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Abstract 

Time and harmonic frequency analyses have been 
applied to detect cyclical components in water quality data. 
This application is explained through a series of examples 
using synthesized and real data. 

Résumé 

On a fait des analyses temporelles et harmoniques de 
la fréquence pour déceler les composantes cycliques dans 
les données sur la qualité des eaux. On en explique 
l'application par une série d’exemp|es basés sur des données 
synthétisées et ré_e||es.



Computer Programs in Use in the Water Quality Branch, Vol. 5 
Water Quality Data: Power Spectrum and Frequency (Harmonic) Analyses 

Adrian Demayo and David A. Green 

INTRODUCTION 

This report describes a computer program that 
per-forms power spectrum and frequency analyses of time 
series water quality data. Several examples are presented. 

The purpose of bot_h kinds of analysis is to find the 
magnitude of those components of the total variance of a 
record that recur at constant time intervals. 

The frequency (harmonic) analysis calculates those 
components that have a fixed, well-defined periodicity 
given by the length of the period of time analyzed divided 
by the number of the harmonic (1,2,3, . . .). 

The power spectrum analysis calculates those com- 
ponents that are spread over a band of periodicities rather 
than a single, discrete periodicity value. 

The two types of analysis complement each other. 
For example, it is recommended first to analyze the record 
by harmonic analysis to see whether it contains any strong 
discrete periodicities. If it does, then those periodicities a_re 
sub't'racted from the original record (Thoman_n, 1967; Sarin 
a_nd Lee, 1973) and the resulting record is then analyzed by 
power spectrum analysis. 

This approach is possible when the strong period- 
icities are known in advance. Otherwise all the suspected 
and possible strong harmonic components must be cal- 

culated to detect the significant ones. This approach has the 
disadvantage of increasing the computation time. 

Because, in most cases, only the strong components 
are sought, in this report the original record is analyzed 
concomitantly by the harmonic and power spectrum 
analyses. This approach was found to be useful in the 
interpretation of the data because the results obtained tend 
to complement and confirm each other (see examples). 

POWER SPECTRUM AND FREQUENCY ANALYSES 
OF TIME SERIES WATER QUALITY DATA 

Power Spectrum Analysis 

The mathematical procedure of this analysis has been. 
described by Demayo (1969). Only one slight change has 
been made in this procedure. In the original report, the 
calculation of the autocorrelation coefficients is performed 
as follows:

1 
I’ 

m‘ (PiPi+r‘P2av)
1 

r=0,1,2, . . ., rn 

c,= ‘WM? 

In the present report, this has been changed to: 

Cr = "1? I-.(Pi'Pav) (Pi+r ‘ Pav)] 

r= 0,1,2, . . ., m 

For completeness the other formulas used i_n the 
programs described here are restated: 

The Fourier transform at lag r is given by: 

V,=% [Co+C,,, cos (r7r)+'E—21§ Cq cos(%’)] q: , 

r=0,1,...,m 

where k is a constant having the values: 

k=‘/2 forr=0andr=m 
k=1 forr=l,2,...,m—1



The smoothing is done by using the relations: 

u., = 0.54V°+0.46V 
u, = o.2_3v,_, +o.54v,+o.23v,+, 
u,,,= o.46v,,,_, +o.54v,,, 

r=1,2,. . .,m-1 

where U0, U1, U2,.. . . , Um are power spectrum estimates 
corresponding to |_ags 0,1,2, . . . , m respectively. 

The period corresponding to each lag is determined 
by the lag number and t_he sampling interval via the 
relation: 

_2mAt t"_ r 

where t, is the period corresponding to lag r and At is the 
sampling interval. 

The equivalent width, or in other words, the range in 
the vicinity of the nominal value is given by:

A 

_ 1 We'm—m 
The frequency corresponding to a certain lag is 

obtained from:

r 

2mAt f, = (cycles/time) 

where r is the lag number, m t_he highest lag number, and At 
the sampling interval. 

The frequency bandcorresponding to lag r is in the 
range: 

1 1 . 

EH3-t (r—1) 10 TIE (r+1) In cycles/time 

Note: At lag 0 the frequency is fo = 0. Thus the spectral 
estimate at lag 0 includes all the record variance that does 
not recur during the length of the record used in the 
analysis. Therefore, it includes: 

(a) any truly random fluctuations in the record, 
(b) any linear trend_s in the record, 
(c) any periodic components in the record that are of 

such a low frequency that they appear as linear 
trends in the record. 

The “% contribution" of each lag to the total variance of 
the record is calculated from: 

I‘ 

(% contrb) .39 , = Tn- 
zv, 
i=0 

for the unsmoothed transforms, and:
U 1 

(% contrb).,,9 ,. =3 
2 U, .=0 

for smoothed values. 

Harmonic Analysis 

The computer program follows the mathematical 
procedure described by Thomann (1967). A summary is 

given here. 

The amplitude of a harmonic k is given by 

H, = (Afi + 3.3) ‘/2 

The phase shift of a harmonic k is given by: 

0k =arctan(Ak/Bk) 
where 

2 
N—1 

Ax = N J3 
P, s_inl2.ki/N) 

2 N—1 
Bk = ‘ Pj(C0S 2kj/N) 4" (Po+PN)/2 N 3:1 

N is the total number of points and P,- is the value of the 
parameter analyzed at point j. 

If we use the total, variance of the record 02 as a 

measure of the dispersion of the data around the average 
value, then the contribution of harmonic k to the total 
variance is‘ obtained from: 

(% contrblk =H§/(202) when k<N/2 
(% contrblk =HE/02 when k = N/2 

THE COMPUTER PROGRAM AND OPERATING 
INSTRUCTIONS 

The listing of the program is shown in Figure 1. The 
program is written in FOCAL, EXT 1970, for a 

PDP-8/E—8K computer or any other PDP—8 family com- 
puter with 8K of memo_ry and capable of running the 
FOCAL. 

The “FOCAL, EXT. 1970" is a version of the 
FOCAL——69 compiler. This new version includes two new 
functions, FPUT (N,X) and FGET (N), vvhich allows the 
progra_mrne_r to store a number X at aspecified core 
location N (FPUT) and then retrieve it (FGET). The array 
for storing these numbers occupies core locations 6000 to



7677 of memory field 1. Up to 298 numbers can be stored 
in it. 

The steps for loading FOCAL, EXT. 1970 and the 
program tape are: 

_n 
. Load FOC'AL—69, 4K. 
Respond to the initialization dialogue deleting the 
extended functions. 
Load tape labelled "FOCAL, EXT. 1970" starting at 
address 7777. 

5. Start FOCAL, EXT. 1970 at address 00200. 
6. Read in the program tape. 
7. Start the program by giving the command "GO". 

The program is divided in two main parts. The first 
part calculates the power spectrum; the second performs 
the harmonic analysis. 

Input 

In response to the ”GO" command, the program 
4. Manually load the following address/instruct_ions: types out a series of que5fiQn5_ The questions and the 

V 

correct answers are given in the table below. 
ADDRESS INSTRUCTION COMMENTS 

0063 1354 After all new values have been entered, the program 
0064 2414 goes again to question 16, thus allowing the operator to 
2732 5336 further replace the harmonics that are of no interest. 
2762 7000 
1217 7600 Deletes : sign In Figure 3, the input statements are pointed out by 
6002 7600 Deletes = sign arrows with numbers that correspond to the above explana- 
5272 6000 t_ions. For example, at a_rrow 17, the operator specified that 
5273 6201 two of the values entered at arrow 16 should be replaced. 
6375 6000 At arrow 18, the operator specified the sequential numbers 
6376 5777 of the two harmonics to be replaced (2 and 3 in this case) 
2576 2004 and then he gave the new harmonic numbers. 

QUESTION ANSWER AND EXPLANATION 

1. DATE DD/MM/YY Day, month, year. Used for identification only. 

2. SAMPLING INTERVAL I I represents the time interval between two data 
points. 

3. UNITS sec., min., . . . For information only. 
month, etc. 

4. NO. OF SAMPLES NS NS represents the number of data points. 

5. NO. OF LAGS REQUIRED NL The greater the NL, the greater will be the resolution 
of the details of the resultant power spectrum. 

Notes: (a) When selecting the number of lags, it is convenient to select a number that will provide a logical and useful 
time period when calculated. The relation used in this selectio 
P=2(NL—1)Xl/J J=1,2,3,.. 

where P is the period corresponding to lag no. J. 

n is: 

.,NL—1 

For example, if periods of 24 and 12 hours are desired and/or expected, then the number of lags required (N L) 
must be 13 or 25 depending on the number of data points available. For a sample interval of 1 hour (I = 1), 13 lags (NL = 
13) will yield periods of 2X(13—1)X1/J=24,12,8 . . . hours; wh 

(b) The sum NS + 3NL g 298. This restriction is due to 
ile NL = 25 will yield P = 48, 24,16,... 

the limited storage available in the computer.



QUESTION ANSWER AND EXPLANATION 

6. ARE THE DATA ARRANGED AS X, Y? If the data are entered in pairs X, Y type Y. If only the points Y1, Y2, 
‘ 

. . . are entered, type any keyboard character. 

In both cases only the Y values are used in calculation, since it is assumed that the X values (time axis) are equally 
spaced and the time interval is known. 

7. LOAD DATA At this point the X, Y or Y va|u_es (depending on the answer to question 
6) are loaded via teletype keyboard or, if the date has been already 
punched on a paper tape, via punched paper tape reader. 

Notes: (a) The data must represent samples taken at equal time intervals within i10%of the interval. When data are missing, a 
linear interpolation can be used to obtain the missing value. 

(b) The 298 available memory spaces are divided as follows: 
(i) Data:- 1 to NS; (ii) Coefficients C:NS+1 to NS-l~NL; (iii) V values: NS+NL+1 to NS+2NL;and (iv) Uvaluesz 

NS+2N L+1 to NS+3N L. 

This completes the input for the power spectrum analysis. After the spectrum is calculated, the computer asks: 

8. IS A HISTOGRAM OF THE TRANSFORMS If such a histogram is desired, type Y. Otherwise, type N or any other 
REQUIRED? keyboard character. 

If the answer to the previous question was Y, the following questions are typed next; otherwise the program goes directly 
to "Harmonic Analysis", (question 13). 

9. SMOOTHED (U) OR UNSMOOTHED (V) Type U or V depending on which values the operator wants plotted. 
VALUES: Normally both histograms for smoothed and unsmoothed values are 

obtained (see question 12). 

10. ENTER MAXIMUM ABSOLUTE VALUE 
OF TRANSFORM 

The first time around, these values are obtained from one of the output 
tables which lists the values of the transforms for each lag. If certain 
parts of the histogram require magnification, then the histogram can be 
repeated (see question 12) with different numbers for the maximum/ 
minimum absolute values of the transforms. 

