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CALCULATIONS OF THERMAL PERFORMANCE 

OF A BUILDING AND ITS AIR CONDITIONING 

PLANT BY HYBRID COMPUTER 

by 

G, P. Mitalas 

The temperature of the air in an air conditioned room 

depends on the rate at which heat enters the room, the rate at which 
heat is removed from the room, and the heat storage capacity of the 

structure, The calculation of room air temperature or room cooling 

load is quite involved as the ambient conditions, the characteristics 

of the cooling plant and the characteristics of the structure must all 

be considered together, The calculation involves the solution of 

several equations, both algebraiJZ and differential, that describe the 
performance of the cooling. ｳｹｳｴｾｭ＠ and the structure. These 

equations can be solved qui.te readily by an electronic computer. 

This report describes the way that the NRC computer facilities have 

been used to make air conditioning design calculations. 

Computer Facilities Available 

The Analysis Section of the NRC Division of Mechanical 

Engineering has a Pace analogue computer, a Bendix G-15 digital 
computer, and an analogue-digital digital-analogue coupling unit that 
allows the two computers to be interconnected, ·These machines 

have been used for air conditioning design calculations. The coupled 
analogue -digital machine is particularly well suited for this type of 

calculation because the problem involves algebraic and differential 
equations. The analogue is best suited for solving ·the differential 

equations and the digital is superior at algebraic equations. The 
digital is also used to generate the ambient conditions that are the 

driving functions for the problem, and the results are recorded in 

digital form and finally typed by the typewriter associated with the 

digital machine. 

Mathematical Model of the Thermal Eaergy Balance of a Room and 

an Air Conditioning Plant 

The heat interchange within a room, the heat flow.,through 
u 

a room envelope and the heat interchange between an outside wall and 

its environment, can be described by a set of linear algebraic 

equations: 
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and by a set of differential equations: 

e. 
l 

= D. e. 1 t D. e. - D.e. 
t-1 1- ttl ttl t t 

where 

C .. , K, and D. are coefficients 
Jt t t 

= 

= K.I. 
J J 

e. 
t 

= room envelope inner surface temperature 

... (1) 

... (2) 

(Ref. 1) 

= time dependent variable (i. e. solar radiation, outside 

air temperature, etc,). 

The number of equations in a set is governed by the number 

and the construction of room envelope components. A room thermal 

·response can be described by approximately ten differential and ten 

linear algebraic equations. 

where 

The room air temperature is given by: 

= 

t 

MR = J (clel t czez t ... 
0 

= room air temperature 

Q = heat addition or extraction 

a* 
R 

= minimum allowable room air temperature (i.e. 

stat setting), 

/) 

• . • (3) 

(Ref, 1) 

thermo-

The continuous solution of the above .equations is possible 

using the three basic analogue circuits given in Figure 1. 
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The mechanical equipment to control the inside climate in 
large buildings usually consists of: 

(a) chiller 

(b) primary air unit 

(c) secondary water coils. 

Figure 2 is a schematic diagram of this equipment and the 
room. 

The chiller cooling water outlet temperature, at constant 
water flows and compressor speed, depends on the cooling water inlet 
temperature and the outside air wet-bulb temperature, and is given by: 

where 

8 A A 8 A 82 - 8 * /';. wo= l + 2 Win+ 3 Win WO 

8w. tn 

8 
wo 

= 

= 

= 

= 

inlet cooling water temperature (• F) 

outlet cooling water temperature ( • F) 

a and b = constants that are functions of the particular chiller 

design 

8 ｾＧ＠
wo = minimum allowable outlet cooling water temperature 

(• F). 

[) 

The maximum heat extraction --per square foot of 
nominal face area by the primary air unit at the design air and water 
flows --is a function of the temperature of the chilled water entering 

(4) 
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this unit, Bwo; of the inlet air dry bulb, BoB;· and of the inlet air 
dew-point, Bop• temperatures. It is given by one of the three 
following expressions depending on (Bop - Bwol difference: 

where 

where 

= 

/ 
/ 

= 

c, d, e, f, g and m are constants that are functions of the particular 
primary air unit design. The temperatures are in • F and Qp is in 
Btu/hr ft2, 

E. 
1n 

M 
a 

The enthalpy of the outlet air is given by: 

E = E. .., (Qp)/(M') 
o 1n a 

= enthalpy of outside air (inlet air to primary air unit) 
(Btu)/(lb of air) 

= mass flow rate of air through primary air unit (lb)/(hr ft
2

). 

If it is assumed that the outlet air is saturated, which is a reasonable 
assumption for a unit with four or more rows of sprayed coils, the 
outlet air temperature is given by the following equation: 

B 
oa 

= (-2. 69 + 3. 51 E - 0. 0518 E 2 + 0, 000333 E 3) •F. 
n o o o 

The heat extraction by the secondary coils is: 

= 



where 
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constant which depends on the particular coil design 

and water and air flow rates. 

inlet water temperature to the secondary coil, oF 

9R = room air temperature, oF 

X = bypass factor, i.e. the ratio of cooling water flow 

through the chiller to the cooling water flow through 

the primary air unit 
., 

= water flow rate through t.!J.e primary air unit, (lb)/(hr ftZ). 
/ 

The sensible cooling of room air by secondary coils and 

primary air is: 

where 

S = primary air unit coil nominal face area allocated for 

this room, ftZ. 

The cooling water temperature entering the chiller is: 

The equations describing the heat balance in the room and the 

cooling plant must be solved simultaneously because ·of the interdependence 

of room air temperature and heat extraction by secondary coils. The 

solution of this set of equations on a hybrid computer is not a straight

forward operation because of the operational difference of the two 

computers; the digital computer sample_s the analogue voltages repre

senting 9w in and 9R at the time, ts· Using these sampled values it 

calculates ( 9
0

a) ts and ( 9wr>· ts but the calculations require a small time 

interval,. and therefore the values (9
0

a) ts and (9wr> ts are "late". 

This diff:cbulty can be overcome by noting that the driving functions are 

·periodic with 24-hr period, and that only the periodic steady state con

ditions are of interest. Therefore, the values ( 9
0

;,_)ts and (9wr> ts 
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calculated for the time, ts, are stored in the computer memory and 

held there until the time, ts + 24 hr. At this time the values are 

transmitted to the analogue computer. 

Hybrid Computer 

The hybrid computer at the Division of Mechanical 

Engineering, NRC, used for these calculations is made up of: 

(a) a Bendix G-15 digital computer, two magnetic tape 

units, a typewriter, puncl)ed paper tape reader and 

punch. 

(b) a Pace 131R electronic analogue computer made up 

basically of 96 amplifiers, 160 potentiom'eters, 

4 relay amplifiers,. digit.al vo:Jtmeters and an analogue 
/ 

recorder. 

(c) an Epsco addaverter with an 8 D:..A (digital to 

analogue) and an 8 A-D (analogue to digital) channel 

capacity. 

The D-A converter accepts lZ binary bits with sign, 
accuracy± 0. 5 bits or 0. OZ per cent over the working range of 
± 10 volts and the time for conversion "" 0. 1 ms. 

The A-D converter gives lZ binary bits with sign, accuracy 

± Z bits, i.e. 0. 1 per cent and time for conver·sion of 8 channels 

"" Z ms. 

The interval between the conversions can be controlled by 

the addaverter clock or by the Bendix G-15. 

Operation Procedure 

The procedure for the solution of the e.quations describing 

the room thermal performance and the air conditioning plant can be 

divided into four major steps: 

(1) Preparation of the driving functions 

(Z) Setting up and checking the analogue circuit 

(3) Solution of the equations on the hybrid computer 

( 4) Tabulation of results. 
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Preparation of the Driving Functions 

The driving functions are calculated by "A Program to 

Calculate Design Data for Air Conditioning Calculations". This 

program is designed to calculate various weather parameters from 

the basic data, to store these in memory and to punch them on paper 

tape. The detailed description and operational procedure of this 

program are given in Ref. 2. 

The punched paper tape produced by this program is not 

directly usable as an input for the "Running Program" which is 

described in the following sections. The numbers listed on the 

punched paper tape must be converted to the special format accept

able by the D-A converter. The "Driving Function Conversion Pro

gram" was written to convert the numbers to the r,equired format, 

to calculate A1, Az, and A3 constfnts and to store these on magnetic 

tape. The detailed description of this program and its operational 

procedure are given in Appendix I. 

Setting Up and Checking of the Analogue Circuit 

The method and the detailed description of how to set up an 

analogue circuit is given by G. P. Mitalas et al {1). Before this circuit 

is used, it is desirable to check the circuit and the settings of the 

potentiometers. This can be done simply by noting that: 

(a) the temperatures of the room envelope and the room 

air at steady state conditions must be equal to the 

temperature at the outside surface of the room 

envelope, when the other inputs are zero; 

(b) the heat extracted from the room air must be 

equal to the solar radiation input to the room, when 

the heat flow through the room envelope an.d the 

internal heat sources are zero. 

