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Abstract: 

This paper reviews basic techniques required to determine an equation 
suitable to describe a given set of data points. In general, the data is 
matched against ten of the more corrrnon curves encountered by the petroleum 
engineer. The conversion of each of the ten curves into a psuedo-linear 
equation is discussed. Coefficients for each equation are determined by the 
least squares method and the method of averages. 

A microcomputer program that incorporates these concepts is presented. The 
program is written in BASIC for the Apple II microcomputer. 

Introduction: 

With the advent of programnable calculators and, more recently, personal 
computers, it is not surprising that there is a growing interest in the ability 
to determine an equation suitable to describe a given curve. For those with 
limited exposure to the higher levels of mathematics, an approach which attempts 
to correlate any set of ordered pairs (x,y) to the most basic of all curves, the 
straight line, would seem most appreciated. 

I am entirely indebted to Dr. R. E. Carlile, Chairman of the Petroleum 
Engineering Department, Texas Tech University, and his book, "FORTRAN and 
Computer Mathematics for the Engineer and Scientist,"1 for the format and 
mathematical content presented in this paper. My contribution consists of the 
development of the BASIC computer program and documentation that embodies these 
concepts. 

Overview: 

The equation for a straight line should readily be recognized as: 

Y = A*X + B (Eq. 1) 

where A is the slope of the line and B is the point where the line intersects 
the y axis. Thus, given any two points on the line (Xl,Yl) and (XZ,YZ), the 
equation for this curve can be determined calculated as: 

Y2 - Yl 
A = ------- Kq. 2) 

x2 - Xl ’ 
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and therefore: 

B = Yi - A*Xi (Eq. 3) 

The first discussion will develop two methods of determining the coefficients A 
and B by an averaging process. Each of the these methods will provide its own 
coefficients which are then tested with each linearized function for goodness of 
fit. For each of the ten linearized functions, two equations will be developed 
that can generate a dependent variable (Vi') which will be compared to the 
observed variable (Vi). The equation with the lowest overall deviation factor 
is selected for a detailed print-out which includes the equation, complete with 
coefficients, a listing of the actual input data (X,Y), the calculated Y, and 
the percent deviation for each point as well as the overall deviation factor. 

The BASIC program that accomplishes this task was written in APPLESOFT II 
BASIC and 3.3 DOS on a 64K Apple IIe microcomputer with one disk drive and an 
optional Epson RX-80 dot-matrix printer. 

Determination of Coefficients A and B: 

As discussed earlier, once we have our desired generic linear function, an 
accounting must be made for either the error inherent in collecting field data 
or having to deal with nonconforming data. In the simpliest terms, the 
collected points will not usually fall on any single straight line drawn through 
them. Two methods will now be discussed to deal with this problem. This 
section will also serve as the discussion of the test for simple linearity. 

Method of Averaqes: 

This method, hereafter referred to as MOA, basically utilizes a simple 
averaging technique. We have two unknown values to find, A and B, and so given 
the two following equations: 

Yl = A*Xl + B 
Y2 = A*X2 + B I$* :j . 

If Xl, X2, Yl, and Y2 are known, Eqs. 3 and 4 can be solved simultaneously for A 
and B. 

We can let Xl and Yl equal the average value of the first half of the 
actual X and Y values respectively while X2 and Y2 equal the average value of 
the last half of the actual X and Y values respectively. The effect of stray 
points is thus somewhat minimized. With these values substituted into Eqs. 3 
and 4 they can now be solved simultaneously for A and B. 

As an example, temperature in the earth in most cases is known to be a 
simpler linear function of depth and surface temperature. Referring to Table 1, 
column 1 contains a hypothetical series of depths at which the temperatures 
found in column 2 were recorded. 
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Applying the MOA technique: 

Depth 
--we--- 

100: 
2000 
3000 

+ 4000 

10000 

5000 164 
6000 181 
7000 199 
8000 214 
9000 235 

+ 10000 + 251 
------- ------ 
45000 1244 

Temp 

;: 
108 
128 

+ 141 
M-w--- 

536 

Xl = 10000/5 = 2000 

Yl = 536/5 = 107.2 

X2 = 45000/6 = 7500 

Y2 = 1244/6 = 207.33 

Therefore Eqs. 3 and 4 become: 107.2 = A + 2OOO*B 
207.33 = A + 75Oo*B 

/ ------------------- 

which solved simultaneously yield: A = 70.8 
B = 0.0182 

which substituted into Eq. 1 yields: Yi = 70.8 + 0.018PXi (Eq. 4a) 

Column 3 of Table 1 is the calculated temperature at depth Xi using this 
equation. Column 4 of Table 1 shows the deviation of the calculated temperature 
from the observed temperature. Percent deviation here and throughout this paper 
is calculated as follows: 

% Dev = Yi - Yi' * 100 (Eq. 5) 
---------- 

Yi 

Figure I shows observed temperature values along with temperature calculated 
with Eq. 4a. 
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Least Squares Method: 

The Least Squares Method (LS) is a more sophisticated and in most cases 
more accurate technique than the Method of Averages for determining the 
coefficients of a linear function. The basic concept involves the assumption 
that there exists a polynomial such that the sum of squares of the distance 
between the dependent variable generated by this polynomial (Vi') and the actual 
dependent variable (Vi) is a minimum. 

If we let: Yi' = A + B*Xi (Eq. 6) 

then: 
1 (Vi 5 yit)2 = 1 (Vi - A - B*Xi)2 
i=l i=l 

0% 7) 

To find the minimum, we take the partial derivatives of Eq. 7 and set each 
equal to 0. 

Thus: d(Eq. 7) 
-----e-m = -2* 1 (Vi - A - B*Xi) = 0 
d(A) 

(Eq. 8) 
i=l 

d(Eq. 7) 
-------- = -2* i (Vi 
d(B) 

- A - B*Xi) * (Xi) = 0 
i=l 

where n is the number of data points (Xi, Vi). 

Eqs. 8 and 9 can be rewritten: 

(Eq. 8) = i;l(Yi) = 
= 

(A*n) + B*,;IXi 6% 10) 
*= 

(Eq. 9) 

(Eq. 9) = iiI(Xi*Yi) = (A*Xi) + B*ii1(Xi)2 (Eq. 11) 
= = 

As Xi and Yi are given, there are two equations (Eqs. 10 and 11) and two 
unknowns (A and B) from which A and B can easily be calculated. 
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To illustrate this method, refer again to Table 1. 

i (Xi) = 55000 
i=l 

1 (Vi) = 1780 
j=l. 

1 (Xi) = 3.85 * lo8 
i=l 

1 (Xi * Vi) = 1.0887 *lo7 
i=l 

Substituting these values into Eqs. 10 and 11: 

1780 = ll*A + 55Oo*B 

1.0887*107 = 5500*A + 3.85*108*B 

(Eq. 10) 

(Eq. 11) 

Solving these two equations simultaneously: 

A = 71.3181 

B= 0.0181 

With these values substituted into Eq. 1, the values found in column 3a of 
Table 1 were generated. The percent average deviation found in column 4a was 
calculated with Eq. 5. 

In this case, the overall deviation using the least squares derived 
coefficient (1.04%) is slightly lower than that using the MOA derived 
coefficient (1.19%). The computer program will evaluate cases with both methods 
as there are situations were the MOA will yield better results. 
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semi log: 

Consider the following equation: 

In Vi = A + B*Xi (Eq. 12) 

Let Yi' = In Yi. 

Then Vi' = A + B*Xi (Eq. 13) 

It should be apparent to the reader that Eq. 13 will yield a straight line with 
slope B and y-intercept A. The previous discussion of coefficient determination 
will apply directly to Eq. 13. Once these coefficients have been found they can 
be substituted back into Eq. 2 to serve as the general equation. 

To illustrate, Srini-Vasan' has shown that, in general, the log of the 
ratio of either the plastic viscosity or apparent viscosity of a drilling fluid 
to the viscosity of water at the same temperature is equal to a linear function 
of that temperature. That is: 

ln(FV/WV) = A + B*T 

$re L' = Viscosity of drilling fluid (cp) @ T (IF) 
= Viscosity of water (cp) Q T (IF) 

Given the data in columns 1, 2 and 3 of Table 2a, an equation can be developed 
to predict an unobserved viscosity ratio at various temperatures. Column 4 is 
the ratio of column 2/column 3. Column 5 is the natural log of column 4. 
Column 5 values correspond to the Yi' variable in Eq. 13. These values, with 
the values in column 1 as the Xi values, allow the A and B coefficients to be 
calculated by the MOA and LS techniques discussed in the previous section. 

By the MOA method: A = 1.8689 
B = 0.0056 

With these values substituted into Eq. 12, 

In Yi = 1.8689 + 0.0056 (Eq. 14) 

This equation generated the calculated viscosity ratios in column 6. Using 
column 6, the calculated ratios, with column 4, the observed ratios, by Eq. 5, 
gives the percent deviation found in column 7. 

By the LS method: A = 1.8686 
B = 0.0056 

which produces: In Yi = 1.8686 + O.O056*Xi (Eq. 15). 

