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A COMPARATIVE LOOK AT SUNSPOT CYCLES

. INTRODUCTION

Sunspots, dark regions observable in telescopic white-light photographic images of the Sun and
occasionally with the naked eye, have long fascinated man. While earliest known reference to naked-eye
sunspot observations date back many centuries (some 2000 to 2300 years), it has only been about 370
years since the first telescopic observations were made by Fabricius, Galileo, Harriot and Scheiner. Varia-
tion with time in spottedness, although noted by ancient and early solar observers, was not recognized
as being “periodic,” or more accurately ‘“cyclic,” until Heinrich Schwabe announced his findings in
1843; even then, sunspot cyclicity — the somewhat regular increase and decrease in number of sunspots
with time — was not generally accepted until about 1850, following the introduction by Rudolph Wolf
(in 1848) of the now well-kknown “relative sunspot number R as a measure of sunspot activity.
(Maunder [1] was among the first to adopt the term “sunspot cycle” instead of the term “sunspot
period” as had previously been used.) Schove [2], Bray and Loughhead [3], and Meadows [4] have pro-
vided very readable “historical introductions” to sunspots, and Newkirk and Frazier [5] have summarized
more recent findings; see also Noyes [6], Nicholson [7], Wallenhorst [8] and Stahl [9]. (Ron Moore of
NASA/Marshall Space Flight Center is presently preparing an observational review on sunspots for Annual
Review of Astronomy and Astrophysics.) In retrospect, then, it is seen that the highest quality solar data,
those systematic telescopic observations of the Sun employing the relative sunspot number R, date back
a 'mere 130 years or so. (Eddy [10] has discussed limitations concerning the accuracy or “quality” of the
historic sunspot record; i.e., sunspot numbers determined prior to about 1850.)

The purpose of this paper is fivefold: (i) to review and compare sunspot numbers, in particular
those measured between November 1833 and June 1976, corresponding to sunspot cycle numbers (SCN)
8 through 20; (ii) to determine statistical properties (e.g., mean values, standard deviations and range) for
specific sunspot number-related parameters; (iii) to obtain frequency distributions of these parameters;
(iv) to derive linear regression equations between selected parameters; and (v) to use these parameters and
equations to estimate equivalent parameters for cycle 21. (At the time of manuscript preparation, final
sunspot numbers for cycle 21 are known only through December 1981.) Section II describes the
approach used in this study and defines a number of cycle-related parameters. (For convenience, a list is
provided at the beginning of this report, following the List of Tables, which defines a select number of
cycle-related parameters often used throughout the text.) Section III gives results and Section IV discusses
how these results can be used to estimate cycle parametric values for cycle 21. Section V states the con-
clusions. This report represents a continuation of previous work concerning sunspot cycles and solar
activity associated with them [11-16].

1Il. APPROACH

A. Sunspot Number and Smoothed Sunspot Number

The Wolf relative sunspot number R is defined as

R=k(10g+f) , €8]



where f is the total number of sunspots observed regardless of size, g is the number of observed sunspot
groups, and k a normalization parameter which varies from observatory to observatory to bring counts
into agreement by accounting for telescope size, atmospheric opacity, etc. Modern determinations of
sunspot number are made daily on a world-wide basis. These daily counts, based on equation (1), are
then averaged together to yield monthly mean sunspot numbers. (Annual averages are sometimes
employed but will not be used in this study.) Of historical importance are those measurements of sunspot
number made until very recently by the Swiss Federal Observatory in Zurich, Switzerland and its two
branch stations in Arosa and Lacamno. These Zurich monthly mean sunspot numbers are denoted R7.

Beginning in December 1980, an international sunspot number, denoted Ry, came into use and replaced
Rz. It is computed, using equation (1), by the Sunspot Index Data Center in Brussels, Belgium.

Two other measures of sunspot activity have also been developed. These include the American
relative sunspot number (whose monthly mean value is denoted R A) and the Ottawa solar flux value at

2800 MHz, adjusted to 1 AU and corrected for bursts (denoted in this study as F1800)- Ry is computed,

using equation (1), based on observations made by the Solar Division of the American Association of
Variable Star Observers (AAVSO). F2800 is a direct measure of the Sun’s 2800-MHz radio emission

(10.7-cm wavelength radio emission), in solar flux units (where 1 sfu = 1022 W m2 Hz'l), adjusted to

1 astronomical unit (where 1 AU is approximately 1.5 x 108 km), made by the Algonquin Radio
Observatory of the National Research Council of Canada near Ottawa. Rz (now Ry) is provided as a

“provisional” value, whereas Ry and Fyg0p are often reported as “final” values. Final values for Rz are

usually reported the first quarter of the year succeeding the year of interest. Final and provisional values
differ only slightly. Values for R A» Rz, and/or F5g00 appear in several easily accessible publications,

chief of which are the Solar-Geophysical Data — Prompt Reports, Journal of Geophysical Research, and
Sky and Telescope. (Waldmeier [17] has published sunspot data for 1610 to 1960 and Allen [18] gives
additional sunspot information.)

While daily sunspot numbers are the primary data, more often monthly mean sunspot numbers
are used for comparative studies. These monthly mean sunspot numbers, however, still show considerable
variation, so a particular smoothing technique has come into use which reduces the month-to-month
scatter yet appropriately shows the general trend and level of solar activity with time. The “smoothed
sunspot number” or 13-month running mean is denoted here as R3 and is defined as

+5
Rig+Rg+2D R
=5
24 ’

where Ry is the monthly mean sunspot number 6 months ahead of the month of interest, R_g is the
+5

monthly mean sunspot number 6 months behind the month of interest, and Z R; the sum of the

i=5
monthly mean sunspot numbers 5 months either side and including the month of interest. Thus, R13

values are always running about 6 months behind the Ry numbers and about 7 months or so behind
calendar time, —Ii13 can be based on either Ry (now Rp) or Ry values, although usually it is the former.



A smoothed number can also be determined for Fogqq on the basis of equation (2); the result is denoted
here as Fl 3 _R13 and Fl3 are usually the more appropriate parameters to use, especially when perform-

ing statistical-type studies or estimating solar activity in future epochs, since their behavior is much
smoother in appearance.

B. The Schematic Sunspot Cycle

Sunspot cycles, as plotted using smoothed sunspot numbers versus time, often manifest them-
selves as a curve rising from some minimum Rl 3 value to a higher maximum R13 value and then declin-

ing to some other minimum R13 value marking the end of the cycle. The minimum R13 value at the
start of a cycle is denoted here as Ry or Ryn(SCN), where SCN means “sunspot cycle number.”
Similarly, the R;3 value at cycle maximum is denoted Ryox or Rypox(SCN) and the Ry 3 value at the
end of the cycle is denoted Ry (SCN + 1).

Sunspot cycles begin and end at minimum §13 occurrence, by international convention. The

reasons for the convention are primarily that solar activity, for example number of solar flares versus
time, is higher near solar maximum than at solar minimum, indicating a cyclic nature; that sunspots,
usually occurring in groups as “leaders” and “followers” (owing to solar rotation), undergo a hemispheric
magnetic polarity reversal near solar minimum (e.g., northern hemispheric sunspots having leading spots
of predominantly positive magnetic field during a cycle will have leading spots of predominantly negative
magnetic field during the subsequent cycle); and that “new cycle” sunspots tend to be at higher average
solar latitude at solar minimum and at progressively lower average latitude as the cycle progresses
revealing the phenomenon known as “latitude drift,” discovered by Christopher Carrington about 1858
and frequently referred to as Sporer’s law, in honor of Gustav Sporer who also investigated the
phenomenon. (Latitude drift is often illustrated by use of Maunder “butterfly diagrams,” so called
because their appearance bears a resemblance to the shape of butterfly wings.)

The time of -ﬁMIN occurrence is denoted here as t(ﬁMIN) and the time of iM AX occurrence as
t(_RM AX)- The difference between t(I_(M AX) and t(ﬁMIN) for a cycle is called the ascent period and is
denoted ASC; the difference between t(f{M AX) and subsequent cycle t(ﬁMIN) is the descent period,

denoted DES. During ASC, sunspot number is increasing and, during DES, sunspot number is decreasing.
The sum of ASC and DES for a cycle is the cycle duration or the minimum-to-minimum period, denoted
MIN-MIN PERIOD. Similarly, the time from RM AX(SCN) occurrence to RM AX(SCN + 1) occurrence is

called the maximum-to-maximum period and is denoted MAX-MAX PERIOD. The time from ﬁMIN
occurrence to the R13 value midway between RMIN and RM AX is denoted ASCepyy (Where the sub-

script CHM means “corrected half maximum™); the Rl 3 value at this point is denoted RCHM RCHM
is defined as

R +R
— MIN MAX
RCHM = ) s 3)

where the terms iMIN and -I_{M AX have their usual meanings. The time interval that a cycle is at or
above iCHM is denoted Dcm.



While t(ﬁM AX) is usually reckoned in time space, relative to iMIN occurrence, it should be
noted that it can also be reckoned in phase space (based on the MIN-MIN PERIOD). That is, denoting

the phase of the cycle when R occurs as ¢ , the following expression is obtained:
MAX MAX
4)

ASC

(4] =
MAX ™ MIN-MIN PERIOD
Similarly, time of ﬁMIN (SCN + 1) occurrence in phase space (based on MAX-MAX PERIOD) can be

reckoned. Denoting it as $pqyy;, the following expression is obtained:
(5)

A DES
MIN ~ MAX-MAX PERIOD

Figure 1 schematically illustrates all aforementioned parameters.
Several other parameters of importance are reckoned using the derivative of the curve shown in

Figure 1. These parameters are schematically illustrated in Figure 2. The time difference between ﬁMIN
occurrence and the value of greatest positive change in ﬁl 3 value is denoted tgpy, where GPV means

SOLAR CYCLE PHASE
0 05 1.0
bt
Pmax PMIN

BRmax -1
MAX—MAX PERIOD —=]

ﬁ‘13 ﬁCHM T

1
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i
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w\—/
MIN-MIN PERIOD

Figure 1. Schematic sunspot cycle showing selected parameters based on
smoothed sunspot number versus time.
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Figure 2. Schematic sunspot cycle showing selected parameters based on
rate of change of smoothed sunspot number versus time.

“greatest positive value.” The value of this change is denoted GIéV —lil 3 and the §13 value at tgpy is

denoted ﬁ13 (tgpy)- Similarly, the time difference between —RMIN occurrence and the value of greatest
negative change in §13 value is denoted tgyy, where GNV means “greatest negative value.” The value

of this change is denoted GNAV ﬁ13 and the }_113 value at toNV I8 denoted _R13 (tGNV)'

Another set of parameters, based upon areas under the Ry versus t curve, may be of use. These

12 18 24
include Z Rz(1), Z Rz(t), and Z Rz(t). Here, Ry is summed from iMIN occurrence to some point
t=0 t=0 t=0
12
in time; for example, Z Rz(t) represents the sum of Rz from t = 0 (R value at ﬁMIN occurrence) to
t=0

t = 12 or 12 months into the cycle. These parameters will be compared in a later section to determine
their “predictive” capability; that is, using an areal portion of a_cycle (or one of the other parameters;
e.g., Ryn) to estimate later occurring cycle parameters (e.g., Ry AX)- While sunspot cycles may not

always fit this schematic picture, that is a simple rise to maximum followed by a simple fall to subse-
quent cycle minimum, even more complicated cycles — e.g., cycles marked by “bumps” in the rise
and/or fall portion — can be crudely mapped by use of the aforementioned parameters.

Before going any further with a discussion of these cycle parameters, a word should be given
about “sunspot cycle number” (dubbed SCN). The present cycle (SCN 21) began in June 1976 and



peaked in December 1979 (based on 1_113 values). It is now decreasing towards the next cycle minimum,

to occur in the mid-to-late 1980’s. The Solar Maximum Mission is a satellite, launched in February 1980,
which investigated the near maximum phase of this solar cycle. In contrast, Skylab flew during the
declining portion of cycle 20. Virtually all orbital space solar physics has occurred over the last 20
years, corresponding to only about one full solar cycle and part of another. SCN 8 corresponds to the
cycle reported by Schwabe in 1843, It began in November 1833. SCN 3 corresponds to the time period
of the American Revolution, and SCN 0 to ca. 1750. Sunspot cycle numbers have been documented back
to ca. 1705 corresponding to SCN-4 (see Allen [18]), but recall that the quality of the data is suspect
prior to SCN 8. This report is based strictly on SCN’s 8 through 20 corresponding to the period
November 1833 to June 1976. Based on this data set, estimates for the aforementioned parameters will
be made for cycle 21 and compared to observed values when those values are known.