Once these verifications are carried put it is reasonable to 

assume that the analogue circuit and the potentiometer settings are 

corre.ct and that the analogue circuit components are functioning 

correctly. 

Procedure for Operating the Hybrid Computer 

(1) Mount the magnetic tape containing the driving functions 

on the magnetic tape unit No. 0. 
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(Z) Mount a reel of blank magnetic tape on tape unit 

No, 1. 

(3) Set the addaverter controls: 

( 4) 

(5) 

a) channel capacity = 8 

b) channel 8 on "Data" channel 

c) time on clock = 1. Z sec. 

Load "Running Program" (the .description of this 

program and its operational procedure· are given in 

Appendix II), search the magnetic tape for the 

required driving functions, and load thi,s set into 

the computer, 

Turn on the analogue recorder and set the 

analogue computer in operating mode. This puts 

the hybrid computer in operation. 

(6) The heat extraction from the room air can be 

varied by: 

a) a change in bypass factor, X 

b) a change in primary air unit coil nominal 

face area, S 

c) a change in constant, U, 

{7) The strip chart record of the analogue voltages 

indicates if the solution is proceeding satisfactorily, 

and it also indicates when the periodic steady 

state conditions are reached. 

(8) When these latter conditions are reached, the 

results of this calculation, the driving functions 

used, and the several constap.ts are recorded on 

the magnetic tape on unit No. 1. The procedure 

for this is given in Appendix II. 

····--,· 
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Tabulation of Results 

The "Tabulation Program" was written to type the 
recorded results from the magnetic tape. This program also 
performs a limited amount of calculations to present the results 
in a more comprehensive form. The description of this program 
and its operational procedure are given in Appendix III. 
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FIGURE 1 

ANALOGUE Cl RCU IT FOR THE SOLUTION OF 

a) linear algebraic equations 

b) Ordinary differential equations 
-el.,.l 
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Where 

Potentiometer 
Relay amplifier 

･Ｌｾ･ｯ＠ e = Ke, e, e, 0 

ｋｾ＠ 1. 
e, < 0 
e = 

3 e. 
Summer e = e, 

e, 6 

･Ｌｾ･ Ｐ＠ -eo e, + e
1

. + e3 e,> 0 
e3 e = e+ 3 

Integrator ･ｾ＠ = e7 
t 

･Ｌｾ･ｯ＠ -eo = J I e' + e, +- e3 ) dt e+ e7 e. 
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(J 317:1-t 
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APPENDIX I 

CONVERSION PROGRAM 

by 

G. P. Van Blockland 

The driving functions on the punched paper tape 

generated by the "Program to Calculate Design Data for Air Con.;. 

ditioning Calculations" {2) cannot be used directly as an input to 

the "Running Program", as the numbers for this program must be 

specially-scaled machine language numbers. Therefore, this pro

gram was written to perform the following operations: 

{a) to read punched paper Ｍｾ｡ｰ･＠ prepared by the 

"Program ｴｯＭｃ｡ｫｾｬ｡ｴ･＠ Design Data for Air 

Conditioning Calculations", 

{b) to convert these data to machine language 

numbers and to shift some of these numbers 

to the 13 least significant bits of the 29 bit 

word {this is the number format acceptable 

by the D-A converter). 

(c) to arrange the converted numbers in arrays 

in such a way that they are ･｡ｳｩｾｹ＠ available 

for transmission to the D-A converter by the 

"Running Program 11
, 

{d) to calculate A l• A2 and A3 coefficients 

(A's are defined on page 3) to store the con

verted numbers and the coefficients in one 

file on magnetic tape. 

All the input is by punched ｰｾｰ･ｲ＠ tape except the pro

vision by which the driving function set number No can be entered 

by typewriter. The order of the data on punched paper tape is given 

in Appendix I. The first paper tape channel read is stored in line 06, 

the second in 07 and the third in C.d. 
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Arithmetic Operations 

This program calculates scaled A1, A2 and A3 

coefficients. 

= 

= 

= 

Locations of Constants 

0109 a 1/200 / 

0115 b1/200 

0127 a2 

0114 b2 

0132 200 a
3 

0135 200 b3 

Output 

The converted numbers and A1, A2 and A3 coefficients are· 

stored in one file on magnetic tape in the following order: 

First line = copy of computer memory line 09 

Word location Data 

96-4t A
1
/200 

97 -4;.'; A
2 

+ L 10-5 2-16 

98-4t 200 A 3 



96 

97 

98 

99 

I-3 

No/1000 

S/100 

Ag/1000 

H/10 

Second line = copy of computer memory line 10 

96-4t 

97-4t 

98-4t 
/ 

99-4t 

96 

97 

e0 p x 1/zoo 

e0 B x 1/zoo 

E X 1/100 

r1 x 1/1oo x z-16 

Aw/100 

No/1000 

Third line = copy of computer memory line 11 

96-4t 

97 -4t 

98-4t 

99-4t 

where t = 1(1)24. 

Memory Allocations 

rTD x 1/1oo x z- 16 

ew x 1jzoo x z-16 

eg x 1/zoo x z- 16 

rT x 1/soo x z-16 

Lines 00, 01, 02, 03 and 04 are used for program and 
word location. 
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ZO:OO mask 

ZO:Ol 9WB x 1/100 

ZO:OZ T for pickup 

20:03 T for storing 

21:00 number to be extracted 

21 :01 scale factor 

Z2:00 temporary storage 

22:01 , temporary storage 

22:02 
/ 

temporar)l" storage 

22:03 temporary storage. 

Operation Instructions 

1. Mount magnetic tape containing driving functions on mag

netic tape unit No. 0. Position the reading-writing head in the blank 

tape past the last information block. 

2. Load the "Driving Function Conversion Program". Enable 

ON, type P; after the first block has been read, compute GO. 

3. Mount input data tape (output of the "Program to Calculate 

Design Data for Air Conditioning Calculations") on photo reader. 

4. Start the program. Enable ON, type @ c£, compute GO. 

5. Three blocks of paper tape containing the driving functions 

will be read, These functions will be converted arid written on magnetic 

tape. 

The program halts automatically as soon as all the input 

data tape is read and processed. 

CJ 6. The driving function set number can be changed by the 

following procedure: 
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(a) compute switch to BP while the computer is 

in the process of reading punched paper tape 

(b) when all of the three blocks are read, com

puter halts 

(c) Enable ON, type ® cf, compute GO. Type No 

x 1/1000 in seven-decimal digit format, 

e. g. No = 5, type 0050000 tab ® . 

The number No read from the punched paper tape is 

replaced by the number entered by the typewriter. 

/ 
/ 
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APPENDIX II 

RUNNING PROGRAM 

by 

G. P. Van Blockland 

This is the program used to run the digital computer while 

the digital and analogue computers are in coupled mode solving the set 

of equations describing room and air conditioning plant thermal per

formance. It performs two different functions: 

1. Every time the signal from an addaverter clock is sensed, it stores 

the numbers from A-D converter registers, calculates the 

secondary coil inlet water temperature 9wi• and the primary air 

temperature 9oa• and' loads the D-A converter registers with the 

required numbers. / 
/ 

2. It searches the magnetic tape for the required driving function set 

and loads this set into the computer memory. It records the 

results of the hybrid computation and the driving functions on 

magnetic tape. 

Timing 

The analogue computer "time" has to be matched to the 

function generation by the digital computers. Therefore, the time 

required for the calculations of this program determines the analogue 

computer time scaling. 

The time taken to perform the required calculations and 

to load and unload the A-D and D-A converter registers is approximately 

0. 6 sec and another 0. 6 sec is taken by the wait period, Thus, the 

analogue computer time scaling is set at 1 hr real time = 1. 2 sec 

computer time, 

The wait period is required to separate the times for the 

sampling of the analogue computer voltages and the change of the 

driving functions so that the transients associated with the change of 

the driving functions are not picked -up in the sampled voltages, The 

0. 6 sec wait period was chosen so that the change of the driving 

functions occurs halfway between the two sampling times. 

It should be noted that the driving functions generated by the 

digital computer are "staircase" time functions, the time for a step 
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being one hour of the real time. These "staircase" functions are 

fed directly into the analogue circuit simulating the room. Thus, 

the analogue voltages sampled in the middle of a 11 step 11 are 

approximately average values for that hour. 