Table 2b summarizes the results using Eq. 15. Figure 2 plots the results of 
both methods. 
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Sdlog with Curvature: 

Sometimes the plot of the log of the dependent variable (Vi) against the 
dependent variable (Xi) will yield a straight line for part of the data range 
and a curve over another section of the range. Figure 33 is a linear plot of 
such a situation. One method of linearizing this curve is to determine a shift 
factor (s) such that: 

In (Vi - s) = A + B*Xi (Eq. 16) 

yields a straight line over the. entire data set. The shift factor (s) can be 
determined as follows: 

Yn*Yl - Ym2 
S = -------------- (Eq. 17) 

Yn + Yl - 2*Ym 

where: Yl = First Yi in data set (Xi,Yi) 
Yn = Last Yi in data set (Xi,Yi) 
Ym = Yi corresponding to Xm, the arithmetic mean of Xi 
Xm = Xl + Xn (Xl = First Xi;Xn = Last Xi) 

-w---w- 

2 

Columns 1 and 2 of Table 3 are values taken from Figure 2. Using this data to 
determine the shift factor (s): 

Yl = 1.56 
Yn = 0.31 
Xm = (40 + 200)/2 = 120 

At Xi = 120, Yi = 0.56; therefore Ym = 0.56. 
(Note: If Xm is equal to an unobserved value of Xi, Ym can be obtained by linear 
interpolation). 

Substituting these values into Eq. 17 gives: 

(0.31 * 1.56) - (0.562) 
S ------_----------------- 

= (0.31 
= 0.2267 

+ 1.56) - (2*0.56) 

Using the least squares method, the coefficients A and B are found to be: 

A = 0.9037 
B = -0.0164 

Substituting these values into Eq. 16, we have: 

ln(Yi - 0.2267) = 0.9037 - O.O164*Xi (Eq. 18) 

This equation, using column 1 values for Xi, generate the water viscosity values 
shown in column 3. Column 4 is the percent deviation of column 3 from column 2. 
The worst individual point fit (4.26%) is less than the width of the curve in 
Figure 2, making Eq. 18 a good substitute for Figure 2. 
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I Log-Log: 

When data pairs have a linear log-log relationship, the general equation 
can be stated: 

In Yi = In A + B*(ln Xi) (Eq. 19) 

Letting: Yi' = In Yi 
A' = 1nA 
Xi' = In Xi . 

Eq. 19 can be written: Yi' = A' t B*Xi' (Eq. 20) 

which is the form of Eq. 1. The coefficients A' and B can be determined as 
before by either the MOA or LS method and substituted into Eq. 19 for the 
general equation of the curve. 

As an example, the pressure drop in a laminar pipe flow has a log-log 
relationship to the flow rate, all other factors remaining constant. Table 4 
columns 1 and 2 are actual experimental data reported by Melton and Saunders 4 
for a water suspension of calcium carbonate (73.5 lbm/cu ft.) through a 6.92 ft. 
horizontal steel pipe of 0.278-in. ID. 

The least squares method of coefficient determination yields: 

A' = 0.7202 
B = 0.2754 

With substitution in Eq. 19, the generaJ equation becomes: 

In Yi = 0.7202 + 0.2754 (Eq. 21) 

Column 3 of Table 6 is the calculated pressure drop using Eq. 21. The over-all 
fit is a very good 0.98%. 

Parabolic: 

The standard equation for a parabda is: 

Yi = C t A*Xi t B*X2 (Eq- 22) 

In order to linearize this function, consider two points selected from the data 
set, (Xl,Yl) and (Xi,Yi). With each of these pairs of values substituted into 
Eq. 22, we have: 

Yi = C t A*Xi t B*Xi2 
Yl = C + A*Xl + B*X12 

which solved simultaneously produces: 

Yi - Yl = A*(Xi - Xl) + B*(Xi2 - X12) 
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This equation can be manipulated to read: 

(Vi - Yl)/(Xi - Xl) = A t B*(Xi + Xl) 

;$ting: (Vi - Yl)/(Xi - Xl) = Yi 1 
Xi + Xl = Xi' 

we have: Yi' = A t B*Xi' (Eq. 23) 

This is the familiar form for which the coefficients can be derived as 
usual by either the least squares or MOA method. Once A and B have been 
determined, they can be substituted into Eq. 22 with any known values (Xi, Yi 
from the data set to find the value of C. When all three coefficients (A,B,C 1 
are substituted into Eq. 22, you have the general equation for the curve. 

To illustrate the parabolic correlation, refer to Table 5. Columns 1 and 2 
were taken from an SPE paper on 

P 
hase equilibria in carbon dioxide/hydrocarbon 

systems presented by Turek, et al in 1979. Column 1 is the mole percent CO2 in 
a mixture with a particular composition of synthetic oil. Column 2 is the 
corresponding saturation pressure at a temperature of 322 deg. K. Applying the 
least squares routine, the following coefficients were determined: 

A = 0.0891 
B = -0.001 
c = 10.197 

Substitution into Eq. 22 yields the general equation: 

! Yi / = 10.197 + O.O891*Xi = 0.001*(Xi2) 

The calculated values of saturation pressure using this equation are recorded in 
column 3 with the deviation percent in column 4. The overall deviation percent 
was 0.48X, indicating a very good fit. 
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Hyperbolic: 

A general equation for a hyperbola can be written in the following manner: 

Xi - Xl 
------- = A + B*Xi 
Yi - Yl 

(Eq. 24) 

where Xi and Yl are equal to the first ordered pair in the data set. Solving 
for Vi: 

Xi - Xl 
Yi = -------- + Yl 

A + B*Yi 
h. 25) 

Letting: Xi - Xl 
yi’ t o-o---- (0. 26) 

Yi - Yl 

which substituted in Eq. 24 yields: 

yi’ r A + B*Xi 

which is the general form of a linear equation. The coefficients A and B are 
determined as before and substituted back into Eq. 25 to produce a general 
equation for the data set. 

To illustrate, Black6 determined that in reservoirs whose temperature 
ranged from 140-240 degrees F, the oil viscosity at reservoir conditions could 
be related to the API gravity of the stock tank oil flashed at 0 psig separator 
pressure by the curve shown in Figure 6. Table 6 lists selected values taken 
from this chart. Column 1 contains the oil viscosities (Xi), while column 2 
contains the corresponding API gravity values (Vi). In column 3 are the Yi' 
values determined by Eq. 26 with Xl = 0.325 cp and Yl = 45.0 API. When these 
values run through the least squares and MOA routines, the MOA method gives the 
best coefficents as: 

A = 0.002 
B = -0.0433 

With these values substituted into Eq. 25, the general equation for the curve 
becomes: 

Yi = 45 t (Xi -0.325)/(0.002 - O.O433*Xi) 

Using this equation and the Xi values in column 1, the calculated Vi's in column 
4 were determined. Column 5 lists the percent deviation of each calculated Yi 
from the actual Yi of column 2. The overall fit for this curve is a good 1.19%. 
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Signoidal: 

A sigmoidal function is easily recognized by 'the characteristic S-shaped 
curve it produces. Petroleum engineers see this relationship in the case of 
permeability vs. saturation curves, fractional flow vs. water saturation curves 
as well as others. 

To correlate this function, we will depart from the usual pattern of 
variable manipulation into some psuedo-linear relationship from which 
coefficients can be derived. 
equation will be developed. 

Instead, a technique using the modified Gompertz 

For this correlation to work, the independent variables (Xi) must be 
separated by a constant amount; they must be an equal distance apart. If this 
is not the case, a plot of the data can be made from which values of Xi can be 
taken at equal intervals. The modified Gompertz equation takes the form: 

Yi = S + A*BCXi/D-l m. 27) 

The coefficients S, A, B and D are determined in the following manner: 

1) 

a 

3) 

4) 

5) 

s = Y(0) 
S is equal to the value of Y corresponding to X = 0. 
If there is no X = 0 then S = 0. 

D = X(2)-X(l) 
D is equal to the equalized interval distance between all Xi values. 

c = ((S2 -s:3)/(s1 - S2))ON (Eq. 27a) 
where: = sum of first third ln(Yi-S) values 

S2 = sum of second third ln(Yi-S) values 
S3 = sum of last third ln(Yi-S) values 
N = INT (# of data points (Xi,Yi))/3 

(Integer value of nearest multiple of 3) 

A = ln-'{(I/N) '(51 - fti,~~~ } (Eq. 29) 

(Eq. 30) 
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The following illustration should serve to clarify this procedure. 

The specific heat of air (Cp) at O-l atmospheres is related to the 
temperature ('F) in a sigmoidal manner.7 Column 2 of Table 7 lists the specific 
heat values for air (Vi) at the temperature found in column 1 (Xi). Column 3 is 
the intermediate In (Yi-S) values with: 

5 
= Y(0) = 0.2420 
= X(2) - X(1) = 100 - 0 = 100 

N = 1213 = 4 
Sl = sum of first third terms of column 3 = -26.1959 
S2 = sum of second third terms of column 3 = -17.8481 
S3 = sum of third third terms of column 3 = -14.8744 

By Eq. 28: 
C = 0.7726 

(-26.1959) - (-17.8481) 

By Eq. 29: 

(-26.1959) - (-17.8481) * (1 - 0.7726) 
By Eq. 30: B = In-1 ----------- i;-~-i-;;;64j2 ------------- 

. 
B = 0.010 

1 
These values substituted into Eq. 27 yield the general equation for the data 
set: 

(Xi/100 - 1) 
Yi = 0.242 + 0.0366 * 0.0102°*7726 

This equation produces the calculated values found in column 4. Column 5 is the 
individual percent deviation of the calculated Cp from the actual Cp. The 
overall deviation is a very good 0.13%. Figure 7 is a graph of these results. 
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Reciprocal: 

For this last group of correlations, one or both of the input variables 
(Xi,Yi) are simply inverted and the resulting variables related by the basic 
linear equation: 

Yi = A + B*Xi h. 1) 

As there are no new concepts introduced in this section, an abbreviated outline 
of the porcedures involved should.suffice without illustrations. 

