321 360 327 300 287 
35 247 753 337 506 177 369 375 557 479 351 367 315 357 320 298 289 
36 256 762 339 499 176 376 377 555 483 360 367 320 355 319 295 271 
37 253 760 344 502 176 378 376 552 479 351 370 321 361 325 301 290 
38 255 751 338 503 175 367 376 557 484 355 366 318 351 321 297 281 
39 255 758 346 498 176 376 379 552 475 351 369 322 360 325 296 283 
40 257 757 338 505 167 376 376 556 481 351 369 318 351 321 298 284 
41 251 759 346 500 167 376 381 553 477 351 369 320 360 328 304 287 
42 256 757 346 503 167 376 381 556 475 351 363 320 360 328 302 287 
43 256 751 339 508 177 369 377 558 479 351 362 317 355 319 298 280 
44 254 762 344 497 174 373 380 554 477 351 368 323 359 328 299 287 
45 258 755 337 508 176 372 379 555 479 351 365 317 351 322 297 277 
46 256 759 340 499 181 373 376 554 479 355 368 317 357 320 302 282 
47 255 762 344 504 177 376 381 552 475 351 369 321 359 327 304 279 
48 261 757 340 508 180 370 375 556 479 351 363 320 355 323 298 283 
49 256 763 338 499 177 373 376 552 479 353 367 319 357 323 287 265 
50 258 753 344 505 184 370 378 558 482 351 367 316 360 321 287 280 

Digital Code Footcandles 

THE AVERAGE OF CHANNEL I 5--------------- 255.48 6.226464 

THE AVERAGE OF CHANNEL 2 I 5--------------- 757.6 20.22385 

THE AVERAGE OF CHANNEL 3 I 5--------------- 341.1 27.43341 

THE AVERAGE OF CHANNEL 4 I 5--------------- 503.56 21.22456 

THE AVERAGE OF CHANNEL 5 I 5--------------- 175.7 5.596794 

THE AVERAGE OF CHANNEL 6 I 5--------------- 372.22 6.273486 
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THE AVERAGE OF CHANNEL 7 IS--------------- 377.96 9.943903 

THE AVERAGE OF CHANNEL 8 IS--------------- 554.52 13.64221 

THE AVERAGE OF CHANNEL 9 IS--------------- 478.72 10.18611 

THE AVERAGE OF CHANNEL 10 IS--------------- 352.3 6.459985 

THE AVERAGE OF CHANNEL 11 IS--------------- 367.36 5.978459 

THE AVERAGE OF CHANNEL 12 IS--------------- 319.2 7.065303 

THE AVERAGE OF CHANNEL 13 IS--------------- 357.6 8.01644 

THE AVERAGE OF CHANNEL 14 IS--------------- 323.68 7.156512 

THE AVERAGE OF CHANNEL 15 IS--------------- 297.72 6.355923 

THE AVERAGE OF CHANNEL 16 IS--------------- 282.66 105.9381 

OBSERVATIONS IN FOOTCANDLES 

2 3 4 5 6 7 8 9 10 11 12 13 14 

1 6 087 20 250 27 421 21 532 5 380 6 239 10 070 13 515 10 125 6 543 5 996 7 058 8.031 7 195 6 263 108.101 
2 6 247 19 994 27 177 21 353 5 518 6 155 10 195 13 515 10.196 6 420 5 996 7 095 8 105 7 107 6 331 100 199 
3 6 207 20 185 28 408 20 998 5 334 6 296 9 987 13 515 10 161 6 420 6 022 7 095 7777 7 137 6 469 107.103 
4 6 047 20 057 27 666 21 532 5 472 6 267 9 987 13 768 10 196 6 420 5 862 6 984 8 068 7.137 5 992 106 107 
5 6 288 20 573 26 813 21 442 5 564 6 183 9 864 13 667 10 196 6 420 s 990 6 911 8 031 7 078 5 992 104 124 
6 6 207 20 509 27 299 20 822 5 5o4 6 239 9 ':l-1" -•0 13 515 10 161 6 697 6 022 7 169 9.105 7 049 6.297 105 114 
7 6 574 20 250 29 036 21.264 5 380 6 163 10 070 13 667 10 125 6 ~20 5 00" --o 7 169 9 141 7 137 6 263 109 101 
8 6 309 20 195 27 789 21 983 5 518 6 239 10 111 13 667 10 196 6 299 5 00" .-0 7 169 8 179 7.313 6 263 108 €02 
9 6 207 19 930 27 177 21.532 5 518 6 183 9 ~46 13 768 10 196 6 360 5 915 6 984 7 994 7 166 6 331 103 136 

10 6 328 20 378 27 177 20 910 5 704 6 352 9 864 13 565 10 196 6 420 6 076 7 169 8 105 7.137 6 331 107 103 
11 6 247 19 994 29 036 21 264 5611 6 239 9 987 13 565 10 090 6 420 s 996 7 132 8 105 7 294 6 331 102.151 
12 6 207 20 185 27 421 21 532 5 611 6 239 10 195 13 565 10 161 0 481 6 022 7 169 8 105 7.254 6 400 108.101 
13 6 207 20 057 26 813 21 442 5 658 6 381 9 905 13 923 10 056 6 420 5 996 7 122 8 178 7.313 6 574 108 101 
14 6 288 19 930 27 055 21 621 5 752 6 183 9 905 13 871 10 196 6 420 5 996 7 095 8 105 7 294 6 366 108 101 
15 62-17 20 057 27 055 21 532 5 611 6 296 9 987 13 067 10 196 6 3JO 5 915 7 095 8 105 7 284 6 609 108 101 
16 6 369 20 121 26 813 21 621 5.472 6 296 9 987 13 820 10 1?6 6 420 5 862 6 947 7 959 7 078 6 366 101 660 
17 6 207 20 508 27 789 20 647 5 658 6 239 9 905 13 515 10 161 6 420 6N9 7 132 8 105 7 254 6.400 108 101 
18 6 410 20 057 27 177 21 353 5 939 6 183 9 923 13 667 10 196 6 420 6 022 7 021 7 885 7.107 6 469 105 114 
19 6 247 20 378 27 789 20 647 5 611 6 290 9 742 13 515 10 125 6 543 5 996 6 984 8 105 7 078 6.366 103.136 
20 6 288 20 250 28 036 21264 5.611 6 352 10 028 13 515 10 125 6 420 6 022 7.132 8 141 7.195 6 366 109 103 
21 6 047 19 930 27 055 21 4J2 5 611 6 211 9 864 13 871 10 161 6 420 5 862 6 911 7 885 7137 6 435 105 114 
22 6 087 20 443 27 421 20 998 5 611 6 211 9 662 13 515 10 196 6 635 5 969 7 169 7 777 7 225 6 366 107 602 
23 6 574 20 121 27 421 21 442 5 380 6 296 9 987 13 667 10 196 6 420 5N2 6 984 7 922 7 137 6 469 105.114 
24 6 207 20 443 27 421 20 910 5 611 6 239 9.864 13 515 10 190 6 420 6 022 7 095 8 105 7 078 6 366 105 114 
25 6 247 20 314 27 666 20.647 5 611 6 267 9 864 13 515 10 303 6.420 6 022 7 095 9.105 7 078 6 331 104.124 
26 6 047 20 185 28 283 21.353 5 564 6 324 10 111 13 717 10 196 6 420 5 996 7 132 8 105 7 284 6 331 106.107 
27 6 207 20 378 26 692 21 353 5 518 6.211 9 864 13 820 10 125 6 697 5 969 6.911 7 922 7.079 6 469 104.618 
28 5 989 20 195 21 6c6 21 264 5 564 6 296 10 195 13 565 10 056 6 420 6 049 7 169 8 141 7 166 6 263 108.101 
29 6 410 19 994 26 813 21.711 5 989 6 324 9.946 13 820 10.196 6 420 5 915 6 911 7 922 7 137 6 366 107 103 
30 6247 20 378 26 692 21 175 5 611 6.239 9 742 13 565 10 411 6.420 6 022 7 021 7.922 7 078 6 435 104 618 
31 5 968 20.121 28 283 20 910 5 518 6 296 10.111 13 667 10 196 6 420 5 915 6 984 8 178 7 284 6 366 108.101 
32 6.207 20 443 26 934 21.264 5 989 6 296 9 964 13 515 10 375 6 697 6 022 7.095 7 777 7 049 6 366 105 114 
33 6.247 20 703 27 299 20.998 5 799 6 296 9 823 13 565 10 196 6 697 5 996 7 095 7 885 7.020 6 366 102 643 
34 6 207 20 314 27 912 21 086 5 611 6 352 9 905 13 515 10 196 6 420 6 049 7 132 8 105 7 254 6 435 108.101 
35 5.889 19.930 26 934 21.442 5 658 6 183 9 823 13 768 10 196 6 420 5 969 6 911 7 984 7 049 6.366 109.103 
36 6 247 20.508 27. 177 20 822 5 611 6 381 9 905 13 667 10 339 6 697 5 969 7 095 7 922 7 020 6 263 100 189 
37 6 127 20 378 27 789 21 086 5 611 6 438 9 8€4 13 515 10 196 G 420 6 049 7 132 8 141 7 195 6 469 109.604 
38 6 207 19 804 27 055 21 175 5 564 6 127 9 864 13 769 10 375 6 543 5 942 7 021 7 777 7 078 6331105114 
39 6.207 20 250 28 036 20 734 5 611 6 381 9 987 13 515 10 056 6 420 6 022 7 169 8 105 7 195 6 297 106.107 
40 6.288 20 185 27 055 21 353 5 1~8 6 381 9 864 13 717 10 267 6 420 6 022 7 021 7777 7 078 6.366 106.605 
41 6 047 20 314 28 036 20 910 5 199 6 381 10 070 13 565 10 125 6 420 6 022 7 095 8.105 7 284 6 574 109 101 
42 6 247 20 185 28.036 21 175 5 198 6 381 10 070 13 717 10.056 6 420 5.862 7 095 9 105 7 284 6 504 108 101 
43 6.247 19 804 27.177 21 621 5 658 6 183 9 905 13 820 10 196 6.420 5 83'3 6.984 7 922 7 020 6.366 104 618 
44 6167 20.508 27 789 20 647 5 518 6 296 10 028 13 616 10 125 6 420 5 996 7 207 8 069 7 284 6.400 109 101 
45 6 328 20 057 26.934 21 621 5 611 6.267 9.987 13 667 10 196 6 420 5 915 6 984 7.777 7 107 6 331 103 136 
46 6 247 20 314 27 299 20 822 5 946 6 296 9 964 13 616 10.196 6 543 5 996 6 984 7.994 7 049 6.504 105 610 
47 6 207 20 508 27. 789 21 264 5 658 6 381 10 070 13 515 10 056 6 420 6 022 7 132 8 068 7 254 6 574 104 124 
46 6.451 20.185 27.299 21.621 5.799 6.211 9.823 13.717 10.196 6 420 5 862 7 095 7.922 7.137 6.366 106. 107 
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49 6 247 20 573 27 055 20 822 5 658 6.296 9 864 13 515 10 196 6 481 5 969 7 058 7 994 7 137 5 992 107 103 
50 6 328 19.930 27 789 21.353 5 989 6.211 9 946 13.820 10.303 6 420 5 909 6 947 8 105 7 078 5 992 104 618 

INPUT DATA 

DIFFUSE DAYLIGHT AVAILABILITY IS 105.9381 FOODCANDLE 
TRANSMISSION FACTOR OF THE WINDOW IS 1 
THE DEPTH OF THE ROOM IS 15 FEET 
THE WIDTH OF THE ROOM IS 26 FEET 
THE HEIGHT OF THE ROOM IS 12 FEET 
THE DISTANCE BETWEEN THE LEFT EDGE OF THE WINDOW AND THE LEFT WALL IS 7 FEET 
THE DISTANCE BETWEEN THE RIGHT EDGE OF THE WINDOW AND THE RIGHT WALL IS 7 FEET 
THE DISTANCE BETWEEN THE UPPER EDGE OF THE WINDOW AND THE CEILING IS 2 FEET 
THE DISTANCE BETWEEN THE LOWER EDGE OF THE WINDOW AND THE FLOOR IS 4 FEET 
THE REFLECTANCE OF THE EXTERIOR GROUND IS .31 
THE REFLECTANCE OF THE l~<TERIOR SURFACES ARE 

LEFT WALL------ .51 BACK WALL------ .51 
RIGHT WALL----- .51 WINDOW WALL---- .51 
CEILING-------- .76 FLOOR---------- .06 

--------------------------------------------------------------------------------

OUTPUT DATA 

Ext er Inter- Total 
p X-axis Y-axis Z-ax1s Area Direct Reflec Received 

to p to p at p 

1 0.0000 0.0000 2.5000 2.1667 0.9874 0.8289 1.8164 
2 0.0000 2.6000 2.5000 2.1667 1.3116 1.9983 3.3099 
3 0.0000 5.2000 2.5000 2.1667 1.6715 1.6979 3.3694 
4 0.0000 7.8000 2.5000 2.1667 2.0111 1.6029 3.6141 
5 0.0000 10.4000 2.5000 2.1667 2.2571 1.5742 3.8313 
6 0.0000 13.0000 2.50CO 2.1667 2.3472 1.5683 3.9155 
7 0.0000 15.6000 2.5000 2.1667 2.2571 1.5742 3.83 1 3 
8 0.0000 18 2000 2.5000 2.1667 2.0111 1.6029 3.6141 
9 0.0000 20.8000 2.5000 2.1667 1.6715 1.6979 3.3694 