Arithmetic Operations 

This program performs the following arithmetic ｯｰ･ｲ｡ｴｾｯｮｳ＠

after the signal from the addaverter clock is sensed: 

1. Chiller outlet water temperature, oF 

if ewo < 45, set ewo = 45 

/ 
/ , 

2. Heat extraction by primary air unit, (Btu)/(hr ft
2

) 

5 1 
QP/2 x 

10 = 2xlo5 

+ e (eDP - ewo - 101} if (eDP - awol > 10 

1 
= 

3. Primary air unit air outlet temperature, oF 

9 /800 = 1/800 (-2. 69 + 3. 51 H - 0. 0518 H 
2 + 0. 000333 H 

3
) 

oa o o o 

where H
0 

= Es - Qp/MA 

4. Secondary coil water inlet temperature, oF 
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Storage Locations 

(a) D-A and A-D converter registers: 

Word Location D-A A-D 
1 ｶｯｬｾ＠ (analogue) = 1 volt (analogue) = 

21 :00 1
TD 

1 Btu/hr ft2 eR 1 oF 

21 :01 ew 2°F 9win 
1 oF 

21:02 eg 2°F 9go 1 oF 

21:03 I 5 Btu/hr £t2 
egi 

1 oF 

22:00 !A 1 Btu/hr £t 2 
9Fur 1 oF 

/ 
" 

22:01 9wr 1 oF 9Floor 1 oF 

22:02 eo a 1 oF qw 1 Btu/hr £t2 

22:03 L 328 Btu/hr QT 1000 Btu/hr 

{b) The order o£ data in lines 06, 07 and 08 is the same as the order o£ 

data in lines 09, 10 and 11 o£ the "Conversion Program". 

(c) Analogue computer results: 

Line 09 

96-4t 

97 -4t 

98 -4t 

99 -4t 

Line 10 

96-4t 

97 -4t 

eR 

9win 

ego 

egi 

e 
Floor 

Scaling factor 

2 X 10-5 

2 X 10-5 

2 X 10-5 

2 X 10-5 

2 X 10-5 

Bias 

75 

75 

75 

75 

75 

0 

75. 
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98-4t gw 2 X 10-5 0 

99-4t QT 2 X 10-8 0 

(d) Results of digital computations: 

Line 11 

96-4t ewr 2 x 1o-2 0 

97 -4t Op 2 X 10-5 0 

98-4t eoa 
8 X 10-2 0 

where t = 1(1)24. 

Locations of constants: 
/ 

(e) 
/ 

Word location Scaling factor 

03:69 c 2 X 10-5 

03:15 d 1 X 10-3 

03:09 e 1 X 10-3 

03:75 f 2 X 10-2 

03:93 10 2 X 10-2 

03:21 g 1 X 10-3 

03:95 m 1 x Io-3 

04:45 0.0003339 8 X l0-4 

04:81 -0.0518 8 X 10-2 

04:19 3. 51 8 

04:65 -2.69 8 X 102 

D 
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23:00 Al 

23:01 A 2 and H 

23:02 A3 

23:03 Land Q1 

Operation Instructions 

1. Mount the magnetic tape reel containing the driving 

functions on unit No. 0 and position the reading-writing head in the 

data. 

2. Mount a blank magnetic tape on unit No. 1. 

/ 
3. Load the program·; Type P, compute GO. After each 

program channel is read, the check sum of this channel is typed. 

4. To load the driving functions: 

(a) Put switch 2 ON. 

(b) Type @ c£, compute ON. 

The magnetic tape on unit No. 0 is searched forward for 

file code, the data line following this file code is read and the driving 

set number of this file is typed. 

(c) To load this set: switch 2 OFF, compute OFF, GO. 

(d) To search for next set: compute OFF, GO. 

Note: If the check sum of the line read into the computer 

is not zero, the computer will type 11ER 11
; it will then search back

wards for a file code and will reread the set of driving functions 

following this file code. 

(e) Once the driving functions .are loaded the program 

automatically goes to operating mode. 

This program is control',ed by the addaverter time signal. 

Thus the addaverter must be in operating mode and the clock must be 

set at 1. 2 sec. 
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(f) To store the driving functions and the analogue 

computer results on magnetic tape: 

(i) Put switch 1 ON and wait. The pro

gram halts at the end of the run, 

'i.e. it halts at midnight (real time). 

{H) Computer gates for numeric type -in. 

Type "S" tab ® i. e. ® = 0. 3 type 3000000 

"Ag" tab ® i. e. Ag = 160 type 1600000 

"Aw" tab ® i. e. Aw = · 40 type 0400000. 

(iii) Computer gates for ｡ｬｰｨ｡ｾｮｵｭ･ｲｩ｣＠ type

in; Type
1
alphabetic information (room 

size, etc·: ) followed by two carriage 

references and ® . 

Computer writes seven data lines on magnetic tape preceded 

by a file code and automatically goes to the operating mode. 

5. To enter "X Mw": compute OFF, type ® c3f, compute GO, 

This gates the computer for numeric input, Type "X Mw" tab ® 
(i.e. X Mw = 2656, type 2656000 tab ® ). Once this input is com

pleted the program reverts to operating mode. 

6. The operations described in Nos. 4 and 5 can be performed 

any time while the program is in the operating mode, 

.. "·'-" 
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APPENDIX III 

TABULATION PROGRAM 

by 

G. P. Mitalas 

This program tabulates the results of the air conditioning 

calculations performed by the hybrid computer. 

The results of the hybrid computer calculation, the copy of 

the driving functions, the alphabetic headin&, and some pertinent 

constants are stored on the magnetic· tape by the "Running Program". 

This program reads the magnetic tape containing hybrid computation 

results, converts the numbers into floating point decimal" numbers, 

applies scaling factors, adds reference and performs a limited 
/ 

amount of arithmetic operations. A11 of the output by this program is 

listed by typewriter on 12-in. paper sheets. 

Order of Input Data on Magnetic Tape 

All of the input data for the "Tabulation Program" are on 

the magnetic tape in one file. This file consists of a file code followed 

by data lines·. The order of the data in each line is as follows: 

First line: 

The description of the calculations in alphabetical form. 

This information is stored in 00-nn word locations where nn depends 

on the length of the heading. 

Word location 

Second line: 

98-4t 

98 

99 

Data 

L. 
1 

A 
g 

H 

Scaling factor Reference 

1/32768 x z-16 0 

1/1000 0 

1/10 0 

._.·.-. 
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Third line: 

96-4t 9
DP 

1/200 0 

97 -4t 9DB 1/200 0 

98-4t E 1/100 0 

99-4t I1 1/100 0 

96 Aw 1/500 0 

97 No 1/1000 0 

Fourth line: 

/ 
1/160 x 2-16 96-4t 1TD 

/ 0 

97 -4t eso 1j200x2-16 0 

98-4t esg 1j2oo x 2-16 0 

99-4t IT 1/5oo x 2-16 0 

Fifth line: 

96 -4t eR 1j1oo x z-16 75 

97 -4t ewin 1/100 X 2-16 0 

98-4t ego 1j1oo x 2-16 75 

99-4t e . 1j1oo x 2-16 75 
gl 

97 s 1 0 

Sixth line: 

96-4t 
%-ur n 1/100 X 2-

6 
75 

97 -4t 
%-

1/100 X 2-
16 

75 

98-4t ｾ＠
1/100 X 2 -!

6 
0 

. ....... - ·- .. ｾＬＮＮＺ｟＠ . . 
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99-4t 1/100 X 2-
6 

0 

97 1000 0 

Seventh line: 

96-4t 1/200 0 

97-4t 1/2 X 10-5 
0 

98-4t 1/800 0 

where 

t = 1{1)24 

' 

= heat flux through inside surface o£ outside wall in 

(Btu)/(hr ft2) / , 

Other symbols are defined in the previous text. 

Arithmetic Operations 

This program performs the following arithmetic operations: 

1. Heat gain by conduction through window 

= A H (9 - 9 ) (Btu)/(hr) 
g sa go 

2. Heat gain by solar radiation through window 

= 

3. Total instantaneous heat gain by the room 

= = 

4. Sensible cooling of r-oom air by _primary air 

Q = M S C (9R - 9 ) (Btu)/(hr) 
ps a p . oa 

n 
5. Sensible cooling by secondary coils 



Ill-4 

6, Sensible cooling load on primary air unit 

7, Latent load on cooling plant 

Q - Q (Btu)/(hr) 
p po 

8. Ratio of maximum rate of cooling over maximum instantaneous 

heat gain 

Output 

The output is the .til.bulat.ion at temperatures, heat gains, 

and cooling loads versus time, Sample output sheet is given on 

page III-6. 

Program Details 

Memory allocations 

Program - line 08, 09, 10, 11, 12, 13 

Input data - line 14, 15, 16, 17, lS 

Subroutine - line 10 

The subroutine performs the following functions: 

(a) reads magnetic tape, verifies the check 

sum of the line, If the check sum -f 0, it 

types ER 

(b) types contents of line 19 in alpha-numeric 

mode 

(c) converts machine language number into 

floating point number 

(d) shifts machine language number by 16 bits 

right and converts this shifted number into 

floating point number 

"r '.' -,: .-. 
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(e) backs up magnetic tape to first file code. 