Reciprocal Y: 

1) Let Vi' = l/Vi 
Then Yi' = A + B*Xi 
Solve for A & B by MOA or least squares method 
General equation: Yi = l/(A + B*Xi) 

(Eq. 31) 

(Eq. 32) 

Reciprocal X: 

1) Let Xi' = l/Xi 
2) Then Yi = A + B*Xi' 
3) Solve for A & B by MOA or least squares method 
4) General equation: Vi = A + B/Xi 

Kq. 33) 

(Eq. 34) 

Reciprocal X,Y: 

1) Let Xi' = l/Xi; Yi' = l/Vi 
2) Then Yi' s A t B*Xi' Kq. 35) 
3) Solve for A t B by MOA or least squares method 
4) General equation: Vi = l/(A + B/Xi) (Eq. 35) 

Figure 8 displays charateristic curves for each type of relationship. 
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I 
Add 1 to i- 

Detail Flag = VEST-END 

Print Correlation, Average XDEV 

1 Yes 
Lowest Average WEV so far&--Flag this Correlation 

b Coe,ff. Method 

"0 
1 Yes 

Last Correlation?- Detail Flag = YES 

Coeff. Method = "ethod 
Coeff. nethod = Least Squares.. w/lowest Average WEV 

PROGRAM LISTM 

10 RM PROGWI LC (LINEAR CORRELATION> 
15 RM AUTHOR: CLIFF ADdnS 
20 Ds = CHRI (4) 
30 FF$ - CHRS (12)~ RM FOWFEEO FOR EPSON 
40 DNERR GOT0 20000: RM ERROR HOLING ROUTINE 
SO INPUT 'DCITA FILE: ';FS 
60 GOSUB 170001 RM LDAD TITLES 
70 GOSUB 18000: RM SCREEN HEADING 
100 REN ~i~~i~~iii*i**~****~*~** 
110 RM l INPUT DATA l 

120 RM •*****~+*+~)++***~*~***** 
130 PRINT DSI'OPEN 'IFI 
140 PRINT M;'READ 'IFS 
150 INPUT N 
160 DIM X(N>,Y(N>,XX(N>,W(N>,Xl(N>,Yl(N> 
170 FORI=lTON 
180 INPUT X(I>,Y(I> 
190 0 = X(1>: GDSUS 12000: RM W OF SIP(IFIC&dT DIGITS 
200 IF D > XD THEN XD = D: IF D > SD THEN SD = D 
210 0 = Y(I): GOSUG 12000: REH tl OF SIGNIFICANT DIGITS 
220 IF D > YD THEN YD = D: IF D > SD THEN SD = D 
230 NEX-l I 
235 IFSD(4THENSD=4 
240 PRINT Mi'CLOSE ';FS 
300 REM l *i*~~*~~*****~~*~i**~~~**~*~ 

310 REM * BUBBLE SORT (ASCENDING X> (I 
320 REM i*ii*~~*~******l)****~~*~*~~~~ 
330 FOR I = 1 TO N - 1 
340 FOR J = N TO I l 1 STEP - 1 
350 IF X(J) 1 X(J - 1) THEN GM0 380 
360 X = X(J>:X(J> = X(J - l>:X(J - 1) = X 
370 Y = Y(J>rY(J> = Y(J - l>:Y(J - 1) = Y 
380 NEXl J 
390 NEXT I 
400 H - 1 
410 ON tl GOT0 1000,2000,3000,4000,5000,6000,7000,B000,B000,B000 
1000 RM tii~t~i*i**i*iis**t*~~~ 
1010 REM l LINEAR FWCTICN l 

1020 REN iti~t~i**~*i*i**i,i~~~* 
1030 tl = 1 
1040 FOR I = 1 TO N 
lOS0 X1(1> - X(I>IYl(I> = Y(I) 
1060 xX(1> = X(I>:W(I> = Y(I) 
1070 NEXT I 
1080 tW = N:Z = 1: IF 22 = 1 THEN 2 = Ztl 
1090 DN 2 GOSUB 9000,11000: REM CALC A & B COEFFS. 
1100 DT = 0 
1110 FOR I = 1 TO bW 
1120 Rx = A * B l xX(I>:D = YDI COSUG 10000: RW ROUND-OFF 
1130 YC = Rx 
1140 GOSUB 21000: RM DNIATION CALC 
1170 NEXT I 
llB0 Rx = DT / tW:D = 2, GOSUB 10000: RM ROWD-OFF 



1190 
1200 
1210 
1220 
2000 
2010 
2020 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2200 
2210 
2220 
2230 
2240 
3000 
3010 
3020 
3030 
3040 

PROGRAM LISTING (Cont’d) PROGRAM LISTING (Cont’d) 

IF 2 = 1 THP~ on - itx:m = lm = i 
GOSUB 150001 REM CHECK FOR MIN. DEV. 
IF 22 = 0 THEN GOSUB 19000: REM SCREEN DISPLAY 
IF 2 = 1 THEN 2 = 2: GDTO 1090 
RM uUUUUUUUUUUUUUUUUUUUUUU 
REM l SMILOGARITkklIC * 
RM l UUUUUUUUUUUUUUUUUUUUUU 

H-2 
N-4 - 0:2 - 11 IF 22 = 1 THEN 2 = tfl 
FOR 1 = 1 TO N 
IF Y(1) = 0 OR Y(I) < 0 THEN GOT0 2110: REM &VOID 0,NEG LOG 

tw-tw41 

Xf~mFN) = X(I~:YlmN) = Y(I) 
XXM-4) = X(I)tYYorN) = LOG (Y(I)) 
NEXT I 
ON 2 GOSUE 9000,11000: REM CALC A & B COEFFS. 

DT = 0 
FOR I = 1 TO Ml 

RX = MP (c\ + B l XXO((l))tD = YDa GOSUB 10000: RM ROUND-OFF 
YC - Rx 
GOSUB 21000: REM DEVIATION CALC 
NEXT I 
D = 2:RX = DT / FEI: GOSUB 100001 REM ROIE(D-OFF 
GOSUB 15000: REM CHECK OF MIN. DEV. 
IF 22 - 0 THEN GOSUB 19000: RM SCREEN DISPLAY 
IF 2 = 1 THEN 2 = 2: GM0 2120 
REM UUUUUUUUUUUUUUUUUUUUUUU 
RM l SDlILOG W/CURVE * 
REM l UUUUUUUUUUUUUUUUUUUUUU 

H=3 
PW - 012 - 1: IF 22 - 1 THEN 2 - 2tl 
FOR I =lTON 3050 

3060 IF Y(I) < 0 OR Y(I) = 0 THEN GOT0 3090: REM AVOID 0,NEG LOG 
3070 ra = m + 1 
3080 XlUW = X(I):Yl(tW) = Y(I) 
3090 NEXl I 
3100 RM UUUUUUUUUUUUUUUUUUUUUUU 
3110 REM l SMILOG SIMCI CALC * 
3120 Rm l u*uuu~tuuuu~~uuu*ut*uu 

3130 s - o:x?Jl= (Xl(l) l Xlwo) / 2 
3140 FORI-1TONJ 
3150 IF Xl(I) < Xn THEN Xl = Xl(I):Yl - LOG (Yl(I)) 
3160 IF Xl(l) - X?l THEN S - l:YW = Yl(I):I - HJ: GM0 3180 
3170 IF Xl(I) 1 XPl THEN X3 = Xl(I):Y3 - LOG (Yl(I)):I - tW 
3180 NMT I 
3190 IF S = 1 THEN GOT0 3210: RM EXMT MTCH 
3200 Y?4 - MP (Yl + ml - Xl) l (Y3 - Yl) / (X3 - Xl)) 
3210 S = Yl(tWN) + Yl(1) - 2 l Y?4 
3220 IF B = 0 THEN GM0 3240 
3230 S - (Yl(l) l YlUWN) - YH a 2) / S 
3232 RX = SID = SD: GOSUB 10000 
3234 S = RX 
3240 J = G 

3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 
3340 
3350 
3360 
3390 
3400 
3410 
3420 
3430 
4000 
4010 
4020 
4030 
4040 
4050 
4060 
4070 
4080 
4090 
4100 
4110 
4120 
4130 
4140 
4142 
4144 
4150 
4160 
4170 
4180 
4210 
4220 
4230 
4240 
4250 
5000 
so10 
5020 

FOR I = 1 TO FN 
Y - Yl(1) - S: IF Y < = 0 THEN GOT0 3290 
J-J+1 
XX(J) = Xl(J):YY(J) - LOG (Y) 
NEXl I 

13r( = J: IF FEI = 0 THEN GDTO 20000 
DN 2 GOSUB 9000,11000: REM CALC A & B COEFF. 

DT - 0 
FOR I - 1 TO b&d 

RX - EXP (A + B * XX(I)) + S:D = YD: GOSUB 10000: REM ROUND-OFF 
YC - Rx 
GOSUB 21000: REM DEVIATION WLC 
NEXT I 
0 = 2iRX = DT / MN: GOSUB 10000: REM ROUdD-OFF 
GOSUB 15000: REM CHECK OF MIN. DEV. 
IF 22 = 0 THEN GOSUB 19000: REM SCREEN DISPLAY 
IF 2 - 1 THEN 2 = 2: GOT0 3310 
REM ii*~'liir*iiiiiii*ii~~~ 
RM l LOG-LOG l 

REM l ~*ii*iiiii*tt~it*i*** 
n=4 
FN = 0:2 = 1: IF 22 = 1 THEN 2 - 2M 
FOR I - 1 TO N 
IF X(1) ( 0 OR X(I) = 0 THEN GOT0 4110: REM AVOID DIV. BY ZERO 
IF Y(I) < 0 OR Y(I) = 0 THEN GOT0 4110: REM &VOID DIV. BY ZERO 

m=tw+ 1 
Xl(I) = X(I):Yl(I) - Y(I) 
xx(I) = LOG (X(I)):W(I) - LOG (Y(I)) 
NEXT I 
CN 2 GDSUB 9000,11000: REM CALC A a, B COEFFS. 