10 0.0000 23.4000 2.5000 2.1667 1.3116 1.9983 3.3099 
11 0.0000 26.0000 2.5000 2.1667 0.9874 0.8289 1.8164 
12 0.8333 0.0000 2.5000 2.1667 1.0638 2.8618 3.9255 
13 0.8333 2.6000 2.5000 2.1667 1.4409 5.4761 6.9170 
14 0.8333 5.2000 2.5000 2.1667 1.8694 5.9152 7.7846 
15 0.8333 7.8000 2.5000 2.1667 2.2810 6.6884 8.9694 
16 0.8333 10.4000 2.5000 2.1667 2.5824 7.4394 10.0219 
17 0.8333 13.0000 2.5000 2.1667 2.6933 7.7622 10.4554 
18 0.8333 15.6000 2.5000 2.1667 2.5824 7.4394 10.0219 
19 0.8333 18.2000 2.5000 2.1667 2.2810 6.6884 8.9694 
20 0.8333 20.8000 2.5000 2.1667 1.8694 5.9152 7.7846 
21 0.8333 23.4000 2.5000 2.1667 1.4408 5.4761 6.9170 
22 0.8333 26.0000 2.5000 2.1667 1.0638 2.8618 3.9255 
23 1.6667 0.0000 2.5000 2.1667 1.1443 2.5544 3.6987 
24 1.6667 2.6000 2.5000 2.1667 1.5836 4.9422 6.5258 
25 1.6667 5.2000 2.5000 2.1667 2 0957 5.0450 7.1408 
26 1.6667 7.8000 2.5000 2.1667 2.5973 5.3933 7.9906 
27 1.6667 10.4000 2.5000 2.1667 2.9686 5.7035 8.6720 
28 1.6667 13.0000 2.5000 2.1667 3.1057 5.8253 8.9310 
29 1.6667 15.6000 2.5000 2.1667 2.9686 5.7035 8.6720 
30 1.6667 18.2000 2.5000 2.1667 2.5973 5.3933 7.9906 
31 1.6667 20.8000 2.5000 2.1667 2.0957 5.0450 7.1408 
32 1.6667 23.4000 2.5000 2.1667 1.5836 4.9422 6.5258 
33 1.6667 26.0000 2.5000 2.1667 1.1443 2.5544 3.6987 
34 2.5000 0.0000 2.5000 2.1667 1.2285 2.3137 3.5422 
35 2.5000 2.6000 2.5000 2.1667 1.7405 4.5667 6.3072 
36 2.5000 5.2000 2.5000 2.1667 2.3549 4.4842 6.8391 
37 2.5000 7.8000 2.5000 2.1667 2.9693 4.6759 7.6452 
38 2.5000 10.4000 2.5000 2.1667 3.4292 4.8642 8.2934 
39 2.5000 13.0000 2.5000 2.1667 3.5998 4.9386 8.5384 
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40 2.5000 15.6000 2.5000 2.1667 3.4292 4.8642 8.2934 
41 2.5000 18.2000 2.5000 2.1667 2.9693 4.6759 7.6452 
42 2.5000 20.8000 2.5000 2.1667 2.3549 4.4842 6.8391 
43 2.5000 23.4000 2.5000 2.1667 1.7405 4.5667 6.3072 
44 2.5000 26.0000 2.5000 2.1667 1.2285 2.3137 3.5422 
45 3.3333 0.0000 2.5000 2. ~667 1.3151 2.1436 3.4587 
46 3.3333 2.6000 2.5000 2.1667 1.9122 4.3283 6.2405 
47 3.3333 5.2000 2.5000 2.1667 2.6517 4.1206 6.7723 
48 3.3333 7.8000 2.5000 2.1667 3.4083 4.2242 7 6325 
49 3.3333 10.4000 2.5000 2.1667 3.9813 4.3534 8.3347 
50 3.3333 13.0000 2.5000 2.1667 4.1944 4.4065 8.6009 
51 3.3333 15.6000 2.5000 2.1667 3.9813 4.3534 8.3347 
52 3.3333 18.2000 2.5000 2.1667 3.4083 4.2242 7.6325 
53 3.3333 20.8000 2.5000 2.1667 2.6517 4.1206 6.i723 
54 3.3333 23.4000 2.5000 2.1667 1.9122 4.3283 6.2405 
55 3.3333 26.0000 2.5000 2.1667 1.3151 2.1436 3.4587 
56 4.1667 0.0000 2.5000 2.1667 1.4022 2.0207 3.4229 
57 4.1667 2.6000 2.5000 2.1667 2.0933 4.1721 6.2704 
58 4.1667 5.2000 2.5000 2.1667 2.9913 3.8725 6.8638 
59 4.1667 7.8000 2.5000 2.1667 3.9283 3.9157 7.8440 
60 4.1667 10.4000 2.5000 2.1667 4.6459 4.0073 8.6532 
61 4.1667 13.0000 2.5000 2.1667 4.9134 4.0472 8.9606 
62 4.1667 15.6000 2.5000 2.1667 4.6459 4.0073 8.6532 
63 4.1667 18.2000 2.5000 2.1667 3.9283 3.9157 7.8440 
64 4.1667 20.8000 2.5000 2.1667 2.9913 3.8725 6.8638 
65 4.1667 23.4000 2.5000 2.1667 2.0983 4.1721 6.2704 
66 4.1667 26.0000 2.5000 2.1667 1.4022 2.0207 3.4229 
67 5.0000 0.0000 2.5000 2.1667 1.487 4 1.9288 3.4162 
68 5.0000 2.6000 2.5000 2.1667 2.2975 4 0632 6.3607 
69 5.0000 5.2000 2.5000 2.1667 3.3791 3.6954 7.0745 
70 5.0000 7.8000 2.5000 2.1667 4.5460 3.6952 8.2412 
71 5.0000 10.4000 2.5000 2.1667 5.4493 3.7607 9.2100 
72 5.0000 13.0000 2.5000 2.1667 5. 7861 3.7917 9.5778 
73 5.0000 15.6000 2.5000 2.1667 5.4493 3.7607 9.2100 
74 5.0000 18.2000 2.5000 2.1667 4.5460 3.6952 8.2412 
75 5.0000 20.8000 2.5000 2.1667 3.3791 3.6954 7.0745 
76 5.0000 23.4000 2.5000 2.1667 2.2975 4.0632 6.3607 
77 5.0000 26.0000 2.5000 2.1667 1.4874 1.9288 3.4162 
78 5.8333 0.0000 2.5000 2.1667 1.5669 1.8582 3.4250 
79 5.8333 2.6000 2.5000 2.1667 2.5068 3.9817 6.4885 
80 5.8333 5.2000 2.5000 2.1667 3.8199 3.5638 7.3837 
81 5.8333 7.8000 2.5000 2.1667 5.2814 3.5327 8.8141 
82 5.8333 10.4000 2.5000 2.1667 6.4236 3.5801 10.0036 
83 5.8333 13.0000 2.5000 2.1667 6.8484 3.6049 10.4533 
84 5.8333 15.6000 2.5000 2.1667 6.4236 3.5801 10.0036 
85 5.8333 18.2000 2.5000 2.1667 5.2814 3.5327 8.8141 
86 5.8333 20.8000 2.5000 2.1667 3.8199 3.5638 7.3837 
87 5.8333 23.4000 2.5000 2.1667 2.5068 3.9817 6.4885 
88 5.8333 26.0000 2.5000 2.1667 1.5669 1.8582 3.4250 
89 6.6667 0.0000 2.5000 2.1667 1.6356 ' '1030 3.4385 
90 6.6667 2.6000 2.5000 2.1667 2.7206 ; J143 6.6349 
91 6.6667 5.2000 2.5000 2.1667 4.3171 3.4622 7.7793 
92 6.6667 7.8000 2.5000 2.1667 6.1578 3.4102 9.5680 
93 6.6667 10.4000 2.5000 2.1667 7.6076 3.4454 11.0530 
94 6.6667 13.0000 2.5000 2.1667 8.1433 3.4661 11.6094 
95 6.6667 15.6000 2.5000 2.1667 7.6076 3.4454 11.0530 
96 6.6667 18.2000 2.5000 2.1667 6.1578 3.4102 9.5680 
97 6.6667 20.8000 2.5000 2.1667 4.3171 3.4622 7.7793 
98 6.6667 23.4000 2.5000 2.1667 2.7206 3.9143 6.6349 
99 6.6667 26.0000 2.5000 2.1667 1.6356 1.8030 3.4385 

100 7.5000 0.0000 2.5000 2.1667 1.6869 1.7595 3.4464 
101 7.5000 2.6000 2.5000 2.1667 2.9294 3.8526 6.7821 
102 7.5000 5.2000 2.5000 2.1667 4.8707 3.3805 8.2512 
103 7.5000 7.8000 2.5000 2.1667 7 .2018 3.3161 10.5179 
104 7 .5000 10.4000 2.5000 2.1667 9.0471 3.3439 12.3910 
105 7 .5000 13.0000 2.5000 2.1667 9.7204 3.3621 13.0825 
106 7 .5000 15.6000 2.5000 2.1667 9.0471 3.3439 12.3910 
107 7 .5000 18.2000 2.5000 2.1667 7.2018 3.3161 10.5179 
108 7.5000 20.8000 2.5000 2.1667 4.8707 3.3805 8 2512 
109 7 .5000 23.4000 2.5000 2.1667 2.9294 3.8526 6.7821 
110 7 .5000 26.0000 2.5000 2.1667 1.6869 1.7595 3.4464 
111 8.3333 0.0000 2.5000 2.1667 1.7125 1.7254 3.4379 
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112 8.3333 2.6000 2.5000 2.1667 3.1164 3.7899 6.9063 
113 6.3333 5.2000 2.5000 2.1667 5.4739 3.3123 6.7661 
114 8.3333 7.6000 2.5000 2.1667 6.4415 3.2430 11.6646 
115 6.3333 10.4000 2.5000 2.1667 10.7926 3.2672 14.0596 
116 8.3333 13.0000 2.5000 2.1667 11.6325 3.2642 14.9166 
117 8.3333 15.6000 2.5000 2.1667 10.7926 3.2672 14.0596 
116 6.3333 16.2000 2.5000 2.1667 6.4415 3.2430 11.6646 
119 6.3333 20.6000 2.5000 2.1667 5.4739 3.3123 6. 7861 
120 8.3333 23.4000 2.5000 2.1667 3.1184 3.7899 6.9063 
121 6.3333 26.0000 2.5000 2.1667 1.7125 1.7254 3.4379 
122 9.1667 0.0000 2.5000 2.1667 1.7024 1.6994 3.4016 
123 9.1667 2.6000 2.5000 2.1667 3.2649 3.7224 6.9673 
124 9.1667 5.2000 2.5000 2.1667 6.1070 3.2536 9.3608 
125 9.1667 7.6000 2.5000 2.1667 9.9029 3.1663 13.0692 
126 9.1667 10.4000 2.5000 2.1667 12.8934 3.2102 16.1036 
127 9.1667 13.0000 2.5000 2.1667 13.9266 3.2269 17 .1535 
126 9.1667 15.6000 2.5000 2.1667 12.8934 3.2102 16.1036 
129 9.1667 16.2000 2.5000 2.1667 99029 3.1863 13.0892 
130 9.1667 20.8000 2.5000 2.1667 6.1070 3.2536 9.3608 
131 9.1667 23.4000 2.5000 2.1667 3.2649 3.7224 6.9873 
132 9.1667 26.0000 2.5000 2.1667 1. 7024 1.6994 3.4016 
133 10.0000 0.0000 2.5000 2.1667 1.6454 1.6612 3.3267 
134 10.0000 2.6000 2.5000 2.1667 3.3369 3.6475 6.9843 
135 10.0000 5.2000 2.5000 2.1667 6.7276 3.2036 9.9312 
136 10.0000 7.6000 2.5000 2.1667 11.5999 3.1439 14.7436 
137 10.0000 10.4000 2.5000 2.1667 15.3817 3.1703 16.5520 
136 10.0000 13.0000 2.5000 2.1667 16.6234 3.1675 19.6109 
139 10.0000 15.6000 2.5000 2.1667 15.3817 3.1703 16.5520 
140 10.0000 18.2000 2.5000 2.1667 11.59Cl9 3.1439 14.7436 
141 10.0000 20.6000 2.5000 2.1667 6.7276 3.2036 9.9312 
142 10.0000 23.4000 2.5000 2.1667 3.3369 3.6475 6.9843 
143 10.0000 26.COOO 2.5000 2.1667 1.6454 1.6812 3.3267 
144 10.8333 0.0000 2.5000 2.1667 1.5306 1.6716 3.2022 
145 10.8333 2.6000 2.5000 2.1667 3.2916 3.5663 6.8579 
146 10.8333 5.2000 2.5000 2.1667 7.2520 3.1627 10.4147 
147 10.8333 7.8000 2.5000 2.1667 13.5125 3.1161 16.6287 
146 10.8333 10.4000 2.5000 2.1667 18.2329 3.14 71 21.3800 
149 10.8333 13.0000 2.5000 2.1667 19.6703 3.1656 22 .8359 
150 10.8333 15.6000 2.5000 2.1667 16.2329 3.1471 21.3800 
151 10.8333 18.2000 2.5000 2.1667 13.5125 3.1161 16.6287 
152 10.6333 20.6000 2.5000 2.1667 7.2520 3.1627 10.4147 
153 10.8333 23.4000 2.5000 2.1667 3.2916 3.5663 6.8579 
154 10.8333 26.0000 2.5000 2.1667 1.5306 1.6716 3.2022 
155 11.6667 0.0000 2.5000 2.1667 1.3467 1.6726 3.02 1 5 
156 11.6667 2.6000 2.5000 2.1667 3.0780 3.4831 6.5611 
157 11.6667 5.2000 2.5000 2.1667 7.5275 3.1352 10.6627 
158 11.6667 7.6000 2.5000 2.1667 15.5293 3.1063 18.6356 
159 11.6667 10.4000 2.5000 2.1667 21.2656 3.1440 24.4096 
160 11.6667 13.0000 2.5000 2.1667 22.8329 3.1643 25.9972 
161 11.6667 15.6000 2.5000 2.1667 21.2656 3.1440 24.4096 
162 11.6667 16.2000 2.5000 2.1667 15.5293 3.1063 18.6356 
163 11.6667 20.8000 2.5000 2.1667 7.5275 3.1352 10.6627 
164 11.6667 23.4000 2.5000 2.1667 3.0760 3.4631 6.5611 
165 11.6667 26.0000 2.5000 2.1667 1.3467 1.6726 3.0215 
166 12.5000 0.0000 2.5000 2.1667 1.0959 1.6892 2. 7851 
167 12.5000 2.6000 2.5000 2.1667 2.6456 3.4097 6.0553 
166 12.5000 5.2000 2.5000 2.1667 7.2909 3.1304 10.4213 
169 12.5000 7.6000 2.5000 2.1667 17 .2636 3.1234 20.4071 
170 12.5000 10.4000 2.5000 2.1667 23.6772 3.1703 27.0475 
171 12.5000 13.0000 2.5000 2.1667 25.4265 3.1934 26.6219 
172 12.5000 15.6000 2.5000 2.1667 23.8772 3.1703 27.0475 
173 12.5000 16.2000 2.5000 2.1667 17 .2836 3.1234 20.4071 
174 12.5000 20.6000 2.5000 2.1667 7.2909 3.1304 10.4213 
175 12.5000 23.4000 2.5000 2.1667 2.6456 3.4097 6.0553 
176 12.5000 26.0000 2.5000 2.1667 1.0959 1.6692 2.7651 
177 13.3333 0.0000 2.5000 2.1667 0.7759 1.7279 2.5036 
178 13.3333 2.6000 2.5000 2.1667 1.9644 3.3657 5.3301 
179 13.3333 5.2000 2.5000 2.1667 6.1430 3.1671 9.3101 
160 13.3333 7.6000 2.5000 2.1667 17 .6360 3.1903 20.6263 
181 13.3333 10.4000 2.5000 2.1667 24.3177 3.2540 27 .5717 
162 13.3333 13.0000 2.5000 2.1667 25.6205 3.2630 26.9035 
183 13.3333 15.6000 2.5000 2.1667 24.3177 3.2540 27.5717 
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184 13.3333 18.2000 2.5000 2.1667 17.6360 3.1903 20.8263 
185 13.3333 20.8000 2.5000 2.1667 6.1430 3.1671 9.3101 
186 13.3333 23.4000 2.5000 2.1667 1.9644 3.3657 5.3301 
187 13.3333 26.0000 2.5000 2.1667 0.7759 1.7279 2.5038 
188 14.1667 0.0000 2.5000 2.1667 0.4027 1.7870 2.1898 
189 14.1667 2.6000 2.5000 2.1667 1.0533 3.3650 4.4182 
190 14.1667 5.2000 2.5000 2.1667 3.6703 3.2722 6.9426 
191 14.1667 7.8000 2.5000 2.1667 13.3006 3.3681 16.6688 
192 14.1667 10.4000 2.5000 2.1667 18.0925 3.4978 21.5903 
193 14.1667 13.0000 2.5000 2.~667 18.8730 3.5560 22.4290 
194 14.1667 15.6000 2.5000 2.1667 18.0925 3.4978 21.5903 
195 14.1667 18.2000 2.5000 2.1667 13.3006 3.3681 16.6688 
196 14.1667 20.8000 2.5000 2.1667 3.6703 3.2722 6.9426 
197 14.1667 23.4000 2.5000 2.1667 1.0533 3.3650 4.4182 
198 14.1667 26.0000 2.5000 2.1667 0.4027 1.i870 2.1898 
199 15.0000 0.0000 2.5000 2.1667 0.0000 0.9999 0.9999 
200 15.0000 2.6000 2.5000 2.1667 0.0000 2.0493 2.0493 
201 15.0000 5.2000 2.5000 2.1667 0.0000 1.8841 1.8841 
202 15.0000 7.8000 2.5000 2.1667 0.0000 1.8'124 1.8424 
203 15.0000 10.4000 2.5000 2.1667 0.0000 1.8257 1.8257 
204 15.0000 13.0000 2.5000 2.1667 0.0000 1.7886 1.7886 
205 15.0000 15.6000 2.5000 2.1667 0.0000 1.7103 1.7103 
206 15.0000 18.2000 2.5000 2.1667 0.0000 1.5873 1.5873 
207 15.0000 20.8000 2.5000 2.1667 0.0000 1.4284 1.4284 
208 15.0000 23.4000 2.5000 2.1667 0.0000 1.2488 1.2488 
209 15.0000 26.0000 2.5000 2.1667 0.0000 1.0654 1.0654 
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CASE 2 

DIGITAL CODE 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 311 791 350 517 220 446 427 589 528 422 449 379 412 385 359 287 
2 319 793 345 517 220 447 415 593 527 415 448 374 410 386 361 282 
3 320 795 346 518 222 439 419 592 528 415 448 379 413 386 359 284 
4 311 787 352 519 213 446 422 595 523 414 448 377 411 386 359 283 
5 314 796 348 511 225 450 418 592 528 415 450 379 413 385 358 282 
6 314 787 357 520 211 445 426 594 523 415 447 371 414 385 362 284 
7 315 798 347 511 217 448 418 592 525 411 446 376 411 384 362 281 
8 311 793 346 511 218 448 419 593 528 415 445 376 410 386 355 282 
9 312 796 348 511 217 448 419 589 529 415 450 378 410 377 351 273 