Execution time 

One set of results is typed out in approximately ZO min. 

Operation Instructions 

l. Mount the magnetic tape containing hybrid calculation 

results on the magnetic tape unit No. 1. Position the reading

writing head in. the first file of data to be tabulated. Mount 1 Z -in. · 

paper on typewriter and clear all of the tabs. 

z. Load Intercom 500 and "Type -out subroutine -1 11
• 

3. Load program. Enable ON, type P and wait for photo 
/ -

reader light to go off. Compute switch GO. The rest of the program 

is loaded into the computer memory. 

4. Type 069097Z tab @ and position typewriter paper. 

5. Compute switch OFF and GO. This starts the program. 

The program will operate by itself until all of the data from the 

magnetic tape are tabulated. 
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SAMPLE OUTPUT SHEET 

ooueLC ouze:o 

• s 
;:: 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8,0 

9.0 
10.0 ,,o 
12.0 
13.0 
14.0 
15.0 
16.0 

17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 

ci. 75.0 
s 75.0 
!! 75.0 
ｾＭｾｾ＠ 75.0 
Ｍｾ＠ "o:: 75.0 
S ro 75.0 
g 75.0 
ｾＮ＠ 75.0 

75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 

75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 
75.0 

H 
51.25399 

K ..... s ts.1.64 
Window 

"' 73.5 
41" 73.4 
J: 0 72.7 
｜ＱＮｾＷＱＮＹ＠
•. 71.9 
ｾ＠ ci. 73.3 
ｾ＠ s 75.4 
0 ｾ＠ 78.1 

81.2 
84.1 
87.5 
89.9 

103.4 
114.6 
122.6 
123.5 

118,4 
103.4 
81.6 
80.1 
78.6 
77.1 
75.6 
74.2 

s 
50.30000 

74.8 

"' 74.7 
41 ° 74.3 
g ·co 73.9 
0.. <D 73.9 

ｾ＠ｾ＠ 74.6 .• s 75.6 
..9 ｾ＠ 76.9 

78.4 
79.7 
81.2 
82,.3 
88.9 
;95.0 
99.'5 

100.4 

98.1 
90.4 
79.0 
78.1 
77.3 
76.5 
75.8 
75.1 

(I+x) Mwt 
4880.0 

g. 75.6 
" 75.5 
!! ｾ＠ 75.4 
41 75.3 
ｾ＠ ｾ＠ 75.2 

·a ＼ｄｾ＠ 75.5 
ｾ＠ 75.8 
ｾ＠ 76.1 

/ 

76.4 
76.7 
76.9 
77.1 
79.8 
85.7 
90.6 
93.4 

/ 93.0 .... 
as. a 
77.2 
76.7 
76.4 
76.2 
76.0 
75.8 

Aw 
80.o 

A 

120.t 
52.20000 • Driving function set number LNO 

77.9 .o - 77,9 
130.7 .o - 130.7 
229.8 .o - 229.8 
317.1 g .o - 317.1 !: 
334.6 "0 .o 334.6 Ｂｮｾ＠

21 

77.9 
77.6 

"' 77.3 s., 77.0 
!! .. 76.8 
"J-76.6 
g 76.5 
r;; 76.5 

76.5 
76.6 
76.6 
76.7 
77.3 
78.8 
80.4 
81.9 

62.8 
82.3 
80,.6 
80.0 
79.5 
79.0 
78.6 
78.2 

.o 

.o 

.o 

.o 

.o 

.o 

Secondary Coil Water 
48.5 48.6 
48.5 
48.4 t 48.4 

lU ｾ＠ 48 .. 4 
... 0 48.4 

.! ; 48.4 

.E <D 48.6 

48.8 
49.0 
49.3 
49.6 
51.0 
53.0 

.. 57.2 
61.7 

61.7 
54.1 
50.7 
49.9 
49.3 
48,.9 
48.7 
48.6 

48.6 
,.
8
· 48.s 

48.5 
ｾ＠ !;'-t 48.5 
tt d 48.5 
::. ｾ＠ 48.5 
6 ro 48.7 

48.9 
49.1 
49.3 
49.6 
49.8 
49.8 
52.1 
55.2 

55.1 
49.6 
49.3 
49.2 
49.1 
48.9 
48.8 
48.7 

2977.7 
2977.7 
2840.5 

57.6 

"' 57.6 
.!::

0

"' 57.4 
"' 0 57.3 
t<D. 57.3 

a o. 57.3 
·- s 57.4 
&: ｾ＠ 57.7 

58.2 
58.6 
59.2 
59.7 
60.1 
60,.3 
61.7 
53.3 

53.2 
59.8 
59.2 
58.9 
58.6 
58,3 
58,0 
57.7 

1.0 -
2.0 -
3.0 -
4.0 -
s.o Ｍｾ＠
s.o ---;-
7.0 OJ 
8,0 

226.4 ﾷｾ＠ 386.7 ｾ＠ 160,3 t: 
13,.5 837 .a :3 851.4 "'s 

269.2 .g, 1195.3 ,Q 1464.5 ·-

2815.7 
2815.7 
2840.5 
2865.2 
2065.2 
2865.2 
2840.5 
·2791.2 .:l 

·s 

1611.3 
1367.2 
1098,6 
927.7 
732.4 
903.3 ·g 

2703.2 ] 
2703.2 " 
21m.2 E 
2840.5 ll1 .o '"' 1196,.3 

.o .<:_ 1538.1 " ·;; 3115.2 d 

2371.2 
2371.2 
2409.5 
2447.7 
2447.7 
2447.7 
2409.5 
2332.7 

" A 

• s 
;:: 

9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 

17 .o 
18.0 
19.0. 
20.0 
21.0 
22.0 
23.0 
24.0 

ｾ＠ g ｾ＠
ｾ＠ 581.9 ll 1476.6 .:; 2058.5 >- 2717.9 
'" 876.4 ｾ＠ " 1681.6 " 2558.1 .a 2645.4 

+ 1228.0 g.<:_ 1810.5 ·;;; 3038,6 Ｎｾ＠ 2544.8 
;J. 1511.9 ·;:E 1857,.4 eo 3369.4 "''"' 2474,.0 

2847.3 ＮｾｬｬＱ＠ 3562.5 • 6409,8 ﾧｾ＠ 2400.9 
4004.0 ｾ＠ .... 7418,.0 ｾ＠ 11422.0 e Iii 23ao.1 
4891.1 ｾＭｯｴｴＧｴＰｬＹＷＮＰ＠ '1l 15388,.0 .... 2148.5 
5171.5 '"' 12103.0 g 17274.0 0 ｾＱＸＸＰＮＱ＠

ｾ＠
u 

" "' § 
u 4879.2 
£ 3657.3 
J: 1641.9 

";;j 1307.1 
eo 933.2 

ｾ＠ 41 bllq) 
'1l tt4ce.o ; 16282.0 .s 

.a>- 6764.7 d 10422.0 0 • 0 
d .o ｾ＠ 1641.9 u 

ｾ＠ 590.7 ｾ＠

ｾ＠ 320.3 l: 
62.1 

·a .o .s 1307.1 ｾ＠
.o - 933 .. 2 :9 
.o "' 590.7 ::2 1'l " .o ｾ＠ 320.3 ｾ＠
• 0 62. 1 

1902.0 
2450.5 
2544.8 
2597.5 
2645.4 
2693.7 
2742.2 
2791.2 

50.70243 = OT max/qT max 
94·164.0 95410.0 
Cooling Heat gain 

Daily totals 

u 

>
" ｾ＠
§ 
u 

.o 

.o 

.o 
120.7 

1860,8 
ｾ＠ 4657.1 
>-'"' 7535.9 
..0<: 9462 .. 3 

"" Ｂｾ＠:.::::1!1 9621.9 
g ....t3598.1 
u a 1954.5 
! 1008 .. 6 
:2 277.2 
ｾ＠ .o 
ｾ＠ .o 

.o 

" ,Q 1928,7 
E-< 2319.3 

0 2734.4 
'"' 3051.8 

";;j 4809.6 
8 7641.6 
g 10278.0 
" 11914.0 
'() 
"12134.0 
.s 9619.1 
0 5029.3 
8 4077.2 
ｾ＠ 3369.1 
t) 2632.0 
E-< 2343.7 

1953.1 

>- .!1 
'"' 3527.9 0.. a 3941.4 ::t 

·;:: 4488.8 ... 
0..1-o 4904.0 g 
g..C: 5319.9 u 

'Q E 5458.6 5 
ｾ＠ tQ 5388.5 "0 

- 8,.4958.1 ｾ＠

Eq) 4818.0 1:10 

g ＵｾＲＮＵ＠ .s 
u 4488.8 g 
! 4217.5 u 

:9 3941.4 d 
ｾ＠ 3665.7 ! 
ｾ＠ 3390.2 j 

3115.2 

2217 .o 
2100.5 
1949.1 
1830.9 
1712.0 
1672.3 
1241.0 
689.2 

735.0 
1791.4 
1949.1 
2CE2.5 
2100,5 
2178,3 
2255.7 
2332.7 

-. .--. 