DT - 0 
A - EXP (A) 
RX - A:D = SD: GOSUB 10000 
FI-Rx 
FOR I - 1 TO NJ 

RX = A * (Xl(I) - B):D = YD: GOSUB 10000: REM ROWD-DFF 
YC = Rx 
GOSUB 210001 REM DEVIATION WLC 
NEXT I 
RX-DT/FN:D= 2: GOSUB 10000: REM ROUdD-OFF 
GOSUB 15000: REM CHECK FOR MIN. DN. 
IF 22 = 0 THEN GOSUB 19000: REM SCREEN DISPLAY 
IF 2 = 1 THEN 2 - 21 GDTO 4120 
REM l)~~tit~*~~**l~~~~*~~*~ 
REM l WlRABOLIC l 

REM •~itiil*~ii*~~~***~i~* 
5030 n = 5 
5040 M4 = 012 = 11 IF 22 = 1 THEN 2 = 2Il 
5050 FOR I = 2 TO N 
5060 IF X(I) - X(1) = 0 THEN GOT0 Silo: REM &VW010 DIVISIDN BY ZERO 
5070 m = m l 1 
5080 XlwN) - X(I)rYl<rwho = Y(I) 
5090 xxuw) = X(I) l X(1) 



E 

5100 
5110 
5130 
5140 
5150 
5160 
5170 
5180 
5190 
5192 
5200 
5210 
5220 
5230 
5270 
5280 
5290 
5300 
5310 
6000 
6010 
6020 

- LISTIN (Cont’d) PRoGRAn LI!SlIIIG (Cont’d) 

wtIw - <Y(I) -Y(l)) / <X(11 - X(l)) 
M(TI 
ON 2 BDSUB 9000,11000: REM WLC A I B CDEFFS. 
FOR 1 - W TO 1 GTEP - 1 

X1(! t 1) - Xl(I)IYl(I * I) - Yl<I) 
NEXT I 

Xl<11 - X(l)tYl(l) - Y(l)lra - lw t 1 
DT - 0 
FOR 1 - 1 TO IW 

c - Yl41) - A l XI(l) - B l Xl(l) - 2 
RX - C * A l Xl(I) + B l Xl<11 a 2 
D - YD: GOSUB 10000, RM ROWD-OFF 
YC - Rx 
GOSUB 21000: REM DEVIATION CALC 
NEXT I 
RX - DT / IW:D - 21 GOSUB 10000: REM ROlbJD-DFF 
GOSUB 15000: RM CHECK FOR MIN. DEV. 
IF 22 - 0 THEN GOSUB 19000: REM SCREEN DISPLAY 
IF 2 - 1 THEN 2 - 21lW 9 01 GOT0 5050 
RM ++u+uuuut+++.u+++.+++u 
RW l HYPERBOLIC l 

RM +uu+u+u+u+++++++~+++++ 

603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 

IOH-6 
80 HJ - 012 - 11 IF 22 - 1 THEN 2 - ZH 
i0 FDR I - 2 TO N 
10 IF Y(I) - Y(l) - 0 THEN GOT0 6110: REM AVOID DIVISION GY ZERO 
‘OPH-HI4 1 
IO Xl<rw - X(I)tYltrn, - Y(I) 
‘0 xx<lwH) - X(I) 
‘0 YY<rn) - <X(I) -X(l)) / <Y(I) - Y(I)> 
0 NEXT1 
!O OJ 2 GOSUB 9000,11000 I RM CALC A I B COEFFS. 
10 FOR I - N4 TO 1 STEP - I 
10 X1(1 * 1) - Xl(I)rYI<I + 1) - Yl(1) 
io NEXT I 
10 Xl(l) - x(l)IYl<1) - Y(I)Ira - m + 1 
PDT-O 
10 FDRI-lTON4 
‘0 IF I - I THEN RX - Yl(l)r GWO 6210 
10 Rx - YI<l) + (XI(l) -Xl(l)) / (A + B l Xl(I)) 
0 D - YD: GOSUB 10000: REH ROlND-DFF 
10 YC - Rx 
IO 6osw 2lOOOl REM DE’JIATIOJ WC 

6270 No(r 1 
6280 Et - DT / M43rD - 21 BOSUB 10000: RM RDWD--OFF 
6290 6DBW 15000 I RBi CWECK FDR MIN. DEV. 
6300 IF 22 - 0 THEN BDSUB IWOO: REM SCREEN DIBPLAY 
6310 IF 2 - I THB( 2 - 2tN4 - 0: GDTO 6050 
7000 RM l *ff**************+*** 
7010 R04 l SImmML 
7G2G RDI l *******************: 
7DBGn-712=1 
7040 8 - 0 

n 

: 
7t 

;: 
71 
71 
71 
71 
71 
71 
?i 
71 
72 
71 
7i 
71 
71 
72 

;; 

:: 
73 
73 
73 
73 
73 

5: 
73 
73 
73 
74 
74 
74 
74 
74 
74 
74 
74 
74 

3: 
n 
n 
73 
75 

ISOW- 
I60 FOR I - I TO N 
I70 IF X(I) t 0 DR Y(I) < - 0 TeC BDTD 7100 
leGm-N4i 1 
190 XlwJ~ - x(I)IY1<Iw) -Y(I) 
IO0 NExl I 
!I2 IN - X1(2) - Xl<I)rS - Yl(l) 
.14 FDR 1 - 1 TO N4 
,I5 Xl(I) - XI(l) - Xl(I) 
16 NEXT1 
20 ND - NJ - 1) - 3 il INT <<Nd - 1) / 3) 
21ra-W-ND 
!I0 REM SORT Y’S ASCENDING 
!I1 BUT0 7290 
!20 FDR I - 1 TO tM - I 
!30 FOR J - N4 TO I * 1 GTEP - 1 
!40 IF Yl<J) ) Yl(J - 1) THEN GDTO 7270 
!SO X - Xl(J):XI<Jl - Xl(J - l):Xl<J - I) - X 
!60 Y - Yl<J):Yl(J) - Yl<J - l):Yl(J - 1) - Y 
!70 NEXT J 
!BO NMT I 
!90 Sl - OIS2 - OlS3 - 0 
tO0 FOR I - 2 TO M 
HO Y - LOG (Yl(1) - 9) 
120 IFI-I < -<WJ- 1) / 3 THEN 81 - Sl * YI 6OTO 7350 
I30 IF I - 1 < - 2 l OIH - 1) / 3 THPl S2 - 82 4 Y I QMO 7350 
140 s3 - s3 + Y 
I50 NEXT I 
16dNS-W4-1)/3 
t70 IF Sl - 52 - 0 THEN GDTO 20000: REM ERROR lMDLIN6 
180 C - (<S2 - 83) / (91 - 52)) * (1 / NS) 
I82 RX - CID - 801 BOSUB 10000 
184 c - Rx 
WG IF C - 1 Two13 9410 20000: REM ERROR WJDLING 
100 A - EXP <(Sl - (81 - 82) / (1 - C - NS)) / NW 
110 B - EXP ((81 - 82) l (1 - C) / (1 - c - NW - 2) 
1:: r--$D - SD: 6DGUB 10000 

M; ft--;:D - GO: BDGUB 10000 

120 DT - 0 
I40 FDR I - 1 TO )IH 
IS0 Io( - 8 l A l <B * (C * (Xl(I) / IN - l))):D - YDr BOSUB 100001 WI 

RDlND-OFF 
I60 YC - ID( 
I70 6osuB 21000: REM DEVIATIGN CIKC 
100 Nal 1 
110 RK - DT / lW:D - 28 BOSUB 100001 MN RGWJD-DFF 
I20 BOSUB ISOOO: RW CHECK FDR NIN. DW. 
130 IF 22 - 0 THEN BDSUB 190001 REM GCREM DISPLAY 



PRtXlUlM LISTIN (Cont’d) 

8000 RW +++~u+++++++++++++++++ 
8010 RDi l RECIPBRChL X,Y 
0020 RM +++~++++++++++++++++++* 
8030 II - Br2 - 1 
8040 N4 - 0 
8060 IF 22 - 1 THEN H - mt2 - Zbl 
0070 FOR I - 1 TO N 
BOB0 IF <II - 8 DR H - IO) CYJD Y(I) - 0 THEN GDTO 81601 REH NO /O 
0090 IF tH - 9 OR H - 10) AND X(I) - 0 THEN BDTO 81601 RM NO 0 
BlGONd-I+J* 1 
8110 XlUW - X(I)rYlMU -Y(I) 
0120 xx(tw - X(I)rYY(rw) - Y(I) 
0130 IF Pl - 8 TH8d WtN4) - 1 / Y(I) 
0140 IF H - 9 THEN XX<HJ) - 1 / X(I) 
0150 IF Pl- 10 THP( XX<F(H) - 1 / X(I)rYY<FH) - I /Y(I) 
8160 NEXT I 
8170 DN 2 BOSUB 9000,11000: REM CALC A L B COEFFS. 
8180 DT - 0 
0190 FOR I - I TO M4 
8200 RX-A * B l XX(I) 
8210 IF tH - 0 DR ll- IO) THEN RX - 1 / RX 
0220 D - YD: BOSUB 10000: REtI ROLMD-OFF 
8230 YC - RX 
8240 BOSUB 21000r REH DEVIATIOJ CALC 
8270 NEXT I 
0200 RX - DT / MdtD - 21 BOSUB 10000: REM ROlND-DFF 
0290 GOSUB 150001 REM CHECK FOR MN. DN. 
8300 IF 22 - 0 THEN GOSUB 19000: RM SCREEN DISPLAY 
0310 IF 2 - 1 THEN 2 - 21 GDTO 0040 
0320 IF H - 0 THEN H - 9:Z - 1: BDTO 8040 
8330 IF H - 9 THEN H - 1012 - 11 GDTO 0040 
0340 PRINT I INPUT 'HIT RETUM KEY TO CDNhUE...'~RTS 
0350 HME 
8360 22 - 1:H - m: BDTO 410 
9000 R&j ++u+++++++++++c~++++++ 
9010 REM l LEAST SPWRES 
9020 RM .+U++++++++++++++++++~ 
9030 XY - Olsx - arm - 01x2 - 0 
9040 FOR I - 1 TO Ml 
9050 XY - X-Y + ⌧⌧(I) l W(l) 
9060 SX - SX 4 XX(I) 
9070 SY - SY + W(I) 
9080 X2-X2 + XX(I) l X%(I) 
9090 NEXI I 
9100 0 - (h?d + XY - s⌧ l SY) / 084 l x2 - s⌧ l 8⌧1 
9102 RX - B:D - SD: BOSUB 10000 
9104 0 - Rx 
9110 A - (SY -B*SX)/PH 
9112 RX - AID - SD: GOSUB 10000 
9114 A - RX 
9120 RRUM 