I1l. RESULTS

Under this heading, the presentation of the material, for convenience, is subdivided into six
subsections. Note that these subsections, as well as much of the remainder of the report, are primarily
statistical in nature; hence, many equations of similar form are presented. These linear equations take
the form y = a + bx. The reader is reminded that this comparison is not done to imply a real physical
relationship between the parameters x and y, although one cannot be precluded, but instead to show
their numerical behavior, one relative to the other, for a specific data set. How good an estimate obtained
for y relative to x is dependent upon the magnitude of the correlation coefficient (r) and the standard
error of estimate (syx)- When r is low, the mean (x) and standard deviation (s) will suffice; however,

when r is high (e.g., [r| =2 0.5), estimates based on the linear equations are the more appropriate to use.
(Both s and Syx are measures of the statistical spread of the data; when r is large, syx is smaller than s,

yielding a better estimate for a parameter.) Two additional reminders should be emphasized: First, the
reader should be cautioned that the linear equations are based on specific data sets covering finite periods
of time, short on the cosmic time scale; and second, because of the rather large number of similar equa-
tions with many similar symbols the reader may encounter some difficulty in following the presentation
of the results. In an effort to alleviate some of the potential chance of confusion and to serve as quick
reference summaries, figures and tables have been amply provided.

A. Linear Regression Equations for Selected Measures of Solar Activity

As mentioned in Section II, there are several commonly used measures of solar activity. These
include (but are not limited to) R, Rz, Ry3, Fsg00, and Fy3, all defined as before. Since the most

convenient parameter is probably the provisional value of Ry, it may be of interest to compare the other
parameters with it,

Following basic statistical methods (e.g., Downie and Heath [19]) and using the data set spanning
April 1954 through June 1982 (SCNs 19 and 20 and part of cycle 21), a linear-regression fit between
values of Ry and the provisional values of Ry is obtained. This fit is depicted in Figure 3. The Pearson

correlation coefficient r is calculated to be 0.991 and the standard error of estimate Syx is equal to 7.30.
Thus, 50 percent of the data points are within 4.9 units of the regression line (i.e., 0.675 Syx) and
90 percent are within 12 units (i.e., 1.645 Syx); the 99 percent confidence limits (i.e., 2.575 Syx) are
approximately 18.8 units about the regression line. The regression equation is



Rp =-0.012 + 0.944 Rz (PROVISIONAL)

(6)

where the two numbers on the right side of equation (6) are the regression coefficients a and b, when the
equation is of the form y = a + bx;i.e.,, a =-0.012 and b = 0.944.
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Figure 3. Monthly mean sunspot number derived by AAVSO versus provisional monthly

mean sunspot number derived by Zurich Observatory.

A regression fit between final values and provisional values of Ry is shown in Figure 4. It is based
on the April 1954 through December 1981 timeframe. One observes r = 0.999, Syx = 2.65, and

Rz (FINAL) = 1 + 0.999 Rz (PROVISIONAL)

(7

Equation (7) clearly shows that the difference between provisional and final values of Rz is very small

using 99 percent confidence limits and a provisional value of Rz equal to 100 yields a spread of about

+6.8 percent.
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Figure 4. Final monthly mean sunspot number versus provisional monthly mean sunspot number.

A regression fit between 2800-MHz radio emission data, adjusted to 1 AU and corrected for
bursts (recall Fogg), and provisional values for Rz for the time period April 1954 through June 1982

results in Figure 5. One observes r = 0.965, SyX = 14.11, and
Fyg00 (ADJUSTED TO 1 AU) = 62.986 + 0.879 Ry (PROVISIONAL) . 8)
Combining equations (7) and (8) and solving for Rz (FINAL) results in

Ry (FINAL) = -70.66 + 1.14 Fogo (ADJUSTED TO 1 AU) . ©)



This equation is equivalent in form to that given in Solar-Geophysical Data—Explanation of Data Reports
(e.g., February 1982); that equation is given as

Rg=-62+108Sy (10)

where Sp is the same as Fpgoo and Rg is the resultant sunspot number using Fgqq as the variable.
(RS is equivalent to RZ(FINAL).) It should be pointed out that equation (10) is based on the much
larger data set 1947 through 1979. (F5g0 has been routinely measured since 1947.)

*DENOTED R BEGINNING IN DECEMBER 1980; DERIVED BY
SUNSPOT INDEX DATA CENTER, BRUSSELS BELGIUM

Fog0o (ADJUSTED TO 1AU) vs. R, (PROVISIONAL)

r=0.965
Syx = 14.11

300~  F2800 (ADJUSTED TO 1AU) = 62.986 + 0.879 R, (PROVISIONAL)
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Figure 5. Monthly mean 2800-MHz radio flux corrected for bursts and adjusted to 1 AU
versus provisional monthly mean sunspot number.



The large standard error of estimate identified for equation (8) (Syx = 14.11) results because,

while both parameters are measures of solar activity and show very similar trends (ie., a “bump”

one curve has a corresponding “bump” in the other parameter curve; Wilson [13]), the actual “peaking”
of the two_curves may be dissimilar; thus, a large scatter is introduced. As an example, based on a com-
parison of R13 and Fy3, it is found that cycle 19 had peaks in both curves at the same point in time;

however, both cycles 20 and 21 reveal R13 to peak prior to F13 by about 1.5 years (20 and 17 months,
respectively). Figure 6 depicts cycles 19, 20 and a portion of cycle 21, in terms of Fl 3 and El 3asa
function of time. In addition to comments already made, one should note that Fyn and Ry always
seem to coincide in time, and that there has been an apparent flattening of Fl 3 near peak in the two
most recently observed cycles, which is in sharp contrast to its behavior in cycle 19.

20T v TOP CURVE : Fq3 vs. TIME LEGEND: v  MINIMUM VALUE
BOTTOM CURVE : Rq3vs. TIME v  MAXIMUM VALUE
CYCLES 19, 20 and 21 SCN SOLAR CYCLE NUMBER

F13 SMOOTHED 2800-MH, RADIO FLUX
(ADJUSTED TO IAU)

R13 SMOOTHED

200 4- SUNSPOT NUMBER ¥

150 +

NUMBER

100

50 1

4 il 3 4 1 1
T U T T T T

i | 1 | SE— L 1 1
A I N I R R R
0 1 6 0 1 6 1978 0

I 1 Il 3
T T T

4 ! Il 1
T T T T

1
T

Il I ]
T 1

1954 1956 1958 196 962 1964 196 1968 197 972 1974 197 197 1982
1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983

TIME (MONTHS OF YEAR; J = JANUARY)
Figure 6. Smoothed sunspot number versus time for cycles 19, 20, and 21.

Figure 7 illustrates a comparison of smoothed sunspot number (ﬁl 3) and “final” Ry values.

The regression fit is based on the November 1833 through June 1976 data set. One observes r = 0.949,

Syx = 12.84, and

Ry3 = 6.40 + 0.88 Rz (FINAL) . (11)
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Equation (11) can be combined with equations (7) and (9), resulting in

Ry3 =7.28 + 0.88 Rz (PROVISIONAL) (12)
and
Rj3 =-55.78 + Fpggg (ADJUSTED TO 1 AU) | (13)
respectively.
Y
200
180 Ry3vs. R,
r=0.949
160 Syx =12.84

R13=6.40+0.88 R,

140
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100

80

R13, SMOOTHED SUNSPOT NUMBER

60

CYCLES 8 — 20 (NOV 1833 — JUN 1976)
MONTHLY MEAN FINAL VALUES

40
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20

SETITE FUTTI FREVA FUUTS PRTTIEUPTL ERUTI ) §
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Rz, MONTHLY MEAN SUNSPOT NUMBER

Figure 7. Smoothed sunspot number versus final monthly mean sunspot number.

A comparison of F13 with Fyggg is shown in Figure 8. The regression fit is based on the April
1954 through December 1981 data set. One observes r = 0.973, Syx = 12,04, and

F|3 = 9.208 + 0.930 Fpg (ADJUSTED TO 1 AU) . (14)
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Figure 8. Smoothed 2800-MHz radio flux corrected for bursts and adjusted to 1 AU versus monthly
mean 2800-MHz radio flux corrected for bursts and adjusted to 1 AU.

Combining equations (13) and (14) results in

Fj3=61.083 +0.930 R;3 (15a)
and

Ry3=-65.681+1.075 F|3 . (15b)
Equation (15a) can be combined with equation (12), resulting in

F13 =67.853 + 0.818 Rz (PROVISIONAL) , (16)
or equation (15a) can be combined with equation (8), resulting in

FIB = 67.785 + 0.817 Rz (PROVISIONAL) . a7
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(The difference in coefficients for equations (16) and (17) is due to roundoff effects.) Table 1
summarizes the regression coefficients and standard error of estimates using Ry (PROVISIONAL) as the
variable.

TABLE 1. LINEAR REGRESSION COEFFICIENTS FOR SELECTED PARAMETERS
BASED ON COMPARISON TO PROVISIONAL VALUE OF
MONTHLY MEAN SUNSPOT NUMBER

Y VARIABLE* a b Syx EQ. NO.
Rz (FINAL) 1 0.999 2.65 7
R13 7.28 0.88 15.17 12
F2g00 (ADJUSTED TO 1 AU) 62.986 0.879 14.11 8
F13 67.785 0.817 13.12 17

*X VARIABLE IS R, (PROVISIONAL)

B. Parametric Values Versus SCN

Appendix A contains sunspot number information for cycles 8 through 21 in terms of
Rz (FINAL) and Rj3 based on the parameters t (elapsed time since Ryjpn occurrence) and T (elapsed

time since'EM AX occurrence). Also given are values of phase ($), both in terms of t and T, and Aﬁl 3-
At the right is a “Notes” column which identifies the SCN and such parameters as EMIN iM AXo

GI[’}V 1_113 and GIQIV T{l 3 occurrence. At the left is a “Date” column which gives the month and year

for ﬁMIN and iM AX occurrence within a cycle. Appropriate information can be extracted from
Appendix A to form Table 2.

In Table 2, SCN is identified in the leftmost column and sunspot minimum and maximum
occurrence dates (in month and year of occurrence) are given adjacent to it. The remaining parameters
are identified in columns to the right of the occurrence dates. Values for SCN 21 are also given but have
not been used in computation of mean values and standard deviations, which are given for each parameter
in their proper columns. Thus, the mean Ryqn for cycles 8 through 20 is about 5.2 with a standard

deviation of 2.7; the mean _RM AX Is about 116.2 with a standard deviation of 36.7; etc. The range is

identified, in terms of extreme values (HIGH and LOW) for each parameter, at the bottom of Table 2.
Thus, Ry values range from 1.5 to 10.5, Rypax values from 64.2 to 201.3, etc. It is noted that SCN

9 had an extremely large ASCCHM (= 44); so, mean values and standard deviations are given for
ASCcym both including and excluding the ASCcpyy value for SCN 9. Therefore, the mean ASCcoppy

including SCN 9 is about 26.3 with a standard deviation of 5.8, and the mean ASCcpp)p excluding SCN 9
is about 24.8 with a standard deviation of 2.9,

13
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TABLE 2. SUMMARY OF SELECTED SUNSPOT CYCLE PARAMETERS FOR SCN 8 THROUGH 21

A _ .