3982.6 
3738.4 
3508.1 
3375.5 

ｾ＠ 3180.2 
3351.1 

ｾ＠ 3&m.a 
3870,8 

Ｎｾ＠- 4145,7 
"' 4419.8 
.S 4683.5 
0 4882 .. 7 _,. 
g 6521 .. 6 
d 9313,.9 
0 11519,0 
ｾ＠ 12600.0 
0 

:. 12869.0 
.s 11411.0 
0 6978.4 
3 6099.6 
.. 5469.7 
Cl 5010.3 
E-< 4599.4 

4285.9 
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TABULATION PROGRAM 

80 .1421392 -80.21550 
801 • 1421388 -80.21303 
802 • 1421384 -80.21055 
803 .1421380 -80.20807 

p,'ck Ll r 801 .1421376 -80,20560 
805 ＮＱＴｾＱＳＷＲ＠ -80.20312 ｔｮｾｨＺ＠
806 .1421368 -80.20065 
807 • 1421364 -80. 19817 
808 .1421360 -80.19569 
809 .1421355 -80,19322 
810 • 1421352 -80.19074 
811 .1421348 -80.18827 
812 • 1421344 -80.18579 
813 .1421340 -80.18331 
814 .1421335 -80.18084 
815 • 1421'332 -80.17836 
816 .1421328 ;80.17589 
817 • 1421324 /-80. 17341 
818 .1421320 -80.17094 
819 .1421316 -80.16846 
820 .1421312 -80.16598 
821 .1421308 -80.16351 
822 • ＱＴＲＱＳＰｾ＠ -80.16103 
823 .1421300 -80.15856 
824 .2420800 -83.32462 ·'.:;, . r .1 It ;,/·Is. Jeff 
825 .0490826 88.34816 Ｈｾ＠ '1• r · 
826 .1421344 -80.18579 X 100) + 7s-
827 .0491000 69.00139 
828 .0081010 69.07229 
829 • 0121000 64.00181 
830 ＮＰｾＸＰＸＹＳ＠ 84.18901 
831 .0430892 84. 18694 
832 .0491000 . 69.00139 
833 .0160000 88.00083 

' , r -!. ｾ＠ ｾ＠
834 .2420800 -83.3246.: //\·a Sn\-f''i'· '}0 

835 .0490836 88.48108 ' 
- / 

836 .1421348 -80.18827 
837 .0191000 69.00139 
838 .0081020 69. 14435 
839 .0121000 64.00181 
840 .0480891 84.18495 
841 .0491000 69.00139 
842 .0160000 88.0Q083 
843 ,00003112 53.50000 
844 .0520000 86.00212 { I I o " i: 1·-;). n ·:·s 
845 ,0000324 54.24400 

a_, 4 f< l?'f ｩＭｾ＠ ［ＧＢｾＺＮ＠ ,., ,. \ I 846 .0000464 50.75000 D 
847 ,0042403 86.03132 f. , 

(i 

848 .0000700 .00000 s·f, ... :· .. ·-,·, ＮＭＮＮＭＭｾＭＭ
'I ｾＭﾷＺ＠ '" ; ｉｾ＠ • ." 

' 
849 .000352 52.90000 
850 .04011 v3 55.30932 



III-8 

851 .u042656 -54.13083 
852 • 0151192 54.17605 
853 .Ou72791 56.11260 
854 .0511936 55.84326 
855 .0102795 55. 14282 
856 .04011 v3 55.30932 
857 • 0402795 55. 14282 
858 .0281112 54.89670 
859 .00003112 54.20000 
860 .00003'12 54.10000 
861 .0100349 52.88770 

862 .0610326 52.77120 
863 .0632733 54.51760 
864 .CM600v7 52.61499 

865 .Ou60358 52.93457 
866 .0871135 53.32768 
867 • Ov20009 86.02451 
868 .0221136 52.82294 
869 .0000032 51.50000 
870" .0.00329 52.78735 
871 .Ov00012 52.35107 
872 .0760301 /51.80810 
873 .Ov20059 52.93970 
874 .003C854 52.91064 
875 ,09204w7 50.99945 
876 .0000000 51.10000 
877 .00000w2 . 54 • 1 ()(X)O 
878 .OOOC832 51.50000 
879 ,0640435 48.99945 
880 .0000032 52.10000 
881 • ＰＰＰＰＰｾＱＲ＠ 54.10000 
882 • 0000000 51.80000 
883 • 002C812 54.22500 
884 • 0000324 54.24400 
885 .0152025 50.29993 
886 .06612v7 50.24000 
887 .Ov51940 51.26399 
888 • ON72771 53.20000 
889 • 0000001 88.01485 
890 .0291176 60.12770 
891 .os-11235 49.10000 
892 .OOOC822 52.75000 
893 ,0871235 49.10000 
894 .0000700 .00000 
895 .OOOCG64 52.24000 
896 .ooomo8 52.17000 
897 .0000316 51.90000 
898 .0000000 51.10000 
899 .ooocc8o 52.13000 

,c) 



900 
901 
902 
900 
904 
905 
906 
907 
908 
909 
910 
911 

912 

S(: ox+ of 913 
. ｾｾ＠ 914 

+c"" t>· c-.... 915 
j oo(-' - --->916 

917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
-938 
939 
-940-
941 
942 
943 
944 
945 
946 
947 
948 
949 

III-9 

.2700000 -69.23071 

.2710001 -69.23116 

.2730000 -69.23071 

.2740100 -68.57678 

.2750500 -66.22531 

.0630000 88.00028 • 
• 0081001 69-.22361 f<lf"'- hc..<>-<>t""l 
• 0630000 88. 0002 8 ., 
.0081021 69.15155 
• 008100 1 69.22361 R. ..:a.ct 
.0421899 65.10900 • 
.0291052 69.3752 
• 0420894 84 • 19099-- ［ＺＮＬｾ［ｳＮ･ｦ＠
.0490899 89.13185 T' "' .:_ 

.2700000 -69.23071 

.2730000 -69.23071 
• 0260985 - 79.2633!\_ E'Y.• +:+o f-.'"''· S« lo, 
• 1700000 -69.11541 
• 1730000 -67.18004 
.0260824 88.32006 6 ., 
.0331000 84.00143 "' 
.1700002 /'-69.1 i631 
.173oooo- -67.,-8004 
• 0260824 88.32006 e 
.0331000 64.00143 ____ [0 
.1700003 -69.11676 
• 1730000 -67.18004 
.0260824 '88.32006 
.0031000 64.00143 8"·1. __ (L 

.1700000 -69.11541 
• 1730400 -67.04509 
• 0260824 88.32006 
.0261063 69.45470 0F\oor 
.1700001 -69.11587-
• 1730400 -67.04509 
.0260824 88.32006 t:, 
.0261063 69.45470 c:-,:uy-n. 

.0290941 79.12724 
ｾ＠ 1730400 -67.04509 
• 0260824_c-- 88.32006 

• 0261063 69 ｾＴＵＴ＠ 70 
.1700001 -69.11587-
• 173CX300 -67. 18004 
.0260824 88.32CX36 
.0421000 64.00181 
.0410892 84.18692 
.CX332101 35.01568 -t-, 
.1700000 -69.115lfl···--

o1730500 -66.11272 
.0260834 88.45329 

/J 



III-10 

950 .0421000 64.00181 
951 .0431000 64.00185 
952 • 0332101 35,01568 t2 
953 .1700002 -69.11631 
954 .1730500 -66.11272 
955 .0260834 88.45329 
956 .0421000 64.00181 
957 .0440882 84.16666 

･Ｌｾ＠958 .0382101 35.01596 
959 .2760960 -63.98319 J.nc. _j. .'It: .• 

960 .0290916 78.49869 
961 • 1700002 -69.11631 
962 • 1730400 ＭＶＷＮＰｾＵＰＹ＠

963 .0260824 88.32036 
964 .0401000 64.00172 
965 .0430892 84,18694 
966 .0440879 84.16058 %t 
967 .0430868 84. 1362.6 0 ,,, ·t<.· . . -r···"· 
968 .0490868 88.90643 '" ﾷｦﾷｾﾷｬ＠