11,. ENTER MINIMUM ABSOLUTE VALUE 
OF TRANSFORM 

After the computer outputs the respective histogram, the next question is: 

12. IS ANOTHER HISTOGRAM OF THE 
TRANSFORMS REQUIRED? 

Answer Y or N. If the answer is Y, then the questions 9 to 11 follow. 
If the answer is N (or any other keyboard character), the program goes 
to "Harmonic Analysis", (question 13). 

Answer Y if an harmonic analysis of the data is to be performed. Other- 
wise type N or any other keyboard character, and the program will 
terminate. 

13. HARMONIC ANALYSIS? 

14. NO. OF HARMONICS TO BE CALCULATED Give the number of harmonics to be calculated. It can range between 1 

and NS/2. Theoretically, if all NS/2 harmonics are calculated, the 
original record could be reproduced exactl_y by adding them up. 

At this point the operator must specify exactly which harmonics are to 
be calculated. After the HARM. NO. is entered the computer calculates 
the respective period from NSX I/HARM. NO_. Harmovnic No. 1, the 
fundamental harmonic, should always be calculated. 

‘)5. HARMONICS TO BE CALCULATED 
(No., Harm. No., Period)



OU ESTI ON ANSWER AND EXPLANATION 

Note: The number of harmonics and the exact harmonics to be calculated are decided by analysis of the ”% 
CONTRIBUTION" table of the POWER SPECTRUM ANALYSIS. The lags making the major contributions to the record 
are identified, and then their respective periods (nominal and limits) are obtained from the respective table of the 
POWER SPECTRUM ANALYSIS. It is recommended that all the harmonics whose periods fall within these limits be 
calculated. 

16. ARE THESE VALUES OK? If the periods of each of the specified harmonics are of interest, then 
the answer must be Y. This terminates the input to the program. If one 
or more of the harmonics specified are of no interest, e.g., the period 
does not correspond to any major contribution lag, and the operator 
wants to replace them, the answer must be N (or any other keyboard 
character). 

17. HOW MANY NEW VALUES? 

18. NO., HARM. NO. 
HARM. NO. 

This allows the operator to specify how many of the harmonics 
specified in question 15 he wants to replace. 

The operator must then specify the line he wants replaced and the new 

Output 

The output consists of the following values, tables 
and figures. 

(a) MEAN: the average of Y values. 

(b) MEAN SQUARE ‘DEVIATION: the mean square 
deviation of Y values. 

(c) TABLE containing the lag number and the values of 
coefficients C and the smoothed (U) and unsmoothed 
(V) transforms. 

(d) TABLE of lags whose % contribution to the sum of the 
transforms is greater than 1%. 

(e) TABLE of nominal value and limits of periods, and 
corresponding nominal frequency for each lag. 

(f) HISTOGRAMS of smoothed or unsmoothed trans- 
forms. 

(g) MEAN: the average value of Y values except last one. 

Note: The reason for this new average value is the fact that 
in harmonic analysis the number of points (see 
INPUT no. 4) is considered to be a complete record, 
i.e., the last point is the beginning of a new 
fundamental (longest) cycle of the record, or in 

other words, the record has come back to its starting 

point. From the input data of example 1 (Fig. 3) it 

ca_n be seen that, because of the absence of any 
random components or any linear trends in the 
expression used, the value of the last point is indeed 
equal to that of the first point. Thus the "mean" 
value calculated here represents the average value of 
a single, longest cycle. When dealing with data 
collected from real life, it is important that the first 
point a_nd last point correspond in time. For 
example, if monthly data for a period of several 
years are analyzed, then the first and last values (in 
chronological order) should have been collected in 

the same month, several years apart; or if hourly 
data for a period of several days are analyzed, then 
the first and last points must have been collected at 
the same hour of the day. 

(h) CORRESPONDING MEAN SQUARE DEVIATION is 

calculated with respect to the new average value 
calculated in (g). 

TABLE with the values of AMPLITUDE, PHASE 
SHIFT and % CONTRIBUTION for all harmonics 
requested (see INPUT nos. 14 and 15). 
The Phase Shift is expressed in two kinds of units: (i) 

when expressed in degrees, ‘the complete record has 
been considered to correspond to 360 degrees (a full 

circle), (ii) when expressed in ”specified units,” i.e., the 
units specified in input (INPUT no. 3), it shows the 
shift in time with respect to the first point of the 
record.



Timing 

The time for running the program is directly pro- 
portional to the number of points analyzed, number of lags 
specified, and the number of harmonics calculated. Several 
examples follow: 

Power Spectrum Analysis 

No. of points No. of lags Execution time 
(min.) 

73 7 7 
7-3 13 10 
73 25 15 
49 13 10 

Harmonic Analysis 

No. of points Execution time per harmonic 
(sec.) 

72 50 
48 35 

Thus if a complete power spectrum (13 lags) and harmonic 
‘ 

(4 harmonics) analyses are done for a 73-point record, then 
execution time is approximately 15 min. 

When the computer is equipped with a medium- or 
high-speed printer, this execution time is considerably 
shorter. 

Trigonometric Functions 

The computation requires the calculation of time, 
cosine, and arctangent functions. Those functions were 
calculated using the methods described by Digital Equip- 
ment Corporation (1972), which are summarized here. 

Sin (X) 

Sin (4; x) = a.» (A1Y + A3Y3 + A5Y5 + A-,Y7 + A9’Y9) 
where 

A, = 1.5708; A3 =-0.646; A5 = 0.07969 

A7 = -0.004674; and A9 = 0.0001515 
Y is given by 

Quadrant 0 Y = F 
Quadrant 1 Y= 1-F 
Quadrant 2 Y = - 
Quadrant 3 Y = F-1 

where F is the fractional part of 2X/18:0, and X is the angle 
in degrees. 

Cos (X) 

Cos (X) =sin (X/180 + 0.5) 
where again X is in degrees. 

Arctangent (X) 

Tan-1 (X)=X Bo+ B‘ 
B3 

X2+B4+ B5» 
X2+B6 

X2+B2+ 

where 

B0 = 0.174655; B1 = 3.70926; B2 = 6.76214 

B3 =-7.10676; B4 = 3.31634; B5 = -0.264769; 

B6 = 1.44863 

X, the argument, is the absolute value of A/B, where 
A and B are known (see "Harmonic Analysis"). 

|fX> 1, tan“ (X) =1r/2-tan‘1 (1/X) 
when: (i) A and B positive: the values calculated above 

stand, i.e., tan‘1(A/B) = Tan" (X) 
(ii) A and B negative: tan‘1(A/B) = tan‘1(X) + ‘ll’ 

(iii) A positive and B negative: tan"1(A/B) = 1r — 
tan"(X) 

(iv) A negative and B positive: ta'n‘1 (A/B) = 21r- 
tan’1 (X) 

Examples 

Several sets of data calculated from several mathe- 
matical expressions were analyzed with this program to see 
how well it detects periodicities known to exist in the data. 

The synthesized data were obtained from the follow- 
ing two general expressions: 

Y; = C X RAN + 2 A, X sin (i¢j-Pi) 
i= a,b,c,. . . 

or 

Y] = C X j + 2 A, X sin (i¢j-Pi) 
i= a,b,c,. . . 

where: 
i is the harmonic number and it can take any 

number of discrete, positive, integer values; 
¢ corresponds to the sampling interval and it is 

given by 360/number of points per cycle (360 
degrees corresponds to one complete cycle); 

P, is the phase shift in degrees and it ca_n take any 
values between 0 and i360.



A, is the amplitude; it can take any value; 
C is a constant, which can take any va_Iue; 
RAN is a random number, generally between 0 and 1. 

When the constant C is zero, the two expressions 
generate sinusoidal curves. When C is non-zero, a random 
component is added. to each point in the first relation and a 

linear component in the second one. The listings of the two 
programs used to generate the test data are shown in Figure 
2. The same programs can be used to recreate an observed 
record by using the results of the power spectrum and 
harmonic analyses (see examples 6 and 7). 

Example 1 

The function used was: 

Y, = 598 + 356 sin (3i¢ + 29) +188 sin (6i¢-41) + 212 
sin (12i¢+ 73) 

where q) = 360/n and i 
= 0,1,2, . . ., n; n is the number of 

points per cycle. In this example, n = 72 was used; 
therefore, the function is a combination of three sinusoidal 
curves with periods of 120, 60 and 30 degrees. The results 
of the harmonic analysis show that these three harmonics 
were calculated correctly (Fig. 3). The results of the power 
spectrum analysis confirm these results. 

Note the spread of the contribution of each of the 
sine functions over several lags in the power spectrum 
analysis. This is an inevitable result of the overlap that 
occurs between the period limits of the neighbouring lags. 
Also, notice in Figure 3 the much larger spread in the 
smoothed transforms as compared with the unsmoothed 
values as a result of the weighting operation. 

Large contributions from two adjacent lags indicate 
that ‘one or more strong components have periods that lie in 
the overlapping zone of the two lags. To demonstrate this, 
the previous analysis was repeated with 24 lags instead of 
25. The results of the harmonic analysis are summarized in 
the table below. Notice the spread of the sinusoidal 
component with a nominal period of 120 degrees between 
the lags 1 and 2; and of the component with a 30-degree 
period between lags 7 and 8. 

Example 2 
The function used to generate the data was: 

y,=(598 + R) +356 sin (3i¢ + 29) + 188 sin (6i¢- 41) + 
212 sin (12i¢ + 73) 

where «:3 
andii have the same significance as before; R was a 

positive random number with values ranging from 50 to 
100. The results of the harmonic a_na|ysis (Fig. 4) show 
again that the three harmonic components were detected 
practically without any distortions. The calculated function 
was: 

y, = 670 + 355 sin (3i¢ + 29) + 189 sin (6i(b- 40.7) + 209 
sin (12i¢ + 72.7) 

There was no significant change from the previous 
example in the results of the power spectrum analysis. 

Example 3 
The same function was used as in example 2 except 

that in this example R had values between 500 and 1000. 
With the random component larger than any of the three 
sinusoidal components, the calculated harmonics show. 

Power Spectrum Analysis Harmonic Analysis 
'70 

No. of lags Period (degrees) Contribution 
used in the Lag (unsmoothed Period % 
computation no. Nominal Limits transform) (degrees) Contribution 

7 0 °° 39.7 120 61.2 
1 60 °°-30 38.3 60 17.7 
2 30 60-20 15.5 30 21.7 

13 1 120 °°-60 59.9 120 61.2 
2 60 120-70 14.1 60 17.7 
4 30 40-24 21.7 30 21.7 

25 1 240 °°-120 4.2 
2 120 240-80 55.5 120 61.2 
7 60 8040 15.1 60 17.7 
8 30 34.3-26.7 20.3 30 21.7 

24 1 230 °°-115 10.6 
2 115 230-76.6 38.6 120 61.2 
4 57.5 76.645 10.6 60 17.7 
7 32.9 38.3-28.8 5.4 
8 78.8 39.2-25.6 13.6 30 21.7 
9 75.6 28.8-23.0 3.5



some distortions (Fig. 5). The calculated function was: 

y, = 1322 + 343 sin (3i¢ + 30.7) + 175 sin (ei¢— 36.4) + 
184 sin (12i¢ + 70.8) 

and it only accounted for approximately 82% of the 
variance of the data. 