10 313 792 355 514 213 449 426 592 522 415 451 378 414 385 357 287 
11 3d7 792 345 520 218 443 422 592 523 415 447 375 4C9 384 354 282 
12 311 794 347 515 217 446 415 589 528 415 447 375 406 384 361 282 
13 315 797 351 510 215 450 421 585 523 424 451 379 410 384 349 275 
14 311 792 359 515 207 452 426 592 523 415 450 379 411 386 351 285 
15 317 791 346 515 222 447 422 594 528 415 443 374 411 386 362 279 
16 3C9 798 351 511 221 447 419 586 519 415 451 379 411 384 351 279 
17 313 794 354 520 218 448 427 587 519 415 450 378 413 386 360 285 
18 314 791 348 517 215 447 418 592 528 413 443 371 407 384 360 287 
19 320 787 343 519 218 447 422 592 523 415 443 374 411 385 351 283 
20 320 795 346 515 220 446 422 591 523 415 448 379 413 386 355 282 
21 320 788 350 517 213 439 422 592 526 415 447 375 410 386 360 281 
22 317 797 356 511 225 449 420 586 523 415 447 379 413 384 353 277 
23 309 791 356 520 215 447 426 592 522 415 451 378 415 387 357 271 
24 307 792 355 513 213 450 426 594 523 414 448 378 415 387 360 287 
25 316 793 346 519 217 446 415 592 528 415 450 371 412 384 362 285 
26 314 794 357 513 213 449 426 592 522 415 451 378 413 386 362 279 
27 315 792 346 5~9 218 446 419 591 529 419 450 375 407 378 351 275 
28 307 792 356 516 215 447 427 592 524 415 450 379 411 387 358 287 
29 320 790 347 520 216 448 425 591 523 414 447 371 407 385 351 279 
30 311 794 350 511 218 450 419 587 525 415 449 378 409 383 351 283 
31 3C5 790 351 518 213 446 423 593 526 413 442 373 411 378 357 273 
32 305 795 352 512 218 442 415 591 523 415 449 375 408 378 350 281 
33 306 789 353 515 218 451 426 590 521 415 446 375 410 385 359 281 
34 310 794 346 511 224 447 419 591 523 415 443 375 409 384 351 282 
35 312 789 344 511 217 443 419 590 525 415 447 371 408 379 351 272 
36 312 794 352 510 213 449 419 585 521 415 451 379 411 384 350 279 
37 313 790 355 515 215 449 424 592 517 415 447 376 413 386 359 283 
38 315 791 346 512 220 442 415 593 528 411 448 376 411 386 360 284 
39 314 795 347 511 221 449 419 587 523 419 451 377 411 384 351 277 
40 305 790 354 520 214 447 425 591 523 415 443 376 413 384 368 286 
41 314 791 348 517 214 443 419 593 529 415 448 371 411 384 361 279 
42 311 791 347 514 215 447 420 589 527 418 449 376 411 381 351 282 
43 316 790 356 517 213 447 423 593 523 414 443 371 410 378 354 278 
44 307 798 354 509 217 449 423 587 521 415 447 379 412 386 368 281 
45 312 788 346 520 213 448 423 591 521 414 446 375 410 384 360 287 
46 315 791 346 513 220 447 415 588 528 418 448 375 408 386 351 281 
47 311 793 354 509 218 451 422 586 521 414 451 384 413 379 361 281 
48 314 791 354 517 215 439 422 593 526 415 446 374 407 380 360 280 
49 312 796 356 511 221 449 424 590 519 415 450 379 414 389 358 282 
50 311 794 346 513 215 448 422 593 528 415 443 374 411 386 355 279 

Digital code Footcandles 

THE AVERAGE OF CHANNEL 1 I 5--------------- 312.66 8.733468 

THE AVERAGE OF CHANNEL 2 I 5--------------- 792.44 = 22.55093 

THE AVERAGE OF CHANNEL 3 I 5--------------- 350.2 28.55699 

THE AVERAGE OF CHANNEL 4 I 5--------------- 514.8 22.23839 

THE AVERAGE OF CHANNEL 5 15--------------- 216.88 7.658163 
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THE AVERAGE OF CHANNEL 6 IS--------------- 446.86 8.553894 

THE AVERAGE OF CHANNEL 7 IS--------------- 421.3 11.89579 

THE AVERAGE OF CHANNEL 8 IS--------------- 590.72 15.58967 

THE AVERAGE OF CHANNEL 9 IS--------------- 524.32 11.95169 

THE AVERAGE OF CHANNEL 1 0 IS--------------- 415.24 8.516497 

THE AVERAGE OF CHANNEL 11 IS--------------- 447.66 8.311368 

THE AVERAGE OF CHANNEL 12 IS--------------- 376.06 9.164115 

THE AVERAGE OF CHANNEL 13 IS--------------- 410.88 9.9088 

THE AVERAGE OF CHANNEL 14 IS--------------- 384.04 8.980862 

THE AVERAGE OF CHANNEL 15 IS--------------- 356.74 8.539268 

THE AVERAGE OF CHANNEL 16 IS--------------- 281.12 105.1735 

OBSERVATIONS IN FOOTCANDLES 

2 3 4 5 6 7 8 9 10 11 12 13 14 

1 8 655 22 451 28 532 22 440 7 826 8 526 12 178 15.492 12 107 8 754 8 353 9 278 9 953 9 008 8 629 108.101 
2 9 037 22 590 27 912 22 440 7 826 8 558 11 591 15 720 12 065 8 503 8 322 9 233 9 874 9 037 8 709 105 610 
3 9 095 22 729 28 036 22 533 7 934 8 298 11 784 15 663 12 107 8 508 8 322 9 278 9.992 9 037 8 629 106 605 
4 8 655 22.176 28. 782 22 625 7 452 8 526 11 930 15 835 11 896 8 473 8 322 9 200 9 914 9 037 8.629 106 107 
5 8 797 22 799 28 293 21 8)2 0 o"a 8 657 11 735 15 663 12 107 8 508 8 385 9 278 9.992 9 008 8.589 105 610 
6 8 797 22. 176 29 410 22 718 7 346 8 493 12 128 15 777 11 896 9 508 8 291 9 107 10 032 9.008 8 749 1C6 605 
7 8 845 22 939 28 159 21 892 7 665 8 591 11 735 15 663 11 980 8 3i39 8 259 9 162 9 914 8 980 8 749 105 114 
8 8 655 22 590 28 036 21 892 7 718 8 591 11 784 15 720 12 107 8 508 8 228 9 162 9 874 9 037 8.471 105 610 
9 8 702 22 799 28 283 21 892 7 665 8 591 11 784 : 5 492 12 150 8 508 8 395 9 239 9 974 8.782 8 314 101 169 
10 8 750 22 520 29. 158 22 165 7 452 8 624 12. 128 15 663 11 854 8 508 8 416 9 239 10 032 9 008 8 550 108 101 
11 8 467 22520 27912 22 718 7 7:8 8 428 11 930 15 Go3 11.896 8 508 8 291 9123 9 835 8 980 84311C5610 
12 8 655 22 659 28 159 22 257 7 665 8 526 11 591 IS 492 12 107 8 508 8 291 9 123 9 719 8 980 8 709 105 610 
13 8 845 22 869 28 657 21 802 7 558 8 657 11 881 15 267 11 896 8 824 8 416 9 278 9 874 8 980 8 236 102 151 
14 8 655 22 520 29 663 22 257 7 138 8 723 12 128 15 663 11 896 8 508 8 385 9 278 9 914 9 037 8 314 107 103 
15 8.940 22 451 28 036 22 257 7 934 8 558 11 930 15 777 12 107 8 508 8 166 9 233 9 914 9 037 8749104124 
16 8.561 22 939 28 657 21 892 7 8SO 8 553 11.784 15 323 11.730 8 508 8 416 9 278 9 914 0 990 8 314 104.124 
17 8 7so 22 659 29 032 22 718 7 718 8 591 12 178 15 379 11 730 8 508 8 385 9 239 9 992 9 037 8 669 107 103 
18 8 797 22 451 29 283 22 440 7 558 8 558 11 735 15 663 12 107 0 439 8 166 9 107 9 758 8 980 8 669 108 101 
19 9 085 22 176 27 666 22 625 7 718 8 558 11 930 15 663 11 8~G 8 508 8 166 9 233 9 914 9 008 8 314 106.107 
20 9.085 22 729 28 036 22.257 7.826 8 526 11.930 15 606 11 896 8 509 0 .322 9 279 9 992 9 037 8 471 105.610 
21 9 085 22 244 28 532 22 440 7 452 8 298 11 930 15 663 12 023 0 500 8 291 9 123 9.874 9 037 8.669 105. 114 
22 8 940 22 869 29 284 21 892 0 090 8 624 11 832 15 323 11 896 8 sea 8 291 9 278 9 992 0 990 8.392 103 136 
23 8 561 22 451 29284 22.718 7 558 8 558 12128 15 663 11 854 8 so0 8 416 9 239 10 072 9 065 8550 100189 
24 8 467 22 520 29 158 22 074 7 452 8 657 12 129 15 777 118% 8 473 8 322 9 239 10 072 9 065 8 669 108. 101 
25 8 893 22 590 28 036 22 625 7 665 8 526 11 591 15 663 12 107 8 508 8 385 9 107 9 953 8 990 8 749 107.103 
26 8797 22 659 29 410 22 074 7 452 8 624 12 128 15 663 11 854 8 500 8416 9 239 9 992 9 037 8 749 104124 
27 8 845 22 520 28 036 22 625 7 718 8 526 11.784 15 606 12 150 8 648 8 385 9 123 9 758 8 814 8.314 102.151 
28 8 467 22 520 29 284 22.348 7 559 8 559 12 178 15 663 11 938 8 509 8.385 9.278 9 914 9 065 8 589 100 101 
29 9 085 22 382 28 159 22.718 7 611 8 591 12 078 15 606 11.896 8 473 8 291 9 107 9 758 9 008 8 314 104 124 
30 8.655 22.659 28 532 21.892 7 718 8.657 11 784 15 379 11 980 8 508 8 353 9.239 9 835 8.951 8 314 106.107 
31 0 374 22 382 28 657 22 533 7.452 8 526 11 979 15 720 12 023 8 439 8 135 9 191 9 914 8 814 8 550 101 169 
32 8 374 22. 729 28 782 21983 7 718 8 395 11 591 15 606 11 896 8 508 8 353 9. 123 9 797 8 814 8 275 105 114 
33 8.420 22.313 28 907 22 257 7.718 8.690 12.128 15 549 11 813 8 508 8 259 9123 9 874 9 008 8 629 105114 
34 8 608 22.659 28 036 21 892 8 043 8 ss0 11 784 15 606 11896 0 500 8.166 9123 9 835 8 980 8 314 105 610 
35 0 702 22 313 27 789 21.892 7 665 8 428 11 784 15 549 11 980 8 500 8.291 9.107 9 797 8 845 8.314 100.679 
36 8.702 22.659 28.782 21 802 7.452 8 624 11 784 15 267 11 813 8 508 8 416 9.278 9 914 8 980 0 275 104124 
37 8.750 22 382 29 158 22 257 7 558 8 624 12 029 15 663 11 648 8 508 8 291 9.162 9.992 9 037 0 629 106 107 
38 8 845 22.451 29 036 21983 7 826 8 395 11591 15 720 12. 107 8 3€9 8 322 9 162 9 914 9 037 8 669 106 605 
39 8.797 22 729 28 159 21 892 7 880 8 624 11 784 15 379 11896 8 648 8 416 9 200 9 914 8 980 0 314 103 136 
40 8.374 22.382 29 032 22 718 7.505 0 550 12 078 15.606 11 896 8 508 8 166 9 162 9 992 8 980 0 990 107 602 
41 8797 22 451 28 283 22 440 7.505 8 428 11.784 15 720 12 150 8 508 8.322 9 107 9 914 0 990 8 709 104.124 
42 8 655 22 451 28 159 22 165 7 558 0 558 11 832 15 492 12 065 8 613 8 353 9162 9 914 8 895 8.314 105 610 
43 8.893 22 382 29 284 22 440 7 452 8.558 11.979 15 720 11 896 8 473 8 166 9 107 9 874 8 814 8 431 103.629 
44 8.467 22.939 29 032 21.711 7 665 8.624 11 979 15 379 11 813 8 508 8 291 9 278 9 953 9 037 8 990 105 114 
45 8 702 22 244 28 036 22.718 7 452 8 591 11 979 15 606 11 813 0 473 8 259 9 123 9 874 8 980 8 669 108 101 
46 8.845 22.451 28 036 22 074 7.826 0 558 11.591 15 436 12 107 8.613 8.322 9 123 9 797 9 037 8.314 105 114 
47 8.655 22.590 29 032 21711 7 718 8.690 11 930 15 323 11813 8.473 8 416 9 477 9 992 0 845 8.709 105 114 
48 8.797 22.451 29 032 22.440 7 558 8 298 11.930 15.720 12 023 8.508 8 259 9 233 9. 758 8 867 8.669 104.618 
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49 8.702 22 799 29 284 21 892 7 890 8 624 12 029 15 549 11 730 8 508 8.385 9 278 10 032 9 123 8 589 105 610 
so 8.655 22.659 28.036 22.074 7 558 8.591 11 930 15 720 12.107 8.508 8 166 9 233 9.914 9 037 8.471 104 124 

INPUT DATA 

--------------------------------------------------------------------------------
DIFFUSE DAYLIGHT AVAILABILITY IS 105.1735 FOODCANDLE 
TRANSMISSION FACTOR OF THE WINDOW IS 1 
THE DEPTH OF THE ROOM IS 15 FEET 
THE WIDTH OF THE ROOM IS 26 FEE7 
THE HEIGHT OF THE ROOM IS 12 FE<:T 
THE DISTANCE BETWEEN THE LEFT EDGE OF THE WINDOW AND THE LEFT WALL IS 7 FEET 
THE DISTANCE BE7WEEN THE RIGHT EDGE OF THE WINDOW AND THE RIGHT WALL IS 7 FEET 
THE DISTANCE BETWEEN THE UPPER ECGE OF THE WINDOW AND THE CEILING IS 2 FEET 
THE DISTANCE BETWEEN THE LOWER EDGE OF THE WiNDOW AND THE FLOOR IS 4 FEET 
THE REFLECTANCE OF THE EXTERIOR GROUND IS .31 
THE REFLECTANCE OF THE IN7ER10R SURFACES ARE 

LEFT WALL------ .76 BACK WALL------ .76 
RIGHT WALL----- .76 WINDOW WALL---- .76 
CEILING-------- .76 FLOOR---------- .06 

--------------------------------------------------------------------------------
OUTPUT DATA 

Exter Inter- Total 
p X-axis Y-axis Z-ax1s Area Direct Re flee Received 

to p to p at p 

1 o.cooo 0.0000 2.5000 2.1667 0.9803 1.1516 2.1319 
2 0.0000 2.6000 2.5000 2.1667 1.3022 3.1358 4.4380 
3 0.0000 5.2000 25000 2.1667 1.6594 2.5592 4.2187 
4 0.0000 7.80CO 2.5000 2.1667 1.9966 2.3555 4.3522 
5 0.0000 10.4000 2.5000 2.1667 2.2-\09 2.2806 4.5215 
6 0.0000 13.0000 2.5000 2.1667 2.3303 2.2618 4.5921 
7 0.0000 15.6000 2.5000 2.1667 2.2409 2.2806 4.5215 
8 O.OCOO 18.2000 2.5000 2.1667 1.9966 2.3555 4.3522 
9 0.0000 20.8000 2.5000 2.1667 1.6594 2.5592 4.2187 

10 0.0000 23.4000 2.5COO 2.1667 1.3022 3.1358 4.4380 
11 0.0000 26.COOO 2.5000 2.1667 0.9803 1.1516 2.1319 
12 0.8333 0.0000 2.5000 2.1667 1.0561 4.4488 5.5049 
13 0.8333 2.6000 2.50CO 2.1667 1.4305 8.7416 10.1721 
14 0.8333 5.2000 2.5000 2.1667 1.8559 9.1931 11.0490 
15 0.8333 7.8000 2.5000 2.1667 2.2646 10.2428 12.5074 
16 0.8333 10.4000 2.5000 2.1667 2.5638 11.3107 13.8744 
17 0.8333 13.0000 2.5000 2.1667 2.6738 11.7759 14.4497 
18 0.8333 15.6000 2.5000 2.1667 2.5638 11.3107 13.8744 
19 0.8333 18.2000 2.5000 2.1667 2.2646 10.2428 12.5074 
20 0.8333 20.8000 2.5000 2.1667 1.8559 9.1931 11.0490 
21 0.8333 23.4000 2.5000 2.1667 1.4305 8.7416 10.1721 
22 0.8333 26.0000 2.5COO 2.1667 1.C561 4.4488 5.5049 
23 1.6667 0.0000 2.5000 2.1667 1.1361 3.9294 5.0655 
24 1.6667 2.6000 2.5000 2.1667 1.5721 7.8649 9.4370 
25 1.6667 5.2000 2.5000 2.1667 2.0806 7.8206 9.9012 
26 1.6667 7.8000 2.5000 2.1667 2.5785 8.2365 10.8151 
27 1.6667 10.4000 2.5000 2.1667 2.9471 8.6443 11.5914 
28 1.6667 13.0000 2.5000 2.1667 3.0833 8.8085 11.8918 
29 1.6667 15.6000 2.5000 2.1667 2.9471 8.6443 11.5914 
30 1.6667 18.2000 2.5000 2.1667 2.5786 8.2365 10.8151 
31 1.6667 20.8000 2.5000 2.1667 2.0806 7.8206 9.9012 
32 1.6667 23.40CO 2.5000 2.1667 1.5721 7.8649 9.4370 
33 1.6667 26.0000 2.5000 2.1667 1.1361 3.9294 5.0655 
34 2.5000 0.0000 2.5000 2.1667 1.2196 3.5233 4.7429 
35 2.5000 2.6000 2.5000 2.1667 1.7280 7.2446 8.9726 
36 2.5000 5.2000 2.5000 2.1667 2.3379 6.9334 9.2713 
37 2.5000 7.8000 2.5000 2.1667 2.9478 7.1202 10.0680 
38 2.5000 10.4000 2.5000 2.1667 3.4044 7.3479 10.7524 
39 2.5000 13.0000 2.5000 2.1667 3.5738 7.4419 11.0157 
40 2.5000 15.6000 2.5000 2.1667 3.4044 7.3479 10.7524 