. ' 969 ,0330868 84.13818 'j·c- · 
970 • 0291277 /'50.30J22 
971 .33931 v5 -69.79592 

fo..l'e. Sf-;wl- --> 972 ,0680000 88.00354 ｴＩﾷ［ＭﾷｾＭｾｾｶＮｰ＠ ｲｾＬＮＮｮＮｪｙ｜･ＭｬＺｾ･ＮＮ＠
973 .0081018 69.12994 s.to ..-..:. C'' .·{· .t'n ｾｊＮ［＠•• . \1 J 
974 .0420889 84.18085 

C/_,:11,... ｾｾｻﾷ＠ ... t ｴ｜Ｂｊｾ＠
975 .0491200 50.00075 Ｍｾ｜Ｐﾷﾷ＠ ｾﾷＭ ,J-

976 • 0120894 84.19099 
ｬ｣＼ｾ＠ ﾷＮｩﾷｬＱＧＬＮＬｬＭＬｾ＠

977 .0490856 88.74692 
978 .0490855 88.73363 
979 .0490854 88.72034 
980 • (}'190353 88.70705 
981 • (}'190852 88.69376 
982 • 0490848 88.64059 
983 ,0290900 78.00351 
984 .0390900 74.00072 
985 ＮＰｾＲＰＸＹＹ＠ 84.20113 

ｾﾷﾷ＠986 ,0430898 84.19911 . ＧｲｮＭｃｾ＠

987 :0490899 89.13185 s j '. 

988 ,0410897 84.19706 t..{ .. ) r·(' 1 t·· l (" ｾＭ. ,, .,1 •• ' • 

989 .0230998 79.30357 
990 .0420899 84.20113 
991 .0410896 84.19504 
992 .0230998 79.3CG57 
993 .0420895 84,19302 
994 .0410899 84.20112 
995 .0221200 50.ooc:e4 __ : .-":X, 't (7.: __ ｾＺＭ ·-> ［ｾｾＭ
996 .CG30899 84.20106 .'(_n Ｈｾ＠ t:1-f' .=-:'1/ .. J\'f !,..,'1-J 

997 • 0160000 88.00083 
998 .c:e00001 88,01485 
999 .0290993 7)9.28817 . 



III-lr 

1000 • Q../60353 52.90747 ffi .•.• .<'- {., ( ,, .c. 
1001 ＮＰＰＰＰｾＰＰ＠ .00000 
1002 .0030003 89.17414 {.ret ｮｱｶｾＧｩ｜＠ r..t!.-
1003 .0060501 32.43715 Sv. b· ｜ＢＢｾ＠ v..fo'n c:.. 
1004 .0000700 .00000 
1005 ,0032632 60.10742 
1006 ,0072408 80.33679 
1007 ,0122800 47.48846 
1008 • 0173016 23. 11365 
1009 ,0000000 .00000 
1010 .0142313 11.29972 
1011 ,0080504 35.11452 
1012 .0122812 40.21914 
1013 .0152915 31.06378 
1014 .0050500 33.69399 
1015 ,Ou70616 29.10864 
1016 .Ou70617 29.11526 
1017 .0070501 32.21858 
1018 .0182818 40.32871 
1019 ,0120439 40.71027 
1020 ,0110500 34.55530 
1021 ,0212821 40.38349 
1022 ＮｾＹＱＸＲＳ＠ /63.31874 
1023 ,0000800 .. ·· 88.00000 
1024 ,0280826 79.16161 
1025 0 0252825 40.45654 
1026 ,02919u7 52.29389 
1027 .0350523 32.51207 
1028 .0250030 79.18629 
1029 .0240040 89,22343 
1030 ,2653148 -69.50508 
1031 ,0312831 40.56610 
1032 ,0271334 31.14445 
1033 .OH2235 21.34694 
1034 .2491566 -79.22387 
1035 .0452835 .40.63986 
1036 • 0372936 32.55615 
1037 .0391938 51.11923 
1038 .0121640 79.24788 
1039 • 0402841 42.11978 
1040 • 0121941 54.26270 
1041 .0340543 32. 14614 
1042 .Ou53021 26.48440 

1043 .0432843 40.78523 
1044 .04<Xl000 89. 17035 
1045 .0330509 32.23231 
1046 • 0372936 32.55615 
1047 .0350000 89.17032 
1048 ,0380050 79.310:l0 
10:l9 ,0242900 34.00164 
1050 ,0081031 69.22361 

n 



III-12 

1051 .0421899 65.109CB 
1052 .0491399 40.90215 

ｯＮＮＬＮＺＡＭｾ＠1053 .• 0081 CB 1 69.22361 
1C&t .6811899 -59.10717 f ＬＭﾷｾＬ＠ 1'-l\ 

1055 .0081031 69.22361 I ' 
/'1\•;>, 0 l\ c. J,, <:'.. 

1056 .7811899 -59,12395 ·' 
1057 .0081001 69.22361 -;-:, p <. "1"\rl 
1058 ,8811899 -59,14073 S {·n' t: . ,.' '' , 
1059 • 0081031 69.22361 fl/; 1 r, /' J 7,..,,d I ｾ＠
1060 .9811899 -59. ＱＵＷＵｾ＠

1 I I 

1061 • 0081031 69.22361 ;, '(\ olo·$ 

1062 .0290312 78.37489 
1063 ＮＰｾＰＱＰＰＰ＠ 64.00172 

･ｾｵＢＢｴ＠1064 .0430892 84.18694 
1065 • 0430892 84. 18694 

e-r:., ... ,, . 
1066 • CB32101 35.01568 .!: "'h • 

1067 .0160000 88,00033 
1068 .17C0001 -69.11587 
1069 .1730100 ;68.28855 
1070 • 0260834 / 88.4!3329 
1071 .0421COO 64.00181 
1072 .0432101 35.01621 
1073 .0490849 88,65388 
1074 • 0110364 84.13013 
1075 ＮＰｾＴＰＸＸＶ＠ ·84. 17478 
1076 • ＰｾＴＰＸＸＵ＠ 84.17275 
1077 ＮＰｾＴＰＸＸＳ＠ 84.16869 

Qpt-1078 • CB321 01 35,01568 
1079 ,0291154 59.90787 
1080 ＮＰｾＹＱＰＰＰ＠ 69.0013"9 

. 1081 .0420848 83.97688 
1082 ＮＰｾＹＰＸＷＰ＠ 88,93302 
1083 ＮＰｾＲＱＰＰＰ＠ 64.00181 
1084 • 0490848 88',64059 
1085 .0291284 50.32857 
1086 • 0420861 84.12406 
1087 • 0.) 10862 84.12608 
1088 .0440884 84.17072 
1089 .0440885 84.17275 
1090 .0490858 88.77351 Gtc 
1091 ,0291189 60.14951 ' 
1032 ＮＰｾＲＸＸＶＵ＠ 84.13217 
1093 .0410862 84.12608 
1094 .0440846 83.93648 
1095 ,0291088 69.63_492 
1096 ,0430857 84.11595 
1097 .CB82101 35.01596 
1098 .0420850 84.10175 

/) 1099 .0291158 59.97498 

. ' •' .. -_-;:, ... 



III-13 

11 (X) ＮｾＳＰＸＶＸ＠ 84.13826 

1101 ＮｾＹＰＸＵＰ＠ 88.66717 
1102 .0330850 84.10168 q.y. 
1103 , 1700CXl2 -69,11631 
1104 • 1730500 -66.11272 
1105 .0260834 88.45329 
1106 .0421000 64.00181 
1107 .0440882 84.16666 

t\,o-1108 ＮｾＹＰＸＶＴ＠ 88.85326 
1109 .1700000 -69.1 154"1 

11 10 .1730300 -67.18034 
1111 ,0260824 88.32036 
1112 .0421000 64.00181 
11 13 .0630000 83.00328 

ｴＺｨｾＭ1114 .0190865 88.86656 
1115 .0410864 84.13013 
1116 .0440886 84.17478 
1117 .0440885 84.17275 
1118 .0440883 84.16869 
1119 ＮＰＮｾＹＰＸＶＳ＠ 88.83997 

｡ＮｾｾｾＮ＠
' 

1120 .0330863 /84.12804, 
1121 • 1700001 /-69.11587 
1122 .1730300 -67.18034 
1123 .0260824 88.32036 
1124 ,0421000 64.00181 
1125 .0410892 84.18692 
1126 • 0490861 88,81339 ｾｉ＠

1127 .1700000 -69.11541 
1128 • 1730500 -66.11272 
1129 .0260834 88.45329 
1130 .0421000 64.00181 
1131 .0431000 64.00185 
1132 .0490862 88.82668 

,, 
Ｑｾ＠ ｾ＠ ... 