From the power spectrum results the difference to 100% 
seems to be located in components with a small period (or 
high frequency). The power spectrum analysis shows some 
significant components at high lag numbers, introduced 
probably by the function used to generate the value of R. 

Example 4 
The following function was used to generate data: 

yi = (598 + i) + 356 sin (3i¢ + 29) +188 sin (6i¢" 41) + 
212 sin (12i¢> + 73) 

where the symbols have the same significance as in example 
1. The term "i" in the first set of brackets introduces a 

linear component in the data. The results (Fig. 6) show that 
the harmonic analysis detected the known components 
with almost no distortion. The calculated function was: 

y; = 63_3 + 349 sin (3i¢ + 29.6) + 188 sin (6i¢ - 41.8) + 
211 sin (12i¢ + 73.4) 

and it accoun_ted for 99.8% of the variance of the data. The 
results of the harmonic analysis showed no significant 

change from examples 1 to :3, although the contributions of 
lags 0 and 1 would have been expected to increase because 
they contain the '’infinity’’ period (or the "zero" fre- 

quency) corresponding to the linear component. 

Example 5 
The function used was: 

yi = (598 +10i) + 356 sin (3i¢ + 29) +188 sin (6i¢>"4l) 
+ 212 sin (12i¢ -l- 73) 

which is identical to the function used to generate the data 
for example 4, the only difference being the linear factor, 
which was increased by a, factor of 10. The data are shown 
in a plotted form in Figure 7. This increase is reflected in 
the results (Fig. 8). The harmonic analysis gave the 
following function_: 

yi = 953 + 229 sin (iqb) + 292 sin (3i¢ + 36.2) + 161.7 sin 
(6i¢ — 49.7) + 208 sin (12i¢ + 77.5) 

which accounted for 90.6% (23, 37.3, 11.4 and 18.9%, 
respectively, for each sinusoidal component) of the total 
variance of the data. Therefore, the relatively large |inea_r 

component became the fundamental harmonic. 

The power spectrum analysis showed a large increase, 
from 3 to 21%, in the contribution of lag 0 (frequency 0), 
which was expected. 

The following two examples deal with water quality 
data. 

Example 6 
The laboratory results for specific conductance of 

samples collected from the North Saskatchewan River at 
Prince Albert (0'0SAO5GG001) between February 1967 and 
Febru_ary 1973 were considered for this example. The 
predominant periodicity detected by the two types of 
analysis had a period of 12 months, which corresponds to a 

yearly cycle (Fig. 9). 

Data was synthesized, with the following expression 
accounting for approximately 82% of the variance of the 
record: 

Specific conductance = 457 + 35 s_in (i¢— 120) + 152 sin 
(6i¢ — 256) + 41 sin (12i,¢-— 168) 

where i 
-'= 0,1,2, . . . n; <15 

= 360/n; and n is the number of 
points in the record. The constant multiplying the "i¢"' 

term corresponds to the harmonic number. 

To convert the angles in the arguments of the 
trigonometric functions from degrees to actual time units, 
the following equality must be used: 

360 degrees = no. of samples X sampling interval = 
total length of the record in time units 

The observed and calculated data are plotted in Figure 10. 

Synthesizing data with eight harmonics improved the 
fit (Fig. 11). The expression used "was: 

specific conductance = 457 + 35 sin (i¢ - 120) + 18 sin 
(4i¢ — 93) + 152 sin (6i¢ —- 256) + 
20 sin (7i¢ — 82) + 41 sin (12i¢ - 
168) + 23 sin (18i¢ — 98 + 29 sin 
(24i¢> — 76) + 78 sin (36i¢ + 90) 

Notice that a complete record, i.e., one in which the data 
start and end in the same month (February 1967 to 

February 1973), was analyzed here. To obtain logical 

periods for various lags and harmonics complete records 
only must be a_na|yzed. For example, if the sampling is 

done quarterly, then the number of samples must be a 

multiple of four; if the sampling is done weekly, a multiple 
of 26; if the sampling is done daily, a multiple of 7; if the 
sampling is don_e hourly, a multiple of 24; and so on.



Example 7 
The laboratory results for specific conductance of 

samples collected monthly between January 1967 and 
January 1973, at Battle River near Unwin, were analyzed 
by power spectrum and harmonic analysis tech_niques (Fig. 
12). The predominant periodicity (42% contribution) has a 
period of one year. 

The following expression accounted for approxima- 
tely 65% of the record's variance: 

specific conductance = 899 + 142 sin (i¢ - 12.3) + 251.2 
sin (6i¢ — 49.3) + 80.5 sin (12i¢ + 
51) + 82.9 (24i¢ -174) 

The observed and calculated data using this expression a_re 

shown in Figure 13. 
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Figure 1. Power spectrum and harmonic analyses listing (Program A000l8). 

Figure 2. Listings of programs used to synthesize data for power spectrum 
and harmonic analyses. 
(:1) Program A00019: Sinusoidal curves with a random component. 
(b) Program A00019: Sinusoidal curves with a linear component.
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07-lfl EH28 
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ns.sa 

09_- 53 

IE. lfi 

12.35 
12.21 

I5-_05 

l6. 5 
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AUTOCORREATION - POWER SPECTRUM AND HARMONIC ANALYSES 

- '——-DAT: 1 

23 
I9 09 I973 

" - —"SAMPLING INTERVAL
4 _ (.910. = 5 UNITS : 

OF SAMPLES = 73 _5__.uo. or L495 R‘1:uU1n,En = 25 

DEG 5 

J._:.IS THE DATA ARRANGED AS (KN!) 7 (Y OR N) : N 

_7{.LoAn DATA 1 

549.95 954.51 
1155.59 1235.43 1 

254.59 351.75 
194.99 271.45 
395.55 155.24 
954.59 915.75 
1235.47 1945.33 
39 .54 594.75 
271.33 477.79 
155.27 251.51 
915.54 579.34 
1945.55 573.15 
594.74 479.19 
477.55 512.59 
251.55 553.27 

MEAN - 9.591449£+ 

915.73 579.35 953.39 
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477.55 512.54 532.92 
251.97 553.75 549.51 
579.35 953.27 1155.55 
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553.51 549.55 954.49 
953.15 1155.57 1235.51 
351.91 254.55 351.53 
395.75 195.93 271.21 
533.19 395.21 155.39 
549.49 

93 
MEAN SQUARE DEVIATION H flo320859E9-B3 
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cosrrrcxznr TRANSFOH 
snoornso unsnoorusn 

C(R) U(fi) V191 
9.192951;+95 9.2911499o94 -9.3s5255ao93 
9.577527;y95 9.1595579«95 9.415954£+94 
9.534777:+95 9.343214:o95 9.525759:.95 
9.259157:+95 9.155595so95 -9.319271Eo94 
9.152591:~95 9.537992a+94 9.171432:.95 
9.154145:o95 9.351122zo94 -9.555174:.9; 
9.111529:o95 -9.251495:o93 9.119455;+93 

-9.1475759+q5 997449o94 -9.751571:o93 
-9-4791545995 9.122732£~95 9.2295255o95 
-9.533179:+95 9.535943so94 9.154547:.93 
-9.549359:+95 9.321972:o92 -9.221354;o99 
-9.325555ao95 -9.515294s>91 -9.141399;o92 
'3-33?2‘?F'55 '3-§57‘?!F‘°1 9-§°5927E*El 
-9.379179:~95 -9.137195a+92 -9.3139719»92 
-9.514251:+95 -9.197255:o92 9.739453:+91 
-9:7211552+95 -9.1433345+92 -9.325199:+92 
-9.554533:o95 -9.199259:+92 9.5545952o91 
-9.259353:o95 -9.135757zo92 -9.399791a+92 
-9.229972£o93 -9.194449E+92 9.539953a+91 
9.553255:«94 -9.139229:+92 -9.2944275o92 
9.554933:o94 -9.995935:+91 9.5114555+91 
9.179799:+95 -9.124155:+92 -9.251755:+92 
9.455712E+9s -9.953551:.91 9.595295:+91 
9.557952:o95 -9.127923:+92 -9.274922;b92 
9.192579:+95 -9.119932;+92 9.257539ay91 

cournxa. GREATER THAN 1: 
snoorusn UNSMOOTHED 

9.191542z+91 9.313535£o99 
9.151545£v92 9.422572:+91 
9.3259935»92 9.555119;+92 
9.155924:+92 9.251559zo91 
9.7974425+91 9.151349:o92 
9.344954E~91 9.557259:«99 
9.457559:«91 9.553799a+99 
9.115931:o92 G-2929015902 
9.511555:+91 9.1355395o99 

_ _ 9 

959109 LIMITS rnsouzncv 
uon1NgL uppsn Lousn 
15915177 9 

9.249999a+93 xurzuxrv 9.129999z+93 9.415557:-92 
9.129999:o93 9.249999z+93 9.5999992»92 9.533333:-92 
9.599999:+92 9.129999z+93 9.5999992o92 9.125999;-91 
9.5999995+92 9.599999:o92 9.459999;o92 9.1555579-91 
9.459999;¢92 9.599999§»92 9.499999;+92 9.2953335-91 

‘ 9.4599995o92 9.342557;+9g 9.259999:-91 
“M V H 9.499999so92 9.399999so92 9.2915572-91 

9.399999:o92 9.342557:+92 ‘9.255557zo92 9.3333335-91 
9.255557zo92 9.399999s~92 9.249999:~92 9.375999:-91 
9.249999zv92 9.255557:o92 9.215152so92 9.415557:-91 
9.2151522+92 9.249999av92 9.299999£o92 9.455333:-91 
9.299999;+92 9.215159:+92 9.154515z+92 9.599999:-91 

9.299999:+92 9.1714295+92 9.5415579-91 
_ A 9.15451s:~92 9.159999:+92 9.553333:-91 

9.159999:+92 9.171429:+92 9.1599995o92 9.525999:-91 
9.159999:.92 
9.141177;+92 
9.133333:»92 
9.1253159+92 
9.129999:+92 
9.114255:.92 
9.1999919+92 
9-|3434§F?!2 
9.199999:~92 

9.159999:o92 
9.159999;.92 
9.141177:.92 
9.133333Eo92 
9.1253159+92 
9.129999:+92 
9.114255:y92 
9.199991:o92 
9.194345:.92 

9.141177:.92 
9.133333£o92 
9.125315:+92 
9.1299999o92 
9.114255a+92 
9.199a91a+92 
9.19434g;¢92 
9.» 19999959 92 
9.959999:~91 

Figure 3. Program A0001 8. Input/output, example 1. 