SOLARCYCLE SUNSPOT SUNSPOT Fain  Pmax  Roum ASCeum Ocuu ASC DES  MIN-MIN Max-max Pmax Pmin tepy SV Ry tony envPia Rysltony) Ruin

NUMBER MINIMUM MAXIMUM PERIOD  PERIOD Rz (arv) (SCN+1)

SCN) OCCURRENCE OCCURRENCE
s NOV 1833 MAR 1837 23 1469 774 23 53 © 78 1e EY) Q345 0580 31  +95 1&1 59  -&2 916 105
N JUL 1843 FEB 1848 105 1320 713 “ 2. 5 4 149 144 0.369 0653 45 +8.4 st 71 -s9 99.0 32
10 DEC 1855 FEB 1860 22 979 506 2 s? 50 85 15 126 Q370 Q675 34  +41 6.6 63 42 737 52
1 MAR 1867  AUG 1870 s2 1405 728 2 .« a1 100 141 160 0291 0625 30 +94 844 72 52 %83 22
12 OEC 1878 DEC 1883 22 45 384 z 6 0 74 134 121 Q448 0612 14 +41 198 83 -4t 5.0 50
13 FES 1890 JAN 1894 5.0 278 465 20 54 a9 143 145 0329 0662 17 +A6 379 S8  -36 7.3 2.7
I JAN 1902 FEB 1906 2.7 2 335 2 2 49 8 18 133 Q355 0645 IV +319 566 85  —48 464 15
) JULY 1913 AUG 1917 35 1054 535 27 50 s n 120 128 0408 Q555 43 485 812 76  -53 56.7 5.6
* JULY 1923  APR 1928 56 ™ 419 24 59 s7 12 108 0467 Q802 23 +62 409 83  -56 39.2 35
17 SEP 1933 APR 1937 35 1182 614 2 57 a ®m 128 m QM4 0678 19 +64 1012 73 47 843 7.7
18 FEB 1944 MAY 1947 77 1518 798 27 51 9 83 122 130 Q320 0638 33 +86 1.6 73  -&9 106.4 3.4
19 APR 1954 MAY 1958 24 2013 1024 23 54 a7 79 12¢ 128 0373 0617 22 +108 985 75  -&2 1086 9.6
20 oCT 1964 NOV 1968 9.6 106 a1 23 4 @ 9 140 133 0350 0684 21 64 SO3 73 -53 8.4 12.2
7 JUN 1976 DEC 1979 122 1645 884 24 - 2 - - - - - 24 +31 893 - - - -

MEAN ICYCLES 8—20): 518 11618 6072 26.31 56,08 48.15 8346 - 131,62  13L77 Q367 0633 30,08 +6.99 7148 7308 -523 77.84 5.56

zas3)®
STANDARD DEVIATION (CYCLES 8-20) 274 3666 18.77 581, 923 621 998 9,95 1248 0048 0038 9,61 227 2974  7.84 091 23.40 3.28
(2.88)
EXTREME VALUES (CYCLES 8-20): HIGH 15 2013 1024 a 74 60 100 149 160 Q467 0684 45 +108 T117.6 8s -26 108.6 122
LOw 15 642 335 20 ™) 3 e 1ns 108 0291 055 14 +29 198 s8 -6.9 39.2 15

*EXCLUDESSCN 9



Table 3 serves as a “quick-reference” chart for determining which SCNs are above (+) or below (=)
mean value in terms of the aforementioned sunspot cycle parameters. The mean value for a parameter is
identified adjacent to its corresponding parameter. SCN 21 is again included for completeness. Since SCN
21 is only partially complete, a number of its parameters remain unknown; so, for these values, question
marks (?) are given,

Figures 9 A, B, and C graphically illustrate the variation in parametric value with SCN in terms
of ordinary number value. Figures 10 A, B, and C display the variation in terms of mean and standard
deviation values (i.e., a residual RES, where RES equals the difference quantity SCN parametric value
minus mean parametric value divided by the parametric standard deviation; the mean value is given for
each parameter as X and the standard deviation as s).

Figure 11 gives number of occurrences (histograms) versus parametric value in terms of X and s
(graphed in units of 0.5 s). Thus, it is a graphical illustration of the distribution for each parameter.
Since only 13 cycles are included in this study, a “normal” distribution is not strongly suggested for most
of the parameters shown, Interestingly, MAX-MAX PERIOD looks somewhat like a normal distribution
while MIN-MIN PERIOD looks more like a “bi-modal” distribution suggesting, perhaps, that MIN-MIN
PERIOD can be subdivided into two cycle groups: a short-period cycle group and a long-period cycle
group. This latter suggestion is more dramatically illustrated in a plot of phase (®) versus elapsed time
since iMIN occurrence (t), as is shown in Figure 12. If MIN-MIN PERIOD is regarded to be comprised

of two distinct cycle groups, it is found that ® and t appear to be related for these groups in the
following manner:

LONG-PERIOD CYCLES: & =0.00714 t (18a)
and
SHORT-PERIOD CYCLES: & =0.00821t . (18b)

Figure 12 shows that R—M AX always occurs (based on cycles 8 through 20) in the box bounded
by t equal to 39 and 60 and ® equal to 0.29 and 0.47. Cycle 21 reached peak in December 1979
yielding an ascent period of 42 months. Thus, if cycle 21 is a short-period cycle, the phase at RmAx
would have been 0.34, suggesting a MIN-MIN PERIOD of about 122 months, give or take about 5
months (based on range). This suggests that Ry for cycle 22 may occur between December 1985 and
October 1986, with the best guess being about May 1986. On the other hand, if cycle21 is a long-period
cycle, the phase at Rygax would have been 0.30, suggesting a MIN-MIN PERIOD of about 140 months,
give or take about 7 months. This suggests that ﬁMIN for cycle 22 may occur between June 1987 and
August 1988, with the best guess being about January 1988. Thus, two predictions for T{MIN-occurrence

date for cycle 22 can be established, but only one can be correct if cycles are distributed in the afore-
mentioned manner. (Based on average period length, cycle 22 would be expected to begin about May
1987.) As will be seen in a later section, it seems more plausible that cycle 21 is a short-period cycle.
Thus, cycle 22 may begin as early as 1986,
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TABLE 3. QUICK-REFERENCE TABLE FOR DETERMINING ABOVE (+)
AND BELOW (-) PARAMETRIC MEAN VALUE CYCLES

SOLAR CYCLE NUMBER (SCN)

PARAMETER MEANVALUE 8 9 10 11 12 13 14 15 16 17 18 19 20 21
RMIN 5.18 + + - + = - = = + = + = + +
RmAX 116.18 + + - + - - - - - 4+ + + = %
RcHM 60.72 b b -+ - - 4+ -
ASCcHM 26.31 B e S S
DcHm 56.08 — -+ -+ -+ -+ 4+ = =+ 2
ASC 48.15 - + + - + = + o+ o+ = = =+ =
DES 83.46 - + S e S e A 4
MIN—-MIN PERIOD 131.62 -+ + + 4+ + - = - = = + 7
MAX-MAX PERIOD 131.77 - + - + - + + = = = = = + 72
PMmAX 0.367 -+ + -+ - -+ o+ = =+ =7
PMIN 0.633 -+ + - - + 4+ - - + o+ - + ?
tgpv 30.08 + 4+ o+ - - -+ o+ -+ o+ = = =
G%Vﬁ13 +6.99 + + - + - - -+ - -+ o+ = o+
R13 (tgpy) 73.48 i e e I
tGNV 73.08 - = - - 4+ -+ o+ 4+ - =+ =2
GRVR13 -5.23 e
R13 (tgnv) 77.84 + + -+ - - - - -+ o+ o+ o+ 2
Rmn (SCN + 1) 5.56 + — + - — - — 4+ — + — 4+ + 7
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C. Mean Parametric Values Based on Selected Groupings of SCN

Table 4 lists parametric mean values (x) and standard deviations (s) for several selected groupings
of SCN. The parameters are identified in the leftmost column and mean values and standard deviations,
based on cycles 8 through 20, are shown adjacent to the parameters for comparison. Six series of
columns (2 or 3 columns each) representing six selected subgroupings within cycles 8 through 20 appear
to the right. The first series identifies the cycles (by SCN), X, and s for the group “cycles with parametric
values = Y8-20'” That is, as an example, cycles with ﬁMIN greater than or equal to Y8-20 = 5.2 include

SCNs 8, 9, 11, 16, 18, and 20; x for this group is about 7.7 and s is about 1.9. The second series identi-
fies the cycles, x, and s for the group “cycles with parametric values < Xg.20-  Thus, continuing the

example, cycles with EMIN less than about 5.2 include SCNs 10, 12-15, 17, and 19; x for this group is

about 3.1 and s is about 1,0. The third and fourth series gives X and s values for the group of cycles
with RM AX = = X8 20 = 116.2 (here, called HIGH-RM AX cycles) and those < X; X820 = 116.2 (here, called

LOW- RM AX cycles), respectively. The cycles included in these groupings are identified above X and s.
The last two series gives X and s values for the group of cycles with MIN-MIN PERIOD ,>/x8_20 =131.6
(here, called LONG-PERIOD cycles) and those < ;8-20 = 131.6 (here, called SHORT-PERIOD cycles),

respectively. As with the previous series of groupings, the cycles comprising these groups are identified
above their corresponding X and s columns.

D. Mean RZ and §13 Curves Versus t

In the previous sections the parameters were determined individually within each solar cycle and
then averaged to deduce mean values, standard deviations, and ranges, following the “schematic cycle”
approach. A second approach, that of summing together Rz(t)gcon or Ry3(t)gon values for cycles 8

through 20 or selected groupings of cycles and computing means and standard deviations of R, and §13
values as a function of t, can also be used to deduce parametric values. (Here, sum of Ry (t)gcon means
to sum all Ry values as a function of t for the collection of SCNs of interest, whether cycles 8 through
20 or some other selected groupings of cycles. Similarly, sum of Rj3(t)gcn means to sum Ry3 values

as a function of t for the collection of SCNs of interest.) This second approach, an “epoch analysis”
scheme, perhaps, offers a more eye-pleasing view of the cycle than the schematic view, in that it yields
a continuous curve as a function of t over the cycle. (Remember, the schematic cycle only allows one
to get estimates of ﬁ13 values at selected times within a cycle or estimates of time/parameter value for

selected parameters within a cycle.)

Figure 13 shows the mean Ry(t) curve which results when Ryz(t) is summed for cycles 8 through
20 as a function of t (elapsed time since EMIN occurrence) and each Rz(t) sum is divided by 13 (the
number of cycles included in this study). One observes Rz(MIN) at t = 0 and Rz(MAX) at t = 50. The
values of Ry(t) at t = 0 and t = 50 are 4.1 and 113.5, respectively, and these minimum and maximum
Ryz(t) values are identified with light and dark triangles, respectively. Figure 14 plots the standard devia-
tion of Rz(t) values as a function of t; ie., sz(t). It is seen that sz(t = 0) is about 3.0 and sz(t = 50) is
about 44.5; the maximum sZ(t) value occurs at t = 42 and has a value of about 55.3. The triangles
correspond to minimum and maximum Rg(t) occurrences, as before. Since Ry is one of the most easily
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PARAMETER

Rmin
RmAx
RcHm
ASCepim
DcHMm

ASC

DES
MIN-MIN
MAX—-MAX
Bmax
PN
tgpv
GPVR13
R13ltgpv)
tGNV
GvR13
Risltgnv)
RMIN{SCN+1)

TABLE 4. PARAMETRIC VALUES FOR SELECTED GROUPINGS OF CYCLES

CYCLES WITH PARAMETRIC
VALUES > Xg.20

CYCLES 8-20
X s SCNS

5.18 2.74 8,9,11,16,18,20
116.18 36.66 8,9,11,17-19
60.72 18.77 8,9,11,17—-19
26.31 581 9-11,15,17,18
56.08 9.23 10,12,14,16,17,20
48.15 6.21 9,10,12,14-16,20
83.46 9.98 9-11,13,14,20
131.62 9.95 9-14,20
13177 12.48 9,11,13,14,20
0.367 0.048 9,10,12,15,16,19
0.633 0.038 9,10,13,14,17,18,20
30.08 9.61 8-10,14,15,17,18
+6.99 2.27 8,9,11,15,18,19
7348 2974  89,11,15,17-19
73.08 7.84 12,14-16,19
-5.23 0.91 8,9,15,16,18-20
77.84 23.40 8,9,11,17-20
5.56 328 8,15,17,19,20

>t

7.65
148.62
77.48
30.67
63.67
52.71
92.50
140.00
144.00
0.406
0.662
37.1
+9.20
97.44
80.40
~5.91
97.09
9.12

5
1.93
25.81
12,55
6.02
6.92
423
4.86
4.72
9.10

CYCLES WITH PARAMETRIC

VALUES < Xg 29

SNCS
10,12-15,17,19
10,12-16,20
10,12-16,20
8,12-14,16,19,20
8,9,11,13,15,18,19
8,11,13,17-19
8,12,15-19
8,15-19
8,10,12,15-19

0.039 8,11,13,14,17,18,20

0.016
4.86
083
14.19
4.08
0.53
8.10
2.28

8,11,12,15,16,19
11-13,16,19,20
10,12-14,16,17,20
10,12-14,16,20
8-11,13,17,18,20
10-14,17
10,12-16
9-14,16,18

Ix1

3.07
88.39
46.36
2257
49.57
42.83
75.71

12183
124.13

0.333

0.599
21.17
+5.10
45,52
68.50
—4.43
55.38

3.34

HIGH-Rpmax LOW-Rpmax
CYCLES CYCLES
SCNS: 8,9,11,17-19 SCNS: 12:1246,20
s X s X s
1.03 6.27 2,52 4.26 257
15.83 148.62 25.81 88.39 15.83
8.38 77.48 1255 46.36 8.51
1.18 29.00 7.09 24.00 2.83
5.04 50.00 5.94 61.29 8.31
3.18 44.17 5.49 51.57 4.53
5.90 85.67 8.50 81.57 10.74
3.29 12983 11.42 133.14 8.18
7.03 135.67 12.84 128.43 11.12
0.021 0.340 0.028 0.330 0.049
0.024 0.632 0.030 0.634 0.043
5.01 33.33 7.23 27.29 10.48
1.08 +8.85 134 +5.40 1.58
15.13 100.15 13.55 50.61 18.77
6.92 70.50 5.28 75.29 8.92
0.52 -5.85 0.72 -4.70 0.69
13.17 98.37 8.06 60.24 17.04
1.19 6.10 3.29 5.10 3.21

LONG—
PERIOD CYCLES
SCNS: 9-14,20
X s
549 3.07
101.10 26.31
53.33 14.25
27.00 7.56
57.86 11.95
50.14 557
8986 7.88
14000 4.72
138.14 12.11
0.359 0.044
0.651 0.024
2857 1078
+584 2.10
57.10 21.84
7300 8.37
-473 074
7473 2090
457 336

SHORT-
PERIOD CYCLES
SCNS: 8,15-19
X s
483 2.23
133.78 39.10
69.35 19.70
2550 2.29
5400 3.16
4583 6.12
76.00 6.32
12183 3.29
124.33 7.97
0.376 0.049
0.612 0.040
31.83 7.67
+8.33 162
9258 26.11
73.17 7.17
-5.82 0.71
81.47 25.54

6.72 277



150 1

100 T+

50 1-

Ry, MEAN MONTHLY SUNSPOT NUMBER

— MEAN CURVE {(R;)
CYCLES 8-20

V¥ MAXIMUM VALUE
MINIMUM VALUE

50 100 150
t, TIME FROM Ry OCCURRENCE

Figure 13. Mean monthly sunspot number (based on mean of cycles 8 through 20)
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accessible and timely sunspot activity parameters, one can use these curves for comparing individual
cycle curves with the mean curve and estimating near-term sunspot activity (e.g., the decline of cycle 21
in terms of Rz). Appendix B contains figures showing each cycle versus the mean curve in terms of
Ry(1).