PRO6RM LISTIN (Cont’d) 

10000 REM +u+++++++++++++++++++ 
10010 RM + ROIMD-OFF ROUTINE l 
10020 Rm ++++u+~++u+++++++++++ 
10030 RX - INT (RX * 10 a Dt.S)/ IM(lO'D+.5) 
10040 RX - INT (RX + IO ' D) /lO a D 
10050 RETURH 
11000 Rm l ++t+u+++++u++++++++~+ 

11010 RM + PlETHClD DF (WEMBES l 

11020 R& ++*tuu+++u++u++++u++++ 
11030 Nl - INT (FH / 2)rN2 - N4 - Nl 
11040 N3 - N2r IF N2 - Nl THEN N3 - N3 + 1 
11050 Xl - 0:X2 - GrYl - O:Y2 - 0 
11060 FOR I - 1 TO Nl 
11070 Xl -.x1 + XX(I)rYl - Yl l W(I) 
11080 NEXT I 
11090 FOR I -N3TON'd 
11100 x2 - x2 + xx(I):YZ - Y2 + W(I) 
11110 NEXT I 
11120 B - (Yl 4 N2 - Y2 + Nl) / (Xl l N2 - X2 l Nl) 
11122 Rx - B:D - SDt BOSUB 10000 
11124 B - m 
11130 A - (YI - Xl l B) / Nl 
11132 RX - ArD - SD: BOSUB 10000 
11134 A - Rx 
11140 RETUW 
12000 Rm +++u+++uu+++~++++++++ 
12010 REII + 1) SIGNIF. DIGITS * 
12020 Rm +uuu++++~+++U+++U++++ 
12930 D - 0 
12040 GG - STRS (P)lGl* - STRS ( INT (0)) 
12050 D - LEN (GS) - LEN (01%) 
12060 IF 0 > 1 #JD D > 1 THEN D - D - 1 
12070 RETURN 
13000 Rm l ++~u++++u+uu++++++++ 

13010 RDI + PRIM-OUl ROUTINE l 
13020 Rm l t+~~uu+~++uu++++++++ 

13030 PO - .'tZ* - '0000000000~ 
13040 BLS - ' 'I REH 10 BMKS 
13050 0 - Xl(I)rDD - XD: GOSUB 14000: REM WID ROUTINE 
13060 0 - Yl(I):DD - YD: GOSUB 140001 REfl MD ROUTINE 
13070 0 - YCIDD - YD: GOSUB 14000: REM PAD ROUTINE 
13000 0 - W:DD - 2: GOSUB 140001 REM MD RDUTINE 
13090 IF I - 1 THEN GOSUB 160008 REM PRINT HEADINB 
13100 PRINT PG 
13110 IF I < M THEN RETUM 
13120 Rx - DT / NJ:D - 2: GOSUB 10000: REti ROLtdD-OFF 
13130 PRINT I PRINT 'IWER.DE'J I m;R%;'%' 
13140 PRINT FFS: REM FOMEED 
13150 eJD 



PMI6lW LIsTIffi (Cont'd) PRO6RM LISTIffi (Cont'd) 

14000 REM l ******************** 
14010 RB( + PAD RBUTlNE 4 
14020 REM +++++++++++++++++++++ 
14030 BOSUB 120001 REM 0 OF SISNIFICCWT DIGITS 
14040 IF DD - D < - 0 THEN BDTO 14070 
14050 IF D - 0 THEN BG - BG + = ' 
14060 0) - BG 4 LEFTS (ZS,(DD -'D)) 
14070 IF LEN (PI) 1 - LEN (BLI) THEN ODTO 14090 
14000 BG - LEFTS (BLG,( LEN (BLS) - LEN (0)))) + BG: RDI RIGHT JUSTIF 

Y 
14090 Ps - PG 4 BG 
14100 RETUffl 
15000 REH l ++++++u+u+++++++uu++ 
15010 REM 4 LOWEST DN CHECK 4 
15020 RM +u+u++++++u++++u+++++ 
15030 IF Rx < w4 THEN in - Rx:m - n:zn - 2 
15040 RETUlG4 
16000 REM l +++++++++u++++++u+++ 
16010 RM + HEADING ROUTINE + 
16020 REM +u+~++++uu++u+++u+u++ 
16030 PRINT 'DATA FILE: ';FI: PRINT 
16040 # - 'ACTWL EO: ' 
16050 DN m GOT0 16060,16110,16170,16240,16290,16340,16390,16470,16510, 

16550 
16060 
16070 
16080 
16090 
16100 
16110 

8 
16120 

3 
16130 

3 

16140 
16150 

0 
16160 

3 
16170 

ti 

16180 
16190 

3 
16200 

;I 
16210 

s 

16220 
16230 

PRINT 'LINEAR CORREIATIDN: .; 
PRINT ' Y - A + B+Xg 
BOSUB 16660 
PRINT : PRINT I)*;'Y - ';A!' 4 'iB;'+X' 
BDTO 16590 
PRINT 'SMILDWRITmIC CORRELATIM: '1 
RRIHT ' LOB Y - A l B*X' 
GOSUB 16660 
IF D- 2 THEN DTB- STRG (RX) 
PRINT I PRINT Cn;'LOO Y - ';A;' * 'iBi'*X' 
BDTD 16590 
PRINT 'SMILOGARITmIC W/CURVE CORRELATION: '1 
PRINT ' LOB (Y-S) - A t 8*X' 
GOSUB 16660 
PRINT t PRINT .S: l ;S 
PRINT : PRINT AS~~LOB(Y - gas;') - 'IA;' t ';Bj'+X' 
PRINT I PRINT 'S - (WW-YWN-W'IID'2) / WWX+'r?iIN-2*Y?lID)" 
GDTO 16590 

!40 PRINT 'LOG-LOG CORREIATION: .i 
!50 PRINT ' LOB Y - LOG A t B*LOO X' 
!60 BOSUB 16660 
!62 LA - LOB (A):RX - IAtD - SD: BOSUB 10000 
!64 IA - RX 
!70 PRINT : PRINT MI.LOO Y - ';LAfi' t '1B;'"LOSX' 
!BO OUT0 165W 
!90 PRINT 'MBDLIC CDRREIATION: .; 
IO0 PRINT ' Y - C 4 A*X + B"(X'2)' 
I10 SOSUB 16660 
I12 PRINT I PRINT l C: l #C 

16320 PRINT I PRINT hS;'Y - .lC;' 4 <'~Al*+X) + .1B1WX'2)' 
16330 GM0 16590 
16340 PRINT l bM’ERBOLlC CORRELATION: '1 
16350 PRINT ' Y - YNIN + (X-~IN)/<A+B+X)m 
16360 BOSUB 16660 
16370 PRlHl I PRM AI1.Y - .;Yl(l);. 4 <X- l ;Xl(l)I.)/('@;' t ';B;'*X 

). 
16380 
16390 
16400 
16410 
16420 
16430 
16440 
16430 

). 

GM0 16590 
PRINT 'SIGtlOIDCIL CORREIATION: '# 
PRINT ' Y - 8 + A+(B'(C'(WIN - 1)))' 
BOSUB 16660 
PRINT I PRINT '8: ';S 
PRINT I PRINT 'C: ';C 
PRINT I PRINT 'IN: ';IN 
PRINT I PRINT M;'Y - 'IS;' t .;A;'*(';B~.'(';CI'-(W';~NI' - 1)) 

16460 BBTO 16630 
16470 PRINT 'RECIPORCAL Y CORRELATIOJ; l/Y - A l B*X' 
16480 GOSUB 16660 
16490 PRINT : PRINT AI;'l/Y - '#Al' 4 '~B;'*X' 
16500 BDTO 16590 
16510 PRINT 'RECIPORCAL X CDRREIATION: Y - A t B/X' 
16520 GOSUB 16660 
16530 PRINT : PRINT M;'Y - 'IA;' + ';B;'/X' 
16540 BUT0 16590 
16550 PRINT 'RECIPDRCAL X,Y CORRELATION: l/Y - A + B/X' 
16560 GOSUB 16660 
16570 PRINT I PRINT M;*lIY - 'iAt' 4 'IB;'/X' 
16500 GM0 16590 
16570 PRIM : PRINT 'AL 0 DETEWlIMTION BY '; 
16600 DN ttl BDTO 16610,16620 
16610 PRINT 'LEAST SOUARES METHOD': GDTO 16630 
16620 PRINT WETHDD OF AVEIWOES: PRINT 
16630 PRINT ' X Y YWLC XDEV' 
16640 PRINT ' ------- ------- ------- ,,,,..,-• 

16650 RETUI(N 
16660 PRINT I PRINT W: ';A 
16670 PRINT I PRINT 'B: '1B: RETUM 
17000 REM l u+uu+++++u+uuu+++uu+ 

17010 REM + LOClDING TITLES + 
17020 RM +++*+*+*+*+*+**++++*+ 
17030 FOR I - 1 TO 10: READ HGtI,: NEXT I: RETUW 
17040 WITA 'LINEAR','SMIL0G','SM1L00 WCURUE~,~L0B-L0G~,~F'ARABOLIC~ 
17050 lwylcI 'HYPERBOLIC','SIGflOIDAL','RECIPORCAL Y','RECIPORCAL X','RE 

CIPORCAL X,Y' 



Line No. Description 

10 - 15 General remark statements 

20 All DOS cosvsands in APPLESOFT must be preceded by a 
CHRS(4) which for this program will be OS. 

30 FFS will advance the paper to top of the next form. 
For an Epson-type printer, this is a CHRS(12). 

40 All detected errors will'branch to Line 2oooO. 

50 Data file name is entered from keyboard and stored in FS. 
The data file had been previously created by the program FILEWRITER. 