14 

9.555557:-91 
9.79a333:—91 
9.759999:-91 
9.7915575-91 
9.533333:-91 
9.5759992-91 
9.915555;-91 
9.955333:-91 
9.199999E~99 

_fi:..xs A 1-11s1'oaRAH or THE TRANSFORMS REQUIRED 7 (Y 91; 1111 Y 
91901-111:1: cu: on uusnoorubsn xv) vA1.u1:s 2 1 u 

_ ‘Q_._. 9:911:11 1-1_AX_1>l.4_UH Aa_so_1.U‘r1: VALUE or ‘r_RA9j1jsronn 1 5. 3:4 __U.__.:N7:n nzuxnuu ABSOLUTE VALUE or TRANSFORM 1 9 

HIGHEST RESOLUTION IS I Bo98A37.5£*03 

W 
a 
4 
O
M 
D 
U 
M
—

Q
G 

3‘ 
Wfifiiliifiifltflfllill 

an 
ittilliflflllfifitlt 
fiifiififiifi 
til
i 
iii! 
Itfififltftillt 
ilttl

3 99999959995999; 

_‘7_.1s ANo'n1E:_1=_1 1-11s'roGaAr1 at THE 'r1aAr.1s_Fq_R1_1,s 13:qU'1R1:D 1 (Y on 9]‘): Y 
_..4.......s1_oo‘1"’111:’9 (1.13 on uus131oor1111:'19' xv) VALUES 7 x v 

_h‘__.am1r:R HAX-IHUH ABSOLUTE VALUE or TRANSFORM 1 5.324 
_J2___.5Nran nxuxnuu ABSOLUTE VALUE or TRANSFOH 1 9 

9199551 RESOLUTION :5 - 9.954375:.93

r 
_> 

(:1

# 
‘til 

‘it 
IlliI‘liUlIitIUt#
t
I
I 
tifitfiifififittfiflliltifilltt 

: 

U 
C 
Q 
0 
U 
D 
U 
M
—

B 

H
I 
I 
Q 
I 
§
I 
I 
I 
Q 
Q 
I 
I 
K 
I
§ 

'7 15 ANOTHER HISTOGRAM or In: Tnnnsrons azafiinan 7 <9 99 911 u —..—.—g

~ 

.._13_..11AH9'4oN’1c ANALYSIS 7 (Y on m 1 v 
nzan ccousxnzn conbL1. 229999 or no.§A9pL.-1) - 0-5919955963 
cnnnzspouozus 5:49 59. 99v. - 9.3217s55+93 

14 no. or xnnuouxcs T0 55 CALCULATED : 4 

uAndN1c5 T0 5: CALCULATED 1 “ “‘ 
19). 1«1Am.uo. 91-25109 

1 1 359.9 
2 2 159.9 
3 5 72.9 
4 12 39.9 

__J6___..AR£ THESE VALUES on 1 (Y on N) 1 9 Luau: HAN‘! NEV vALU1:s x 2 
I8 2 3 129.9 

3 5 59.9 

_‘°:.AR: ‘nu-:51-: 1'7A1.u1-:s ox 7 (‘Y on m 1 v 

No. PERIOD AnPL1'rUn£ PHASE 2 coN"r’R'1B. 
959 59. UNITS 

1 359.99 9.199579:-91 -117.94 -117.94 9.99 
3 129.99 9.3559999o93 25.95 25.95 61.21 
5 59.99 9.1a5_ 3;o93 - 41-93 - 4!-9? 17-97 
12 39.99 9.211999a»93 72.92 72.92 21.71



NJTOCORREATION - POWER SPECTRUM AND HARMONIC ANALYSES 

DATE : 29 07 I973 

SAMPLING INTERVAL H 5 
RD. OF SAMPLES = 73 
NO: OF LAGS REQUIRED 45 

UNITS 3 DEG 

I3 

15 THE DATA ARRANGED AS (X:Y) 7 (Y OR N) 3 N

~ ~ 
LOAD DATA 1 . 

911.76 1339.57 1337.93 934.74 1353.64 
1253.47 1334.64 1135.35 745.73 443.47 
316.53 447.31 534.44 566.72 365.26 
266.33 353.39 533.47 676.55 613.55 
43 .16 212.53 321.52 636.22 931.13 
1326.33 992.46 971.27 1339.39 1236.43 
1317.32 1395.34 733.62 425.52 354.13 
436.36 573.37 553.37 434.15 254.22 
343.24 565.36 665.66 597.49 364.31 
253.32 339.54 ,623.62 1316.21 
979.65 955.63 1375.31 1333.66 

723.55 413.15 471.36 
536.32 367.71 333.93 
733.66 566.67 371.17 234.23 

347.43 611.46 923.17 ‘ 

MEAN - 3.673473E+33 
MEAN s3uAnE DEVIATION = 3.319737E+33

~ 

LA3 COEFFICIENT TRANSFORM 
- 5M9o1HEn UNSMOOTHED 

R ccxy U(R) _v<a) 
3 3.132213E+36 3.333236E+35 3.337731E+34 
1 3.373325E+35 3.376693E+35 3.619566E+35 
2 3.533411En35 3.222332E+35 3.149333E+3s 
3 3.2521s3E+35 3.336711E+34 -3.1A49a2E#33 
4 3.162916E+35 3.113314E+35 3.217312E+35 
5 3.177576E+3s 3.519673E»34 3.447276E+33 
6 3.133614E+35 3.253111E+32 -3.236331E+33 
7 -3.153363E+35 3.242s19E+32 3.21743sE+33 
3 - .465544E+35 -3.163197E+32 -3.163255E+33 
9 -3.622296E+3s .139375E+32 3.134473E+33 
13 -3.533623E435 -3.173771E+32 —3.137331E+33 
11 =3.321171E¢3s 3.333655E+32 '3.143s9sE+33 
12 -242323632905 3.333992E+32 -3.651339Eo32 

LAG cournza. GREATER THAN 1: 
R sNoo1HEp uN5gpoTHED 
3 3.261794E+32 3.325594Eo31 
I 3.325239Eo32 fli5973SAE¥G2 
2 B¥l92318E¢B2 3.144325Eo32 
3 3.122361E+31 3.139734Eo33 
4 3.132144Eo32 3.213333Eo32 
5 3.443651E.31 6.A3I2AlE¢E0 

LAG PERIOD LIMITS FREQUENCY 
NoM1NAL UPPER LOWER 

3 INFINITY 3 
1 3.12333uE+33 INFINITY 3.633333Eo32 3.333333:-32 
2 3.63333qE+32 3.123333Eo33 3.433333E+32 3.166667:-31 
3 3.433333E+32 3.633333E+32 3.333333Eo32 3.2533333-31 4 3.33333pE+32 3.433333Eo32 3.243333E+32 3.3333335-31 
5 3.243333E+32 3.333333Eo32 3.233333E+32 3.415667E-31 
6 3.233333Eo32 3.243333E+32 3.171429E+32 3.5333333-31 
7 3.171429E+32 3.233333Eo32 3 _56GBBE9fl2 3.533333:-31 
3 3.153333E+32 3.171429E+32 3.133333E+32 3.6666613-31 
9 3.133333E+32 3.1s3333E+32 3.123333Eo32 3.7533332-31 
13 3_ 23333E+32 3.133333E+32 3.139391E+32 3.333333:-31 
11 3.139391E+32 3.123333E+32 3.133333E+32 3.916666:-31 
12 3.133333E+32 3.139391E+32 3.923377E+31 3.133333Eo33 

15 A HISTOGRAM as THE TRANSFORMS REQUIRED 7 (Y on N)! 1~v 
s1oon'1E1> cu) on UNSMOOTHED (v1 vA1.uEs 7 1 u 
ENTER MAXIMUM ABSOLUTE VALUE OF TRANSFORM I 6-SEA 
ENTER MINIMUM ABSOLUTE VALUE OF TRANSFORM 1 IE3 

3133351 EEsoLu11oN 1s - 3.133333E+34 

~ocn—1o.u1b1.1m-an

i 
I 
I 
i
I 
Q
Q 

itiItI¥¥#¥#U##$¥¥ll¥¥##¥#!#l¥ 
ttflttltiitfiltflitfififltfl 
lfitfifitfi 
##lIl##$#I 
til! 

15 ANOTHER I-IISTOGEAM OF THE TRANSFORMS REQUIRED 7 (Y OR N): Y 
31001’)-IED (U) DR UNSHOOTHED (V) VALUES ? l'V 

EJTER MAXIMUM ABSOLUTE VALUE OF TRANSFORM I 6-5E4 
BITER MINIMUM ABSOLUTE VALUE OF TRANSFORM 3 IE3 

HIGHEST REsoLuf1oN 1s - 3.133333E+34 

0¢I~la~u1hum--ac) 

11341333} 

## 

ftittttttttfit
O 
tiitilltitfiltfiiifiiit
fl 

IS ANOTHER I-IISTOGRAH OF THE TRANSFORMS REQUIRED ‘I (Y OR N): N 

HAHMONXC ANALYSIS 7 (Y OR N) BY 

MEAN (CONSIDER COHPLT- nzconn or NO-SAHFLo-I = 3.673347E+33 
CORRESPONDING MEAN so. nEv. - 3.323634E.33 
No. or HAMONICS TO BE CALCULATED 1 4 

HAnNoN1cs TO BE CALCULATED = 
No. HAEM-N0- PERIOD 

1 1 
‘ ” 363.3 

2 3 123.3 
3 6 63.3 
4 12 33.3 

ARE THESE VALUES 03 1 (Y on N) 1 Y 
No. pznxon AMPLITUDE PHASE 1 CONTRIB- 

. DEG SP. UNITS 
1 363.33 3.152469E+31 31.53 31.53 3.33 
3 123.33 3.354641E+33 23.97 23.97 61.13 
6 63.33 3.163757Eo33 - 43.65 - 43.65 17.33 

12 33.33 3.239333E+33 72.74 72.74 21.31 

Figure 4. Program A000l8. Input/output, example 2.
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AUTOCDRREATION - POWER SPECTRUM AND HARMONIC ANALYSES 

DATE 3 29 07 I973 

SNIPLING INTERVAL = 5 
hp. OF SN_{PLE_S V=_ '73} 
NO} OF LAGS REQUIRED I I3 

UNITS S DEG 

IS THE DATA ARRANGED AS (XaY) 7 (Y OR N) : N 

1-.°.AD DAIA I 

1433.24 1733.57 1353. 
2335.77 1743.72 1552. 
317.73 1353.53 1323; 

1159.32 1317. 
' 954; 

4 
1321. 