1133 • 0420865 84.13217 
1134 .0410892 84. 18692 ',-,·.c)'-
1135 .0410891 84.18489 '\ .,(:,.. 
1136 • 0291086 69.62051 • 
1137 • 0291086 69.62051 
1138 .1700003 -69.1 f676 
1139 • 1730400 -67.04509 
1140 .0260824 88.32036 

1141 .0421000 64.00181 
1142 .0410392 84.18692 
1143 .0440860 84.12204 
1144 .0490857 88.76022 aT' -a_< "''''\ """"'' 1145 ,CG30857 ｃＴＮＱＱｾＸＱ＠

1146 • 1700001 -69.1}587 

1147 .1730500 -66.11272 
1148 .0260834 88,45329 
1149 .0421000 64.00181 

" 1150 • 0440859 84.12002 
" 



-:'·v·'-.'-c· o.\;·.<;' ·• 

1151 

1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
, 164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1184 
1195 
1196 
1197 
1198 
1199 

III-14 

• 044 0885 84. 17275 (";* 0 

.0490852 88.69376 A. ' 

.0291068 69.49081 

.0402101 35.01665 

.0430852 84.10581 

.0332101 35.01568 ｾ＠

.0291096 69.69257 ＱＲ Ｎ･ｾＭ
• 0410856 84. 11391 
.0221162 60.10416 ·' ;'{ : ( 
• 0420850 84.10175 .... ' ｾｾ｜［Ｚｾ［Ｎ［ＭＩﾷｾ＠
.0490856 88.74692 ' 

•":lr 
• 0420857 84. 11594 'if 

.0410855 84.11188 

.0221168 60.11423 
• 0420857 84. 11594 
.0190855 88.73363 ('J 
• 0630000 88.00328 \>-'. ,. 
• 0420854 84. 10986 
.0430857 84.11595 .(. ., .• , 
• 0190854 88 7 034 •-'['' 

/ • 2 ,: C'· .,.. 
.0120853 / 84.10783 .. ｾＮ＠

.0430850 84.10175 

.0190853 88.70705 

.2761175 -62.63060 ...... 
1
, c\ oPoof 

.0291250 50.19576 ,. ' 

.0300001 88.01485 

.0120855 84.11189 

.0180856 84.11396 

.0342101 35.01574 1<. 
.0330853 84.10776 :>.>:,.. 
.0380854 84.10983 ):... ＨｾＮＮＮＮＮ＠ ' . 

\ \ 0\'' 

.03oooo5 88.06802 , ＺﾷＮｾＬＬＧＮﾷＮＧＢｳ＠ \ 

.0290974 79.22937 1: ,.· • C• ·, 

.0440888 84.17883' 

.0190849 88.65388 r· 

.0330849 83.99647 

.0291292 50.35982 

.0190858 88.77351 
• 0221192 60. 15449 (..}..<fi. 0 
.0330858 84.11790 -
• 0291138 59.63944 
.0120894 84.19099 
• 0190858 88.77351 
.0291190 60.15119 
.0130868 84.1382if 
.0291100 59.00190 
.0121000 64.00181 
.0140880 84.16261 
.0291216 50.06294 



1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 

III-15 

,0291176 60.12770 ｏｬｾｯ［ＬｯｯｴＺＧｾｬ＠

• 0420894 84. 19099 tx> s .. { .r-;,, .. ;:_ 
.0490899 89,13185 . 
.0420890 84.18287 . 1,>t:-''- _,·x,'{. 
·.0191200 50.00075 :r,. d•• 
.0421596 16.72346-
.0191000 69.00139 
,0081020 69.14435 
.0421000 64.00181 
.0440881 84.16464 
.0490888 89.11723 
,0330888 84.17875 
.0121399 36.13762 
.0491000 69.00139 
,0081020 69.14435 
.0291197 60.16293 
.0490887 89,11590 H 
.0320887 84.17671 . 
.0421697 84.197m __ _ 

.0491000 69,00139 

.0081020 69.14435 

.042100 /64.00W1 

.0440898 84.19912 

.0490885 89.11324 .5 

.0320885 84.17266 

.0121797 ＷＴＮＴＵＸＸＵＧＭｾ＠

.0491000 69.00139 

.0081020 69.14435 

.0121000 64.00181 

.0440898 84.19912 
• 0470877 84.15655 
.0490884 89.11191 
• 0330884 84. 17064 __ ;:_v. "" 
.0421597 16.73098 
.0491000 69.00139 
.0081020 69.14435 
.0421000 64.00181 
• 0440881 84.16464 
• ＰｾＹＰＸＷＹ＠ 89. 10526 
,0380879 84.16053 A •.v 
.0421497 26.31395-
.0491000 69.00139 
,0031020 69.14435 
.0421000 64.00181 
.0440881 84.16464 
.0490875 88.99948 
• 0320875 84.15237. 
.0291300 40.00103 ｎｾ＠
.2700000 -69,23071 . 
.0630000 88.00328 ｾ＠ ' " ' 
,0260985 79,26338 'I m ,• ""IAt:J, 



III-16 

1251 .170C002 -69.11631 
1252 .1730200 -68,07214 . 
1253 .0260824 88.32Ct36 
1254 .0421000 64.00181 
1255 • 0410892 84.18692 
1256 .0432101 35.01621 
1257 .0430892 84.18694 

8.sw 1258 .0490874 88.98619 (• 

1259 .1700002 -69.11631 
1260 • 173Ct300 -67. 18Ct34 
1261 .0260824 88.32036 
1262 .0421000 64.00181 
1263 .0490873 

ｾｪ＠

88. ＹＷＲＸＹ｟ＮｾｾＢＢＧＨ＠
1264 .1700003 -69.11676 
1265 .1730100 -68.28855 
1266 .0260824 88.32036 
1267 .0421000 64.00181 
1268 .0410892 84.18692 ＭＬＭｾ＠

1269 .0490872 88.95960 • .o:_ I 

1270 .0420874 84.15042--
1271 .0410873 /&1.14839 

·1272 .0440887 84. 17681 
1273 .0430872 84.14637 
1274 .0440888 84.17883 
1275 ,0490868 88.90643 C:1 ·1'·r' 
1276 .0290961 79.18914 ' 
1277 .17000Ct3 -69.11676-
1278 ,1730200 -68.07214 
1279 .0260824 88,32036 
1280 .0421000 64. 00181 
1281 .0410892 84. 18692 
1282 • 0440869 84.14030 r, 1283 .0490870 88,93302 
1284 • 1700000 -69. 1154-1-
1285 • 1730200 -68.07214 
1286 • 0260824 88.32036 
1287 • 0421000 64.00181 
1288 • 0410892 84.18692 
1289 • 0490871 88.94631 :r lf) 
1290 .Ot30870 84.14232-
1291 .0291184 60,141_12_ 
1292 .1700001 -69. 11587 
1293 .1730000 -69. 11542 
1294 • 0260824 88.32036 ｌｾ＠
1295 • 0421000 64.00181 
1296 .0410892 84. 18692 
1297 .0420894 84.19009 ｌ Ｑ ｾ＠ 0 
1298 • 0430849 83.99724 
1299 ,0291100 59.00190 

n 



1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 

1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 

.0121598 

.0191000 

.0081020 
• 0121000 
• 0441397 
• 0491396 
• 0321396 
• 0421599 
• 0191000 
.0081020 
.0121000 
• 0441398 
.0491395 
.0381395 
.0300001 
.0291248 
.0000700 

.0000700 

.0000700 

.0000700 

.0000700 

.0000700 

.0000700 

.0000700 

.0000300 

.0000300 
• 0000700 

III-17 

16.73850 
69.00139 
69.14435 
64.00181 
36.13485 
40.87487 
36. 13340 
16.74603 
69.00139 
69.14435 
64.00181 
36.13624 
40.86577 
36.13205 
88.01485 
50.18794 

.00000 

.00000 

.00000 

.ooooo 

.00000 

.00000 

.ooooo 

.00000 
51.10000 
51.10000 

• 00000 

'v, 
-----

ｎｾ＠

.. 
'' 
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G-15 D Prepared by D a I e: 

PROGRAM PROBLEM: ｾﾷＱＱ＿＾ＬＮ［ＬＬＬｾｾＭ｟ＮＧＺＩＮＱｊｊＮ［ＬＺＮｻＮＬ［ｻｾＬ｟ｦＮＧｩＮＮｾＢ［Ｚ［ＢＧＮｊＮＧＩＮＢｯｾＧＷＡ＾ＮＮＮＬ＠ Ll ne OS 