60 - 70 Loads arrays and strings that are used to print headings 6 titles. 

130 

140 

150 

160 

170 

2io 

235 

240 I 

33D 

LO 

400 

410 

1030 CURRENT CORRELATION is LINEAR (M = 1). 

Opens the serial data file (FS). 

Informs the progres that all further input will coma from FS. 

Reads the first record from FS and stores the value in N. 
N is the number of X.Y data pairs that are to be read from FS. - 

Dimensions all the arrays used in the program. 

Routine which reads all the data pairs from the input file and stores 
the values in the X(I) and Y(I) arrays respectively. As each value 
is read, the program branches to Line 12OM where the number of sig- 
nificant digits is determined. The maximum nuder of digits for 
each value is kept in the X0 and YD variables for output formatting 
purposes. (APPLESOFT has no formatting functions.) The highest 
number of significant digits of either variable is stored in SD to 
be used as the nulnber of digits of the derived coefficients. 

The minimus nulnber of significant digits for the coefficients is 4. 

All data input is casplete and the data file is closed. 

This is a bubble-sort routine which sorts the data pairs by the 
X value in ascending order. 

The variable M contains the CURRENT CORRELATION value which allows 
the subroutines to know which function is being investigated. 
In thls case, M = 1 signals that the LINEAR function is in use. 

This line branches the progrms to the CURRENT CORRELATION routine. 
The progrm returns to this line until all correlations have been 
tested at which tima the program branches to the best-fit correla- 
tion for the detail print-out pass. 

lD40 

lb70 

106D 

1090 

1100 

1110 

li70 

1160 

1190 

1200 

1210 

1220 

2040 

2050 

2060 

2110 

2120 

2130 

The original input data pairs X().Y() are stored into %wking" 
arrays Xl(),Yl() and XX().YY(). Throughout this program, the Orig- 
inal data pairs are edited at the beginning of each correlation to 
remove any points which would .blow-up" the routine (ie. divide by 0) 
The allowable data points are stored in Xl().Yl() and XX().YY(). 

values are left untouched for output purposes uhile 
values are 'massaged" in whatever manner is required by 

the iarticular correlation. NN is the number of allowable data 
points reset in each correlation. 

NN is the number of allowable data points in this correlation. 2 is 
the COEFFICIENT FLAG which is either 1 or 2. 1 indicates that the 
least squares method (LS) is to be used while 2 signals for the 
Method of Averages (WA). 22 is the DETAIL FLAG (See General Flow 
Chart). ZN is the variable which holds the lowest COEFFICIENT FLAG to 
be used for the detail print-out pass. 

Determine the coefficients (A I B) by either least squares method 
(Z-1) or MDA (Z-2). 

DT holds the DEVIATION TOTAL value from which the average deviation 
is determined. Here it is cleared to 0. 

This routine determines a calculated Y (YC) for each allowable X 
based on Eq. 1 using the current coefficients A 6 6. The YC value is 
then rounded to YD number of significant digits. The deviation of 
each calculated Y from the original Y is than determined (Line 1140). 
by a sub-routine (21OOO). It is in this sub-routine that a detail 
print-out will occur if the DETAIL FLAG is set (ZZ=l). 

The average deviation is calculated and rounded off to 2 significant 
digits. 

On holds the miniaaaa avera e deviation value. Wi holds the current 
lowest correlation. s ZN ho ds the lowest coefficient method value. 
These are initially set to the linear correlation by the LS method. 

Branches to Line 15ODD to check for lowest deviation. 

If DETAIL FLAG is not set (2210) then goto SCREEN DISPLAY routine. 

If the current coefficient determination is LS (Z=l) then set the 
current coefficient a&hod to WA (Z=2) and rerun correlation. 

CURRENT CORRELATION is SEMILOG (W2) 

Same concept as 1060. NN is determined in Lines 2060 - 2110. 

Same concept as Lines 1040 - 1070. Line 2070 avoids negative or 
0 lo 

P 
values. Line 2100 sets YY() = Yf' and Xx() - Xi as used in 

Eq. 3. 

Same as 1090 - 1100 



2140 

A00 

2210 

2240 

3030 

3D40 

3050 

3&O 

3130 

o&D 

3232 

3l34 

3240 

3L 

3310 

3&o 

403D 

4040 

4050 

4ilO 

4120 

4130 

4140 

4142 

4i44 

4150 

4110 

Sa concept as 1110 - 1170. Lines 2150 - 2160 calculates and rounds 
VC by Eq. 12. 

sac as 1180 - 12w 

CURRENT CORRELATION Is SEliILD6 U/CURVE (M=3). 

Sam concept as 2050. " 

Sme as 2160 - 2110 

This section detemlnes the SHIFT FACTOR (s) rqulred in Eq. 16. 
Line 313D datemines Xm directly (Xn). If non of the data points 
X() is exactly qua1 to Xm then an interpolation is made to find Ym. 
:;isl;s done in Lines 3140 - 3200. S is calculated in Line 3230 by 

. . 

S is rounded off the SD number of significant digits. (Line 235) 

The left half of Eq. 16 is determined (ln(Yi-s)) and any invalid 
points are omaitted from consideration. The varible J keeps ccunt 
of the number of allowable points which is given to NN. 

Sam concept as Lines 1080 - 1220. Line 3340 corresponds to Eq. 16. 

CURRENT CORRELATION is LOGLD6. 

Same as 1080 

Same concept as 1040 - 1070. 

Sore concept as 1090 

Same concept as 1100 

A corresponds to A' used in Eq. 20. 

A is rounded to SD significant digits. 

same concept es 1110 - 1170. YC is calculated by Eq. 20. rounded 
to YD significant digits and the deviation is detemined. 

4220 

4230 

4240 

4250 

5030 

504D 

5050 

silo 

5150 

5140 

5170 

5160 

5190 

5170 

5260 

5290 

5300 

5310 

6030 

6040 

6050 

6110 

6120 

6130 

6160 

6170 

su as 1180. 

sme as 12W. 

Sre as 1210. 

SW as 1220. 

CURRENT CORRELATIW is PARABOLIC. 

Sue as 1190. 

Sass concept as 1040. Xx() and YY() are set qua1 to Xi' and Yl' 
respectively as in Eq. 23. 

Sane concept as 1090. 

X1() and Yl() arrays are shifted back to their original positions. 

Sma as 1100. 

Sa as 1110 - 1170 using Eq. 22. C is detemined in Line 5192 
using the first pair of allouable Xl().Yl() and the current CO- 
efficients. 

SW0 as 1180. 

Sue as 1200. 

Same as 1210. 

Sims as 1220. 

CURRENT CORRELATION 1s HYPERBOLIC. 

Sam as 1080. 

Sama concept as 1040 - 1070. Xx() and YY() are set qua1 to Xi and 
Yi' respectively by Eq. 26. 

Same as 1090. 

Sane as 5140 - 5170. 

S.me as 1100. 

1 



_- 

6180 

6i70 

6280 

6290 

630D 

6310 

7030 

7040 S corresponds to the S variable used in Eq. 27. 

7050 

7100 

7112 

Sane conceptaslO4D - 1070. Negative or zero values for Y() or 
negative values for X() would create an error and are avoided. 

7114 

7;16 

7120 

7121 

7210 

7iBd 

7290 

7i50 

7x0 

7370 

7&O 

74w 

7410 

7412 

7&3 

IN is the incraoent aavwnt between each X() value. 

X1() values are shifted so as to have a zero value for Xl(l). 

NO is the nun&r of points that will be dropped to allow for an 
even divisiw of the points into thirds. 

This routine is not currently in use and may be omitted. 

51. 52 and 53 are calculated in this section. Refer to the discuss- 
ion in the text follaing Eq. 27. 

NS corresponds to the N used to calculate C in Eq. 27a. 

C is calculated by Eq. 27a and rounded to SD significant digits. 
C is then checked for being qua1 to 1 as this uwld cause an 
error in Lines 7400 - 7410. 

A is detemined by Eq. 29. 

8 is detemined by Eq. 30. 

A and B are rounded off to SO significant digits. 

Sms concept as 1lOq - 1170 using Eq. 25. The first point, Xl().Yl() 
is passed thrwgh so as to avoid a division by zero. 

Src as 1180. 

he as 1200. 

Sa as 1210. 

Sma as 1220. 