155 3 1295; 
1132.35 1292. 
1372.35 1155: 

~~ ~~~ 
1555151935 
1139.33 979: 
1153.31 1135: 
1515.35 1331: 

95 1445.73 1572.49 
47 1422.45 1252.35 
75 1451.35 333.33 
35 1257.55 1323.37 
51 1419.32 1375.45 
23 1555.25 1353.42 
29 1137:73 1132.73 
71 1335.33 331.79 
23 1193.32 1133.33 

543-T34 I27l'o'98 I722-29 1494-14 
72 1935.93 
42 1337.24 
13 332.95 
25 953.31~ 

1233366 I149 '-'6A l573o8-'1 

MEANS 0- I325'IAE'O 04 
MEAN SQUARE DEVIATION I 0-3326455203 

LAG 

5 
:»a 

w 
m 
4 
o 
m1b 

u 
m
—

O 

0 
O 
4 
o
m 
h 
u.»

— 

a 
5
E 

‘w 
a 
q 
o-m 

n
u 
N
n

a
m 

cossrxcxzur 
(HR) 

05 I 10653590 
0'{'l38255E+0 

~~~ 
3.255935a+3 m7u4wm3 
3.1134a7:.3 

-3.1s3439a.3 
-3:4p3351g+3 
-a.655609E¢0 
-3.a51525:.3 
-3.191779£+3 
-a;a33533z+3 

cournxs. enaar 
51100 11123 

3.227271:o32 
3.232459g+32 
9 l5759l§?!? 
3 339332531 
3.339aas£+31 
3:3932a3:+31 
a.355373:+31 
3.515411;+31 
6-‘ 1.4.3.35 1.11:» 31 3.339555;+33 
3.121114:.31 
3.1s7251:~31 
3.135993:+31 

NOMINAL 
INFINITY 

3.123333:o33 
3.533333:+32 

33332.32 ~ 
3.171429:+32 
3.153333:+32 
3:133333:+32 
3:123333ao32 
3.139391;532 
3.133333:+32 

16 

raausron 
snppruxn uusnooruzn 

uxx) V(R) 
5 3.2317a1z+35 3.35s221:q3n 
5 3.353155E+3s 3.573733Eo35 
5 3;237331:+35 3.1A5332:+3s

~

~ 

5 3 7231e1;+34 -B€II6I4§Ev0A 
5 3. 334s£+35 3.193531;o35 
A 3I493e37z+3a -3.559u93:+33 
4 3.Aa1A19£+34 3:3555s7Eo3a 
4 3.5a3133E+34 0-ll2657E+05 
5 3&17A3252+3A -3.227334Eo34 
5 3.a33343z+33 3.15q332;+3a 
5 341531422434 3.5397535+33 
5 3.19A9A32+34 3.353333E+34 
5 0.l32633E¢¢4 -3.531232a+33 

an THAN 1: 
UNSMODTHED 
3.295a33£+31 
3 747992632 

2115;o32 
5!‘9§*¢9 
13295932 

3.5A3931E~33 
3.33A111E~31 
3.937375Eo31 
3.1§9554;p31 
Q-13T559§§¢! 
3.424346;¢33 
3.336373E~31 
3.556577:o33 

_ 
pgszon LIMITS FREQUENCY 

uppzx Lpuzn 
. 3 

INFINITY 3.533333a~32 3.333333:-32 
3.123333E+33 3.433333:+32 3.155557;-31 
3.533333:o32 3.333333z+32 3.253333:-31 
3” 33333Eo32 3.2a3333:+32 3.333333:-31 

3.233333:+32 3.415557:-31 
3.171a29£+32 3.5333332-31 

_ V ,, 3.153333E+32 325333335531 
3 714292532 3.133.33:+32 3.5555573-31 
3.153333Eo32 3.123333a+32 ”753333E-31 
0'£I33333E¢02 
0o'I20000E902 
0'." I0909 IE6 02 

5 I090? IE4‘ 02 
0-‘ I00000E-P02 
0-‘92307'lE+0I 

~~ 3. 33333:-31 
3:915555:-31 
3.133333:+33 

IS A HISTOGRAM OF THE TRANSFORMS REQUIRED 7 (Y OR N)! Is? 
SIOOTHED (U) OR UNSMOOTHED (V) VALUES 7 5 U 

BITER MAXIMUM ABSOLUTE VALUE OF TRANSFORM x 5-BEA 
BVJTER MINIMUM ABSOLUTE VALUE OF TRANSFORM I IE3 

HIGHEST RESOLUTION IS = 0-89062550-03 

5 Cl 
##3##ItIiiittlflltiilttittilltt 
lI*t##¥¥*¥t#¥*¥llllllttl|I1I 
tttttt - 

#*¥##¥*### 
till 
tit 
Ilkfiililil
# 

u-.-— 

I\3-&‘0‘l‘lOlllh(JM-D 

V 
I 
3
I 

15 ANOTHER HISTOQRAM qr 752 T3aN5ron5 naaurnso 7 (Y on N): Y 
snooruzo (U) on unsnqorusn (V) VALUES 2 : v 

BITER MAXIMUM ABSOLUTE VALUE OF TRANSFORI 3 5o5EA 
ENTER MINIMUM ABSOLUTE VALUE OF TRANSFOR1 8 IE3 

HIGHEST RESOLUTION IS 3 0-890625E+03 

I" D C) 
it 

##t#tttt#l##t¥#
r 
#t#tllttt#t#####¥¥lt
# 
tn 
tttmmrmartw
t
5
5 
tit 

I2: 
-.-4 

-—QOCI~l0‘U|bfJl\)-3 

15 ANOTHER HISTQGRAM or TN: TBANSFDMS aapuznap 7 (Y on N): N 

HAEMONIC ANALYSIS 7 (Y on N) 1 Y 

MEAN (CONSIDER 3dNnLr. aggoap or N9.5AMpL.-1 = 3.132229:+3a 
conxasrounxnc MEAN sq. n2y._= 3,333555:+33 
No. or HARHDNICS T0 3: CALCULATED x 5 

3A3NoN1cs T0 3: CALCULATED: 
No; aAn.No. pzngon 

1 1 353.3 
2 3 ' 

3 5 
4 I2 ~ 

ARE runs: VALUES on 7 (Y on N) R Y 

No. panxon AMPLITUDE pugs: : cpurnza. " nae sp. UNITS 
1 353.33 3.335213a+31 — 51.25 - 51.25 3.33 
3 123.33 3.3a3373;»33 33.71 33.71 52.95 
5 53.33 3.1753g5z+33 - 35.37 - 35.37 13.97 

12 33.33 3.13a415s+33 73.77 73:77 15:27 

Figure 5. Program A000l8. Input/output, example 3.



MNOCORREATION - POWER SPECTRUM MUD HARHONIC ANALYSES 

DATE 3 29 07 I973 

SNIFLING INTERVAL H 5 UNITS S DEG 

~~ ~

~

~ 

~~~ 

~~ ~ 
~ 

~~ 

~~ 

Sl0:0THED (U) ‘QR Ul_\lSAH_00Tl-_(_ED (IV) VALUE 
arrnn HAXIHIIH Aasd1.1):g_1_; i1A1.u; or TRAN 
arr:-:11 ununun ABSOLUTE vA1.u: or ram 
HIGHEST RESOLUTION IS F B-9201575300 

xs A axsroqam or 11-11: rnmsmms nsauzmzp 7 S7:U 
i can SFORH. . . 

1339 S!-‘OHH 3

3 

(Y OR N)! l''\' 

B. 63349 SE1 6.’! 

S CONTRIB. 
Do 26 

63360 
l7.'03 

no. or sA1~11_=1.1:s =13 
no‘; or LAGS azouxnao = 13 

1s ma nA1-A Anamsan As <x.v> 1 or on m x 1v 

LOAD DATA 1 LAG 
849-96 _965-51 918-73 382-38 0 IttiOIIf#VIIfIlt8t_I1tltttttflllttttt 

117.3"-'80 124.1’-"A3 
. 

'6. l 

37 I60 32 5 2 tltttttttllrttttllttkfl 
3 tttttltt 
4 tflttttiittlt 
5 I63! 
6 t 
7 3 
5 I 

.,9 1: 

1221'.'s-r 13 - 
322255 11 : 
253:3: 12 u 
314:2: 224;aa 

321;ss 

MEAN = a.e31a4a1:+a:1 .. . 

11:»: scum: nzvzA1-mu = a.a1s911e»a:1 xs momma uxsrosnm or 1-11: rnmsmans aaouxnzn 1 or on N): v 
51001-11:1: cu: on tmsaoon-nan (V) VALUES 1 1 v 

LAG co1:1-'nc11:11'r TRANSFORM arrsn nAx'I.l?lU“ “'$.°'-""5 VALUE 01-‘ TRAHSFONH 554 
snoomzn uusnoomzp an-an Hmmun ABSOLUTE VALUE or ramsrom : 11:3 

n um) um: vcn) 
9 3.1334331-:+ue 9.2932151-:+as 3.2229139“ msxasr Rasourrxon xs - 3.921315:-33 
1 3.15519 1s1:+as a. 3s_s9,1 159115 9.61 13331-:+as - 

2 axsxasssaoas 3' 192131335 a.1ae2as1:+'o5 
3 11'.'2291as1:+a,s A3453:-:+a4 -a.13s22s1:+s3 
4 21411935 a‘.‘2237aaa+5 
5 a.sae2o11:+o.a auzesaazoaa 
6 3.‘-r11Aa91:+a1 _-e'.'2:1s_24e:+e:'1 LAG 
1 - -a’.'4sV11a_5:oa1 o.‘1se9e's1:oa3 11 1 
6 -’ -3 23141932 -ansaazeaooa I 

9 -‘ 
A 7 

' 55134:-:+g| g‘.‘1gg355;+‘g3 2 -unrautmntanmu 
1.6 - . :_19_sga1-:+as -o.‘22a2921-:+o2 -a'.'l2l966E:¢B3 3 2 
11 -’ :125sa71:+a5 o'.s:m1n11-:+a1 a'.‘as9s1s1:+o2 A -In-=-**""***'***""* 
12 —a'.‘2a111s1:+a5 a.sau7se1:+a1 -a.’s51s9s:+112 5 t 

6 :- 

1 « 
LAG a a 
R 9 t 
3 a.21s9:1sa+31 no : 
1 

. 3:633:11-n:.+a2 11 : 
2 3 192127932 a'.'u:sw1:+a2 12 In 
:1 B.‘739fl6B£+M e'.'1:1s1211:+oa 
4 a'.'1een3a1:+a2 a:219ea1a'_w2 
5 a'.'ass:11azoa1 93413326933 

LAG pzmon 1.111115 Fm-znuzucr IS Auomzn msrosam or 1-11: ‘rnnnsroans nanuxnzo 1 <1 on N): 11 

NOHINN. ur-pan LOVER 
a INFINITY g 
1 » a.12aaam;oa;s _ 1111»-,x;1‘1,:-1-r a.eueaaz+a2 3.5333331:-32 11Amomc ANALYSIS 1 (Y on m 2 v 
2 msaqaaaao ea o.12ouo1:+ as Ianooaoazzo o2 o.'1eees1a- c1 - 