Appendix H. Data of Scale Model Studies and Computer Simulation 252 



41 2.5000 18.2000 2.5000 2.1667 2.9478 7.1202 10.0680 
42 2.5000 20.8000 2.5000 2.1667 2.3379 6.9334 9.2713 
43 2.5000 23.4000 2.5000 2.1667 1. 7280 7.2446 8.9726 
44 2.5000 26.0000 2.5000 2.1667 1.2196 3.5233 4.7429 
45 3.3333 0.0000 2.5000 2.1667 1.3056 3.2366 4.5421 
46 3.3333 2.6000 2.5000 2. 1667 1.8984 6.8458 8.7442 
47 3.3333 5.2000 2.5000 2.1667 2.6325 6.3551 8.9876 
48 3.3333 7.8000 2.5000 2.1667 3.3837 6.4132 9.7969 
49 3.3333 10.4000 2.5000 2.'.667 3.9525 6.5538 10.5064 
50 3.3333 13.0000 2.5000 2.1667 4.1642 6.6:61 10.7803 
51 3.3333 15.6000 2.5000 2.1667 3.9525 6.5538 10.5064 
52 3.3333 18.2000 2.5000 2.1667 3.3837 6.4132 9.7969 
53 3.3333 20.8000 2.5000 2.1667 2.6325 6.3551 8.9876 
54 3.3333 23.4000 2.5000 2.1667 1.8984 6.8458 8.7442 
55 3.3333 26.0000 2.5000 2.1667 1.3056 3.2366 4.5421 
56 4.1667 0.0000 2.5000 2.1667 1.3921 3.0298 4.4220 
57 4. i 667 2.6000 2.5000 2.1667 2.0831 6.5804 8.6635 
58 4.1667 5.2000 2.5000 2.1667 2.9697 5.9580 8.9277 
59 4.1667 7.8000 2.5000 2.1667 3.9080 5.9275 9.8274 
60 4.1667 10.4000 2.5000 2.1667 4.6124 6.0122 10.6245 
61 4.1667 13.0COO 2.5000 2.1667 4.8779 6.0548 10.9328 
62 4.1667 15.6000 2.5000 2.1667 4.6124 6.0122 10.6245 
63 4.1667 18.2000 2.5000 2.1667 3.9000 5.9275 9.8274 
64 4.1667 20.8000 2.5000 2.1667 2.9697 5.9580 8.9277 
65 4.1667 23.4000 2.5000 2.1667 2.0831 6.5804 8.6635 
66 4.1667 26.0000 2.5000 2.1667 1.3921 3.0298 4.4220 
67 5.0000 0.0000 2.5000 2.1667 1.4 767 2.8761 4.3528 
68 5.00CO 2.6000 2.5000 2.1667 2.2809 6.3932 8.67 41 
69 5.0000 5.2000 2.5000 2.1667 3.3547 5.6734 9.0281 
70 5.0000 7.8000 2.5000 2.1667 4.5132 5.5786 10.0919 
71 5.0000 10.4000 2.5000 2.1667 5.4099 5.6242 11.0341 
72 5.0000 13.0000 2.5000 2.1667 5.7443 5.6534 11.3977 
73 5.0000 15.6000 2.5000 2.1667 5.4099 5.6242 11.0341 
74 5.0000 18.2000 2.5000 2.1667 4.5132 5.5786 10.0919 
75 5.0000 20.8000 2.5000 2.1667 3.3547 5.6734 9.0281 
76 5.0000 23.4000 2.5000 2.1667 2.2809 6.3932 8.6741 
77 5.0000 26.0000 2.5000 2.1667 1.4767 2.8761 4.3528 
78 5.8333 0.0000 2.5000 2.1667 1.5555 2.7594 4.3150 
79 5.8333 2.6000 2.5000 2.1667 2.4887 6.2535 8.7422 
80 5.8333 5.2000 2.5000 2.1667 3.7923 5.4621 9.2544 
81 5.8333 7.8000 2.5000 2.1667 5.2433 5.3212 10.5645 
82 5.8333 10.4000 2.5000 2.1667 6.3772 5.3391 11.7163 
83 5.8333 13.0000 2.5000 2.1667 6.7989 5.3589 12.1578 
84 5.8333 15.6000 2.5000 2.1667 6.3772 5.3391 11.7163 
85 5.8333 18.2000 2.5000 2.1667 5.2433 5.3212 10.5645 
86 5.8333 20.8000 2.5000 2.1667 3.7923 5.4621 9.2544 
87 5.8333 23.4000 2.5000 2.1667 2.4887 6.2535 8.7422 
88 5.8333 26.00CO 2.5000 2.1667 1.5555 2.7594 4.3150 
89 6.6667 0.0000 2.5000 2.1667 1.6238 2.6700 4.2937 
90 6.6667 2.6000 2.5000 2.1667 2.7009 6.1408 8.8418 
91 6.6667 5.2000 2.5000 2.1667 4.2860 5.3003 9.5862 
92 6.6667 7.8000 2.5000 2.1667 6.1134 5.1278 11.2412 
93 6.6667 10.4000 2.5000 2.1667 7.5527 5.1269 12.6796 
94 6.6667 13.0000 2.5000 2.1667 8.0845 5.1403 13.2248 
95 6.6667 15.6000 2.5000 2.1667 7.5527 5.1269 12.6796 
96 6.6667 18.2000 2.5000 2.1667 6.1134 5.1278 11.2412 
97 6.6667 20.8000 2.5000 2.1667 4.2860 5.3003 9.5862 
98 6.6667 23.4000 2.5000 2.1667 2.7009 6.1408 8.8418 
99 6.6667 26.0000 2.5000 2.1667 1.6238 2.6700 4.2937 

100 7.5000 0.0000 2.5000 2.1667 1.6747 2.6019 4.2766 
101 7.5000 2.6000 2.5000 2.1667 2.9083 6.0427 8.9509 
102 7.5000 5.2000 2.5000 2.1667 4.8355 5.1729 10.0085 
103 7.5000 7.8000 2.5000 2.1667 7.1498 4.9814 12.1312 
104 7.5000 10.4000 2.5000 2.1667 8.9818 4.9686 13.9504 
105 7.5000 13.0000 2.5000 2.1667 9.6503 4.9779 14.6282 
106 7.5000 15.6000 2.5000 2.1667 8.9818 4.9686 13.9504 
107 7.5000 18.2000 2.5000 2.1667 7.1498 4.9814 12.1312 
108 7.5000 20.8000 2.5000 2.1667 4.8355 5.1729 10.0085 
109 7.5000 23.4000 2.5000 2.1667 2.9083 6.0427 8.9509 
110 7.5000 26.0000 2.5000 2.1667 1.6747 2.6019 4.2766 
111 8.3333 0.0000 2.5000 2.1667 1.7001 2.5515 4.2516 
112 8.3333 2.6000 2.5000 2.1667 3.0959 5.9489 9.0447 
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113 8.3333 5.2000 2.5000 2.1667 5.4343 5.0707 10.5050 
114 8.3333 7.8000 2.5000 2.1667 8.3806 4.8711 13.2517 
115 8.3333 10.4000 2.5000 2.1667 10.7147 4.8523 15.5670 
116 8.3333 13.0000 2.5000 2.1667 11.5485 4.8594 16.4079 
117 8.3333 15.6000 2.5000 2.1667 10.7147 4.8523 15.5670 
118 8.3333 18.2000 2.5000 2.1667 8.3806 4.8711 13.2517 
119 8.3333 20.8000 2.5000 2.1667 5.4343 5.0707 10.5050 
120 8.3333 23.4000 2.5000 2.1667 3.0959 5.9489 9.0447 
121 8.3333 26.0000 2.5000 2.1667 1.7001 2.5515 4.2516 
122 9.1667 0.0000 2.5000 2.1667 1.6901 2.5171 4.2072 
123 9.1667 2.6000 2.5000 2.1667 3.2413 5.8542 9.0955 
124 9.1667 5.2000 2.5000 2.1667 6.0629 4.9883 11.0512 
125 9.1667 7.8000 2.5000 2.1667 9.8314 4.7905 14.6219 
126 9.1667 10.4000 2.5000 2.1667 12.8003 4.7707 17.5710 
127 9.1667 13.0000 2.5000 2.1667 13.8260 4.7772 18.6032 
128 9.1667 15.6000 2.5000 2.1667 12.8003 4.7707 17.5710 
129 9.1667 18.2000 2.5000 2.1667 9.8314 4.7905 14.6219 
130 9.1667 20.8000 2.5000 2.1667 6.0629 4.9883 11.0512 
131 9.1667 23.4000 2.5000 2.1657 3.2413 5.8542 9.0955 
132 9.1667 26.0000 2.5000 2.1667 1.5901 2.5171 4.2072 
133 10.0000 0.0000 2.5000 2.1667 1.6336 2.4987 4.1322 
134 10.0000 2.6000 2.5000 2.1667 3.3128 5.7550 9.0678 
135 10.0000 5.2000 2.5000 2.1667 6.6790 4.9240 11.6031 
136 10.0000 7.8000 2.5000 2.1667 11.5162 4.7373 16.2535 
137 10.0000 10.4000 2.5000 2.1657 15.2707 4. 7206 19.9913 
138 10.0000 13.00CO 2.5000 2.1667 16.5034 4.7277 21.2311 
139 10.0000 15.6000 2.5000 2.1667 15.2707 4.7206 19.9913 
140 10.0000 18.2000 2.5000 2.1667 11.5162 4. 7373 16.2535 
141 10.0000 20.8000 2.5000 2.1667 6.6790 4.9240 11.6031 
142 10.0000 23.4000 2.5000 2.1657 3.3128 5.7550 9.0678 
143 10.0000 26.0000 2.5000 2.1667 1.6336 2.4987 4.1322 
144 10.8333 0.0000 2.5000 2.1667 1.5195 2.4981 4.0176 
145 10.8333 2.6000 2.5000 2.1667 3.2679 5.6539 8.9218 
146 10.8333 5.2000 2.5000 2.1667 7.1997 4.8805 12.0802 
147 10.8333 7.8000 2.5000 2.1667 13.4150 4.7127 18.1278 
148 10.8333 10.4000 2.5000 2.1667 18.1013 4.7027 22.8040 
149 10.8333 13.0000 2.5000 2.1667 19.5283 4.7116 24.2399 
150 10.8333 15.6000 2.5000 2.1667 18.1013 4.7027 22.8040 
151 10.8333 18.2000 2.5000 2.1667 13.4150 4.7127 18.1278 
152 10.8333 20.8000 2.5000 2.1667 7.1997 4.8805 12.0802 
153 10.8333 23.4000 2.5000 2.1667 3.2679 5.6539 8.9218 
154 10.8333 26.0000 2.5000 2.1667 1.5195 2.4981 4.0176 
155 11.6667 0.0000 2.5000 2.1667 1.3390 2.5202 3.8591 
156 11.6667 2.6000 2.5000 2.1667 3.0558 5.5585 8.6142 
157 11.6667 5.2000 2.5000 2.1667 7.4732 4.8655 12.3387 
158 11.6667 7.8000 2.5000 2.1667 15.4172 4. 7237 20.1409 
159 11.6667 10.4000 2.5000 2 .1667 21.1122 4.7235 25.8357 
160 11.6667 13.0000 2.5000 2.1667 22.6681 4.7351 27.4032 
161 11.6667 15.6000 2.5000 2.1667 21.1122 4.7235 25.8357 
162 11.6667 18.2000 2.5000 2.1667 15.4172 4.7237 20.1409 
163 11.6667 20.8000 2.5000 2.1667 7.4732 4.8655 12.3387 
164 11.6667 23.4000 2.5000 2.1667 3.0558 5.5585 8.6142 
165 11.6667 26.0000 2.5000 2.1667 1.3390 2.5202 3.8591 
166 12.5000 0.0000 2.5000 2.1667 1.0880 2.5740 3.6620 
167 12.5000 2.6000 2.5000 2.1667 2.6265 5.4890 8.1155 
168 12.5000 5.2000 2.5000 2.1667 7.2383 4.8964 12.1346 
169 12.5000 7.8000 2.5000 2.1667 17.1589 4.7868 21.9457 
170 12.5000 10.4000 2.5000 2.1667 23.7049 4.8003 28.5051 
171 12.5000 13.0000 2.5000 2.1667 25.2450 4.8159 30.0610 
172 12.5000 15.6000 2.5000 2.1667 23.7049 4.8003 28.5051 
173 12.5000 18.2000 2.5000 2.1667 17.1589 4.7868 21.9457 
174 12.5000 20.8000 2.5000 2.1667 7.2383 4.8964 12.1346 
175 12.5000 23.4000 2.5000 2.1667 2.6265 5.4890 8.1155 
176 12.5000 26.0000 2.5000 2.1667 1.0880 2.5740 3.6620 
177 13.3333 0.0000 2.5000 2.1667 0.7703 2.6738 3.4441 
178 13.3333 2.6000 2.5000 2.1667 1.9502 5.4802 7.4304 
179 13.3333 5.2000 2.5000 2.1667 6.0986 5.0079 11.1065 
180 13.3333 7.8000 2.5000 2.1667 17.5087 4.9438 22.4525 
181 13.3333 10.4000 2.5000 2.1667 24.1422 4.9832 29.1253 
182 13.3333 13.0000 2.5000 2.1667 25.4356 5.0081 30.4437 
183 13.3333 15.6000 2.5000 2.1667 24.1422 4.9832 29.1253 
184 13.3333 18.2000 2.5000 2.1667 17.5087 4.9438 22.4525 
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185 13.3333 20.8000 2.5000 2.1667 6.0986 5.0079 11.1065 
186 13.3333 23.4000 2.5000 2.1667 1.9502 5.4801 7.4304 
187 13.3333 26.0000 2.5000 2.1667 0.7703 2.6738 3.4441 
188 14.1667 0.0000 2.5000 2.1667 0.3998 2.8164 3.2162 
189 14.1667 2.6000 2.5000 2.1667 1.0457 5.5547 6.6003 
190 14.1667 5.2000 2.5000 2.1667 3.6439 5.2510 8.8949 
191 14.1667 7.8000 2.5000 2.1667 13.2046 5.3065 18.5111 
192 14.1667 10.4000 2.5000 2.1667 17.9619 5.4563 23.4182 
193 14.1667 130000 2.5000 2.1667 18.7368 5.5303 24.2671 
194 14.1667 15.6000 2.5000 2.1667 17.9619 5.4563 23.4182 
195 14.1667 18.2000 2.5000 2.1667 13.2046 5.3065 18.5111 
196 14.1667 20.8000 2.5000 2.1667 3.6439 5.2510 8.8949 
197 14.1667 23.4000 2.5000 2.1667 1 0457 5.5547 6.6003 
198 14.1667 26.0000 2.5000 2.1667 0.3998 2.8164 3.2162 
199 15.0000 0.0000 2.5000 2.1667 0.0000 1.3679 1.3679 
200 15.0000 2.6000 2.5000 2.1667 0.0000 3.1525 3.1525 
201 15.0000 5.2000 2.5000 2.1667 0.0000 2.7648 2.7648 
202 15.0000 7.8000 2.5000 2.1667 0.0000 2.6211 2.6211 
203 1·5.0000 10.4000 2.5000 2.1667 0.0000 2.5452 2.5452 
204 15.0000 13.0000 2.5000 2.1667 0.0000 2.4639 2.4639 
205 15.0000 15.6000 2.5000 2.1667 0.0000 2.3440 2.3440 
206 15.0000 18.2000 2.5000 2.1667 0.0000 2.1757 2.1757 
207 15.0000 20.8000 2.5000 2.1667 0.0000 1.9650 1.9650 
208 15.0000 23.4000 2.5000 2.1667 0.0000 1.7273 1.7273 
209 15.0000 26.0000 2.5000 2.1667 0.0000 1.4818 1.4818 
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CASE 3 

DIGITAL CODE 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 229 726 336 497 177 356 336 449 414 335 320 282 305 262 248 301 
2 242 725 334 496 184 357 336 452 409 335 320 275 309 259 249 302 
3 233 719 333 499 178 356 341 455 411 335 315 280 305 260 248 304 
4 230 720 331 503 180 351 337 454 414 333 320 277 303 256 239 296 
5 235 708 340 495 176 360 336 448 407 337 312 277 307 256 248 291 
6 233 716 340 494 181 355 340 449 405 334 320 280 303 262 243 296 
7 242 716 331 501 174 353 337 450 407 333 311 273 3C6 260 248 299 
8 233 717 333 501 177 351 335 448 411 337 313 280 305 258 247 287 
9 232 715 340 489 180 359 333 444 406 337 320 278 303 259 248 293 