CURRENT CWRELATION is SUMOIDAL. For this correlation, the co- 
efficients are detemined by unique processes; the LS and WA 
mathods do not apply. 

7420 

7448 

7&D 

7510 

7520 

7530 

8&o 
8070 

8j20 

8130 

8140 

8150 

8170 

8180 

8190 

8i70 

8280 

8290 

8300 

8310 

8320 

8330 

8340 

8360 Clears screen and maws cursor to uppar left-hand corner of screen. 

Sa as 1100. 

Sre as 1060 - 1070 using Eq. 27. 

Sr as 1180. 

Sre as 1200. 

Saabs as 1210. 

CURRENT CORRELATION is RECIPROCAL Y; COEFFICIENT FLAG is LS. 
Sma as 1080. The M - Mi is redundant and wy be mitted. 

This section is used by the RECIPROCAL Y, RECIPROCAL X and the 
RECIPRWAL XY correlations to avoid division by zero problas. 

Calculates Yi' used in Eq. 31 for the RECIPROCAL Y correlation. 

Calculates Xi' usad in Eq. 33 for the RECIPROCAL X correlation. 

Calculates Xi' and Yi' used in Eq. 35 for the RECIPROCAL XY corre- 
lation. 

baa as 1090. 

Sane as 1100. 

Sme as 1110 - 1170 using Eq. 1. Line 8210 inverts the results 
if the CURRENT CORRELATION is RECIPROCAL Y (li=8) or RECIPROCAL XY 
(U-10). 

Same as 1180. 

Sane as 1200. 

Sam as 1210. 

Sane as 1220. 

If CURRENT CORRELATION 1s RECIPROCAL Y (M-8) then set CURRENT 
CORRELATION qua1 to RECIPROCAL X (B-9) and rerun correlation. 

If CURRENT CORRELATIOB is RECIPRWM X (11-g) then set CURRENT 
CWRELATIDN qua1 to RECIPROCAL XI (R=lO) and rerun correlation. 

ii;Ji5;reen display until RETURB key is hit. RTJ is a dury 



8360 

9030 

9040 

9b90 

9100 

9102 

9Io4 

9110 

9112 

9i14 

10030 

10050 

11000 

lli40 

12000 

12b70 

All correlations have been checked at this point so the DETAIL FLAG 
is set (ZZ=l);- the CURRENT CORRELATION is set equal to the best-fit 
correlation (M=MN) and the program branches back to Line 410 to 
rerun the desired correlation, this time displaying the point-by- 
point calculations and deviations. 

Zeros out the sumnation variables used in the least squares co- 
efficient determination routine. 

Routine which sums the various input variables: 
XY = sum of (Xi*Yi) used in Eq. 11. 
SX = sum of Xi used in Eq. 10. 
SY = sum of Yi used in Eq. 10. 
X2 = sun of Xi*Xi used in Eq. 11. 

13000 

13;50 

B is calculated here by solving Eqs. 10 and 11 simultaneously for B. 

B is rounded off to SO significant digits. 
14100 

A is determined by plugging B back into Eq. 10 and solving for A. 

A is rounded off to SO significant digits. 

15640 

Round-off Routine: Values are assigned to RX before branching here. 
RX is rounded to 0 significant digits and returned. 

Determines coefficients A and B bv the Method of Averaqes. 
Nl = number of points in 1st half-of allowable points.- 
N2 = number of ooints in 2nd half of allowable points. 
N3 = starting pbint for 2nd half of allowable points. 
Xl = sum of X values in 1st half of allowable points. 
X2 = sum of X values in 2nd half of allowable points. 
Yl = sum of Y values in 1st half of allowable points. 
Y2 = sum of Y values in 2nd half of allowable points. 
;o;sBdetermined in Line 11120 by solving Eqs..3,and 4,simultaneously 

iii24j. 
B is then rounded to SO slgnlflcant dlglts (Lines 11122 - 
A is calculated in Line 11130 by Eq. 3 and then rounded to 

SO significant digits (Lines 11132 - 11134). 

Determines the number of significant digits of the variable 9. 
Values are assigned to Q before branching here. The number of 
significant digits is assinged to D before returning. 

16670 

17000 

17b50 

18;30 

19000 

19170 

20650 

21000 

2&o 

Print-out routine for the detailed display of the individual points 
X1(), Yl() and the corresponding calculated Y (YC) with its devia- 
tion (OV). PS is initially blanked out. Z$ and BLS are used to 
pad values to 00 significant digits. Q is used to pass values to 
the PA0 routine and back. If I=1 (first time thru) then it branches 
to print HEADINGS and returns. P$ is built up by the PA0 routine 
before printing. If I NN (not the last point) then the program 
branches back to the calling line. Otherwise I=NN (last point) SO 
Lines 13120 - 13130 calculates the AVERAGE DEVIATION. rounds it off 
to 2 significant digits and prints the line. Line 13140 advances 
the paper in the printer to the top of the next form (if in use) 
and in Line 13150 the program ends. 

PA0 routine: Lines 14030 - 14050 determine if a decimal point iS 
present. Qf is the individual values being padded (either X1(), 
Yl(), YC OP OV). Once the appropriate O's or blanks have been 
added to QS it is appended onto the end of Pf. The program then 
returns to the PRINT-OUT routine until all values have been added 
to Pf at which point PI is printed. 

Checks if the CURRENT CORRELATION's average deviation (RX) is 1eSS 
than the lowest deviation thus far (DM). If so, CM is set equal to 
RX; the best-fit correlation flag (IJM) is set to the CURRENT CORREL- 
ATION value (M) and the best-coefficient method flag (ZM) is Set 
equal to the current COEFFICIENT FLAG (Z). Program returns to the 
calling line. 

Heading routines for the detailed display. MM branches execution 
to the correct correlation titles and equations before returning 
to the PRINT-OUT routine. 

Loads titles into string arrays used in the display routines. 

Prints screen headings that appear at the start of the program. 

This section prints each correlation and the average deviations 
calculated by using the coefficients determined by both the LS and 
MOA methods (DTS). If there was a problem with any part of a 
correlation, a "N/A" is printed in place of the deviation. 

This section basically aborts the current correlation/coefficient 
method if any problem arises, prints a "N/A" for that deviation 
and returns processing to the next correlation/coefficient combina- 
tion. 

Calculates the individual point deviation (OV) by Eq. 5. The sum 
of DV is stored in OT. Lines 21030 - 21040 avoid a division by 
fw; error if Yl(1) happens to be 0. Program returns to the calling 



INPUT F’ROWU LISTING PRINT OUT EXAMPLE 

100 
102 
104 
106 
108 
110 
112 
114 
116 
200 
445 
446 
448 
450 
500 
600 
700 
800 

REM l ***~*********X***************** 

REM l PROGRAM: FXLEWRITER l 

REM * THIS PRVGRAM X5 INXTIRLLV l 

REM l RUN WHEN THE DISK IS BOOTED. . 
REII l IT WILL SHOW R MENU UHICH (I 
REH l ALLOWS THE USER TO EXTHER . 
REM l CRERTE A OATR FILE OR RUN l 

REM l THE PROGRRII “LC” l 

REII l ~~~***c++IcIxIIcII***.*..**.**. 

XS - - * 

PRINT XS; 
PRINT ~c~~~*~x~~)c*c*+HII****“: PRINT XSi 
PRINT “. . a”: PRINT XSi 
PRINT -* LINEAR CORRELATION l “: PRINT XS; 
PRINT “t I”: PRINT XSi 

920 
900 
1000 

PRINT “* BV l “: PRINT Xl8 
PRINT “. .“: PRINT Xl! 
PRINT “+ CLIFF RORMS *“: PRINT Xl! 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRXNT 
PRINT 
PRXNT 
INPUT 
IF SC 

� l +-: PRINT XSi 
“*r*r*r*r+**rr+r+*;i***~~ 
: PRINT 
“WHICH WWLO YOU LIKE?” 

1100 
1102 
1104 
1106 
1108 
1110 
1112 
1114 
1116 
1llE 
1120 
1122 
1298 
1300 
1400 

1600 
1700 
1000 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
SO00 
3100 
Y&O 
3300 
3400 
ssoo 
3600 
3700 
SE00 
3900 
4ooo 

1. CRERTE R ORTR FILE 

.I 2. RUN LINEPR CORRELATION 
: PRINT 
“ENTER YOUR SELECTION: “‘6s 
- “1” THEN GOT0 1298 
= “2” THEN PRINT 0Si”RUN LC” ._^ 

IF SS 
GOT0 IV” 
HONE 
INPUT “OUTPUT FILE NAME: “IFS 
INPUT “NUMBER OF ENTRIES: “IN 
DIN X(Nl,V(N) 
FOR I - I TO N 
PRINT “X~“III”~,V~“III*,: “I 
INPUT X(I).V(I) 
NEXT I 
PRINT DS,“OFEN “‘FS 
PRINT DSI”WRITE “1FS 
PRINT N 
FOR I = 1 TO N 
PRINT X(1, 
PRINT ,‘(I’ 
NEXT I 
PRINT OS; “CLOSG “IFS 
HONE 
PRINT “MRIFVING FILE...” 
PRINT 0S:“OPEN ‘IFS 
PRINT OSi”REA0 “IFS 
INPUT NN 
PRINT “N WRITTEN: “IN,” N RE40: ‘INN 
PRINT 
FOR I - 1 TO NN 
INPUT X: INPUT V 
IF X < > X(I) OR v < > V(I) THEN PRINT “ERROR” 
NEXT I 
PRINT OS1 “CLOSE “IFS 
GOT0 100 

File: Air 

Correlation 

% Deviation 
Least Method of 

Squares AveraRes 

Linear .46 .43 
Semilog .41 .39 
Semilog w/curve .34 .34 
Log-Log 20.06 14.07 
Parabolic .51 .50 
Hyperbolic 13.18 147.63 
Sigmoidal .I3 .13 
Reciprocal Y .37 .34 
Reciprocal X 2.79 3.34 
Reciprocal X,Y 2.71 2.95 

Hit return key to continue... 