3 6'-'6¢DBOBno¢2 o.'3noagao.a2 ¢.25"gg;-“ mam cconsxnzn comm.-1-. nacox-11> or no.sAm=1..-1 - 
A 3'.‘aoaaao1:+a2 B'.‘2Al;GBBEoG2 a.'333‘a:s3s-on OPRRESWNDING HEN‘ 5°"-' °*-'V- ‘ °'31"3“‘*3"’3 
5 a:agogau;+a2 g;2qadap3.ga g.A165575—g] no. or nAgoN1cs To BE CALCULATED : 4 
6 0‘-'24gu1:!'q:»a2 9- 17142913 22 z.'saeuas- 31 1 31239, qq1:+o2 a.1suu1:+a2 o.'sss:1:sa1:-a1 1-uumomcs to an CALCULATED : 
3 5.‘-'1'7.!‘429E+a2 a'.'1:1a3:s:11:+z2 56666675-01 N0-2 HAR4-N°- “R109 
9 a‘.'1suao1:+a2 o.12oau1:oa2 a'.'1soeua-‘ax '1 

1 363.3 
13 '.'1a3:1:131-:+a2 e.'1a9a91:oa2 a.‘s:i‘3'33:'n'-:-:1 2 3 12039 
11 e 123333932 a‘.'1neoo:+a'2 a'.”9f1eee'u:-31 3 6 6039 
12 a‘.'1no1m:oa2 a'.'1a9a91'2»32 a'.'92':m11-':oa1 a.'1oaaaa:+aa 4 I2 33-9 

ARE 1'1-1:51: VALUES ox 1 ur on m 11' 

No. panxon AMPLITUDE mus: 
:- 

, use s1>. um-rs 
1 366-00 a.229141:+a2 3.114 ‘own 
3 123.311 a'.':1a‘935u:+a3 29:53 29:53 
5 53:33 11.'1as21s:+a3 ~ 41.73 - 411-15 
12 33:33 a.'211497a+e:1 13.31 13.31 

Figure 6. Program A0001 8. Input/output, example 4. 
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18 

HAX- I 1566 
HlN- I 30 
ONE DIV. ON Y SCALE 3 B-25flBOBE+02 !S1'NlSOK‘l(YORN) KY 
HOV MANY POINTS ‘P I73 

1-can mm 2 

549.95 974.51 935.13 999.35 1923.39 
1215.50 1295.43 1115.19 752.51 441.50 
354.59 491.75 524.52 559.91 445.53 
344.99 431.45 547.55 792.54 722.92 
505.35 365.24 471.97 753.75 1989.51 
1214.59 1175.75 1149.35 1253.27 1455.55 
1535.47 1355.35 992.55 551.75 564.55 
731.54‘ 554.75 542.19 555.55 555.91 
671.33 557.79 1032.52 953.95 745.95 
505.27 711.51 1923.51 1329.55 1454.49 
1416.54 1359.34 1503.15 1698.57 1775.51 
1595.55 1233.15 921.91 544.55 971.52 
1194.74 1559.15 925.75 525.a; 911.21 
1127.55 1272.59 955.21 545.39 
951.55 1253.27 _ _ 

8 o 8 ” 
0 ° 0 
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Figure 7. Data used for example 5.



AUTOCORRE.ATION - POWER SPECTRUM AND HARIONIC ANALYSES 

DATE! 29 B7 1973 

SNIPLING INTERVAL = 5 UNITS I DEG 
No. OP‘ SAMPLES I 73 

OF LAGS REQUIRED I 13 

IS THE DATA ARRANGED AS (XnYJ T (Y OR N) N 

LOAD DATA : 

149.95 314.51 ..9ao.1a 9a9.aa 1e2a.a9 
1215393 x295;as 1115.13 752.61 441.50 
ae4:aa a91:15 62a;a2 eaoxon aAa:s3 

431:4; 641-85 19z.sa .12g.92~ .365 2; .1aa;1s 1aa9;a| 
1:15:15 1253.21 xassxoa 
1ass;33 ea: 15 6a4;sa 
B64-7! 555:9: 
sp1:1a 9e3:as 1ae;os 
111:5; 1339155 :4s4;a9 
1:59:34 xsaa s 1 n11s:§: 
xzsaxne 911;s2~ 1336315 6 91132! 
1272459 I203} 19 985.21 845336 

951:-:65 1263327 I569:-:A9 
" ' 

MEAN '3 B-96l§l;flE+B3 
MEAN SQUARE DEVIATION I Gu3A3l2OE#03 

~~

~ 
~ ~ 

LAB coarrxcxaur Tnausrou 
snootuan UNSMOOTHED 

n G(R1 uca) vcaa 
5 a.1:11a1E9os ‘asexaaaoes a.24a1aA:+¢s 
1 a:1aa9a1soo6 aaxalaoas a;54sao5E+e5 
2 aIe1a692:oa5 aaaaazoos a;1a52pa:+as 
3 o:4oAsa|:+as a.a6239s:+o4 o.19511q:+a3 
A BII23¢§nEvq5 q;22xaa§a+os 
5 a;1ae545a+s4 
6 2s21ez+aa 
1 e:A:o9o1E+o3 
s -a.2a24aa:oas 0-l2A386£¢¢3 -a.192219:oe2 
9 ao;3sIs44a+as a;|21|soe+a: e;29sp2a:na3 
no -o;2ss9ss:nos B}9l956BE9fl2 -a:6z7aaqz+n2 
11 -a;sa9sss:+gg lA5B[E+6§ s|11a:+a3 
12 a:25eo1s:ooa a.99aa1e:+u2 -a;291a4sa+e2 

L cournza. cxaarzn THAN 1: as 
n SHOOTHED uugnootxgn 
a a.sa9en1s9q2 a.2a91oa:§a2 
1 a:3aqa§gz+g2 a;neaI92;oa2 
2 a;x§11aa:oa2 a:1naa33aoa2 
3 u:e9:e|:z+a1 a;e1:91aaooa 
4 o.99a299:+o1 o::ao1aos.a2 
5 a;a4sssa:na1 o;sa914a:oac 

~~ 

LAB __ ranxon LIMITS raznusucv 
NOMINAL uppen LOVER 

a INFINITY a 
1 a.12aaaa:oaa rnrxnzrv o.spoaaa2¢a2 0.533133:-ea 
2 axsaaoaezoaa a.4asqaa;¢a2 a.:§ee§7:—a1 
3 a‘ pgagasfuz a;aaaaoo:+a2 z;2suaua:-an 
a 2 ._ oszaeooazoaz 5:333:33:-an 
5 uxaaazoesoaz o.2saaaa£+o2 a;a:see1:-on 
5 a o:2aaaaa:+a2 a:1114e9:+a2 a;5aoaaq£-e1 
1 e;11na29:oo2 a;2aaonozos2 a;1soooa:+a2 a:sg;a3az-an 
s o:xsaaaa:+o2 o:n1xa29z+a2 a.x33:;;a+a2 o:5§§6§7E-9| 
9 q;:sqofl9§+a2 a;:29gao:+a2 a.1saaaa:—a1 
ll 77>, g;1;a;;;:+pg a.1a9a9::+a2 e;s3asaaa-on 
11 a.1a9n91;+a2 a;:2aauu£+e2 e;1oaeaa:+a2 axezoeeez-ax 
12 a:1aaoea:¢o2 a:xe9e9::+e2 6.923B77EoBl a:noaaaa:oaa 

IS A HISTOGRAH OF THE TRANSFORMS REQUIRED ? (Y OR N): I5 Y 
SIOOTHED (U) OR UNSMOOTHED (V) VALUES 7 (U 

3175.8 |!.Ax!!.4.U!.4 5.3.501-UTE ‘W.-l_7.$ 0.!‘ TRAPISEOBH v 52.524 
suran uxnxuun ABSOLUTE VALUE or rnansronn x xaaa 
HIGHEST RESOLUTION IS I 6-5fl375BE603 

Q 
4 
O
M 
D 
ADM

W

O
Q 

illtlltfilitllliltifitflt 
Chtttttit 
IIIl¥C$l$¥I$l 
tttlt 

...,-..... 

~_ao 

uarnnown 

IS ANOTHER HISTOGRMI OF THE TRANSFORIS REQUIRED 7 (Y OR N)! Y 
S1OOTHED (U) OR UNSIOOTHED (V) VALUES 7 IV 

DITER MAXIMUM ABSOLUTE VALUE OF TRANSFORM 3 5.5324 
ENTER M_IN!Mllfl ABSOLUTE VALUE OF TRNISPORII I 1606 

HIGHEST RESOLUTION IS I I-!03750E+¢3 

ltllliflflllfiflilillkiIl#!¥f#¥* 
Utfl#*¥t¥lt¥¥¥¥
¥ 
QifllfififiltiiitIfilttililttt 

___;

E 

'\7I‘E0CI~lO(.l§$DI\)—E 

I 
I 
I
I 
G 
I 
I
G 

15 ANOTHER HISTOGRII4 OF THE TRANSFOMIS REQUIRED 7 (Y OR N)! N 

HAFHONIC ANALYSIS ‘I (Y OR N) 3 Y 

MEAN (CONSIDER COMPLTc RECORD OF NO-SAMPL--I I 0-9S299l|E-O03 
QRRESPONDING MEN SO"-' DEV. =1 0o33795lE903 
ll): 01-‘ HAEIONICS TO BE CALCULATED 8 A 

rmmomcs T0 3: CALCULATED : 

no, ugnn.no. PERIOD 
I 1 363-0 
2 3 12945 
3 6 66-1 
4 I2 3B-2 

ARE THESE VALUES OK 7 (Y OR N) : Y 
M o PERI O D NIFLI TUDE PHASE I CONTRI Bo 

DEG SP. UNITS 
I 369-60 E-229D,d9E+03 B-D! I-II 22.96 
3 l2G'-‘D9 D-'29 IBTSEODJ 36-'22 36.22 37.29 
6 60390 G.’ l6l725E-003 - 49-'7fl - A9'o7lI II-"AS 

12 30300 332075735693 77:19 77:49 18-86 

Figure 8. Program AOOOI8. Input/output, example 5.