10 230 716 341 497 178 354 341 452 402 334 320 280 307 263 250 299 
11 238 718 333 498 184 355 335 448 409 336 313 272 309 259 248 299. 
12 233 724 331 499 174 355 335 452 4C6 337 313 272 308 262 248 297 
13 238 719 332 494 179 356 335 450 409 335 320 273 303 257 239 296 
14 233 723 332 494 181 356 335 449 409 339 314 277 306 256 245 296 
15 234 723 336 492 184 358 340 443 407 331 320 280 303 259 248 289 
16 229 720 337 496 177 355 339 448 405 335 313 275 303 259 250 300 
17 234 724 334 493 180 356 335 447 409 339 315 280 306 255 243 283 
18 233 720 340 493 175 364 337 448 407 335 313 275 307 258 248 295 
19 235 711 332 500 180 353 336 450 407 335 313 276 304 260 247 299 
20 241 719 332 491 180 354 335 449 409 337 320 277 304 258 245 279 
21 234 719 339 492 176 360 334 448 410 335 321 280 306 260 239 296 
22 227 721 339 491 177 357 339 448 405 335 313 277 309 261 248 299 
23 231 720 331 495 178 351 334 448 410 341 320 275 305 253 245 288 
24 230 724 332 500 182 353 333 448 407 335 320 276 305 258 248 285 
25 235 721 344 494 176 355 337 448 407 335 320 276 305 258 245 295 
26 233 718 337 495 174 353 338 449 407 334 313 276 304 255 248 297 
27 234 720 329 491 179 351 333 447 409 335 320 273 301 251 243 296 
28 230 720 341 491 177 357 339 449 408 337 320 277 307 261 245 299 
29 233 715 329 504 177 351 335 449 410 335 312 273 303 255 248 292 
30 233 719 340 491 178 354 334 444 406 334 320 277 305 255 243 297 
31 232 720 341 496 184 360 344 449 403 333 313 276 307 259 247 301 
32 232 721 329 495 184 354 331 445 409 335 314 276 306 257 245 292 
33 234 722 338 495 180 359 339 448 403 335 320 281 3C5 259 247 299 
34 238 716 332 501 181 356 339 451 403 333 312 273 308 259 239 302 
35 239 724 331 497 175 351 337 451 411 338 320 276 307 259 245 293 
36 233 723 329 492 178 364 337 447 407 337 320 280 305 258 249 295 
37 233 720 337 503 176 355 339 447 410 335 313 275 307 259 247 299 
38 240 719 336 497 182 356 333 447 407 337 320 280 306 258 245 296 
39 233 723 340 495 180 357 335 448 408 337 320 275 305 257 247 287 
40 233 720 340 495 177 355 339 450 404 334 320 280 305 260 252 289 
41 234 724 342 492 176 355 335 448 414 338 320 273 307 257 248 292 
42 233 720 339 496 175 358 335 448 407 336 320 275 306 257 245 289 
43 242 720 342 495 180 355 341 452 406 335 315 280 308 261 247 301 
44 242 718 333 499 177 347 336 451 407 337 313 277 304 257 248 292 
45 237 725 334 490 177 360 339 449 405 337 315 278 307 261 248 298 
46 242 718 332 499 177 356 335 451 410 335 312 272 307 257 245 296 
47 229 722 333 494 181 357 335 447 407 338 320 277 303 260 247 291 
48 233 724 337 493 184 356 334 445 406 337 320 276 301 255 242 288 
49 234 724 331 496 177 353 331 448 407 337 315 280 304 257 244 289 
so 236 720 342 493 177 355 338 450 478 332 313 274 305 261 249 295 

D1g1tal Code Footcandles 

THE AVERAGE OF CHANNEL I 5--------------- 234.42 5.402162 

THE AVERAGE OF CHANNEL 2 I 5--------------- 719.98 17.91579 

THE AVERAGE OF CHANNEL 3 I 5--------------- 335.54 26.75721 

THE AVERAGE OF CHANNEL 4 I 5--------------- 495.58 20.52354 

THE AVERAGE OF CHANNEL 5 I 5--------------- 178.62 5.733622 
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THE AVERAGE OF CHANNEL 6 IS--------------- 355.5 5.809397 

THE AVERAGE OF CHANNEL 7 IS--------------- 336.44 8.396097 

THE AVERAGE OF CHANNEL 8 IS--------------- 448.7 9.397279 

THE AVERAGE OF CHANNEL 9 IS--------------- 409.08 8.010584 

THE AVERAGE OF CHANNEL 10 IS--------------- 335.62 5.960666 

THE AVERAGE OF CHANNEL 11 IS--------------- 316.78 4.696993 

THE AVERAGE OF CHANNEL 12 IS--------------- 276.66 5.575272 

THE AVERAGE OF CHANNEL 13 IS--------------- 305.38 6.212394 

THE AVERAGE OF CHANNEL 14 IS--------------- 258.26 5.330738 

THE AVERAGE OF CHANNEL 15 IS--------------- 246.14 4.696534 

THE AVERAGE OF CHANNEL 16 IS--------------- 294.58 111.9105 

OBSERVATIONS IN FOOTCANDLES 

2 3 4 5 6 7 8 9 10 11 12 13 14 

1 5 204 18 271 26 813 20 647 5 658 5 823 8 379 9 408 8 171 5 942 4 774 5 753 6 200 5 430 4.752 115 167 
2 5 695 18 211 26 571 20 560 5 989 5 850 8 379 9 350 8 008 5 942 4 774 5 521 6 330 5 350 4 782 115 677 
3 5 353 17 859 26 451 20 822 5 704 5 823 8 577 9 450 8 073 5 942 4 655 5 686 6 200 5 377 4 752 116 699 
4 5 241 17 917 26 211 21 175 5 799 5 687 8 418 9 416 8 :71 5 88-l 4774 5 587 6.135 5 271 4 485 112 628 
5 5428 17 225 27 299 20 473 5 611 5 933 8 379 9 372 7 943 6 001 4 583 5 587 6 265 5 271 4 752 110 107 
6 5.353 17 684 27 299 20 387 5 8~6 5 '0' I vO 8 537 9 408 7.879 5 913 4 774 5 €86 6 135 5 430 4 603 112 628 
7 5 1395 17 684 26 211 20 998 5 518 5 741 8 418 9 294 7 943 5 884 4 560 5 455 6 233 5 377 4752 114150 
8 5 353 17 742 26 451 20 928 5 658 5 687 8 339 9 372 8 073 6 001 4 607 5 686 6 200 5 324 4 722 108 101 
9 5 315 17 626 27 299 19 957 5 799 5 905 8 261 9 227 7 911 6 001 4 774 5 620 6 135 5 350 4752 111113 
10 5 241 17 684 27 421 20 647 5 704 5 769 8 577 9 350 7 783 5 913 4 774 5 686 6 265 5 457 4813114150 
11 5 542 17 800 26.451 20 734 5 989 5 796 8 329 9 372 8 008 5 972 4 607 5 422 6 330 5 350 4.752 114 ~so 
12 5 353 18 152 26 211 20 822 5 518 5 796 8 339 9 350 7 911 6 001 4 €07 5 422 6 299 5 430 4752113135 
13 5 542 17 859 26 331 20 387 5 752 5 823 8 339 9 284 8 008 5 942 4 774 5 455 6 135 5 297 4 485 112 628 
14 5 353 18 093 26 331 20 387 5 246 5 823 8 339 9 408 8 008 6 C60 4 631 5 587 6 233 5 271 4 662 112 628 
15 5 390 18 093 26 813 20 214 5 989 5 878 8 537 9 191 7 943 5 826 4 774 5 686 6 135 5 350 4 752 109 103 
16 5 204 17 917 26 934 20 560 5 658 5.796 8 497 9 372 7 879 5 942 4 607 5 521 6 135 5 350 4 813 114 658 
17 5 390 18 152 26 571 20 300 5.799 5 823 8 339 9 336 8 008 6 060 4.655 5 686 6 233 5 245 4 603 106 107 
18 5 353 17.917 27 299 20 300 5 564 6 043 8 418 9 372 7 943 5 942 4 607 5 521 6 265 5 324 4 752 112 123 
19 5.428 17 396 26 331 20 910 5 799 5 741 8 379 9 284 7 943 5 942 4 607 5 553 6168 5 377 4722114 150 
20 5 656 17 859 26 331 20 128 5 799 5 769 8 339 9 408 8 008 6 CO\ 4 774 5 587 6.168 5 324 4 662 104 124 
21 5 390 17 859 27 177 20 214 5 611 5 933 8 300 9 372 8 040 5 9-!2 4 798 5 686 6 233 5 377 4 485 112 628 
22 5 130 17 976 27 177 20 128 5 658 5 850 8 497 9 372 7 879 5 942 4 607 5 587 6 330 5 403 4 752 114 150 
23 5 278 17 917 26 211 20 473 5.704 5 687 8 300 9 372 8 040 6 120 4 774 5 521 6 200 5 192 4 662 108 602 
24 5 241 18 152 26 331 20 910 5 894 5 741 8 2€1 9 372 7 943 5.942 4 774 5 553 6 200 5 324 4 752 107.103 
25 5 428 17 976 27 789 20 387 5 611 5.796 8 418 9 372 7 943 5 942 4 774 5 553 6 200 5 324 4 662 112 123 
26 5 353 17 800 26 934 20 473 5 518 5 741 8458 9 408 7 943 5 913 4 607 5 553 6 168 5 245 4 752 113 135 
27 5 390 17 917 25 972 20 128 5.752 5 687 8 261 9 336 8 008 5 942 4 774 5 455 6 071 5 140 4 603 112 628 
28 5.241 17 917 27 421 20.128 5.658 5 850 8 497 9 408 7 976 6 001 4 774 5 587 6 265 5 403 4662114150 
29 5.353 17.626 25 972 21 264 5658 5 687 8 339 9.408 8 040 5 942 4 583 5 455 6 135 5.245 4752110610 
30 5 353 17.859 27.299 20 128 5.704 5 769 8 300 9 227 7 911 5 913 4 774 5 587 6 200 5 245 4 603 113 135 
31 5.315 17.917 27.421 20.560 5 989 5 933 8 696 9.408 7 815 5 884 4 607 5 553 6 265 5 350 4 722 115 167 
32 5.315 17.976 25.972 20.473 5.989 5 769 8 183 9 263 8 008 5 942 4.€31 5 553 6.233 5 297 4.662110610 
33 5 390 18.034 27.055 20 473 5 799 5.905 8.497 9 372 7.815 5 942 4 774 5 720 6 200 5 350 4722114150 
34 5 542 17.684 26 331 20 998 5 846 5.823 8 497 9 317 7.815 5 884 4 583 5 455 6 299 5.350 4 485 115 677 
35 5 580 18 152 26 211 20 647 5 564 5 687 8.418 9.317 8 073 6 031 4 774 5 553 6 265 5 350 4 662 111. 113 
36 5.353 18 093 25 972 20.214 5 704 6 043 8.418 9.336 7 943 6 001 4.774 5 686 6 200 5 324 4 782 112 123 
37 5 353 17 917 26 934 21 175 5 611 5 796 8 497 9.336 8.040 5 942 4 607 5.521 6 265 5 350 4 722 114 150 
38 5.618 17 859 26.813 20 647 5 894 5 823 8.261 9.336 7 943 6.001 4 774 5 686 6 233 5 324 4 662 112. 628 
39 5.353 18 093 27 299 20 473 5 799 5.850 8 339 9 372 7 976 6 001 4 774 5 521 6 200 5.297 4 722 108. 101 
40 5.353 17 917 27.299 20 473 5 658 5 796 8 497 9.284 7.847 5 913 4 774 5 686 6 200 5 377 4 873 109103 
41 5 390 18.152 27 544 20 214 5 611 5 796 8 339 9 372 8. 171 6 031 4.774 5.455 6.265 5 297 4 752 110 610 
42 5 353 17.917 27.177 20 560 5 564 5 878 8 339 9 372 7.943 5 972 4.774 5 521 6 233 5 297 4 662 109103 
43 5 695 17.917 27 544 20 473 5 799 5 796 8 577 9 350 7 911 5 942 4 655 5.686 6 298 5 403 4 722 115.167 
44 5 695 17.800 26 451 20 822 5.658 5.580 8 379 9 317 7.943 6 001 4 607 5 587 6 168 5 297 4752 110610 
45 5 503 18 211 26.571 20 043 5.658 5 933 8 497 9 408 7 879 6 001 4 655 5 620 6 265 5 403 4 752 113 642 
46 5.695 17.800 26.331 20.822 5 658 5 823 8.339 9.317 8.040 5 942 4.583 5 422 6 265 5.297 4.662 112.628 
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47 5 204 18 034 26 451 20 387 5 8J6 5 850 8.339 9 336 7 943 6 031 4 774 5 587 6 135 5 377 4.722 110 107 
48 5 353 18. 152 26 934 20 300 5 9S9 5 823 8 300 9 263 7 911 6 001 4 774 5 553 6.071 5 245 4 573 108 602 
49 5 390 18.152 26 211 20 560 5 658 5 741 8 183 9 372 7 943 6 001 4 655 5 686 6 168 5 297 4.633 109 103 
50 5 466 17.917 27.544 20 300 5 658 5.796 8 458 9.284 10 161 5.855 4 607 5.488 6.200 5 403 4 782 112123 

INPUT DATA 

DIFFUSE DAYLIGHT AVAILABILITY IS 111.9105 FOODCANDLE 
TRANSMISSION FACTOR OF THE WINDOW IS 1 
THE DEPTH OF THE RCOM IS 12 FEET 
THE WIDTH OF THE ROOM IS 18 FEET 
THE HEIGHT OF THE ROOM IS 10 FEET 
THE DISTANCE BETWEEN THE LEFT EDGE OF THE WINDOW AND THE LEFT WALL IS 5 FEET 
THE DISTANCE BETWEEN THE RIGHT EDGE OF THE WINDOW AND THE RIGHT WALL IS 5 FEET 
THE DISTANCE BETWEi:N THE UPPER EDGE OF THE WINDOW AND THE CEILING IS 2.5 FEET 
THE DISTANCE BETV'JEEN THE LOWER EDGE OF THE WINDOW AND THE FLOOR IS 3.5 FEET 
THE REFLECTANCE OF THE EXTERIOR GROUND IS .31 
THE REFLECTANCE OF THE INTERIOR SURFACES ARE 

LEFT WALL------ .51 BACK WALL------ .51 
RIGHT WALL----- .51 WINDOW WALL---- .51 
CEILING-------- .84 FLOOR---------- .06 

OUTPUT DATA 

Exter Inter- Total 
P X-axis Y-axis Z-ax1s Area Direct Retlec Received 

to P to P at P 

1 0.0000 0.0000 2.5000 1.2000 0.7578 0.6906 1.4484 
2 0.0000 1.8000 2.5000 1.2000 0.9637 1.7265 2.6902 
3 0.0000 3.6000 2.5000 1.2000 1.1812 1.4495 2.6307 
4 0.0000 5.4000 2.5000 1.2000 1.3790 1.3511 2. 7301 
5 0.0000 7.2000 2.5000 1.2000 1.5191 1.3141 2.8332 
6 0.0000 9.0000 2.5000 1.2000 1.5698 1.3046 2.8744 
7 0.0000 10.8000 2.5COO 1.20CO 1.5191 1.3141 2.8332 
8 0.0000 12.6000 2.5000 1.2000 1.3790 1.3511 2.7301 
9 0.0000 14.4000 2.5000 1.2000 1.1812 1.4495 2.6307 