Similarly, Figure 15 displays the mean E13(t) curve. It is much smoother in appearance than the
R (t) curve. Again, minimum and maximum values are identified by light and dark triangles, respectively.
It is seen that Rl 3(t = 0) corresponds to RMIN and has a value of about 5.2. RI 3 Is at maximum at t

= 48; its value is about 106.9 (about 9.3 units less than that determined by the schematic approach).
Flgure 16 plots the standard deviation of R13(t) value as a function of t; i.e. » $13(t). It too is a much

smoother curve than its counterpart in Rz. It is seen that $13(t = 0) is about 2.7 and s13(t = 48) is
about = 36.0. The maximum 513(t) occurs at t = 40 and has a value of about 41.5. Once again, triangles

correspond to minimum and maximum Rl 3(t) occurrences. Appendix C contains figures showing each
cycle versus the mean curve of R13(t)

Table 5 contrasts nine parameters obtained using the schematic curve approach with that using
the mean curve approach. Very'little difference is noted (with the possible exception of RM AX and

RCHM being about 8 percent lower, and ASCcyyy being about 13 percent lower; Dcepy is about 5

percent higher), so either approach can be useful when comparing a particular cycle with parametric
means or mean cycle values to estimate near-term sunspot activity within a given cycle.

Figure 17 shows the mean 1_{13(t) curve for the subgroups HIGH-EM AX cycles (top curve) and

LOW—EM AX cycles (bottom curve). The minima and maxima are again identified using light and dark
150
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Figure 15. Smoothed sunspot number (based on mean of cycles 8 through 20)
versus time from cycle minimum occurrence.
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TABLE 5. COMPARISON OF SCHEMATIC AND MEAN CURVE PARAMETRIC VALUES FOR
SELECTED PARAMETERS (BASED ON CYCLES 8 THROUGH 20)

PARAMETER SCHEMATIC CURVE VALUE MEAN CURVE VALUE
RMIN 5.18 5.18

RmMAX 116.18 106.87

RCcHM 60.72 56.03
ASCcHM 26.31 (24.83)* ~23

DCHM 56.08 ~59

ASC 48.15 48

DES 83.46 82

MIN—MIN PERIOD 131.62 130

PMAX 0.367 0.369

* VALUE EXCLUDING SCN 9
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Figure 17. Smoothed sunspot number for HIGH- and LOW-—RM AX cycles versus time
from cycle minimum occurrence.

triangles, respectively. For HIGH-EM AX Cycles, ﬁMIN is about 6.3 and ﬁM AX> occurring at t = 42, is
about 136.1. For LOW—ﬁMAX cycles, -RMIN is about 4.3 and _IiMAX’ occurring at t = 49, is about 83.8.
Thus HIGH-—RM AX cycles tend to have shorter ascent periods than LOW-EM AX Cycles.

Table 6 contrasts the same nine parameters used in Table 5 obtained using the schematic HIGH-
and LOW-Ryr 4y cycle curves (Table 3) with that using the mean HIGH- and LOW-Ry AX Cycle curves

(shown in Fig. 17). Again, little difference is observed between parameter mean values; the mean curve
values tend to run a little lower than the schematic curve values (except for Depgm HIGH-Ryppox cycles

which run higher). (Table 6 does not provide a comparison with DES, MIN-MIN PERIOD and PMAX

because the calculation was performed to deduce the mean curve for only 130 months, for comparison
to the mean cycle curve shown in Figure 15.) Appendix D contains figures showing each cycle versus the
mean curves in terms of R13(t) for the subgroups HIGH- and LOW-RM AX cycles.

Figure 18 gives the mean ﬁ13(t) curve for the subgroups LONG-PERIOD cycles (the lower §13
curve) and SHORT-PERIOD cycles (the higher ﬁ13 curve). The minima and maxima are again identified
using light and dark triangles, respectively. For LONG-PERIOD cycles, §MIN is about 5.5 and iM AX,
occurring at t = 50, is about 91.8. For SHORT-PERIOD cycles, I_{MIN is about 4.8 and ﬁM AX. occurring

at t = 44, is about 127.1. Thus, LONG-PERIOD cycles, averaging about 18 months longer than SHORT-
PERIOD cycles, tend to be lower in Rymax value (on average, about 35 units smaller), and longer in both

ASC and DES periods (on average, about 6 and 12 months, respectively).
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TABLE 6. COMPARISON OF SCHEMATIC AND MEAN CURVE PARAMETRIC VALUES FOR
SELECTED PARAMETERS (BASED ON HIGH- AND LOW-Ry;ox CYCLE GROUPINGS)

MEAN CURVE VALUE

HIGH-Rpmax LOW—RmAX

PARAMETER SCHEMATIC VALUE MEAN CURVE VALUE  SCHEMATIC VALUE
RMIN 6.27 6.27 4.26

RMAX 148.62 136.07 88.39

RCcHM 77.48 71.17 46.36
ASCcHM 29.00 ~24 24.00

DcHm 50.00 ~55 61.29

ASC 44.17 42 51.57

DES* 85.67 - 81.57
MIN—MIN PERIOD* 129.83 - 133.14
omaxt 0.340 - 0.390

4.26
83.76
44.01

~23
~61

49

*CALCULATION PERFORMED FOR ONLY 130 MONTH PERIOD, FOR COMPARISON TO MEAN CYCLE CURVE.
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Figure 18. Smoothed sunspot number for LONG- and SHORT-period cycles
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versus time from cycle minimum occurrence.
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Table 7 (as did Tables 5 and 6) contrasts the nine aforementioned parameters between
schematically determined values and those determined by means of the mean curves (shown in Fig. 18).
Slight differences are again noted. An interesting finding is that, regardless of grouping, ASCcypm is, on

average, always about 23 months. Thus, one could estimate Rmax and, perhaps, MIN-MIN PERIOD
some 2 years or so prior to Ry AX occurrence, based on a measure of Rz at ASCoppy (since this
corresponds to Reppy and Ryax = 2 Recam - Rmins the calculated Ryax would then be either
above/equal to the mean or below the mean RM value and, consequently, an estimation of MIN-MIN

PERIOD could be made, based on Table 3, for example). Appendix E contains figures showing cycle
versus the mean curves in terms of Ry3(t) for the subgroups LONG- and SHORT-PERIOD cycles.

TABLE 7. COMPARISON OF SCHEMATIC AND MEAN CURVE PARAMETRIC VALUES
FOR SELECTED PARAMETERS (BASED ON LONG- AND SHORT-PERIOD
CYCLE GROUPINGS)

LONG—PERIOD SHORT—PERIOD
PARAMETER SCHEMATIC VALUE _MEAN CURVE VALUE  SCHEMATIC VALUE MEAN CURVE VALUE
RMIN 5.49 5.49 4.83 4.83
RMAX 101.10 91.80 133.78 127.10
RCHM 53.33 48.65 69.35 65.97
ASCCHM 27.00 ~23 2550 ~23
DCHM 57.86 ~63 54.00 ~56
ASC 50.14 50 45.83 44
DES 89.86 90 76.00 78
MIN—MIN PERIOD 140.00 140 121.83 122
PMAX 0.359 0.357 0.376 0.361

Table 8 lists Ry, §13, sz, and sy3 values, as a function of t, for the mean cycle curves (cycles
8 through 20) shown in Figures 13 through 16, and §13 and sq3 values for the mean of HIGH—iMAX,
LOW-ﬁM AX> LONG-PERIOD, and SHORT-PERIOD cycles, shown in Figures 17 and 18. One can use
this table, for example, to compare Ry and Rz values of a particular cycle to the various means and,

perhaps, determine near-term sunspot activity levels and the group in which a particular cycle might
belong.

E. Linear Regression Equations Based on SCN

Recalling Table 2 (and Fig. 9), one can plot ﬁMIN’ EM Ax: ASC, DES, and iMIN(SCN + 1),
along with two other parameters — SLOPE Asc and SLOPEpgg — versus SCN. This has been done in
Figure 19. (Table 9 lists those data.) ﬁMIN and ﬁM AX show a definite downward trend for cycles 8

through 14 and an upward trend for cycles 14 through 20. ASC shows the converse of this; i.e., an
upward trend for cycles 8 through 14 and a downward trend for cycles 14 through 20. The trends have
been graphically illustrated by the use of linear regression lines shown in Figure 19.
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TABLE 8. MEAN SMOOTHED SUNSPOT NUMBER VALUES VERSUS t FOR SELECTED CYCLE GROUPINGS