19



AUTOCORRELATION ‘ POWER SPECTRUM AND I-IARMONIC ANALYSES 

DATE : 211 B9 1973 

SAMPLING INTERVAL 5 
M]. OF SAMPLES = 73 

l UNITS 5 MO 
NO- OF LAGS REQUIRED H 25 

1s THE para ARRANGED AS (X;Y) 7 (Y a 

LOAD DATA: 
535 452 sec 355 396 
363 3:15 314 2911 327 
355 533 668 sea 593 
699 620 555 313 A45 
494 252 326 415 424 

MEAN 9 Bo456932E+O3 

317 295 250 308 

519 §17 313 443 
339 391 255 339 
447 491 536 441 

MEAN snuana D:v1AT1dN - a.125372soe3 

NTH 

RN)xN 
422 607 694 535 495 376 431 

442 685 654 559 529 315 434 435 312 322 294 
339 335 351 Asa 5z1 772 693 
475 6,15 670 532 493 son an 

LAG cosrrzcxzur rannsron 
snoornzn uusuoorxzn 

R c<x> ucn) 
I 

vcaz 
e a.1§7I§1;+q5 a,2412aasoo3 a.2231a1a+aa 
1 a,11a371z+a5 aaaaaeaszoaa o.2e2sss:»a3 
2 a-571s4a:+ea a.9217z2zoa2 D-l63038E#03 
3 -a.s3s3eoE+a3 a.272a6a£+o4 -a.24463aE+q3 
4 -a.s79714:+au a.6§n3a6;oea e.122574s+as 
5 '0-!fi3394§’@§ Q-3Q92?5§*09 9-3492§@E*93 
6 —a 1¢s49q:+a§ z,1s95g1goug -0-2G90B7Eofi2 
7 -g.1a111e:oa5 a.2a3719zoa3 a.a3a9aa£oa2 
5 -a-592694E+aa Bo5l3657E+03 6-505A75£¢03 
9 e.925s29a+a2 o.3Aa271s+o3 o.299aa7:+u3 
1a o.62a2s6:+o4 e.s14223:+q2 -a.2§2399£¢a2 
11 o.111A§§g+q5 g.113gq3;+a3 a.1212a§:¢a3 
12 a.1quaag§+a5 a.1s7ssa;+a3 a.23617aE>o3 
13 as1s2a13:+es o.12s2s6s+a3 a.139asaa.a3 
14 a.a7eeae:+oa a.ss4a61:+a2 -0-6595535901 
15 -a.9s994o:+o3 a.17219ez+a3 a.121931E+a3 
15 -e-eso717;+aa q.2p116§;¢e3 a.qsg3q1:+a3 
11 -u.1e13ag:yas g.1a5@y1;+¢3 o.1295q2£ou1 
1a -a.11a224g+qs a.Aaas91:oa1 -o.11a531E+o2 
19 -a.1as447z+a5 o.2asss4z+u2 a.a39sa9:oe2 
2a -a.ea7a12:~an o.391327s+o2 a.3199as:+a2 
21 ea.3as241£+a2 a.5ss2a1zoa2 a.s1g392:+a2 
22 a.eg61asgoea q.711pa§a+a2 u.s96apaa+a2 
23 a.1asa3s;+es g.1111§9:+a3 a.13s32qE+o2 
24 a.13193zz+a5 o.167o63z+z3 a.2a5432E+a3 

LAG courxxa. GREATER THAN 1: 
R snoorngn uusmoorxzp 
e q.1s319s$¢o1 ¢.13§s25;oa1 
1 a,141qa3£*@l. a.1eaqa7:ya1 
3 u.173ss15+a2 a.149e99:oa1 
4 a.aa3aesEoa2 a.7saaa1E+o2 
5 a.191a27E+o2 a.2137asE+o1 
7 o.1g9s62;oa1 0-2§369@E4ag 
s q.321434;+a1 a,q9a9p3aoa1 
9 u,2169aa5oa1 aa1s3a2aa+a1 
I2 B-ll9577E+Bl 
I5 flul09767E¢Bl 
I6 B-l796l3E+Gl 
24 D-1064955061 

LAG 
NOMINAL 
xurxuzrv 

o.4aaoaaE~o2 
a.2aaaoa:+u2 
u.16aaaa;+e2 
g.1gzyaz:+q2 
a.96paaq§va1 
o.5agpao;+q1 
z,6ss714:+a1 
e.6oaaeoEoo1 
o.s333a3£+a1 

1a a.4suauqE+01 
11 a.q363§A§+u1 
12 g.qeeaqq5~q1 
I3 5-J ,“1!E?¢| 
14 a.342ss1£+u1 
15 o-32aaoeE+a1 
I6 0-30000GE+¢l 
17 a.2s2;s3g+q1 
15 a.26§q61E+e1 
19 a.252632E+e1 
2e a.2aaeeaE+a1 
21 a.22s57e:+a1 
2; p.21s1a2:+q1 
23 g.2pa§9§soa1 
24 a-;oaauoEoa1 

0 
G 
4 
0 
M 
E 
U 
M
—

G

~ 

20 

Ba UM527 E+0l 
B.746l42E<-B6 
0-287 l8SE+6l 
3- l_5G832E*fll 

PERIOD LIMITS 
UPPER 
xwrruxrv 

o.45auaaE+a2 
a.2a9papzoq2 
o.16aodz:+o2 
9-l29'P@F'@2 
o.96apeaE+a1 
a-saauaoz+a1 
e.eas71A:oa1 
a.5ouasa2+o1 
0-533333£+e1 
9-499i~ 
o.3A2as1z+o1 
O-32Bfl00E+0l 
o.3apzoa;+a1 
q.2523s3£%a1 
o.geeae7:+a1 
a.2s2e32:oa1 
a.24uooaE+a1 
o.g2as72;+a1 
u.21s1§2a+a1 
a.2o5596E+a1 

LOVER 
a.2Aoeoaa+o2 
-o.1eoaaaz+o2 
a.1aeeez;+a2 
n.95anqqz+a1 
0a8BBflflflE+¢l 
a,es57142»e1 
e.saoaae:+a1 
z-s33333:oo1 
a.4oeaao£+m1 
e.A36364£oo1 
9-4fl09F@E'“' 
a.3e9g31:§g1 
u,3A2557Eoo1 
Uy32UD50E9El 
o.3ooaea£+a1 
a.2a2353:~a1 
a.gee667s+o1 
u.2526q2;+q1 
u.24azza:~a1 
a.22s572Eoa1 
a.215152E+a1 
a.zos696:+a1 
9-?@@@Q5F‘°‘ 
o.192aue£oa1 

F REOUENCY
a 

u.2au333a-a1 
a.g1see7:—a1 
o.q2szoa:-a1 
2.533333;-31 
a.1aa1e7:»aa 
a.12sceas+aa 
e.14sa33s+ae 
0-1666672906 
e.1s75aa2+au 
e.2es333a+aa 
a.2g9157;+zm 
e.2soaob;+zo 
e,27aa33;oqz 
o.291ee7s~zo 
o-axaseosoae 
a.333333£oaz 
a.3sa1e7a+aa 
o.37sgqg;+ae 
a.395s33£+ae 
a.41ee67E+oa 
e.a375aoa~aa 
a.45s333:+na 
a.q791§7E¢B0 
o.sauaaa:+aa 

15 A HISTOGRAM OF THE TRANSFORMS REQUIRED ‘I (Y OR N): Y 
91OOTHED (U) OR UNSMOOTHED (V) VALUES ? : U 

ENTER MAXIMUM ABSOLUTE VALUE OF TRANSFORM I |.3E4 
BITER MINIMUM ABSOLUTE VALUE OF TRANSFORM I I6 

HIGHEST RESOLUTION IS 1' B-202969E¢03 

1'' D (:2
9
I
I 
l!‘I1¥#I‘¥¥‘i 
UIlbfiill‘ti**¥¥¥f#*¥#¥¥$¥¥$¥#¥lI 
Ultfltltilitfitt

— M 
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G 
4 
O
M 
E 
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M
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Q 

I 
I 
I 
I 
I 
I 
I 
I 
I
I 
I 
I 
I 
I 
I 
I
I 
I
I

I 

15 Anqrgpa u1sToannp or 132 1xnn5rqns a:ou1a:p 1 (Y on N): Y 
93100111151: cu) on UNSMOOTHED 1v) VALUES 2 x v 

auras naxxnu ABSOLUTE VALUE OF Tnnusron : 1.354 
auras nxuxnun ABSOLUTE VALUE or ranusronn 1 13 

HIGHEST RESOLUTION IS '3 B-2_02969E#fl3

E 
I 
I 
I
I 
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N 

41% 

M 
D 
O 
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—

O
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I
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I
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I
I 

II

I 

(Figure 9 continued on next page) 

Figufe 9. Program A0001 8. Input/output», example 6.



IS ANOTHER HISTOGRAM OF THE TRANSFORMS REQUIRED 7 (Y OR N): Y 
S400?!-{ED (U) OR UNSMOOTHED (V) VALUES '1’ 3 V 

ENTER flfiX!flUH ABSOLUTE VALUE or TRANSFORM : 1620 
ENTER MINIMUM ABSOLUTE VALUE or TRANSFORM x to 

HIGHEST RESOLUTION IS = EolS46BBE082 

..........

E 

D
U 
M
—

Q 
0 
Q 
Q 
W 
M 
D
Q 
N
—

Q
Q 

15 

IS KNOTHEH HISTOGRAM OF THE TRANSFOHS REQUIRED 7 (Y OR N)! N 

iilltttlttttt 
Ifltiittilttllktt 
tttfltttii 
ttttittttttlktt 
fiillfititittfififlfifiiilifl
3 
It 

lltlttllfilflfltfitlit
i 
tilt‘?! 
¥*fVI$#¥It8I$} 
Clfifittfifl
I 
¥¥¥iC$t 
Ii‘!OI‘ififitfilfifilttlfitififififiiflt 

133$ 
fifltttiiltttittt 

HAMONIC ANALYSIS 7 (Y OR N) : Y 

nagn (cg sgnzn CQfiFLTp RECORD or NO-SAHFL--1) = 
_oruc ntnu so. DEV. - a.x2e2a4:+aa 

or HAMONICS to as CALCULATED : 10 

HARHONICS TO BE CALCULATED 2 
NO. 

nIG~lo~ll|bD|\)~ 

ARE 
NO. 

HAH.NO- PERIOD 
1 72-0 
2 36.6 
3 24-8 
4 ISJD 
6 12-0 
7 13.3 
I2 6-6 
[8 4-6 
24 3-0 
36 2-D 

THESE VALUES OK ? (Y OR N) 8 Y 
PERIOD AMPLITUDE PHASE 

use sp. unxrs 7z.aa a.351sA2:+o2 -x19.9a - 23.95 
ae.ao a.49a199a~aI - 66-63 - 13.33 2a.ee 6-l23hB9E¢a2 -245.71 - 49.14 13.03 z.nqoo1s;.e2 - 92.95 — 15.69 
12-sq a.|52271;oq; -256-35 ~ 51.27 
1a.29 e.2q3os9;+o2 - 52.a7 - I6-42 
e.up a.«1eaa2s+ae -xea.2n - 33.54 
4.aa o.22as3a:+o2 - 97.39 - 19.53 
a.aa a.e92217:oa2 - 15.45 - 15.30 2.aa a.21s27s£+a2 9n.ab 15.09 

Fxgure 9 (cont’d) 

0-4570692023 

2 CONTR1Bo 

3-55 
5-08 
0-48 
1-62 

72-75 
1.29 
5-29 
1-64 
2-65 
2-38 

:uuncu=O
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B00 '- 

700 - oassnvzo 

600 -— 

soo - 
_ AVG. VALUE . 