10 0.0000 16.2000 2.5000 1.2000 0.9637 1.7265 2.6902 
11 0.0000 18.0000 2.5000 1.2000 0.7578 0.6906 1.4484 
12 0.6667 0.0000 2.5000 1.2000 0.8274 2.4325 3.2599 
13 0.6667 1.8000 2.5000 1.2000 1.0713 4. 7039 5.7752 
14 0.6667 3.6000 2.5000 1.2000 1.3348 4.9591 6.2939 
15 0.6667 5.4000 2.5000 1.2000 1.5785 5.4826 7.0611 
16 0.6667 7.2000 2.5000 1.2000 1.7531 5.9995 7.7527 
17 0.6667 9.0000 2.5000 1.2000 1.8168 6.2224 8.0392 
18 0.6667 10.8000 2.5000 1.2000 1.7531 5.9995 7.7527 
19 0.6667 12.6000 2.5000 1.2000 1.5785 5.4826 7 .0611 
20 0.6667 14.4000 2.5000 1.2000 1.3348 4.9591 6.2939 
21 0.6667 16.2000 2.5000 1.2000 1.0713 4.7039 5.7752 
22 0.6667 18.0000 2.5000 1.2000 0.827 4 2.4325 3.2599 
23 1.3333 0.0000 2.5000 1.2000 0.9029 2.1023 3.0053 
24 1.3333 1.8000 2.5000 1.2000 1.1927 4.1394 5.3322 
25 1.3333 3.6000 2.5000 1.2000 1.5133 4.0952 5.6085 
26 1.3333 5.4000 2.5000 1.2000 1.8158 4.2612 6.0770 
27 1.3333 7.2000 2.5000 1.2000 2.0351 4.4216 6.4567 
28 1.3333 9.0000 2.5000 1.2000 2.1156 4.4853 6.6008 
29 1.3333 10.8000 2.5000 1.2000 2.0351 4.4216 6.4567 
30 1.3333 12.6000 2.5000 1.2000 1.8158 4.2612 6.0770 
31 1.3333 14.4000 2.5000 1.2000 1.5133 4.0952 5.6085 
32 1.3333 16.2000 2.5000 1.2000 1.1927 4.1394 5.3322 
33 1.3333 18.0000 2.5000 1.2000 0.9029 2.1023 3.0053 
34 2.0000 0.0000 2.5000 1.2000 0.9844 1.8790 2.8634 
35 2.0000 1.8000 2.5000 1.2000 1.3294 3.8134 5.1428 
36 2.0000 3.6000 2.5000 1.2000 1.7216 3.6224 5.3440 
37 2.0000 5.4000 2.5000 1.2000 2.0994 3.6803 5.7797 
38 2.0000 7.2000 2.5000 1.2000 2.3771 3.7638 6.1410 
39 2.0000 9.0000 2.5000 1.2000 2.4795 3.7988 6.2783 
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40 2.0000 10.8000 2.5000 1.2000 2.3771 3.7638 6.1410 
41 2.0000 12.6000 2.5000 1.2000 2.0994 3.6803 5.7797 
42 2.0000 14.4000 2.5000 1.2000 1.7216 3.6224 5.3440 
43 2.0000 16.2000 2.5000 1.2000 1.3294 3.8134 5.1428 
44 2.0000 18.0000 2.5000 1.2000 0.9844 1.8790 2.8634 
45 2.6667 0.0000 2.5000 1.2000 1.0714 1.7314 2.8027 
46 2.6667 1.8000 2.5000 1.2000 1.4828 3.6291 5.1119 
47 2.6667 3.6000 2.5000 1.2000 1.9650 3.3378 5.3028 
48 2.6667 5.4000 2.5000 1.2000 2.4404 3.3321 5.7724 
49 2.6667 7.2000 2.5000 1.2000 2.7947 3.3766 6.1713 
50 2.6667 9.0000 2.5000 1.2000 2.9262 3.3981 6.3242 
51 2.6667 10.8000 2.5000 1.2000 2.7947 3.3766 6.1713 
52 2.6667 12.6000 2.5000 1.2000 2.4404 3.3321 5.7724 
53 2.6667 14.4000 2.5000 1.2000 1.9650 3.3378 5.3028 
54 2.6667 16.2000 2.5000 1.2000 1..!828 3.6291 5.1119 
55 2.6667 18.0000 2.5000 1.2000 1.0714 1.7314 2.8027 
56 3.3333 0.0000 2.5000 1.2000 1.1628 1.6282 2.7910 
57 3.3333 1.8000 2.5000 1.2000 1.6542 3.5211 5.1753 
58 3.3333 3.6000 2.5000 1.2000 2.2498 3.1532 5.4030 
59 3.3333 5.4000 2.5000 1.2000 2.8524 3.1018 5.9542 
60 3.3333 7.2000 2.5000 1.2000 3.3082 3.1201 6.4282 
61 3.3333 9.0000 2.5000 1.2000 3.4782 3.1327 6.6109 
62 3.3333 10.8000 2.5000 1.2000 3.3082 3.1201 6.4282 
63 3.3333 12.6000 2.5000 1.2000 2.8524 3.1018 5.9542 
64 3.3333 14.4000 2.5000 1.2000 2.2498 3.1532 5.4030 
65 3.3333 16.2000 2.5000 1.2000 1.6542 3.5211 5.1753 
66 3.3333 18.0000 2.5000 1.2000 1.1628 1.6282 2.7910 
67 4.0000 0.0000 2.5000 1.2000 1.2572 1.5528 2.8100 
68 4.0000 1.8000 2.5000 1.2000 1.8441 3.4538 5.2979 
69 4.0000 3.6000 2.5000 1.2000 2.5833 3.0269 5.6102 
70 4.0000 5.4000 2.5000 1.2000 3.3529 2.9413 6.2942 
71 4.0000 7.2000 2.5000 1.2000 3.9438 2.9407 6.8845 
72 4.0000 9.0000 2.5000 1.2000 4.1654 2.9472 7.1126 
73 4.0000 10.8000 2.5000 1.2000 3.9439 2.9407 6.8845 
74 4.0000 12.6000 2.5000 1.2000 3.3529 2.9413 6.2942 
75 4.0000 14.4000 2.5000 1.2000 2.5833 3.0269 5.6102 
76 4.0000 16.2000 2.5000 1.2000 1.8441 3.4538 5.2979 
77 4.0000 18.0000 2.5000 1.2000 1.2572 1.5528 2.8100 
78 4.6667 0.0000 2.5000 1.2000 1.3516 1.4959 2.8475 
79 4.6667 1.8000 2.5000 1.2000 2.0518 3.4106 5.4625 
80 4.6667 3.6000 2.5000 1.2000 2.9732 2.9364 5.9096 
81 4.6667 5.4000 2.5000 1.2000 3.9637 2.8253 6.7890 
82 4.6667 7.2000 2.5000 1.2000 4.7361 2.8109 7.5470 
83 4.6667 9.0000 2.5COO 1.2000 5.0266 2.8130 7.8396 
84 4.6667 10.8000 2.5000 1.2000 4.7361 2.8109 7.5470 
85 4.6667 12.6000 2.5000 1.2000 3.9637 2.8253 6.7890 
86 4.6667 14.4000 2.5000 1.2000 2.9732 2.9364 59096 
87 4.6667 16.2000 2.5000 1.2000 2.0518 3.4106 5.4625 
88 4.6667 18.0000 2.5000 1.2000 1.3516 1.4959 2.8475 
89 5.3333 0.0000 2.5000 1.2000 1.4418 1.4521 2.8939 
90 5.3333 1.8000 2.5000 1.2000 2.2749 3.3777 5.6526 
91 5.3333 3.6000 2.5000 1.2000 3.4273 2.8679 6.2952 
92 5.3333 5.4000 2.5000 1.2000 4.7123 2.7385 7.4509 
93 5.3333 7.2000 2.5000 1.2000 5.7294 2.7146 8.4440 
94 5.3333 9.0000 2.5000 1.2000 6.1123 2.7136 8.8259 
95 5.3333 10.8000 2.5000 1.2000 5.7294 2.7146 8.4440 
96 5.3333 12.6000 2.5000 1.2000 4.7123 2.7385 7.4509 
97 5.3333 14.4000 2.5000 1.2000 3.4273 2.8679 6.2952 
98 5.3333 16.2000 2.5000 1.2000 2.2749 3.3777 5.6526 
99 5.3333 18.0000 2.5000 1.2000 1.4418 1.4521 2.8939 

100 6.0000 0.0000 2.5000 1.2000 1.5217 1.4181 2.9398 
101 6.0000 1.8000 2.5000 1.2000 2.5072 3.3484 5.8556 
102 6.0000 3.6000 2.5000 1.2000 3.9522 2.8129 6.7650 
103 6.0000 5.4000 2.5000 1.2000 5.6324 2.6716 8.3041 
104 6.0000 7.2000 2.5000 1.2000 6.9808 2.6416 9.6224 
105 6.0000 9.0000 2.5000 1.2000 7.4868 2.6386 10.1254 
106 6.0000 10.8000 2.5000 1.2000 6.9808 2.6416 9.6224 
107 6.0000 12.6000 2.5000 1.2000 5.6324 2.6716 8.3041 
108 6.0000 14.4000 2.5000 1.2000 3.9522 2.8129 6.7650 
109 6.0000 16.2000 2.5000 1.2000 2.5072 3.3484 5.8556 
110 6.0000 18.0000 2.5000 1.2000 1.5217 1.4181 2.9398 
111 6.6667 0.0000 2.5000 1.2000 1.5826 1.3917 2.9744 
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112 6.6667 1.8000 2.5000 1.2000 2.7373 3.3140 6.0514 
113 6.6667 3.6000 2.5000 1.2000 4.5500 2.7656 7.3155 
114 6.6667 5.4000 2.5000 1.2000 6.7642 2.6186 9.3828 
115 6.6667 7.2000 2.5000 1.2000 8.5619 2.5854 11.1473 
116 6.6667 9.0000 2.5000 1.2CCO 9.2299 2.5814 11.8114 
117 6.6667 10.8000 2.5COO 1.2000 8.5619 2.5854 11.1473 
118 6.6667 12.6000 2.5000 1.2000 6.7642 2.6186 9.3828 
119 6.6667 14.4000 2.5000 1.2000 4.5500 2.7656 7.3155 
120 6.6667 16.2000 2.5000 1.2COO 2.7373 3.3140 6.0514 
121 6.6667 18.0000 2.50CO 1.2080 1.5826 1.3917 2.9744 
122 7.3333 0.0000 2.50CO 1.2000 1.6133 1.3720 2.9854 
123 7.3333 1.8000 2.5000 1.2'.JOO 2.9456 3.2716 6.2172 
124 7.3333 3.6000 2.5000 1.20CO 5.2132 2.7226 7.9358 
125 7.3333 5.4000 2.5000 1.2000 8.1531 2.5758 10.7289 
126 7.3333 7.2000 2.5000 1.2000 10.5584 2.5422 13.1005 
127 7.3333 9.0000 2.5000 1.2000 11.4344 2.5380 13.9724 
128 7.3333 10.8000 2.5000 1.2000 10.5584 2 .5422 13.1 cos 
129 7.3333 12.6000 2.5000 1.2000 8.1531 2.5758 10.7289 
130 7.3333 14.4000 2.5000 1.2000 5.2132 2.7226 7.9358 
131 7.3333 16.2000 2.5000 1.2000 2.9456 3.2716 6.2172 
132 7.3333 18.0000 2.5000 1.2000 1.6133 1.3720 2.9854 
133 8.0000 0.0000 2.5000 1.2000 1.5998 1.3588 2.9586 
134 8.00CO 1.80CO 2.5000 1.20CO 3.1004 3.2151 6.3156 
135 8.0COO 3.6000 2.5000 1.2000 5.9141 2.6826 8.5967 
136 8.0000 5.4000 2.5000 1.2000 9.8430 2.5418 12.3848 
137 8.0000 7.2000 2.5000 1.2000 13.0621 2.5101 15.5722 
138 8.0000 9.0000 2.5000 1.2000 14.1930 2.5063 16.6993 
139 8.0000 10.8000 2.5000 1.2000 13.0621 2.5101 15.5722 
140 8.0000 12.6000 2.5000 1.2000 9.8430 2.5418 12.3848 
141 8.0000 14.4000 2.5000 1.2000 5.9141 2.6826 8.5967 
142 8.0000 16.2000 2.5000 1.2000 3.1004 3.2151 6.3156 
143 8.0000 18.0000 2.5000 1.2000 1.5998 1.3588 2.9586 
144 8.6667 0.0000 2.5000 1.2000 1.5262 1.3529 2.8791 
145 8.6667 1.8000 2.5000 1.2000 3.1547 3.1462 6.3009 
146 8.6667 3.6000 2.5000 1.2000 6.5844 2.6465 9.2308 
147 8.6667 5.4000 2.5000 1.2000 11.8592 2.5171 14.3764 
148 8.6667 7.2000 2.5000 1.2000 16.1439 2.4894 18.6333 
149 8.6667 9.0000 2.5000 1.2000 17.5606 2.4866 20.0471 
150 8.6667 10.8000 2.5000 1.2000 16.1439 2.4894 18.6333 
151 8.6667 12.6000 2.5000 1.2000 11.8593 2.5171 14.3764 
152 8.6667 14.4000 2.5000 1.2000 6.5844 2.6465 9.2308 
153 8.6667 16.2000 2.5000 1.2000 3.1547 3.1462 6.3010 
154 8.6667 18.0000 2.5000 1.2000 1.5262 1.3529 2.8791 
155 9.3333 0.0000 2.5000 1.2000 1.3776 1.3566 2.7342 
156 9.3333 1.8000 2.5000 1.2000 3.0449 3.0658 6.1107 
157 9.3333 3.6000 2.5000 1.2000 7.0798 2.6182 9.6979 
158 9.3333 5.4000 2.5000 1.2000 14.1597 2.5051 16.6649 
159 9.3333 7.2000 2.5000 1.2000 19.7691 2.4830 22.2521 
160 9.3333 9.0000 2.5000 1.2000 21.4511 2.4816 23.9327 
161 9.3333 10.8000 2.5000 1.2000 19.7691 2.4830 22.2521 
162 9.3333 12.6000 2.5000 1.2000 14.1598 2.5051 16.6649 
163 9.3333 14.4000 2.5000 1.2000 7.0798 2.6182 9.6979 
164 9.3333 16.2000 2.5000 1.2000 3.0449 3.0658 6.1107 
165 9.3333 18.0000 2.5000 1.2000 1.3776 1.3566 2.7342 
166 10.0000 0.0000 2.5000 1.2000 1.1433 1.3750 2.5183 
167 10.0000 1.8000 2.5000 1.2000 2.6983 2.9872 5.6855 
168 10.0000 3.6000 2.5000 1.2000 7.1223 2.6070 9.7293 
169 10.0000 5.4000 2.5000 1.2000 16.4896 2.5140 19.0036 
170 10.0000 7.2000 2.5000 1.2000 23.5398 2.4989 26.0387 
171 10.0000 9.0000 2.5000 1.2000 25.3573 2.4994 27 .8567 
172 10.0000 10.8000 2.5000 1.2000 23.5398 2.4989 26.0387 
173 10.0000 12.6000 2.5000 1.2000 16.4896 2.5140 19.0036 
174 10.0000 14.4000 2.5000 1.2000 7.1223 2.6070 9.7293 
175 10.0000 16.2000 2.5000 1.2000 2.6983 2.9872 5.6855 
176 10.0000 18.0000 2.5000 1.2000 1.1433 1.3750 2.5183 
177 10.6667 0.0000 2.5000 1.2000 0.8233 1.4178 2.2411 
178 10.6667 1.8000 2.5000 1.2000 2.0573 2.9331 4.9903 
179 10.6667 3.6000 2.5000 1.2000 6.2391 2.6338 8.8729 
180 10.6667 5.4000 2.5000 1.2000 17.8652 2.5653 20.4305 
181 10.6667 7.2000 2.5000 1.2000 25.8483 2.5608 28.4091 
182 10.6667 9.0000 2.5000 1.2000 27 .5070 2.5646 30.0716 
183 10.6667 10.8000 2.5000 1.2000 25.8483 2.5608 28.4091 
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184 10.6667 12.6000 2.5000 1.2000 17.8652 2.5653 20.4305 
185 10.6667 14.4000 2.5000 1.2000 6.2391 2.6338 8.8729 
186 10.6667 16.2000 2.5000 1.2000 2.0573 2.9331 4.9904 
187 10.6667 18.0000 2.5000 1.2000 0.8233 1.4178 2.2411 
188 11.3333 0.0000 2.5000 1.2000 0.4321 1.4951 1.9272 
189 11.3333 1.8000 2.5000 1.2000 1.1236 2.9457 4.0693 
190 11.3333 3.6000 2.5000 1.2000 3.8566 2.7521 6.6086 
191 11.3333 5.4000 2.5000 1.2000 14.6841 2.7485 17.4325 
192 11.3333 7.2000 2.5000 1.2000 21.2288 2.8010 24.0298 
193 11.3333 9.0000 2.5000 1.2000 22.3073 2.8301 25.1374 
194 11.3333 10.8000 2.5000 1.2000 21.2288 2.8010 24.0298 
195 11.3333 12.6000 2.5000 1.2000 14.6841 2.7485 17.4326 
196 11.3333 14.4000 2.5000 1.2000 3.8566 2.7521 6.6087 
197 11.3333 16.2000 2.5000 1.2000 1.1236 2.9457 4 0693 
198 11.3333 18.0000 2.5000 1.2000 0.4321 1.4951 1.9272 
199 12.0000 0.0000 2.5000 1.2000 O.OOCO 0.7880 0.7880 
200 12.0000 1.8000 2.5000 1.2000 0.0000 1.7514 1.7514 
201 12.0000 3.6000 2.5000 1.2000 0.0000 1.5480 1.5480 
202 12.0000 5.4000 2.5000 1.2000 0.0000 1.4648 1.4648 
203 12.0000 7.2000 2.5000 1.2000 O.OCIOO 1.4167 1.4167 
204 12.0000 9.0000 2.5000 1.2000 0.0000 1.3683 1.3683 
205 12.0000 10.8000 2.5000 1.2000 0.0000 1.3029 1.3029 
206 12.0000 12.6000 2.5000 1.2000 0.0000 1.2153 1.2153 
207 12.0000 14.4000 2.5000 1.2000 0.0000 1.1072 1.1072 
208 12.0000 16.2000 2.5000 1.2000 0.0000 0.9855 0.9855 
209 12.0000 18.0000 2.5000 1.2000 0.0000 0.8589 0.8589 
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CASE 4 

DIGITAL CODE 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 225 816 397 628 387 322 350 529 511 434 243 232 274 223 230 295 
2 223 806 404 636 384 328 355 S23 sos 431 241 231 272 22S 223 29S 
3 224 807 401 634 383 323 360 S28 SC6 429 23S 232 272 222 22S 287 
4 221 807 397 636 384 327 3S1 S27 S08 431 239 232 274 226 229 297 
5 228 806 398 633 383 320 3S8 S30 SO? 429 240 232 272 22S 230 296 
6 228 806 399 634 384 322 3S3 528 508 431 239 232 271 232 223 302 
7 226 807 407 631 383 323 3S8 S29 S04 428 240 233 271 228 226 298 
8 223 807 399 63S 386 31S 3S3 S31 SC9 431 239 227 269 223 227 296 
9 226 811 400 629 390 322 351 S24 S10 434 239 234 270 223 226 289 