MEAN OF HIGH- MEAN OF LOW- MEAN OF SHORT - MEAN OF LONG-
MEAN OF CYCLES 8—-20 ﬁMAx CYCLES Rmax CYCLES PERIOD CYCLES PERIOD CYCLES
R R R s (t)
t Rz Sz(l) nn Sn(t) 13 Sdt) R13 513(0 R13 S‘s(t) R13 13
(1] 4.08 299 5.18 274 6.27 252 4.26 257 4.83 2.23 5.49 3.07
1 4.33 4.23 533 281 6.43 254 4.39 2.68 4.93 2.23 567 3.19
2 4.78 5.10 583 2.92 6.97 256 4.86 286 $.38 229 6,21 333
3 5.38 6.11 6.45 2.88 7.65 238 5.43 2.87 5.93 2.03 6.90 3.38
4 6.65 5.03 7.07 274 8.33 205 5.99 2.78 6.65 183 743 3.28
5 5.15 4.22 7.65 2.69 8.93 1.72 6.54 287 7.45 1.96 781 3.17
6 6.58 4.15 8.47 2.93 9.75 1.88 7.37 3.21 8.40 229 8.53 3.38
7 10.32 6.09 9.62 321 11.03 224 8.41 343 9.56 2.82 9.69 352
8 10.18 5.08 10.82 341 12.48 2.56 9.39 341 10.87 3.20 10.77 358
9 12.88 6.81 12.12 3n 13.98 2.91 10.53 3.57 12.17 3.59 12.09 3.80
10 1288 6.60 13.60 4.12 15.57 334 11.91 3.97 13.65 4.01 13.56 4.21
1 1258 7.11 1543 471 17.65 4.03 13.53 441 15.77 4.69 15.14 4.71
12 15.75 899 17.59 5.31 20.15 4.73 15.40 4.77 18.02 5.40 17.23 5.21
13 19.92 9.25 19.85 6.00 22.72 5.78 17.39 5.01 20.27 6.21 19.49 5.80
14 18.22 9.12 22.46 7.19 25.95 7.42 19.47 5.44 23.18 7.68 21.84 6.69
15 23.35 9.28 25.45 8.11 29.52 8.39 21.97 5.95 26.33 885 24.70 7.32
16 23.98 11.10 28.70 8.97 33.38 9.47 24.69 6.14 29.73 10.32 27.81 7.51
7 31.89 14.60 32.16 10.48 37.58 11.72 27.51 6.27 33.78 12711 30.77 7.82
18 31.72 14.04 35.75 12.06 41.90 13.83 30.49 6.78 38.45 14.87 3344 8.30
19 39.41 19.65 39.05 13.58 45.93 15.66 33.16 7.56 43.25 16.68 35.46 8.72
20 43.56 19.67 42.55 15.10 50.32 17.32 35.90 8.38 47.92 18.23 37.96 9.63
21 51.36 12.29 46.74 16.71 55.50 19.11 39.23 9.12 52.83 19.87 41.51 10.99
22 52.47 27.31 50.89 18.60 60.60 21.48 42.57 984 57.92 22.15 4487 1197
23 55.77 25.72 54.95 20.72 65.95 23.97 4553 10.58 63.37 24.84 47.74 12.80
24 58.74 59.05 22.58 7127 26.05 48.59 1133 69.05 26 A6 50.49 13711
25 56.28 28.27 62.78 24.26 75.97 28.27 51.47 11.45 74.42 28.34 52.80 13.75
26 65.67 25.17 66.02 26.11 80.17 30.94 53.90 11.25 79.23 30.69 54.70 1343
27 76.72 28.03 68.82 27.92 84.07 33.26 55.74 11.36 83.27 32.91 56.43 13.67
28 69.47 34.61 71.38 28.76 87.08 34.09 57.93 12.14 86.45 3354 58.47 14.50
29 84.18 41.03 73.88 29.06 90.10 33.90 59.97 1281 89.27 3345 60.69 15.23
30 77.99 32.11 76.42 30.00 94.20 34.20 61.19 12.88 92.02 3459 63.06 16.09
n 82.48 39.42 79.38 31.21 98.87 34.82 62.69 1287 94.75 36.28 66.21 1746
32 78.28 38.82 83.10 32.85 104.75 3548 64.54 1339 98.50 38.65 69.90 1862
33 84.22 3283 8639 34,75 110.35 36.35 6586 14.01 102.75 41.09 72.37 19.22
34 81.10 26.04 89.09 35.78 114.68 36.43 67.16 14.06 106.32 42.00 74.33 19.85
35 87.06 32.46 91.48 36.38 118.25 36.27 68.53 13.74 108.83 4247 76.60 20.79
36 88.31 42.69 93.77 37.84 121.87 37.71 69.69 13.54 111.62 44.22 78.47 21.82
37 98.13 49.95 96.04 39.22 125,18 38.97 71.06 14.24 11438 45.33 80.31 23.67
38 113.14 50.05 98.57 40.52 128.95 39.59 72.53 1538 117.45 45.95 82.39 25.91
39 108.06 52.10 100.87 41.42 132.02 40.31 74.17 15.79 120.50 46.35 84.04 27.04
40 103.02 37.33 102.67 41.48 13393 40.50 7587 1531 123.02 45.90 85.23 27.04
41 107.46 51.31 10447 41.26 135.63 40.16 771.76 15.25 124.92 4553 86.94
42 108.34 55.33 105.50 40.90 136.08 39.94 79.29 1581 125.93 44.86 87.99 26.77
43 108.33 49.32 105.97 40.12 136.07 38.72 80.17 16.18 12665 43.23 88.24 26.57
44 113.28 52.52 106.22 338.11 135.88 36.82 80.79 16.67 127.10 41.40 88.31 26.03
45 103.93 39.92 106.07 37.92 135.07 34.88 81.21 17.01 126.28 4048 88.74 24.82
46 104.91 27.25 106.22 37.48 135.07 33.89 81.50 1734 125.75 40.81 89.49 23.97
47 106.36 34.32 106.65 37.30 135.07 33.23 82.30 18.75 125.95 40.75 90.11 2381
48 93.88 41.66 106.87 35.96 134.32 30.73 83.34 19.84 12537 39.18 91.01 23.27
49 103.75 45.34 106.52 34.29 133.08 28.08 83.76 19.63 123,77 37.49 91.74 2249
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TABLE 8. (Continued)

MEAN OF HIGH— MEAN OF LOW— MEAN OF SHORT— MEAN OF LONG—

MEAN OF CYCLES 8-20 Ajax CYCLES Rmax CYCLES PERIOD CYCLES PERIOD CYCLES
R t R s _{t R s __(t R R s (0

t R, sz Ri3 Sy 13 13" 13 13"t Ris 13 Ri3 13
50 113.52 44,54 10555 32,86 131,07 26.48 83.67 19.17 121,58 36,05 91.80 21,95
51 10277 46.38 10445 32552 12950 26.26 82,97 19,33 119,90 35.47 91.20 22.47
52 111.02 39,89 10340 3310 129,02 26.46 81.44 19.77 11882 35,70 9019 2376
53 109,76 22,36 102,75 3328 129,07 26.31 80.19 19.01 118,02 35.56 89.65 2453
54 111.36 2.7 102,95 3312 129,38 26,73 80,30 17,67 117,90 35.26 90,14 24,81
55 97.05 29.93 10337 32.75 129,15 28,25 81,27 15.81 117,98 35.55 90.84 2386
56 101,18 35.48 102,88 32,08 127,63 29.31 81.66 1412 117.27 35.93 9054 21.80
57 8954 4358 102,09 30.93 12588 28,24 81,70 13,64 116,30 34.76 89.91 20,34
58 94,32 34,02 101.20 30,07 124,05 27.47 80,90 1451 11385 3491 89.64 20,03
59 100.99 2.7 99,52 2093 12200 27.64 80.24 14,30 111,95 3293 88.86 2077
60 104.35 34,12 97,35 29,70 119.723 27.16 78.17 14,45 108.42 33,42 87.87 22,04
61 10246 31.86 96,02 29559 118,33 26,76 76.89 1483 106,15 32.99 87,33 2302
62 101.78 2876 95.32 29,16 11743 26.22 76.37 1453 104,78 32,45 87.21 2310
63 96.85 26.17 94,95 28.25 11685 24,58 76.19 14.17 10265 31.62 87.50 22.46
64 96,15 38.71 94,63 27.38 11645 22.70 75.93 1289 102,98 30.58 87.47 2191
65 84.28 36.92 93.38 26.47 11470 20,94 75.10 14,22 101,93 2845 86.04 2182
66 85.31 3338 91,41 25.68 11235 18.76 7346 1499 100,08 26.98 83.97 21,92
67 90.85 32.61 89,04 25.15 109,67 16,95 71,36 15.85 97.55 25.88 81.74 2203
68 90.98 25.50 86.41 24.90 10650 16.20 69,19 16,59 9455 25.26 79.43 22.33
69 90.76 33064 8372 24.67 10333 16.40 66.91 16.95 91.38 25.15 76.73 21,96
70 85.21 23,55 81.32 24,01 100,43 16.24 64,93 16.21 89,90 24,22 72.96 21,22
7 79.83 27.92 79.71 22.74 98,00 15.45 64.03 14,94 88,53 2.67 72.14 12:90
72 78.48 2338 78.44 2150 95.67 1485 63.67 14.03 87.98 21,37 70.26 17.94
73 72,82 23,88 76,58 19,94 92,48 14,36 62.94 12.59 86,23 20,05 68.30 15.66
7a 68.92 25.98 74,20 18.32 88.65 14.07 61.81 11,02 8325 18,66 66.44 1395
75 65.45 27.03 71.25 16.91 84,30 1324 60.06 10.47 79.58 16.94 64.10 1321
76 69,48 25.33 68.17 1558 80,02 11,97 58.01 10,22 75.37 15.55 62.00 1269
77 72.52 25.42 65.62 1482 76.98 1134 55,89 9,60 71,68 15,42 60.43 12.06
78 66.82 18.69 63.08 14.16 74,02 10,75 5371 8,95 68.32 15.44 58.60 1.7
79 64.61 15.52 60.45 1350 7080 10.29 51,59 8.79 64.87 1495 56.67 10.76
80 60.25 17.24 58,66 12,05 68,38 9,79 50,33 9.14 62.10 14.46 55,71 10.87
81 50.63 1862 57,62 1274 66,87 9.57 49.69 9.31 60,40 14.00 55.23 11.00
82 51,11 12.40 56.33 1256 65.25 9.17 48.69 9.71 58.57 13.86 54.41 10.98
83 52.84 18,32 5438 12,65 62.98 8.46 47.00 10.85 56.88 13.96 52,09 1124
8a 44,42 1493 52.27 1285 60.87 7,77 44,90 11.71 53.12 14,04 51.54 11768
85 4388 14.29 50,58 1338 59,68 7.81 42,77 12,17 51.33 14.18 4993 12.62
86 5492 2347 43,03 18222 58.30 8.56 41,09 1327 49,70 14,43 43.45 1402
87 54.43 22.88 47.73 1467 56.73 9.27 40,01 14,03 48.22 14,26 47.31 15.00
88 49,01 2382 4688 15.07 55,60 10.28. 39.41 14,49 47.38 14,16 46,46 15.79
89 4654 17.61 45.85 15.55 52,95 11,23 38,91 15.38 46,10 14,08 45.64 1671
90 42,37 18.27 4438 15.64 5223 11,63 38,59 15.88 aa.77 13,44 44.99 17.30
921 48,46 24,61 44,12 15.37 51,02 11.53 38.21 15.79 43.70 12,73 44,49 17.31
92 39,08 19.39 4271 1485 49,30 11.08 37.06 15,33 42,13 11,77 4320 17,03
93 40,48 1841 405¢ 14,46 46.70 1053 35.29 15.27 39.43 10.45 4151 71
94 4127 20.02 1852 1430 4812 1073 3373 15.20 36.85 9.35 39.96 17.33
95 38.07 18.61 36.99 14.34 42,33 11.91 32.41 1465 35.43 8.99 .13 1756
96 3556 15.47 36.08 1465 41,30 12.98 31,60 1452 3460 9.35 373 1789
97 3481 1454 35.05 1475 39.92 13.44 30,89 1455 3347 10,05 36.41 177
o8 2981 15.34 34,05 14.49 38,45 1380 3027 1299 2.35 10,53 35.50 17,04
99 27.98 18.43 3302 14.19 37.03 1411 2957 1332 3090 10,10 34383 16.71
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MEAN OF CYCLES 8-20

TABLE 8. (Concluded)

MEAN OF HIGH-
RMAX CYCLES

MEAN OF LOW-
R pmax CYCLES

MEAN OF SHORT~-
PERIOD CYCLES

MEAN OF LONG-
PERIOD CYCLES

R (t R s (¢
t R, S, (1) Rig s13m Rn s13 ) R13 S 13(1) h13 s 13 (t) 13 13
100 26.58 12.18 3146 13.92 3543 14.12 28.06 12.80 28.96 9.25 33.59 16.63
101 3248 18.41 30.12 13.64 33.98 13.65 26.81 12.74 27.45 8.13 3241 16.67
102 34.22 2144 29.05 1355 3292 1334 25.73 12.82 26.12 7.4 31.56 16.83
103 32.24 17.91 27.83 13.46 31.77 1340 24.46 12,57 2482 6.69 30.41 16.84
104 31.21 15.92 26.78 13.28 30.63 13.12 23.47 12.49 23.90 6.76 29.24 16.58
105 15.13 25.92 13.05 29.78 13.12 22.61 12.03 2313 6.87 28.31 16.23
106 21.05 1331 25.22 13.03 29.12 1354 21.89 1158 22.32 6.86 2771 16.17
107 26.22 17.89 24.37 12.89 28.08 13.46 21.19 11.46 21.25 6.66 27.04 15.97
108 2132 1281 2325 12.41 26.72 12.94 20.27 11.10 20.12 6.22 2593 15.40
109 19.81 1444 22.07 11.96 25.53 12.39 18.10 10.71 19.08 5.87 2463 14.89
110 19.28 13.06 2084 11.84 24.50 11.93 17.70 10.82 1797 6.10 23.30 14.68
11 18.55 1743 19.34 12.07 23.60 11.61 16.61 1151 16.97 650 2230 14.88
112 19.28 1340 19.15 12.13 22.67 11.38 16.14 11.97 16.02 6.55 21.84 14.86
13 18.95 1322 18.36 11.96 21.70 11.41 15.50 11.59 14.97 6.75 2127 14.36
114 20.19 1330 17.56 11.93 20.70 11.86 14.87 11.30 13.98 6.77 20.63 1430
115 18.62 12.77 17.02 12.13 20.08 12.15 14.40 1148 13.12 624 20.37 14.68
116 15.48 1244 16.55 12.09 19.45 12.18 14.06 11.44 12.22 543 20.26 14.71
117 15.21 1648 16.17 11.75 18.78 11.81 13.93 11.21 11.60 4,79 20.00 14.26
118 13.12 11.25 15.56 11.25 17.97 11.20 13.50 1087 11.08 4.44 19.40 1364
119 14.73 12.62 14.67 10.82 16.82 10.72 12.39 11.08 10.13 398 18.56 13.08
120 14,06 1480 13.72 10.27 15.68 10.31 12.04 9.93 9.02 352 17.76 12.24
121 1337 14.13 12.75 9.65 14.40 10.01 11.33 9.10 7.92 326 16.89 11.26
122 14.78 10.64 12.10 9.04 13.62 9.72 10.80 8.18 7.32 330 16.20 10.29
123 13,72 1083 11.82 8.31 13.48 9,13 10.40 7.23 15.54 9.38
124 9.39 7.50 11.65 7.76 13.15 8.62 10.37 6.68 14.86 8.98
}g 7.91 7.07 1152 2.27 13.00 8.12 10.26 6.18 14.14 868
8.38 5.26 11.28 6.44 12.95 7.22 9.86 5.29 13.14 7.93
122 6.83 4.97 11.05 5.56 12.67 6.18 9.66 451 12.11 6.96
128 11.84 641 10.75 5.16 12.55 5.65 9.21 a.11 10.99 6.40
129 12.15 859 10.62 5.08 12.87 5.23 8.70 4.07 991 6.01
130 9.24 5.74
131 8.90 589
132 8564 6.12
133 8.36 6.30
134 7.94 643
135 7.41 6.10
136 7.00 535
137 6.76 435
138 6.73 4.63
139 683 434
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Figure 19. Selected parameters versus SCN.