( ) 

400 '— SPECIFIC 

CONDUCTANCE 

MMHO 

/CM

~
v 

—~80O 

100 

500 

300 — 
I 

CALCULATED(FROM 3 HIIRMONICS ACCOUNTING FOR 32% or THE RECORD) 
—' co~p_ = 457+35s4N(i¢—12o) +152 sm (s|¢—25e) + 4: sm (:2 i4:-I68) _ 

i=0,I,2,....»72 ¢=3eo /n = sso/72:5 

ma .2 :5 $ .L 
I I 

F53 I967 FEB.6I|972 
73 

DATE (MONTHS) 

Figure 10. >Spe_c_ific conductance observed and calculated (3 harmonics) values, North Saskatchewan River at Prince Albert 
(00SA05GG000l), February 1967 — February 1973. 

B00 1 

700— 1 

oassavsb 

AVG. VA LU E 

SPECIFIC 

CONDUCTANCE 

MM 

H0 

/CM 

8o 

_
I 

1:: 
IV 

CALCULATED (FROM 3 HARMONICS ACCOUNTING FQR 9c°/. OF VARIANCE) 

4|sIN(I2i¢—I6é)+23sI'N(I4:-9e)+29sm(24I¢-7e)+7asIN(36I¢+9o) 

2oo—4 I I I I 

- - CAOND. =45'_I +35 SIN (I95-I20)+l8 SIN(4i¢-93)+l52 SIN(6i¢-25_6)+2Q SIN(7i¢-82)+. 

1 
I3 25 :1 49 6| 

FEB. [567 
FEB. I972 

DATE (MONTHS) 

Figure 11. Specific conductance observed and calculated (8 harmonics) values, North Saskatchewan River at Prince Albert 
(00SA05GGO00l), February 1957 — February 1973. 
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AUTOCORRELATION - POWER SPECTRUM AND HARMONIC ANALYSES 

DATE : 3 BB 1973 

SAMPLING INTERVAL = I UNITS S MONTH 
Min OI-' SAMPLES H 73 
NO. OF LAGS REQUIRED = 25 

IS THE DATA ARRANGED AS (XpY) ? (Y OR N) : Y 

LOAD DATA = E 

956 599 1933 573 1996 662 999 565 499 312 544 352 646 
466 594 436 1932 572 1943 579 977 654 1559 993 1359 995 1319 
S62 1549 1919 495 315 796 497 1931 764 1952 671 515 519 959 559 
679 426 565 558 1344 591 1152 735 1972 634 1929 616 1161 721 
459 279 535 519 1939 632 992 553 1959 659 911 552 1975 679 1269 
759 1193 779 1119 753 1196 654 1119 621 325 294 659 439 346 215 
744 452 575 522 539 535 1193 734 1954 725 1919 659 992 658 992 
651 355 234 421 267 553 359 779 494 595 362 665 427 799 453 1919 
627 1199 729 1195 719 511 499 565 369 543 334 597 395 572 343 
652 425 657 441 921 514 1155 555 975 635 1959 799 953 684 

MEAN = 6-99BI65E+D3 
MEAN SQUARE DEVIATION = Oo27IIS6E+03

~

~ 

LAG COEFFICIENT 
_ 

TRANSFORM 
SMOOTHED UNSMOOTHED 

R C(R) U(R) V(R) 
9 9.7352575+95 9.469995E+94 9.557912E+94 
1 0-387I9IE¢O5 9.422396E+94 9.36765sE+94 
2 9.217452E+95 9.317936E+94 9.415911E+94 
3 9.659954E+94 9.526634E+94 9.342745E+93 
4 -9.195957E+95 9.177155E+95 9.399765E~9s 
5 -9.172693E+95 9.911543Ee94 9,395324E+94 
5 -9.171296Eo95 9.197766E+94 -9.612965E+93 
7 -9.293569E+95 9.171574E+94 9.217135E+94 
5 -9.16s194E+95 9.296279E+94 9.297476E+94 
9 9-5596s4E+94 291999E+94 9.372573E+94 
19 9.167594E+95 9-1s6529E+94 9.973465E+93 
11 9.344497E+95 9.561563E+93 - 9.794339E+93 
12 9.3755255+95 9.949136E+93 9-997459Eo93 
13 9.254149E+9s 9.75734sE+93 9.11625sE~94 
14 9.946159E+94 9.616713E+93 -9.213775E+93 
15 -9.146151E+94 9.153359E~94 9.292969E+94 
16 -9.134145E+95 9.2s5994E+94 9.344269E+94 
17 -9.251523E+9s 9.166946E+94 9.115335E+94 
15 -9.23s511E+9s 9.959s96E+93 9-119799E+94 
19 -9.154791E+95 9.534569E+93 9.417939E+93 
29 -9.935447E+94 9.547649E+93 9.235362E+93 
21 9.112352E+95 9.172654E~94 9.279572E+94 
22 9.194295E+95 9.133321E+94 9.995726E+93 
23 9-399645E+95 9.794535E+93 9.117179E+94 
24 9.269295E+95 9,425192E+93 -9.2951635+93 

LAG coNTR1a. GREATER THAN 1: 
R SMOOTHED UNSMDOTHED 
9 9.649144E+91 9.736593E+91 
1 E-57S297Ef¢I 9.456355E+91 
2 9.A31599E+91 9.s59224E+91 
3 9.112619E+92 9.453435E~99 
4 9.241334E+92 9.499s94E+92 
5 9.124215Ev92 9.522999E»91 
6 9.146596£~91 9.519919E~99 
7 9.233131E+91 9.25z257E+91 
5 9. 1360IEv¢l 9-393s42E+91 
9 9-3977522991 9.492592E+91 
19 9.213235Eo91 9.125754E~91 
11 9.117369E+91 9.195956E+91 
12 9.125972E+91 G-126655569! 
13 9.197259E+91 9.153893Eo91 
15 9.249514E+91 9.267325E+91 
16 9.352695E+91 9.4ss435E+91 
17 9.227426E+91 9.152555Eo91 
15 9.139711E+91 9.146s79E+91 
29 E-lISA72E96l 9.315335E~99 
21 9.235292E+91 9.355345E+91 
22 9.15s431E+91 9.129219E+91 
23 9.195235E+91 9.1s5995E+91 

LAG PERIOD LIMITS FREQUENCY 
NOMINAL UPPER LOVER 

9 INFINITY 9 
1 9.459999E+92 INFINITY 9.249999E~92 9.2953335-91 
2 O.240DflBE+B2 9-4s9999E+92 9.169999E+92 9.4166675-91 
3 9.169999E+92 9.249999E+92 9.129999E+92 9.6259992-91 
4 k __ _ V 

9-169999E+92 9.969999E+91 9.5333335-91 
5 9.96 999E+91 O-I2BDflflE¢02 0-8¢ODDDE+Dl 9.194167E+99 
6 9.599999E+91 9.969999E+91 9.655714E»91 9.125999E+99 
7 9.655714E+91 9.599999E~91 9.599999E+91 9.145533E+99 
a 9.699999E+91 O-6857IAE96l 9.533333E+91 9.166667E~99 
9 9.s33333E+91 9.699999E+91 9.459999E+91 9.157599E+99 
19 9.499999E+91 9-s33333E«91 5.436364E+91 9.295333E+99 
11 9.43§364E+91 9.459999E+91 9.499999E+91 9.229167E+99 
12 9.459_99E+91 9.436364E+91 9.369231E~91 9.259999E+99 
13 9-369231E+91 9.499999E+91 9.342557E+91 9.279533E+99 
14 9.342557E+91 0-36923IE+flI 9.329999Eo91 9.291667E+99 
15 O-32DZZOE¢6I 9.342557E+91 9.399999E+91 9.312599E+99 
16 9.399999E+91 9.329999E+91 9.292353E+91 9-333a33E+99 
17 9.252353E+91 9.399999E+91 9.266667E~91 9.354167Eo99 
15 B-266667E¢01 9.252353E+91 9.252632E+91 9.375999E~99 
19 flh252632E+flI 9.266667E+91 9.249999E+91 9.395533E+99 
29 9-2499e9E~91 9.252632E+91 9.22s572E+91 9-416667E+99 
21 9.225572E+91 9.249999E+91 9.215152E+91 9.437599E+99 
22 fi.215152E+c1 9.225572E~91 9.295696E+91 9.455333E»99 
23 9.295696E+91 9.215152E+91 9-299999E+91 9.479167E+99 
24 9.299999E+91 9-295696E+91 9.192999E+91 9.599999E+9c 

15 A HISTOGRAM of THE TRANsRoRN5_REau1RED 7 (Y oR N11 I-Y 
swoTHED (U) on UNSMOOTHED (V) VALUES 7 :u 

ENTER MAXIMUM ABSOLUTE VALUE OF TRANSFORM = 3-IE4 
ENTER MINIMUM ABSOLUTE VALUE OF TRANSFOM x IE3 

HIGHEST RESOLUTION IS = 0-46875OE¢¢3

rDn 
#¥¥¥¥W* 
flfllltt 
l#** 
#tt###l¥lII##*¥ 
v####$¥*¥***¥¥¥3¥
I
1 
tiii 
ilii 

ll * 

: 

0 
m 
4 
m 
m 
k 
U 
N
—

D 

i 
i 
i 
i 
i 
I 
* 
I 
: i 
§ 
G 
I
§

1 

IS ANOTHER HISTOGRAM OF THE TRANSFORMS REQUIRED ? (Y OR N): Y 
SMOOTHED (U) OR UNSMOOTHED (V) VALUES ? IV 

ENTER MAXIMUM ABSOLUTE VALUE OF TRANSFORM x 3.IE4 
ENTER MINIMUM ABSOLUTE VALUE OF TRANSFORM X IE3 

HIGHEST RESOLUTION IS = O-4687S¢E+O3
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IS ANOTHER HISTOGEAM OF THE TRANSFORMS REQUIRED ? (Y OR N): N. 

HARHONIC ANALYSIS 7 (Y OR N) : Y 

MEAN (CONSIDER COMPLT. RECORD or NO-SAMPL--I = 9.599914E+93 
CORRESPONDING MEAN so. DEV. = 9.272555Eo93 
No. or HARMONICS TO BE CALCULATED : 6 

HARMQNICS TO BE CALCULATED : 

NO. HARM.NO- PERIOD 
I I 726M 
2 3 24-Z 
3 6 12-O 
4 8 9-0 
5 I2 6-6 
6 24 3-0 

ARE THESE VALUES OK 3 (Y OR N) :Y 

NO: PERIOD AMPLITUDE PHASE 2 CONTRIB- 
DEG SP. UNITS 

I 72-00 D-I42424E+@3 - I2o29 - 2-46 I3-62 
3 24-06 D-4D92IflE+02 ‘ T8-36 - 15.67 I-I3 
6 I2-OB B-25I2I5E+63 -246-84 - 49.37 42.35 
5 9-68 B-320399E+B2 I647 0-29 @669 
I2 6-00 O-8fl5I6HE+D2 50-97 15-19 4-35 
24 3.96 0-B28$93E+O2 -I7A-DA - 34.81 A-61 

Figure 12. Program A000l8. Input/output, example 7. 23
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Figure 13. Specific conductance observed and calculated (4 harmonics) values, Battle River near Unwin (OOSAOSFEOOOI), January 

24 

1967 — January 1972.
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