L 
T 

BP __.r'% 2 % p or N c s D N 0 T E S lk 

ＯＥｾｘ＠ ·{ /) j !(I v -;-lA· 
? 1 -

k . b' &' .;> ｾＨ＠ I ,.:;L 

.X ..Y J(l' ,.w ( "L-1.- ?' a, ｾｾＮ＠ c t!?' 
ｉｾ＠ ｾｾｯ＠

.JY )a-' )4' % 10 /.3 1"/ 6 2"3 3/ ｴＧｾＺｚ｟Ｌ｟＠ ｒｾＬ＠

ｾＷ＠ ﾥＮｾ＠ 1£-j ｾＰ＠ t?S 0 OS 24' X -r M.df 

.N" y )Y 7 0.5" 3..2 Cl3 I 26 31 Sh,'j! ＯＱＱｾ＠ -d//-16 ＿Ｂ＼Ｍｾ＠

_)( JK' ｾ＠ ＮｾＲＱＧ＠ (J3 {!)f eYI C' {'JS" 28 e;eo c;o oo -?>A 12 

]%' )f ｾＯＳｴＧ＠ 1!'6 og 07 b 1.:24-' 127' ａｲ＼ＧｴＭｍｾＭｲＬＮＮ＼Ｚ｜ｒＮ＠

｟｟ｷＮＩｓＢａＨＧｾ＠ 07 CJo 12 C' 1-2 10 ·X -7> /c&>o 

ｾＮＮ｡ｲＧｾＮＮＴＡＧ＠ Ac ''d ｾ＠ tPC, {P6 ｾｻ＠

JYJV_,ft$ 20 ｾＰ＠ If 6 (!;,y 21 X ...;> 2/.'co 

xfi 46 ,)((' If ()'f og t) ()S 20 t'J(f)D,poz .2 ｾ＠ :Zt!': &o 

ｾ＠ .JS"' 50 51 {_') 2 ltf 17 e 30 28 ｅｸｬｲｾｴＧｬ＠ -7 A /2 

52 53 54 55 17 (!';; 07 CJ 8-.T '29 
56 57 58 59 

60 61 62 63 -Cx I'/· f, ｾ＠ .z. t-nf y lo ｾｉＧ＿＿＠

64 65 66 67 1:<. 12 12 () ..22 31 )_e s J }c>v Y-<a ,,(,_y 

68 69 70 71 /3 /.) t.:r 6 21 3/ /-sf/cv ｾｶＬＮｲｦＯＬｰｷ＠

72 73 74 75 n-- u 16 Ll7 (J 06 66- Am {!J 6 ---'? {!) .s-

76 77 78 79 16 u 1'7 U7 0 (!)6 eJ) ＭＭｾ＼ｩｵＮ＾＠ c."'t5 ·-?> o...r 

80 81 82 83 

84 85 86 87 c CPO B t- -;::,. I o fs 
88 89 90 91 00 )·, 

- . ' : • f 

ｾｾ＠ ·t::" t'lt..-··'- t"t J.·""l.··1 ﾷＬｾＮＬ｟｟ＮｾＮ［＠ ..... IH 

{!/ (!_ f'>(9[ f! 
VI ｾ＠

92 93 94 95 o; l-z. 
96 97 98 99 f!JI c iX (!; Ｐｾ＠

17 . 
vO 

uo Ul U2 U3 lf2 l?s- 9z !XCI c=£!2 
' 

U4 us U6 t!Jf @(]._ 0 (J)fP £! ｾ＠ ""- I 

"'-0 l.Y ...,.. (./ '-' ,.. Ｎｾ＠
. .· 

c.,,_., .•.. 
... , .. 
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G ·15 D Prepared by D a I e: 

PROG'IIAM PROBLEM : Ll n e 

L 
T 

BP 0 I 2 3 p or N c s 0 N 0 T E S Lk 

4 5 6 7 .-8-: cA L /-) rn b lr->,../t;. "'"4' ,0 ... 

8 9 10 11 ｾ＠ ＯＮＬｾ＠ 'J I .j, Ｏｾ＠ ｾﾫＢ･＠ '-'le 
12 13 14 15 12 13 /3 tJ ｾＸ＠ 3/ /.. h/ -lc-· v )Cea""'4t 
16 17 18 19 If' 39 I.Z I (}f 3/ 

' ' ｾ＠

S-ra ｲｾｨ＠ ｢Ｍ｡ｾｫＭｵｲ｡ＭＭｌ､＠

20 21 22 23 ...-
[_. t;_ b-e ｾＭ･＠ ?I- ｾｾ＠ I t'-7 

24 25 26 27 21 .P/ 2/ CJ 28 3/ 
-7, ' Ia ;::e g/ . O' 1/ Jl<a ,->;&. 

28 29 30 31 Ｒｾ＠ iL 23 fP t!J /ZJ If 1'3-/7 
{/ 

32 33 34 35 ｾＹ＠ Li tJCJ 12-f C) ｬＲｾ＠ If ｾＮﾣＺｴＺＭｺｲ＠ lfl;'1/y -/?':'It'? 

36 37 38 39 :2L; l2l 22 () oa J/ 7 0. 
ｾＭｾ＠

40 41 42 43 23 .... 3c:' 2.5"' 0 (}() 3/ .-d .. -..< ＯＷＭＶＧｾＯＯ＠ ... 
44 45 46 47 :2S f:?s- .2.5- c :!g 3i 

ＱＭｕＢＢＧＭｾｲＧ｣Ｎ｟｟＠

48 49 50 51 :26 LL7 l2f1 c) If :27 ｾＺｳＩ＠ 1!7=0 
·-

52 53 54 55 .29 ｾＰ＠ ｾＱＧ＠ t' t!JO &0 li 7/=C-' 

56 57 58 59 30 3s i;2 /j (Jtf 3/ I'/ p.c /--!/"" 1/: ;'7 ｾ＠

60 61 62 63 .·2r rzdi vL . I We" t' )4. ｌｾＬ＠ · Ta/..2-e 

64 65 66 67 3 ) '3 I 31 ｾ＠ 23 3/ ;:; .r/ ;;-"!/ ...-u a< ,pc:j. 

69 70 71 ｾﾷ＠ 31f ll7 ) 
'-: (/ 

68 13 J) -/2...t c.< ,v( rn •l <!; . /-c·'< Ｏｾ＠

72 73 74 75 3S' 35 llfs- () 2,3 31 ［ＮＮＺ･､ｾＭＧＱＮ＠ --u.R .... ｾ＠

76 77 78 79 36 36' 37 I 29 28 ＺＺＺ［ｵｬｾＭｴＡＡＧ＠ --;:>A/2 

80 81 82 83 37 u 3'2 39 I 19 ;<9 :2/,9 

84 85 86 87 37' ｾＰ＠ 7"0 () 22 127 A R.::=a ,'2 

88 89 90 91 )/0 w.. )/I /:{_ () ;Cj /3 rA1f}:::=-C?/ Jf-7/,?. 

92 93 94 95 /fJ 1?;2 3f 0 t),j 122? ａｒＭｬｾ＠ c-R-7 A R 

96 97 98 99 3/f 36 ¥3 L;' og 3/ z:c//2<. ｾＡｚ＠

uo Ul U2 U3 ""7.3 -'71'3 ｾＳ＠ () 28 3! /-. «o/ / """'- --c..< a "-'OcJ 

U4 U5 us 711' b'o f'tJ CJ {!)0 01) ' 
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G-15 D Prepared by Data: 

PROGRAM PROBLEM : LIne 

T 
c s D BP 0 1 2 3 L p or N N 0 T E s 

Lk 

4 5 6 7 117 :(7:3 GS I rJ.Y ｾＺＳ＠
8 9 10 11 liS t_J{/ 3.3 3 t9s 2C/ 

12 13 14 15 Ｎｾ＠ :Jj- 7'7 0 2:2 3/ .i ｾ＠ /" .' ,c:' ..;Jr ﾷＭＭＮＺｾ＠ c \. ﾷＭＢ＿ＭＭｾﾷ＠ j Ｍｾﾷｖ＠ -

·15 17 18 19 Lf? ｻｾＧＰ＠ 35 [J {''(! f!'(_') t' 

20 21 22 23 /;3 d1J lJB ('J 00 3/ - S-P./ --z.c ｣＾Ｚ｣ｾＯｴ［｟［Ｇ＠

24 25 26 27 3'2 7ft? /2 Vr} 16 3( 1-/,z//-
28 29 30 31 

,- ,-,-. 

32 33 34 35 I 
36 37 38 39 

40 41 42 43 f 

46 47 
! 

44 45 ' 

48 49 50 51 ' ' 

52 53 54 55 ' 

56 57 58 59 

60 61 62 63 

64 65 66 67 

68 69 ·70 71 

72 73 74 75 

76 77 78 79 

80 81 82 83 

84 85 86 87 
-

88 89 90 91 

92 93 94 95 
r--:·· 

96 97 98 99 

uo U1 U2 U3 

U4 U5 U6 