TABLE 9. LIST OF SELECTED PARAMETRIC DATA FOR SCN 8 THROUGH 21

SCN RMIN RMAX ASC  SLOPEpsc DES RpmIN(SCN+1)  SLOPEpEs

8 7.3 146.9 40 3.490 76 10.5 —1.795

9 105 132.0 bb 2.209 94 3.2 -1.370
10 3.2 97.9 50 1.894 85 5.2 -1.091
11 5.2 140.5 41 3.300 100 2.2 —1.383
12 2.2 74.6 60 1.207 74 5.0 —0.941
13 5.0 87.9 47 1.764 96 2.7 —0.888
14 2.7 64.2 49 1.255 89 1.5 —0.704
15 1.5 105.4 49 2.120 71 5.6 -1.406
16 5.6 78.1 57 1.272 65 35 -1.148
17 3..5 119.2 43 2.691 82 7.7 -1.360
18 7.7 151.8 39 3.695 83 34 —1.788
19 3.4 201.3 47 4.211 79 9.6 —2.427
20 9.6 110.6 49 2.061 91 12.2 —1.081
21 12.2 164.5 42 3.626 - - -

For —}iMIN’ the regression lines are given as

CYCLES 8-14: T{MIN =15.291 - 0.921 (SCN) (19a)
and

CYCLES 14-20: T{MIN =-11.290 + 0.950 (SCN) . (19b)

The Pearson correlation coefficient r equals -0.68 for cycles 8 through 14 and the standard error of
estimate Syx equals 1.60; for cycles 14 through 20, r = 0.70 and Syx = 2.09. (x = 5.2 and s = 2.7 for

the entire data set.)

For ﬁM AX> the regression lines are given as
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CYCLES 8-14: RMAX = 247,563 - 12.843 (SCN) (20a)
and

CYCLES 14-20: ﬁMAX =-127.061 + 14.454 (SCN) . (20b)
For cycles 8 through 14 r = -0.83 and Syx = 18.59, and for cycles 14 through 20 r = 0.68 and Syx =

34.21. (x = 116.2 and s = 36.7 for the entire data set.)

For ASC, the regression lines are given as

CYCLES 8-14: ASC = 40.610 + 0.750 (SCN) (21a)
and

CYCLES 14-20: ASC =60.932 - 0.786 (SCN) . (21b)
For cycles 8 through 14 r = 0.23 and Syx = 7.01; for cycles 14 through 20 r = -0.30 and Syx =5.40.
(x = 48.2 and s = 6.2 for the entire data set.)

The terms SLOPE Asc and SLOPEDES are simply defined as

SLOPEpgc = (Ryax ~ RypN)/ASC (22a)
and

SLOPEpEg = [RyN(SCN + 1) - Ryax1/DES . (22b)

A regression fit between SLOPEASC and SLOPEDES is shown in Figure 20. The regression line is
deduced as

SLOPE = -0.335 - 0.418 SLOPE . (23)
DES ASC

The Pearson r equals -0,91 and Syx equals 0.20. (From Fig. 19, it is seen that X = 2.4 and s = 1.0.)

In Figure 21 DES has been plotted against ASC. At first glance, the correlation looks very poor.
However, if one tags each data point as being either a long-period or short-period cycle, one observes
fairly strong correlations. In Figure 21 short-period cycles are identified as the lower diagonal line
(triangles) and the long-period cycles as the upper diagonal line (circles). Regression equations for these
groupings are given below as:

LONG-PERIOD CYCLES: DES =147.170 - 1.143 ASC (24a)
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Syx = 0.201
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1
ok
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100

90
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Figure 20. Descent slope versus ascent slope.

® LONG-PERIOD CYCLES
DES VS. ASC

S.A (PERIOD > 131.62 MONTHS)
A SHORT—PERIOD CYCLES
(PERIOD < 131.62 MONTHS)

LONG-PERIOD CYCLES
r=-081

Syx =550

DES =147.170 ~1.143 ASC

®12

SHORT —PERIOD CYCLES

70
r=-0.86

60
30 40

ASC
Figure 21, Descent period versus ascent period.
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and

SHORT-PERIOD CYCLES: DES =116.789 - 0.890 ASC . (24b)

For long-period cycles, r = -0.81 and Syx = 5.50; for short-period cycles, r = -0.86 and Syx = 3,94,

(From Fig. 19, it is seen that, for DES, x = 83.5 and s = 10.0.) If one were to do the linear-regression
analysis discarding the concept of long- and short-period cycles, one would deduce the relation

DES = 107.920 - 0.508 ASC  , (25)

based on cycles 8 through 20. The Pearson r equals -0.32 and Syx equals 10.29.

In Figure 22, RM AX has been plotted against ASC. Regression analysis, using the concept of long-
and short-period cycles, results in the following equations:

LONG-PERIOD CYCLES: I—{MAX = 193.157 - 1.836 ASC (26a)
and
SHORT-PERIOD CYCLES: I_{MAX = 295.056 - 3.519 ASC . (26b)
Rmax VS. ASC OLONG-PERIOD CYCLES

(PERIOD > 131.62 MONTHS)

A SHORT-PERIOD CYCLES
A9 (PERIOD < 131.62 MONTHS)

200[’

SHORT-PERIOD CYCLES

r=-0.55
Syx = 39.97

150k RMAX = 295.056 — 3.519 ASC

As
on
LONG-PERIOD CYCLES

Rmax

100

r=-0.39
Syx = 26.44
Rmax = 193.157 — 1.836 ASC
14
50 1 ! )
30 a0 50 60

ASC

Figure 22. Maximum cycle smoothed sunspot number versus ascent period.
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For long-period cycles, r = -0.39 and Syx = 26.44; for short-period cycles, r = -0.55 and Syx = 39.97.
Disregarding class results in

Rypax = 274016 - 3278 ASC @27
with r = -0.56 and S, = 33.15, or
ASC =59.071 - 0.094 Ryax (28)

with r = -0.56 and Syx = 5.62.

In Figure 22, it should be noted that cycle 19 looks suspiciously abnormal; it is 1.79 Syx units
too high based on equation (26a), 2.45 Syx units too high based on equation (27), and 2.32 s units too
high based on the parametric mean (Table 2). So, deleting SCN 19 from the analysis results in

Ryax = 301.221 - 3.968 ASC (29)
for SHORT-PERIOD CYCLES (r = -0.97 and Syx = 7.96) and

Rypax = 257.411 - 3,074 ASC (30)
for cycles 8 through 20 (of course, deleting SCN 19; r = -0.70 and Syx =22.12).

A comparison of ﬁM AX and T{MIN using the concept of long- and short-period cycles results in

the findings (Fig. 23)

LONG-PERIOD CYCLES: Ryax = 69.044 + 5.839 Ryn (31a)
and

SHORT-PERIOD CYCLES: Ryax = 124.294 + 1.964 Ry~ - (31b)

For long-period cycles, r = 0.68 and Syx = 16.64; for short-period cycles, r = 0.11 and Syx = 47.59.
Disregarding class results in

Ryax = 95.596 + 3.862 RyiN (32)

with r = 0.29 and Syx = 38.17. Deleting SCN 19 results in
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Figure 23. Maximum cycle smoothed sunspot number versus minimum
cycle smoothed sunspot number.

Rypax = 87.594 + 6.384 RyN (33)
for SHORT-PERIOD CYCLES (r = 0.55 and Syy = 29.37) and
Ryax = 78.411 + 5.756 Rypyn (34)

for cycles 8 through 20 (minus SCN 19; r = 0.57 and Syx = 25.51).

The above equations (and figures) have laid a simple foundation whereby estimations of
particularly interesting facets of solar cycle can be made, especially near-term sunspot activity, and
perhaps, next cycle activity. The next section will examine more closely correlations between selected
individual parameters, other than SCN.

F. Linear Regression Equations Based on Selected Parameters

Table 10 lists values for r, Syx’ ayys and byx for seventeen parameters (Y variables) correlated

with seven selected parameters (X variables) which occur in the early phase of a sunspot cycle and, thus,
may have some predictive ability. The X variables are listed vertically in the leftmost column; the Y
variables are identified horizontally across the top. For each XY variable combination, four numbers are
shown. These numbers are, in descending order, r, Syx’ ayxs and byx. (Recall that linear regressions
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137

SELECTED EARLY OCCURRING CYCLE PARAMETERS

TABLE 10. LINEAR REGRESSION COEFFICIENTS FOR CYCLE PARAMETERS BASED ON KNOWN

| ® R MIN-MIN| MAX- Az | R A= | R R

X 5 | Rmax [ RcHm [ASCcHm| Dchm | ASC | DES 1o oo  (MAX | dmax | dmin | tGPv [GPVR13 (tcfi/) tGNV [GNVR13 (,G::v, (sg::f"

r 0.29 0.35 0.43 —0.20 |-0.14 0.37 0.28 0.27 | -0.31 0.30 0.05 0.31 0.01 —-0.36 |-0.49 0.54 0.20

Syx | 38.17 19.08 5.70 9.82 6.69 10.09 10.37 13.07 0.05 0.04 10.43 2.34 32.33 7.96 0.86 21.39 3.50

RMIN ayx | 95.596 | 48.138 | 21.575 | 569.644 | 49.740 | 76.524 | 126.274 | 125.419 0.395 | 0.612 | 29.132 | 5.658 | 60.867 | 78.384 | —4.380 | 53.867 | 4.343
byx 3.862 2.429 0.914 | —0.688 | —0.307 1.339 1.032 1.226 | —0.005 | 0.004 0.183 0.257 2,435 | —1.024 |-0.164 4.628 | 0.235

r 0.89 0.89 0.25 —0.59 —0.49 | —-0.05 —0.35 0.22 | -0.28 |-—0.45 0.22 0.75 | —0.24 |-—0.79 0.71 0.32

A — Syx | 18.53 9.41 6.12 5.97 5.88 10.84 10.12 13.23 0.05 0.04 10.20 21.37 8.28 0.60 17.91 3.38
cpvR13 ayx | 16.048 | 9.337 | 21.864 | 73.010 | 57.556 | 84.902 | 142.458 |123.205| 0.408 0.685 | 23.678 4.647 | 78.804 | —3.006 | 26.576 | 2.269
byx | 14.321 | 7.349 0.635 | —2.422 | —1.345 | —0.206 | —1.551 1.225 | —0.006 | —0.007 0.915 9.844 | —0.819 | —-0.318 7.331 | 0.471

r 0.09 0.09 069 |-039 |-0.24 0.09 —0.06 0.01 |-0.22 |-0.05 0.22 0.55 0.04 |-0.29 0.15 | -0.21

Syx | 39.71 20.33 4.57 9.25 6.55 10.80 10.80 13.57 0.05 0.04 2.41 26.96 8.52 0.95 25.16 3.49
tgpv ayx | 106.404 | 55.576 | 13.737 | 67.270 | 52.873 | 80.572 | 133.425 | 125.513| 0.4001] 0.6330 5.462 | 22.103 | 72.178 | —4.418 | 66.981 7.726
byx 0.325| 0.171| 0.418 | —0.372 | —0.157 | 0.096 | —0.060 0.208 | —0.0011| —0.0002 0.051 1.708 0.030 | —0.027 | 0.361 | —0.072

r 1.00 | 020 |-050 |-056 | 0.0 | —025 | 021 | 042 |-012 | 009 | 089 | 078 |-034 |-069 | 088 | 043

Syx 1.42 6.19 8.71 5.62 10.80 10.47 13.27 0.05 0.04 10.41 1.15 20.31 8.02 0.72 11.84 3.22