10 226 806 406 635 381 319 3S8 S30 SC? 431 239 232 270 229 221 304 
11 223 807 396 633 388 320 3SS S28 S~1 431 239 232 272 229 229 287 
12 22S 807 394 629 386 320 3S1 S28 S08 431 239 230 267 223 223 291 
13 221 811 407 624 384 324 3S1 S26 soa 431 240 223 272 223 223 292 
14 224 807 405 623 383 32S 3S1 S24 SGS 431 241 232 271 223 229 302 
15 223 805 400 630 384 324 351 S27 sos 431 239 232 272 228 222 304 
16 226 807 406 636 384 32S 3S6 S24 S07 434 243 236 273 223 227 299 
17 22S 810 400 63S 384 32S 3SS S2S S07 430 241 233 273 229 22S 298 
18 228 810 396 630 391 321 3S2 S29 S08 430 240 231 269 22S 227 304 
19 223 813 396 627 389 322 3S1 S28 512 436 239 230 270 223 226 283 
20 225 812 403 630 383 327 3S6 527 S10 433 239 232 273 229 223 302 
21 232 807 401 635 384 322 3S7 S29 S08 427 239 231 269 226 22S 298 
22 229 812 396 627 388 321 3S1 S22 S10 432 240 230 270 223 223 292 
23 227 812 408 624 386 323 3S7 S2S S04 430 239 233 273 232 229 301 
24 228 807 396 634 392 320 3S2 S27 sos 430 23S 232 272 232 229 297 
2S 22S 808 398 634 386 320 3S1 S28 see 431 237 231 271 227 229 293 
26 229 816 400 631 389 322 349 S28 S09 434 239 232 270 223 226 294 
27 224 812 408 631 382 323 360 S29 S06 430 240 233 271 232 223 303 
28 22S 804 393 63S 381 321 3'' ::>1 S28 S11 433 241 229 267 222 228 287 
29 229 811 40S 630 384 32S 3S3 S2S sos 431 240 231 270 223 223 291 
30 223 807 406 633 381 322 3S6 S30 S07 430 239 232 270 223 228 298 
31 228 815 391 628 388 322 3S2 S28 S11 436 240 229 269 223 223 293 
32 22S 812 40S 632 383 323 3S7 S25 S08 429 23S 234 271 228 230 307 
33 231 807 393 634 383 322 3S3 529 S11 433 239 232 270 222 225 28S 
34 224 810 408 630 388 32S 3S8 S29 S06 431 23S 232 271 229 227 296 
35 22S 816 39S 630 389 320 3S1 S29 S12 431 240 231 272 232 226 29S 
36 230 812 396 632 387 320 3SO S28 S11 433 238 230 270 223 227 287 
37 224 814 408 627 388 32S 3S8 S28 S06 431 240 232 267 223 223 302 
38 231 806 399 633 388 320 3SS S27 S10 430 238 229 267 223 223 289 
39 232 807 391 628 379 321 3SO S2S S11 436 244 231 270 222 22S 293 
40 219 803 400 62S 37S 319 3S1 S2S S04 426 23S 229 269 223 226 293 
41 232 804 394 628 384 320 353 S27 S06 428 238 232 270 224 232 298 
42 229 812 39S 631 387 322 348 S2S S11 436 239 229 266 222 223 294 
43 219 808 404 628 384 32S 3S6 S24 S08 433 23S 231 271 22S 222 298 
44 229 806 39S 636 382 321 357 S29 S07 432 242 232 271 229 229 302 
45 227 812 400 636 386 321 3S4 528 S11 433 243 229 271 223 225 287 
46 223 811 399 623 384 32S 352 528 511 435 243 232 272 22S 229 279 
47 226 807 403 627 384 325 3S2 S24 507 435 242 233 274 22S 227 297 
48 222 807 401 633 383 317 353 528 S08 432 235 231 269 227 22S 297 
49 223 812 400 627 390 320 3S1 528 509 432 238 227 271 223 232 290 
50 226 814 400 629 391 322 349 523 508 435 242 232 268 223 225 287 

D1g1tal Code Footcandles 

THE AVERAGE OF CHANNEL IS--------------- 225.78 5.085308 

THE AVERAGE OF CHANNEL 2 I$--------------- 809.18 23.73391 

THE AVERAGE OF CHANNEL 3 I$--------------- 399.98 35.07364 

THE AVERAGE OF CHANNEL 4 I$--------------- 630.78 34.50483 

THE AVERAGE OF CHANNEL 5 I$--------------- 385.14 19.80439 
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THE AVERAGE OF CHANNEL 6 IS--------------- 322.16 4.935068 

THE AVERAGE OF CHANNEL 7 IS--------------- 353.46 9.078573 

THE AVERAGE OF CHANNEL 8 IS--------------- 527.06 12.31528 

THE AVERAGE OF CHANNEL 9 IS--------------- 508.1 11.28864 

THE AVERAGE OF CHANNEL 1 0 IS--------------- 431.64 9.097114 

THE AVERAGE OF CHANNEL 11 IS--------------- 239.28 3.015401 

THE AVERAGE OF CHANNEL 12 IS--------------- 231.18 4.168409 

THE AVERAGE OF CHANNEL 13 IS--------------- 270.58 5.130078 

THE AVERAGE OF CHANNEL 14 IS--------------- 225.36 4.482742 

THE AVERAGE OF CHANNEL 15 IS--------------- 226.02 4.112148 

THE AVERAGE OF CHANNEL 16 IS--------------- 294.88 112.0621 

OBSERVATIONS IN FOOTCANDLES 

2 3 4 5 6 8 9 10 11 12 13 14 

1 5 057 24 228 34 666 34 172 19 983 4 931 8 938 12 405 11 404 9 182 3 088 4.192 5.232 4 424 4225112123 
2 4 984 23 506 35 627 35 134 19 695 5 083 9 142 12 130 11 166 9 074 3 049 4 163 5 172 4 474 4.027 112 123 
3 5 020 23 577 35 214 34 892 19 600 4 956 9 235 12 359 11 206 9 002 2.932 4 192 5 172 4 399 4 083 108 101 
4 4 912 23 577 34 666 35 134 19 695 5 058 8 978 12 313 11 285 9 074 3 010 4.192 5 232 4499 4.196 113 135 
5 5 167 23 506 34 802 34 772 19 600 4 881 9 265 12 451 11.245 9 002 3 029 4 192 5 172 4 474 4 225 112 628 
6 5167 23 506 34 939 34 892 19.695 4 931 9 060 12 359 11 285 9 074 3.010 4 192 5.143 4 650 4027 115677 
7 5 093 23 577 36 043 34 531 19 600 4 956 9 265 12 405 11127 8 967 3 029 4 221 5 143 4 549 4 112 113 642 
8 4 934 23 577 34 939 35 013 19 887 4 756 9 060 12 498 11 324 9 074 3 010 4 049 5 083 4 424 4.140 112628 
9 5 093 23 865 35 076 34 292 20 273 4 931 8 978 12175 11.364 9 182 3 010 4 250 5113 4 424 4 112 109 103 

10 5 093 23 506 35 904 35 013 19 411 4 856 9 265 12 451 11 245 9 074 3 010 4 192 5 113 4 574 3 972 116 699 
11 4 984 23.577 34 530 34 772 20 079 4 881 9 142 12 359 11404 9 074 3 010 4 192 5 172 4 574 4196 108 101 
12 5 057 23 577 34 258 34 292 19 887 4 881 8 978 12 359 11285 9 074 3 010 4 134 5.024 4 424 4 027 110 107 
13 4 912 23 865 36 C43 33 697 19 695 4 982 8 978 12 267 11 295 9 074 3 029 3 936 5172 4.424 4027 110.610 
14 5 020 23.577 35 766 33 579 19 600 5 007 8 978 12 175 11 166 9 074 3 049 4 192 5.143 4 424 4 196 115 677 
15 4 984 23 435 35 076 34 411 19 695 4 982 8 978 12 313 11 166 9 074 3 010 4 192 5 172 4.549 4 000 116 699 
16 5 093 23 577 35 904 35 134 19 695 5 007 9 183 12 175 11 245 9 182 3 088 4 308 5 202 4 424 4 140 114 150 
17 5 057 23793 35 076 35 013 19 695 5 007 9 142 12 221 11 245 9 038 3 049 4 221 5 202 4 574 4 083 113 642 
18 5167 23 793 34 530 34 411 20.370 4 906 9 019 12 405 11 285 9.038 3.029 4.163 5.083 4 474 4 140 116 699 
19 4 %4 24 010 34 530 34 053 20 176 4 931 8 978 12 359 11 445 9.255 3 010 4 134 5113 4 424 4 112 106.107 
20 5 057 23 937 35 489 34.411 19 600 5 058 9183 12 313 11 364 9146 3 010 4 192 5 202 4 574 4 027 115 677 
21 5.315 23.577 35 214 35 013 19.695 4.931 9 224 12 405 11 285 8 931 3 010 4.163 5 083 4 499 4 083 113 642 
22 5 204 23 937 34 530 34.053 20 079 4 906 8 978 12.085 11 364 9 110 3 029 4 134 5 113 4 424 4027 110610 
23 5 130 23 937 36 182 33 697 19 887 4 956 9 224 12 221 11 127 9 038 3 010 4 221 5 202 4 650 4196115167 
24 5167 23 577 34 530 34 892 20 468 4 881 9 019 12.313 11 166 9 038 2 932 4 192 5 172 4 650 4.196 113.135 
25 5 057 23 649 34 802 34.892 19 887 4 881 8 978 12 359 11 285 9 074 2 971 4 163 5.143 4 524 4196 111113 
26 5 204 24 228 35 076 34 531 20 176 4 931 8 897 12.359 11 324 9 182 3.010 4192 5 113 4.424 4 112 111 618 
27 5 020 23 937 36 182 34 531 19 505 4 956 9 235 12 405 11206 9 038 3 029 4 221 5 143 4 650 4 027 116. 188 
28 5 057 23 363 34 122 35 013 19.411 4 906 8 978 12 359 11404 9146 3 049 4.106 5.024 4.399 4 168 108 101 
29 5 204 23 865 35 766 34 411 19 695 5 007 9 060 12.221 11 166 9 074 3 029 4.163 5.113 4.424 4027110107 
30 4 984 23.577 35 904 34.772 19 411 4 931 9 183 12 451 11 245 9 038 3 010 4192 5113 4 424 4.1G8 113.642 
31 5 167 24 155 33 852 34 172 20 079 4 931 9 019 12 359 11 404 9 255 3.029 4.106 5 083 4.424 4 027 111113 
32 5 057 23 937 35 766 34 651 19 600 4.956 9 224 12 221 11.285 9 002 2.932 4 250 5 143 4 549 4.225 118 236 
33 5 278 23 577 34 122 34 892 19 600 4 931 9 060 12 405 11 404 9.146 3 010 4192 5 113 4 399 4 083 107 103 
34 5 020 23.793 36.182 34.411 20 079 5 007 9 265 12 405 11.206 9 074 2 932 4 192 5 143 4 574 4. 140 112.628 
35 5 057 24 228 34 394 34.411 20 176 4.881 8 978 12 405 11.445 9 074 3.029 4.163 5.172 4 650 4.112112123 
36 5.241 23.937 3H30 34.651 19 983 4 881 8 938 12.359 11.404 9 146 2.990 4 134 5 113 4.424 4140 108 101 
37 5 020 24 082 36182 34 053 20 079 5 007 9 265 12 359 11 206 9 074 3 029 4192 5.024 4424 4 027 115.677 
38 5 278 23.506 34 939 34 772 20 079 4 881 9 142 12.313 11 364 9 038 2 990 4106 5 024 4.424 4 027 109 103 
39 5 315 23 577 33 852 34172 19 222 4 906 8 938 12 221 11404 9.255 3 108 4 163 5113 4 399 4 083 111 113 
40 4 840 23 292 35 076 33 816 18 848 4 856 8 978 12.221 11.127 8.895 2 932 4106 5 083 4.424 4 112 111 113 
41 5 315 23 363 34 258 34172 19 695 4 881 9.060 12.313 11.206 8 967 2 990 4 192 5113 4449 4 262 113 642 
42 5 204 23 937 34 394 34 531 19 983 4 931 8.857 12 221 11.404 9 255 3 010 4.106 4 995 4 399 4.027 111 618 
43 4 840 23 649 35 627 34.172 19 695 5 007 9 183 12 175 11 285 9.146 2 932 4 163 5143 4 474 4.000 113 642 
44 5 204 23.506 34 394 35 134 19 505 4 906 9 224 12 405 11.245 9.110 3 069 4 192 5 143 4.574 4196115677 
45 5 130 23 937 35 076 35 134 19 687 4 906 9 101 12.359 11.404 9.146 3.088 4 106 5 143 4.424 4 083 108 101 
46 4 984 23.865 34 939 33 579 19 695 5 007 9 019 12.359 11.404 9.218 3 088 4.192 5.172 4 474 4.196 104.124 
47 5.093 23 577 35.489 34 053 19 695 5.007 9 019 12.175 11 245 9.218 3 069 4.221 5 232 4 474 4140113135 
48 4.948 23.577 35.214 34.772 ·,9 600 4.806 9 060 12.359 11.285 9.110 2.932 4.163 5 083 4.524 4 083 113135 
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49 4 984 23 937 35 076 34 053 20.273 4 881 8 978 12 359 11 324 9.110 2 990 4 049 5.143 4.424 4 282 109 604 
so 5093 24.082 35.076 34292 20310 4.931 8.897 12.130 1u0s 9210 30;;9 4.192 s.o54 4424 4083100.101 

INPUPT DATA 

DIFFUSE DAYLIGHT AVAILABILITY IS 112.0621 FOODCANDLE 
TRANSMISSION FACTOR OF THE WINDOW IS 1 
THE DEPTH OF THE ROOM IS 14 FEET 
THE WIDTH OF THE ROOM IS 19 FEET 
THE HEIGHT OF THE ROOM IS 12 FEET 
THE DISTANCE BETWEEN THE LEFT EDGE OF THE WINDOW AND THE LEFT WALL IS 5 FEET 
THE DISTANCE BETWEEN THE RIGHT EDGE OF THE WINDOW AND THE RIGHT WALL IS 2 FEET 
THE DISTANCE BETWEEN THE UPPER EDGE OF THE WINDOW AND THE CEILING IS 2 FEET 
THE DISTANCE BETWEEN THE LOWER EDGE OF THE WINDOW AND THE FLOOR IS 3 FEET 
THE REFLECTANCE OF THE EXTERIOR GROUND IS .31 
THE REFLECTANCE OF THE INTERIOR SUR~ACES ARE 

LEFT WALL------ .06 BACK WALL------ .06 
RIGHT WALL---- .06 WINDOW WALL---- .06 
CEILING-------- .06 FLOOR---------- .06 _________________________ .. ______________________________________________________ 

OUTPUT DATA 

Ext er Inter- Total 
p X-axis Y-axis Z-ax1s Area Direct Reflec Received 

to p to p at p 

1 0.0000 0.0000 2.5000 1.4778 1.5156 0.0547 1.5702 
2 0.0000 1.9000 2.5000 1.4778 1.8648 0.1939 2.0586 
3 0.0000 3.8000 2.5000 1.4778 2.2300 0.1558 2.3858 
4 0.0000 5.7000 2.5000 1.4778 2.5738 0.1399 2.7137 
5 0.0000 7.6000 2.5000 1.4778 2.8521 0.1342 2.9862 
6 0.0000 9.5000 2.5000 1.4778 3.0246 0.1349 3.1595 
7 0.0000 11.4000 2.5000 1.4778 3.0649 0.1411 3.2061 
8 0.0000 13.3000 2.5000 1.4778 2.9669 0.1539 3.1208 
9 0.0000 15.2000 2.5000 1.4778 2.7457 0.1766 2.9223 