Data File: Air 

Sigmoidal Correlation: Y = S + A*(BAfCh(X/IN - 1))) 

A: .0366 
8: .0104 
S: .242 
C: .7726 
IN: 100 

Actual EQ: Y = .242 + .0366*(.0104&772~X/100 - 1))) 

X Y YCALC % Dev 

0 .2420 .2420 0.00 
100 .2422 .2424 .08 
200 .2434 .2431 .I2 
300 .2450 .2444 .24 
400 .2470 .2464 .24 
500 .2495 .2491 .I5 
600 .2523 .2524 .04 
700 .2555 .2558 .I3 
800 .2590 .2591 .OY 
900 .2620 .2624 .I6 

1000 .2650 .2652 .08 
1100 .2680 .2679 .03 
1200 .2710 .2700 .37 

Aver. Dev: .13% 



Fig. 1 
TEMPERATURE OF THE EARTH Vs. DEPTH 

Fig. 2 
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‘* 0 
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260 

A ACTUAL 

x MOA CALC. . - - - - - - - - - - - - . 

0 LS CALC. ---- 

9 I I 1 , 

160 190 00 90 100 120 140 

TEMPERATURE (F) 

Table 2a 

0 1000 2000 3000 4008 6000 6000 7000 9000 9000 10 

DEPTH (FT) 
Table 1 

Tape+ature versus Depth 
(1) 

(3) 

‘3 $1 

(ep) (WI -e---e- ---_ ---- 

1:x a.75 7.25 0.88 0.56 
160 6.75 0.41 
la0 6.50 0.38 

Average Deviation: 2.84% 

(4) (5) 

(llzl] 
ln(FWV) 

(6) 
w/w 
(talc) 

(7) 
I sev (1) 

7ty --_-- 
104 

:kz 

:El 

(2) 

&% 
(34 
Calc 

(Z, 

(4a) 

I Dev 

---_-_- ----- 
2 1.39 

2.M 
107 0.92 
125 2.33 
144 2.13 

w 
Calc 

($1 
-----__ 

ii 

E 
144 
162 
180 
198 
216 
234 
252 

(4b) 

% llev 

6DDD 
7DDD 

tkE 
loo00 

2 
:z 
141 
164 
la1 
199 
214 
235 
251 

162 1.22 
la0 0.55 
198 0.50 
216 0.93 
235 0.00 
253 1.19 

----- 
1.39 

kiTi 
1:56 
2.13 
1.22 
0.55 
0.50 

z-f: 
0:41 

Average X Deviation: 1.19 1.04 

___--_-_ --v-s---- -_----- we--- 
9.9432 2.2969 10.1442 2.02 

12.9464 2.5608 12.6911 1.97 
16.4634 2.8011 15.8775 3.55 
17.1053 2.8394 17.7590 3.83 

Table 2b 

(4) 
m/w 

(actual) 
______-- 
9.9432 

12.9464 
16.4634 
17.1053 

(5) 
ln(FV/NV) 

----_---- 
2.2969 
2.5608 
2.8011 
2.8394 

(1) 
&7, 

‘2 
(cp) me----- ---m 

1:: 
a.75 
7.25 

160 6.75 
la0 6.50 

Average Devlation: 

‘A, 

(cp) ---_ 
0.88 
0.56 
0.41 
0.38 

(6) 
FV/yv 

(talc) 
-m-m--- 
10.1411 
12.6873 
15.8726 
17.7537 

%‘2V 

---__ 
2.00 
2.00 
3.59 
3.80 

2.84% 



Fig. 3 
VISCOSITY OF WATER AT VARIOUS TEMP. 
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PRESSURE DROP A:itAtIOUS FLOW RATES 
IN A LAMINAR FLOW OF WATER SUSPENSION 

A ACTUAL 

I 
X CALCULATED _ _ _ _ _ - - - - - - - - 

I 1 I I 1 
--- --- 

60 100 160 200 2bU 

FLOW RATE (1000 CU FT/MIN) 
SO 60 160 rio 140 160 1eo 200 

TEMPERATURE (F) 

Table4 

Table 3 

(1) 
AcEl CLYC 

viscesity viscosity 
(9) (9) 

t: 
a0 

:: 

:2 
180 
2Do 

--------- --------- 
1.56 1.50 
1.13 1.14 

8% 8-E 
0.56 0:57 
0.47 0.48 
0.41 0.41 

8:: i:: 

(4) 

SDev 

3.84 

zi 
1.46 

::: 
0.00 

i:Z 

Flo!!ate 

---------- 
1.674 
a.789 

fX 
841510 

144.800 
212.600 
260.700 

------__ 
2.37 
3.73 
5.07 
5.83 
6.94 
a.06 
a.84 
9.74 

Average Deviation: 0.98% 

P2L 
mop 
(talc) 

----m-w- 
2.37 
3.74 
4.99 
5.90 
6.97 

t%l 
9:51 

(4) 

*av 

_---- 

o":E 
1.58 
1.21 
0.44 

~~~ 
2:36 

Average Deviatlon: 1.711 



SATURATION OF A SY#-iTlC OIL AT 322 DEG K 
WITH VARIOUS CONCENTRATIONS OF CO2 

API GRAVITY OF STOC:‘eiAGNK OIL AS A FUNCTION 
OF RESERVE OIL VISCOSITY 

13 

12.6 

E. 12 

it2 
3 11.6 

ii 

E 11 

p 10.6 

2 

2 
10 

3 
9.6 

9 

SE- 

: 5 36- 

2 34- 

(3 32- 
ZiT 
Q 30- 

29- 

26- 

24- 

x CALCULATED _--------------- 

1.- 
0 

A OBSERVED 

x CALCULATED k _____-_-___-------. 
X 

I 1 1 1 I 1 1 I 

10 20 30 40 60 60 70 80 90 

MOLE % CO2 
0 

Table 6 

(3) 

Yi' 

(4) (5' 
Table 5 

Yi Calc lsev 
------- w--m- 

45.0 0.00 
43.0 1.19 
40.0 0.00 
37.9 1.07 
35.4 1.15 
32.5 0.00 
29.3 2.33 
26.5 3.63 
24.3 2.79 
23.7 1.25 
23.5 0.42 
23.3 0.44 
23.2 0.88 
23.1 1.32 
23.0 1.32 

CalcS’ated 
Saturation 

Pressure, Ipa 
----_-----_-_ 

10.197 

(4) (1) (2) 
Observed 

Mole Percent Saturatlun 
C02.in Mixture Pnssure.Ra 
-mm---m----m-e ----m----e--- 

0.00 10.197 

___--_-- --me 
0.325 45.0 
0.350 42.5 
0.400 40.0 
0.450 37.5 
0.525 35.0 
0.650 32.5 

0.900 1.450 iti 
2.675 25.0 
3.500 24.0 
4.000 23.6 
4.500 

:Ei 
%i 

6:OD0 2218 22.7 

Average Deviation: 1.19% 

O.DDO 
-0.010 
-0.015 
-0.017 
-0.020 
-0.026 
-0.038 
-0.064 
-0.118 
-0.151 
-0.172 
-0.192 
0.213 

-D;233 
-0.254 

lilev 
--------- 

0.00 
19 .a7 
39.73 
49.69 
59.70 

11.573 
12.158 
12.155 
11.952 
11.456 

:x 
lo:556 
10.122 
9.797 
9.639 
9.466 

0.82 

8.: 
0:21 
0.34 69.77 11.507 

74.82 11.225 
79.85 10.908 
84.87 10.556 
89.93 10.1-4 
93.38 9.953 
94.98 9 .a80 
96.66 9.729 

2:: . 
82 
1.56 
2.44 
2.70 

Average Deviation: 0.74% 



0.27 

0.26 

0.26 

SPECIFIC HEAT OF A:fA; O-l ATMOSPHERES 
AT VARIOUS TEMPERATURES 

A ACTUAL 

X CALCULATED _------ ------ 

0.24 f 1 I 1 I I I I I I 1 I 
0 100 200 300 400 600 600 700 600 900 1000 1100 1: 

TEMPERATURE (F) 

Table 7 

(1’ (2) (3) 

(s' (6tu,l$q F) ln(Yi-0.242) 

10x 
0.2420 

__. 0.2422 

E 2 
il.2434 
0.2450 

400 0.2470 

500 0.2495 
600 0.2523 
700 0.2555 
a00 0.2590 

900 0.2620 

El 0.2650 0.2680 
1200 0.2710 

-a.slG 
-6.5713 
-5.8091 
-5.2983 

_---____ 
51 = -26.1959 

-4.8929 
-4.5756 
-4.3051 
-4.0745 

m--e---- 
52 = -17.8481 

-3.9120 
-3.7723 
-3.6497 
-3.5405 

m--v---- 
53 = -14.8744 

Y Calc % Dev 
--m--e -w--m 
0.2420 0.00 
0.2424 0.08 
0.2431 0.12 
0.2444 0.24 
0.2464 0.24 

0.2491 0.15 
0.2524 0.04 
0.2558 0.13 
0.2591 0.04 

0.2624 0.16 
0.2652 0.08 
0.2679 0.03 
0.2700 0.37 

(5) 

RECIP~~~CAL F~GE EXAMPLES 

7- 

6- 

6- 

RECIPROCAI 

RECIPROCAL X ____------------. 

RECIPROCAL XY --em- 

Average Deviation: 0.13% 

c 