ﬁMAX Byx 1352 | 22,708 | 70.603 | 59.071 | 80.439 | 139.520 | 123.521| 0.4251| 0.6446] 27.524 | 0.633 0.170 | 81.561 | —3.255 | 12.198 | 1.145
by x 0.511 0.031 | —0.125 | —0.094 | 0.026 | —0.068 0.071| —0.0005(—-0.0001| 0.022 | 0.055 0.631 | —0.073 | —0.017 0.565 | 0.038

r —056 | —-0.55 0.12 0.21 —0.32 0.31 —0.39 0.83 |-0.04 —0.24 | -0.49 -0.77 0.53 0.37 —0.65 | -0.18

Syx | 33.156 17.01 6.272 9.80 10.29 10.28 12.48 0.03 0.04 10.14 2.15 20.51 7.23 0.92 19.35 3.51
ASC 3yx | 274.016 | 141.082 | 21.014 |.40.720 170.920 | 107.930 | 169.809 ] 0.078 0.6426| 48.136 | 15.610 |251.683| 40.964 | —7.830 | 195.470 | 10.182
byx | —3.278| —1.669| 0.110 0319 -0.508 0.492 | —0.790| 0.006 |-0.0002| —0.375 | —0.179 | —3.701| 0.667 0.054 | —2.443 | —0.096

4 1.00 0.23 —0.50 | -055 0.12 —0.22 0.22 |-0.44 |-0.09 0.09 0.89 0.78 | -0.36 | -—-0.71 0.90 0.43

Syx 2.52 6.15 8.69 5.63 10.77 10.54 13.23 0.05 0.04 10.41 1.14 20.39 7.96 0.70 10.93 3.22

-ﬁCHM ayx | —2.103 22,060 | 71.017 | 59.262 | 79.574 | 138.846 | 122.783| 0.4338| 0.6451| 27.348 | 0.488 | —1.145| 82.188 7.294 9.469 | 1.006
by x 1.948 0.070 | —0.246 | —0.183 | 0.064 | —0.119 0.148 | —0.0011|—0.0002| 0.045 | 0.107 1.229 | —0.150 | —0.034 1.126 | 0.075

r 0.20 0.23 —0.63 0.12 0.27 0.35 0.24 |-0.10 0.18 0.69 0.25 032 | ~0.03 | —0.26 0.34 |-0.23

Syx | 39.06 19.88 7.78 6.70 | 10.44 10.14 13.18 0.05 0.04 7.55 2.39 30.61 8.52 0.96 | 23.90 3.47
ASCeopm | ayx | 83.214 | 41.540 82.495 | 44.835 | 71.094 | 115.939 | 118.352| 0.3880| 0.6014 | 0.008 4.448 | 30.121 | 74.106 | —4.151 | 41.611 8.9680
) by x 1253 0.729 —1.004 0.126 | 0.470 0.596 0.510| —0.0008| 0.0012 | 1.143 0.097 1.648 | —0.039 | —0.041 1.377 | —-0.130




take the form y = ayy + byx X.) All entries in Table 10 are based on cycles 8 through 20; no cycles

have been omitted, although in some cases the omission of one or two cycles will greatly improve r and
reduce Syx- Since there are 113 linear regressions contained in Table 10, it would be somewhat laborious

to discuss each one. Instead, only those of particular interest will be examined.

The first parameter that can be precisely known for a particular sunspot cycle is I_{MIN’ since

cycles are dated based on the occurrence of this parameter. [Actually, a cycle is already several months
underway before the parameter can be calculated; recall its definition based on_equation (2).] Thus,
one could approximate the seventeen later occurring parameters on the basis of Ryin alone. The next

most easily observable parameter is G%V 1—213. Recall, it is simply the greatest positive value rate of

change of §13 versus time, It usually occurs about 30 * 10 months into the cycle (although for cycles
19 through 21, it occurred about 22 * 2 months). Once G%V §13 has been observed, then topy is

known [and also _ﬁl 3(tGPV)’ although it has not been selected as an X variable for any of these
regressions]. The final most easily observable early cycle parameter is iM AX> Which usually occurs about

48 + 6 months into the cycle. Once it has been observed, then ASC, iCHM and ASCcpyy are precisely
known. :

As noted at the beginning of Section III, correlation coefficients (i.e., r) which are large in
absolute value (i.e., [r] ~ 1) imply a strong relationship between parameters X and Y; on the other hand,
correlation coefficients which are small in absolute value (i.e., |r| ~ 0) imply very weak relationships,
suggesting that parametric mean values and their standard deviations may be the more appropriate
statistics to use. A positive correlation (i.e., r > 0) means that as the X variable increases in value, so
does Y. A negative correlation (i.e., r < Q) implies an inverse relationship; i.e., as the X variable increases
in value, Y decreases. To reduce the number of equations for discussion, |r| = 0.5 has been arbitrarily
selected as the basic criterion for determining when a relatively strong correlation is suggested.

Concerning the X variable —RMIN’ it is positively correlated with about 70 percent of the Y

parameters. Five of the correlations are very weak (i.e., |rf < 0.25), eleven are relatively weak (ie.,
0.25 < [|r|] < 0.50), and only one is considered a relatively strong correlation (i.e., |r] = 0.50). Thus,
while approximate values could be predicted for each of the seventeen parameters on the basis of RMIN:

only the one between ﬁMIN and T{13(tGNV) is considered of relative importance. The regression
equation associating these two parameters is

RyzltgNy) = 53.867 + 4.628 Ryypy - (35)

The Pearson r equals 0.54 and Syx equals 21.39. Since its mean value is 77.84 with a standard deviation

of 23.40, one may somewhat more confidently predict it about 6 years prior to its occurrence to an
accuracy slightly better than by using the mean value.

Concerning the X variable G%V I_{13, it is positively correlated with about half of the Y parame-

ters. Four correlations are very weak, six relatively weak, and six are relatively strong. (Three are
considered to be very strong; i.e., |r| = 0.75.) Equations for the relatively strong correlations are
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Ryax = 16048 + 14321 & Ry3 (36)

(r = 0.88, Syy = 18.63)

R =9337+7349 A R
CHM 49 gpy K13 (37

(r = 0.89, Syx = 9.40)

Deppy = 73-010 - 2.422 G%V Riz3 (38)

(r=-0.59, Syy = 5.97)

Rj3(tgpy) = 4.647 + 9.844 G%V Ri3 (39)

(r=0.75, Syx = 21.37)

G%V Rj3=-3.006-0318 & Ryz (40)
@ =-0.79, Syx = 0.60)
and

(r=0.71, Syx =17.91)

Concerning t , that is the time at which A R occurs, it is positively correlated with about
GPV Gpy 13 _

half of the parameters. Only two correlations are relatively strong, two are weak and twelve are very
weak. Equations for the relatively strong correlations are
ASCogMm = 13.737 + 0.418 tgpy 42)
(r=0.69, Syx =4.57)
and

Ry3(tgpy) = 22.103 + 1.708 tgpy - (43)

(r = 0.55, Syx = 22.103)
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Concerning I_QM AX> it is positively correlated with about half of the parameters. Five correlations

are very weak, four are relatively weak, and seven are relatively strong (of which four are very strong).
Equations for the relatively strong correlations are

(r=1.00, Sy = 1.42)

Degy = 70.603 - 0.125 Ryjax (45)

(r = -0.50, Sy = 8.71)

ASC = 59.071 - 0.094 Rypax > (46)

(r = -0.56, Syy = 5.62)

A Ri2=0.633+0.055 R
A, Ri3=0633+0055 Rygax @7)

(r=0.89, Sy, = 1.15)

§13(tGPV) =0.170 + 0.632 ﬁMAX R (48)

(r = 0.78, Syy = 20.31)

A —_— _ —_—
oy R13 =-3.255 - 0017 Ryax (49)
(r =-0.69, Syx =0.72)
and
Rys(tgny) = 12.198 + 0.565 Ryax - (50)
(r =0.88, SyX =11.84)
Concerning ASC, it is positively correlated with only about 40 percent of the parameters. Five
are very weak correlations, five are relatively weak, and six are relatively strong (of which two are very
strong). Equations for the relatively strong correlations are

Ryax = 274016 - 3.278 ASC (1)

(r = -0.56, Syy = 33.15)
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Repy = 141.082 - 1.669 ASC (52)

(r = -0.55, Syy = 17.01)

(r=0.83, Sy, = 0.03)

Ry3 (tgpy) = 251.683 - 3.701 ASC (54

(r = -0.77, Syx = 20.51)

tGNV = 40.964 + 0.667 ASC , (55)
(r=0.53, Syx = 7.23)
and
1_{13(tGNV) =195.470 - 2.443 ASC . (56)

(r = -0.65, Syy = 19.35)

Concerning iCHM’ it is positively correlated with about half of the parameters. Six are very weak

correlations, three are relatively weak, and seven are relatively strong (of which four are very strong).
Equations for the relatively strong correlations are

Rypax = -2.103 + 1.948 Reppy (57)

(r = 1.00, Sy = 2.52)

(r = -0.50, Syx = 8.69)

ASC =59.262 - 0.183 Rcym (59)

(r = -0.55, Syy = 5.63)

A R;3=0488+0.107 R
apy R13 CHM > (60)

(r=0.89, S,y = 1.14)
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Ryaltepy) = -1.145 + 1,229 R , (61)
13{Gpy CHM

(r=0.78, Syx = 20.39)

A Ry3=17294-0034R 62
oNy R13 =729 CHM - (62)

(r =-0.71, Sy, = 0.70)
and
Ri3(tgNy) = 9469 + 1.126 Repyp - (63)

(r=0.90, Sy = 10.93)

Finally, concerning ASCcopms about 70 percent are positively correlated. Seven are very weak

correlations, seven are relatively weak, and only two are relatively strong correlations. Equations for the
relatively strong correlations are

DCHM = 82.495 - 1.004 ASCCHM (64)
(r = -0.63, Syx = 7.78)
and
tGPV = 0.008 + 1.143 ASCCHM . (65)

(r = 0.69, Syy = 7.55)

A second correlative listing, constructed similarly to Table 10 and really just a continuation of it,
appears in Table 11. Here the X parameters are now sums of Ry over certain time periods from RMIN

occurrence. The three shown have been arbitrarily selected. In conjunction with I—{MIN’ ASCeopv» and

GléV §13’ they will allow parameters to be estimated about once every six months (from ﬁMIN

occurrence); thus, together they yield about five or so separate approximations to the parameters, some
one to two years prior to RM AX occurrence.

12
Concerning Z RZ(t), about two-thirds are positively correlated. Eight are very weak correlations,

t=0
six are relatively weak, and two are relatively strong. Equations for the relatively strong correlations are

12
A, Rz =-3.892- 0012 z(; Ry(t) (66)
t=
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TABLE 11. LINEAR REGRESSION COEFFICIENTS FOR CYCLE PARAMETERS BASED ON KNOWN SUMS OF

MONTHLY MEAN SUNSPOT NUMBER FOR THE TIME INTERVALS 12, 18 AND 24 MONTHS

x Y | Pamax | Roum |AScorm| Do | Asc | oes [MIRAH ootaX] max | Buain | oy P13 [Rygttgev]  tonv dnvis [Rrattgay (2:3:"
' 0.3 0.42 020 | -018 | -022 0.34 0.2% 0.32 -0 016 | -0.16 0.44 0.18 -030 | -052 0.54 0.21

12 Syx | 3w 1853 6.19 9.87 6.59 1020 1058 1284 0.05 004 | 1031 221 3178 8.12 0.85 2150 3.49
E“"') Syx | 78591 | 38300 | 22964 | 60765 | 51342 | 73.756 | 12582 | 120281 0.4116] 06107| 34542 | 4149 | 57976 | 79884 | -3892 | 42259 3664
byx 0.337 0201 0030 | -0042 | —0.034 0.087 0.052 0.103 | -0.0004] 00002| -0.040 | 0025 0139 | -0061 | -0.012 0.319 0.017

' 0.55 058 | 017 | -017 | -040 0.36 0.12 0.44 -0.46 002 | -045 053 0.21 -042 | -0.44 0.61 0.21

1’ Syx | 3329 16.61 6.22 988 6.20 10.10 10.74 12.18 0.05 0.04 9.29 2.10 31.60 7.74 0.89 20.07 3.48
%n!m syx | 473768 | 23451 | 29698 | 61.553 | s6.49 70.960 | 127.711 | 113.005 oass2| 06330 4519 | 2921 52.109 | 84287 | -3.927 | 28583 3.214
byx 0254 0.143 | -0.013 | -0.021 | -0.032 0.048 0.015 0072 | —00003| 00000 -0.058 | 0016 0082 | —0043 | -0.005 0.189 | 0.009

' 077 078 | —024 | —024 | —04s 018 | -0.10 .| 035 -039 | -021 | -039 0.72 0.38 -042 | -050 0.67 0.40