10 0.0000 17.1000 2.5000 1.4778 2.4344 0.2213 2.6557 
11 0.0000 19.0000 2.5000 1.4778 2.0764 0.0519 2.1283 
12 0.7778 0.0000 2.5000 1.4778 1.6486 0.3275 1.9761 
13 0.7778 1.9000 2.5000 1.4778 2.0583 0:6536 2.7119 
14 0.7778 3.8000 2.5000 1.4778 2.4937 0.7141 3.2078 
15 0.7778 5.7000 2.5000 1.4778 2.9087 0.8018 3.7105 
16 0.7778 7.6000 2.5000 1.4778 3.2472 0.8893 4.1365 
17 0.7778 9.5000 2.5000 1.4778 3.4579 0.9442 4.4020 
18 0.7778 11.4000 2.5000 1.4778 3.5073 0.9439 4.4512 
19 0.7778 13.3000 2.5000 1.4778 3.3874 0.8985 4.2860 
20 0.7778 15.2000 2.5000 1.4778 3.1176 0.8357 3.9533 
21 0.7778 17.1000 2.5000 1.4778 2.7400 0.7819 3.5219 
22 0.7778 19.0000 2.5000 1.4778 2.3099 0.3858 2.6956 
23 1.5556 0.0000 2.5000 1.4778 1.7927 0.2771 2.0698 
24 1.5556 1.9000 2.5000 1.4778 2.2745 0.5712 2.8457 
25 1.5556 3.8000 2.5000 1.4778 2.7958 0.5818 3.3776 
26 1.5556 5.7000 2.5000 1.4778 3.2991 0.6174 3.9165 
27 1.5556 7.6000 2.5000 1.4778 3.7130 0.6535 4.3665 
28 1.5556 9.5000 2.5000 1.4778 3.9716 0.6795 4.6511 
29 1 .5556 11.4000 2.5000 1.4778 4.0323 0.6902 4.7225 
30 1.5556 13.3000 2.5000 1.4778 3.8851 0.6860 4.5710 
31 1.5556 15.2000 2.5000 1.4778 3.5542 0.6736 4.2279 
32 1.5556 17 .1000 2.5000 1.4778 3.0938 0.6743 3.7681 
33 1.5556 19.0000 2.5000 1.4778 2.5747 0.3189 2.8935 
34 2.3333 0.0000 2.5000 1.4778 1.9478 0.2412 2.1890 
35 2.3333 1.9000 2.5000 1.4778 2.5156 0.5230 3.0386 
36 2.3333 3.8000 2.5000 1.4778 3.1422 0.5048 3.6469 
37 2.3333 5.7000 2.5000 1.4778 3.7559 0.5206 4.2765 
38 2.3333 7.6000 2.5000 1.4778 4.2646 0.5426 4.8072 
39 2.3333 9.5000 2.5000 1.4778 4.5834 0.5609 5.1443 
40 2.3333 11.4000 2.5000 1.4778 4.6583 0.5719 5.2302 
41 2.3333 13.3000 2.5000 1.4778 4.4767 0.5765 5.0531 
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42 2.3333 15.2000 2.5000 1.4778 4.0691 0.5818 4.6509 
43 2.3333 17.1000 2.SOOO 1.4778 3.5048 0.6143 4.1191 
44 2.3333 19.0000 2.SOOO 1.4778 2.87S1 0.2718 3.1468 
45 3.1111 0.0000 2.SOOO 1.4778 2.1130 0.21S8 2.3289 
46 3.1111 1.9000 2.SOOO 1.4778 2.7835 0.49S6 3.2791 
47 3.1111 3.8000 2.SOOO 1.4778 3.S399 0.4S62 3.9961 
48 3.1111 5.7000 2.SCOO 1.4778 4.2921 0.4S87 4.7S08 
49 3.1111 7.6000 2.SOOO 1.4778 4.9206 0.4720 5.3926 
50 3.1111 9.SOCO 2.SOOO 1.4778 5.31S5 0.4860 S.8015 
S1 3.1111 11.4000 2.SOOO 1.4778 S.<!083 0.4974 S.90S7 
52 3. 1111 13.3000 2.SOOO 1.4778 S1833 O.S079 S.6912 
S3 3.1111 15.2000 2.5000 1.4778 4.6788 O.S263 S.20S1 
S4 3.1111 17.1000 2.SOOO 1.4778 3.9833 0.S839 4.S672 
SS 3.1111 19.0000 2.5000 1.4778 3.21S7 0.2389 3.4S46 
S6 3.8889 0.0000 2.SOOO 1.4778 2.2869 0.1969 2.4838 
57 3.8889 1.9000 2.SOOO 1.4778 3.0798 0.4798 3.5596 
S8 3.8889 3.8000 2.5000 1.4778 3.9966 0.4236 4.4202 
59 3.8889 S.7000 2.5000 1.4778 4.9238 0.4160 5.3397 
60 3.8889 7.6000 2.5000 1.4778 S.7043 0.4231 6.1274 
61 3.8889 9.SOOO 2.5000 1.4778 6.19S2 0.4343 6.629S 
62 3.8889 11.4000 2.SOOO 1.4778 6.3104 0.4464 6.7S69 
63 3.8889 13.3000 2.5000 1.4778 6.0309 0.4619 6.4928 
64 3.8889 1S.2000 2.5000 1.4 778 5.4037 0.4914 S.89S2 
6S 3.8889 17.1000 2.5000 1.4778 4.S418 0.5709 S.1128 
66 3.8889 19.0000 2.SOOO 1.4778 3.6013 0.2148 3.8161 
67 4.6667 0.0000 2.SOOO 1.4778 2.4664 0.1822 2.6486 
68 4.6667 1.9000 2.SOOO 1.4778 3.40SO 0.4701 3.87S1 
69 4.6667 3.8000 2.5000 1.4778 4.S208 0.400S 4.9213 
70 4.6667 S.7000 2.5000 1.4778 5.6701 0.38SO 6.0SS1 
71 4.6667 7.6000 2.SOOO 1.4778 6.6444 0.3875 7.0319 
72 4.6667 9.SOOO 2.5000 1.4778 7.256S 0.3967 7.6S33 
73 4.6667 11.4000 2.SOOO 1.4778 7.3999 0.4098 7.8097 
74 4.6667 13.3000 2.SOOO 1.4778 7.0518 0.4299 7.4817 
75 4.6667 15.2000 2.5000 1.4778 6.2690 0.4692 6.7382 
76 4.6667 17.1000 2.SOOO 1.4778 5.1949 0.S682 5.7631 
77 4.6667 19.0000 2.5000 1.4778 4.0364 0.1963 4.2327 
78 S.4444 0.0000 2.SOOO 1.4778 2.6469 0.1703 2.8172 
79 S.4444 1.9000 2.5000 1.4778 3.7S76 0.4639 4.2216 
80 5.4444 3.8000 2.SOOO 1.4778 5.1211 0.3832 5.S043 
81 S.4<!44 S.7000 2.SOOO 1.4778 6.SS43 0.3616 6.9158 
82 S.4444 7.6000 2.5000 1.4778 7.7763 0.3606 8.1369 
83 S.4444 9.5000 2.SOOO 1.4778 8.5413 0.368S 8.9098 
84 S.4444 11.4000 2.SOOO 1.4778 8.7196 0.3827 9.1023 
8S S.4444 13.3000 2.SOOO 1.4778 8.2860 0.4068 8.6928 
86 S.4444 15.2000 2.SOOO 1.4778 7.3056 0.4S50 7.7607 
87 S.44.:14 17.1000 2.SOOO 1.4778 5.9S9S O.S72S 6.S320 
88 S.4444 19.0000 2.SOOO 1.4778 4.S246 0.1818 4.7063 
89 6.2222 0.0000 2.SOOO 1.4778 2.8209 0.1606 2.981S 
90 6.2222 1.9000 2.SOOO 1.4778 4.1333 0.4S88 4.S921 
91 6.2222 3.8000 2.5000 1.4778 5.80S5 0.369.:1 6.1749 
92 6.2222 5.7000 2.5000 1.4778 7.6041 0.3430 7.9472 
93 6.2222 7.6000 2.SOOO 1.4778 9.1441 0.3395 9.4836 
94 6.2222 9.SOOO 2.5000 1.4778 10.1002 0.3466 10.4.:168 
95 6.2222 11.4000 2.SOOO 1.4778 10.3216 0.3618 10.6834 
96 6.2222 13.3000 2.5000 1.4778 9.7822 0.3896 10.1718 
97 6.2222 15.2000 2.5000 1.4778 8.5518 0.44S9 8.9977 
98 6.2222 17.1000 2.5000 1.4778 6.8549 0.5805 7.4354 
99 6.2222 19.0000 2.5000 1.4778 5.0673 0.1700 5.2374 

100 7.0000 0.0000 2.SOOO 1.4778 2.9775 0.1S24 3.1299 
101 7.0000 1.9000 2.SOOO 1.4778 4.5225 0.4S38 4.9762 
102 7.0000 3.8000 2.5000 1.4778 6.5799 0.3574 6.9373 
103 7.0000 5.7000 2.5000 1.4778 8.8526 0.3278 9.1804 
104 7.0000 7.6000 2.5000 1.4778 10.8013 0.322S 11.1238 
105 7.0000 9.SOOO 2.5000 1.4778 11.9942 0.3291 12.3233 
106 7.0000 11.4000 2.SOOO 1.4778 12.2674 0.34S3 12.6127 
107 7.0000 13.3000 2.5000 1.4778 11.5997 0.3762 11.9759 
108 7.0000 15.2000 2.5000 1.4778 10.0543 0.4396 10.4939 
109 7.0000 17.1000 2.5000 1.4778 7.9022 0.S909 8.4931 
110 7.0000 19.0000 2.5000 1.4778 5.6620 0.1604 5.8224 
111 7.7778 0.0000 2.5000 1.4778 3.1011 0.1454 3.2465 
112 7.7778 1.9000 2.SOOO 1.4778 4.9076 0.4467 5.3543 
113 7.7778 3.8000 2.SOOO 1.4778 7.4450 0.3463 7.7912 
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114 7.7778 5.7000 2.5000 1.4 778 10.3385 0.3146 10.6531 
115 7.7778 7.6000 2.5000 1.4778 12.8133 0.3082 13.1215 
116 7.7778 9.5000 2.5000 1.4778 14.2939 0.3146 14.6086 
117 7.7778 11.4000 2.5000 1.4778 14.6274 0.3316 14.9590 
118 7.7778 13.3COO 2.5000 1.4 778 13.8084 0.3651 14.1735 
119 7.i778 15.2000 2.5000 1.4778 11.8703 0.4345 12.3048 
120 7.7778 17.1000 2.50CO 1.4778 9.1236 0.6009 9.7245 
121 7.7778 19.0000 2.5000 1.4778 6.2983 0.1523 6.45C6 
122 8.5556 0.0000 2.5000 1.4778 3.1705 0.1394 3.3099 
123 8.5556 1.9000 2.5000 1.4 778 5.2585 0.4372 5.6957 
124 8.5556 3.8000 2.5000 1.4778 8.3906 0.3351 8.7256 
125 8.5556 5.7000 2.5COO 1.4778 12.1067 0.3::J26 12.4094 
126 8.5556 7.6000 2.5000 1.4778 15.2581 0.2958 15.5540 
127 8.5556 9.5000 2.5000 1.4778 17.0775 0.3022 17 .3797 
128 8.5556 11.4000 2.5000 1.4778 17.4773 0.3199 17.7973 
129 8.5556 13.3000 2.5000 1.4778 16.4883 0.3553 16.8436 
130 8.5556 15.2000 2.5000 1.4778 14.0693 0.4293 14.4986 
131 8.5556 17.1000 2.5000 1.4778 10.5395 0.6092 11.1487 
132 8.5556 19.0000 2.5000 1.4778 6.9521 0.1456 7.0976 
133 9.3333 0.0000 2.50CO 1.4778 3.1584 0.1342 3.2926 
134 9.3333 1.9000 2.5000 1.4778 5.5267 0.4235 5.9501 
135 9.3333 3.8000 2.5000 1.4778 9.3854 0.3233 9.7088 
136 9.3333 5.7000 2.5000 1.4778 14.2G9::J 0.2915 14.5005 
137 9.3333 7.6000 2.5000 1.4778 18.2270 0.2848 18.5118 
138 9.3333 9.5000 2.5000 1.4778 20.4237 0.2913 20.7150 
139 9.3333 11.4000 2.5000 1.4778 20.8903 0.3095 21.1997 
140 9.3333 13.3000 2.5000 1.4778 19.7254 0.3459 20.0713 
141 9.3333 15.2::JOO 2.5000 1.4778 16.7360 0.4228 17.1588 
142 9.3333 17.1000 2.5000 1.4778 12.1645 0.6123 12.7768 
143 9.3333 19.0000 2.5000 1.4778 7.5754 0.1399 7.7153 
144 10.1111 0.0000 2.5000 1.4778 3.0324 0.1297 3.1621 
145 10.1111 1.9000 2.5000 1.4778 5.6370 0.4055 6.0425 
146 10.1111 3.8000 2.5000 1.4778 10.3576 0.3108 10.6684 
147 10.1111 5.7000 2.5000 1.4778 16.7064 0.2809 16.9873 
148 10.1111 7.6000 2.5000 1.4778 21.8203 0.2749 22.0952 
149 10.1111 9.5000 2.5000 1.4778 24.3959 0.2816 24.6775 
150 10.1111 11.4000 2.5000 1.4778 24.9189 0.2999 25.2188 
151 10.1111 13.3000 2.5000 1.4778 23.5998 0.3366 23.9364 
152 10.1111 15.20CO 2.5000 1.4778 19.9733 0.4142 20.3875 
153 10.1111 17.1000 2.5000 1.4778 13.9974 0.6085 14.6059 
154 10.1111 19.0000 2.5000 1.4778 8.0797 0.1352 8.2149 
155 10.8889 o.ooco 2.5000 1.4778 2.7584 0.1259 2.8843 
156 10.8889 1.9000 2.5000 1.4778 5.4816 0.3825 5.8641 
157 10.8889 3.8000 2.5000 1.4778 11.1543 0.2975 11.4518 
158 10.8889 5.7000 2.5000 1.4778 19.6764 0.2709 19.9473 
159 10.8889 7.6000 2.5000 1.4778 26.1271 0.2660 26.3931 
160 10.8889 9.5000 2.5000 1.4778 29.0028 0.2730 29.2758 
161 10.8889 11.4000 2.5000 1.4778 29.5611 0.2911 29.8522 
162 10.8889 13.3000 2.5000 1.4778 28.1590 0.3270 28.4860 
163 10.8889 15.2000 2.5000 1.4778 23.9029 0.4028 24.3057 
164 10.8889 17.1000 2.5000 1.4778 16.0000 0.5940 16.5939 
165 10.8889 19.0000 2.5000 1.4778 8.3076 0.1315 8.4391 
166 11.6667 0.0000 2.5000 1.4778 2.3089 0.1229 2.4318 
167 11.6667 1.9000 2.5000 1.4778 4.9214 0.3558 5.2771 
168 11.6667 3.8000 2.5000 1.4778 11.4575 0.2841 11.7416 
169 11.6667 5.7000 2.5000 1.4778 23.2278 0.2618 23.4897 
170 11.6667 7.6000 2.5000 1.4778 31.1193 0.2585 31.3778 
171 11.6667 9.5000 2.5000 1.4778 34.07 48 0.2658 34.3406 
172 11.6667 11.4000 2.5000 1.4778 34.6779 0.2834 34.9613 
173 11.6667 13.3000 2.5000 1.4778 33.3514 0.3177 33.6691 
174 11.6667 15.2000 2.5000 1.4778 28.6280 0.3890 29.0170 
175 11.6667 17.1000 2.5000 1.4778 18.0270 0.5678 18.5948 
176 11.6667 19.0000 2.5000 1.4778 7.9925 0.1291 8.1216 
177 12.4444 0.0000 2.5000 1.4778 1.6759 0.1210 1.7969 
178 12.4444 1.9000 2.5000 1.4778 3.8168 0.3269 4. 1 437 
179 12.4444 3.8000 2.5000 1.4778 10.6027 0.2718 10.8745 
180 12.4444 5.7000 2.5000 1.4778 27.3857 0.2547 27 .6404 
181 12.4444 7.6000 2.5000 1.4778 36.0369 0.2533 36.2902 
182 12.4444 9.5000 2.5000 1.4778 38.6730 0.2611 38.9341 
183 12.4444 11.4000 2.5000 1.4778 39.6598 0.2780 39.9378 
184 12.4444 13.3000 2.5000 1.4778 38.7983 0.3097 39.1081 
185 12.4444 15.2000 2.5000 1.4 7 7 8 33.8620 0.3739 34.2359 
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186 12.4444 17.1000 2.5000 1.4778 19.5167 0.5293 20.0459 
187 12.4444 19.0000 2.5000 1.4778 6.7230 0.1284 6.8514 
188 13.2222 0.0000 2.5000 1.4778 0.8845 0.1205 1.0051 
189 13.2222 1.9000 2.5000 1.4778 2.1179 0.3000 2.4178 
190 13.2222 3.8000 2.5000 1.4778 7.2444 0.2626 7.5069 
191 13.2222 5.7000 2.5000 1.4778 29.5055 0.2521 29.i576 
192 13.2222 7.6000 2.5000 1.4778 35.i931 0.2540 36.0471 
193 13.2222 95000 2.5000 1.4778 37.4091 0.2631 37.6722 
194 13.2222 11.4000 2.5000 1.4778 40.4426 0.2788 40.7214 
195 13.2222 13.3000 2.5000 1.4 7i8 42.1336 0.3064 42.4400 
196 13.2222 15.2000 2.5000 1.4778 35.1838 0.3605 35.5443 
197 13.2222 17.1000 2.5COO 1.4778 18.0808 0.4847 18.5655 
198 13.2222 19.0000 2.5000 1.4778 4.0342 0.1301 4.1643 
199 14.0000 0.0000 2.5000 1.4778 O.CCOO O.Oi39 0.0739 
200 14.0000 1.9000 2.5000 1.4778 0 ooco 0.2095 0.2095 
201 14.0000 3.8000 2.5000 1.4778 O.OCCO 0.1 769 0.1 i69 
202 14.0000 5.7000 2.5000 1.4778 0.0000 0.1595 0.1595 
203 14.0000 7.6000 2.5000 1.4778 0.0000 0.1489 0.1489 
204 14.0000 9.5000 2.5000 1.47i8 0.0000 0.1410 0.1410 
205 14.0000 11.4000 2.5000 1.4 77 8 0.0000 0.1334 0.1334 
206 14.0000 13.3000 2.5000 1.4778 o.cooo 0.1251 0.1251 
207 14.0000 15.2000 2.5000 1.4778 0.0000 0.1156 0.1156 
208 14.0000 17.1000 2.5000 1.4778 0.0000 0.1050 0.1050 
209 14.0000 19.0000 2.5000 1.4778 0.0000 0.0938 0.0938 
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