2‘“n © Syx | 25.46 12.88 6.13 9.75 6.04 10.68 1075 | 1268 0.05 0.04 9.63 1.7 23.91 7.72 0.86 18.95 327
o ayx | 24023 | 12956 | 30805 | 63385 | 57.141 | 77.841 | 134.992 | 117.160 0.4232| 06330 42442 | 1666 36.393 | 83.757 | —3.544 | 26.704 1.065
Byx 0.164 0095 | -0.008 | -0.013 | -0.016 0.010 | -0.006 0026 | -0.0001| 00000 -0.022 | 0.009 0.066 | ~0.019 | —0.003 0.091 0.008




(r =-0.52, Syy = 0.85)

and
12
Ry3ltgNy) = 42.259 +0.319 D Rz(t) . (67)
t=0
(r = 0.54, Syx =21.50)
18
Concerning Z Rz(t), about 60 percent are positively correlated. Six are very weak correlations,
t=0

seven are relatively weak, and four are relatively strong. Equations for the relatively strong correlations
are
18
Ryax = 47.376 +0.264 ) _Rz(t) (68)
t=0
(r=20.55, Syx = 33.29)

18

Repy = 23451 +0.143 ) Ry() . (69)
t=0

(r = 0.58, Syy = 16.61)

18
A Ry3=2921+0.016 ) Ryt
A, Ry3=2921+0016 3 Rz (70)
t=0
(r = 0.53, Syx =2.10)
and
18
Ry3ltgpy) = 28.583 +0.189 D Rz(t) . (71)
t=0
(r=0.61, Syx =20.07)
24
Finally, concerning Z Rz(t), about half are positively correlated. Five are very weak correla-
t=0

tions, seven are relatively weak, and five are relatively strong correlations. Equations for the relatively
strong correlations are
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24

Rypax = 24.023 +0.164 D Ry(t) (72)
t=0

(r = 0.77, Syy = 25.46)

24

Repp = 12,956 +0.085 ) Rz(t) (73)
t=0

(r = 0.78, Syy = 12.88)

24

A B, =
S, Ri3 = 1666 +0.009 D Rz(1) (74)

t=0
(r =072, Sy = 1.71)
24

A Ryq=-3.544 -

Ay Ri3 = -3.544 - 0,003 ggRZ(t) , (75)

(r = -0.50, Syx = 0.86)

and
24

R}3(tgyy,,) = 26704 + 0.091 DR 0 . (76)
t=0

(r = 0.67, Syx = 18.95)

Tables 10 and 11 allow parametric approximations to be made, based on selected early cycle
parameters. In addition to these early cycle parameters, there are three late cycle parameters that may be
of interest for estimating DES, Ryn(SCN + 1) and MIN-MIN PERIOD. These include GI%IV Ry3s tgNVs

and DCHM‘ Table 12 lists r, Syx’ Ay and byx values, in similar fashion to Tables 10 and 11, for these
late cycle parametric correlations.
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TABLE 12. LINEAR REGRESSION COEFFICIENTS FOR SELECTED CYCLE PARAMETERS
BASED ON KNOWN SELECTED LATE OCCURRING CYCLE PARAMETERS

Y PARAMETER

STATISTICAL —
X PARAMETER  PARAMETERS DES RMIN(SCN +1)  MIN—MIN PERIOD
A —_
GNVR13 r 0.22 —-0.25 0.45
Syx 10.58 3.45 9.65
ayx 96.080 0.879 157.482
byx 2.413 —0.895 4.945
tGNV r —0.38 -0.25 —0.05
Syx 10.04 3.45 10.80
ayx 118.831 13.160 136.370
byx —0.484 —0.104 —0.065
DCHM r —-0.13 0.29 0.001
Syx 10.75 3.41 10.82
ayx 91.479 —~0.160 131.564
byx —-0.143 0.102 0.001

Inspection of Table 12 reveals that none of these late cycle parameters are strongly correlated
with DES, Rpn(SCN + 1) or MIN-MIN PERIOD. The strongest correlation appears to be between

G?\IV Ry3 and MIN-MIN PERIOD which has r = 0.45 and Syx = 9,65. The regression equation is

MIN-MIN PERIOD = 157.482 +4.945 A Rz . (77)

(It should be noted that equation (77) has the highest correlation for MIN-MIN PERIOD of the cycle
parameters tested.)

One additional parameter of interest remains to be discussed. This is MAX-MAX PERIOD. A
comparison of MAX-MAX PERIOD with DES and MIN-MIN PERIOD appears below:

MAX-MAX PERIOD = 40,047 + 1.099 DES (78)

(r=0.88, Syy = 5.17)
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and
MAX-MAX PERIOD = 26.737 + 0.798 (MIN-MIN PERIOD) . (79

(r = 0.64, Syy = 8.35)

Both correlations are relatively strong and positive. Equation (78) allows one to estimate ASC(SCN + 1),
since

MAX-MAX PERIOD = DES(SCN) + ASC(SCN + 1) . (80)

IV. DISCUSSION

A. General Remarks Concerning Sunspot Cycles

Of all the aforementioned parameters, five are probably of the most interest for any given cycle.
These include: RMIN occurrence date, RMIN value, RM AX oOccurrence date, RM AX Vvalue, and cycle

duration (or MIN-MIN PERIOD). From these, we can crudely determine Rl 3 values as a function of

time and determine many of the other cycle parameters. In Figure 19, it was observed that the trend for
both Ry and Ryax values, as a function of SCN, is downward for cycles 8 through 14 and upward

for cycles 14 through 20. The correlation coefficients are about |r| = 0.7, suggesting that iMIN and
_RM AX Mmay be related to each other, in a positive sense. Indeed, this is found to be true, although the

correlation is not as strong as might be desired. If SCN 19 is excluded, the correlation is much stronger;
if SCN 19 is excluded and sunspot cycles are considered in terms of long-period and short-period cycle
groups, then the correlation is very much higher. Thus, high-valued Ry cycles tend to have high-

I_{M AX values, rise to maximum more quickly (i.e., they have short ASC), and decay more slowly (i.e.,
they have long DES) than low-valued —RMIN cycles, and these parameters appear to be distributed by

cycle duration. The correlation between DES and ASC is also very high (|r| = 0.8) when the long- and
short-period cycle grouping is employed, as it is for Ryjpx and ASC.

B. SCN 21 Parametric Estimations

The preceding sections have identified mean values, standard deviations, ranges and correlations
between easily observable parameters and SCN, based on cycles 8 through 20. This paper will now
examine what these results have to say about cycle 21 — the present sunspot cycle which is now about
4 years past solar maximum and about 7 years into the cycle. To do this, the beginning point must be
selected parameters for the last observed cycle — SCN 20 — which began in October 1964 (iMIN

occurrence) and peaked in November 1968 (—ﬁM AX occurrence). (See Table 2.)

The first problem to be addressed is the determination of T{MIN(SCN 20 + 1) occurrence, marking
the end of SCN 20 and the beginning of SCN 21. (Please note that I_{MIN(SCN 21) has already occurred
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and, therefore, is known; this is merely an exercise to determine the ability to approximate such things
as Rpypn occurrence date for a future cycle based on the findings from the previous sections.) Since

cycle 20 began in October 1964, it is known, based on mean values, that its MIN-MIN PERIOD approxi-
mately equals 132 + 10 months (i.e., 1-sigma accuracy, corresponding to about 68 percent chance of
occurrence within the stated range); consequently, Ryun (SCN 21) occurrence date is approximated to

be October 1975, give or take about 10 months. This same date can be deduced by applying the mean
value of DES to the Rym AX(SCN 20) occurrence date.

Another projection comes from use of equation (77) in conjunction with A §13 (SCN 20).
Recall, GNV

MIN-MIN PERIOD = 157.482 + 4.945 A Ryz . amn

Since Gﬁv §13 (SCN 20) = -5.3, MIN-MIN PERIOD equals 131.27 and iMIN (SCN 21) occurrence

date is then October 1964 + 131.27 months or about September 1975 (10 months). Several other
RMIN(SCN 21) occurrence dates can be projected based on various regression equations summarized in

Table 10, each with a 1-sigma confidence limit of about 10 months. These _include April 1976 (based on
DES versus Ryyn), February 1976 (based on MIN-MIN PERIOD versus RMmINDs October 1975 (based

on MIN-MIN PERIOD versus G%V §13, _RM AX Or ASC; and DES versus ASC), September 1975 (based

on DES versus ASCepypyp) and August 1975 (based on MIN-MIN PERIOD versus ASCopp)- Still another
date, March 1976 £ 18 months, comes from equations (22) and (23) and Table 9.

A different strategy might be to determine MIN-MIN PERIOD based | on a comparison of SCN 20
with other “similar” cycles. SCN 20 could be categorized as a low-valued RM AX cvcle (e, RM AX <

116.2; Table 4), based on its RM AXx Vvalue at cycle maximum. Thus, its MIN-MIN PERIOD would have
been expected to be about 133 months * 8 months, suggesting an ﬁMIN (SCN 21) occurrence date of

November 1975. Inspection of Table 4 reveals, however, that (excluding SCN 20), four of six low-valued
RM AX cvcles were also long-period cycles (including cycle 20 makes it 5 of 7), having a MIN-MIN

PERIOD of about 138 months * 4 months; so, one might expect SCN 20 to have an RMIN(SCN 20+ 1)

occurrence date of April 1976. As previously noted, MIN-MIN PERIOD is not evenly distributed. Instead,
there appears to be a long-period cycle group and a short-period cycle group. If this logic is applied to
SCN 20, then the RMIN(SCN 21) occurrence date would be either December 1974 + 3 months, if SCN

20 is a short-period cycle (see Table 4), or it would be June 1976 + 5 months, if SCN 20 is a long-period
cycle. [These same dates can be obtained from equation (24).] Thus, if the projection is based upon R13

values post-June 1975, one would have to conclude that RMIN(SCN 21) occurrence date would be June
1976 £ 5 months. In fact, ﬁMIN(SCN 21) is known to have occurred in June 1976.

A final point is that ﬁMIN(SCN + 1) is approximately 5.6 + 3.3, yielding the 3-sigma upper limit
of RyiN(SCN + 1) to be about 15.5. Thus, if R;3 is greater than 15.5 in December 1974, then the
occurrence date for EMIN(SCN 21) is very highly probable to occur at the later projected date. In
December 1974, cycle 20 had §13 ~ 25, almost 6 sigma too high to be considered ﬁMIN5 so0, it could
have been determined as early as December 1974 that minimum for cycle 21 would not occur until about
June 1976 (which it did).
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The second problem to be addressed is the determination of the value of Ryypy at Ryin(SCN 21)

occurrence. (Again, this parameter is already known.) Based on mean value and l-sigma confidence,
RMIN(SCN 21) would be expected to be about 5.2 = 2.7 (Table 2). Low- RM AX Cycles have RMIN(SCN

+ 1) = 5.1 £ 3.2 and long-period cycles have RMIN(SCN + 1) = 4.6 £ 3.4 (Table 4). Figures 9A, 10A
and 19 reveal that the trend of the last 8 sunspot cycles has been toward higher EMIN values. Equation
(19) suggests a value of ﬁMIN(SCN 21) = 8.7 £ 2.1, if the trend continues upward. Based on parametric

correlation, RyN(SCN 21) = 5.3 + 3.2 [Table 10, Ryypn(SCN + 1) versus Ryppx] or 6.2 + 3.3 [Table
24

11, ﬁMIN(SCN +1) versus Z Rz(t); Appendix F lists values ofz Rz(t) for 12-, 18-, and 24-month
t=0
periods for SCN 8 through 21]. Thus, a value between 1.2 and 10.8 would be expected for T{MINSCN

21). The best guess is probably 8.7 + 2.1, shown above, since its correlation is relatively strong (r = 0.7).
RMIN(SCN 21) was observed to be 12.2; i.e., about 1.7 Syx units greater in value than its predicted value

or about 2.6 s units greater than the mean value, based on cycles 8 through 20. Therefore, the upward
trend in RMIN continued, at least through cycle 21.

Now, given iMIN and its occurrence date, we can estimate the remaining cycle parameters on the

basis of the relationships identified in Table 10. As the cycle progresses, we can update these estimates
based on the occurrence of other early cycle parameters; namely, G%V Ry3, tgpys RM AX> ASC, RCHM’
and ASCCHM.

Table 13 compares observed values (for SCN 21) of the aforeme_ntioned cycle parameters with
their respective mean values (i.e., the means of cycles 8 through 20, LOW-Rpax cycles, HIGH-Ryax

cyeles , LONG-PERIOD cycles and SHORT-PERIOD cycles; Table 4) and those based on RMIN'

and G?V l_{l 3-correlation equations. (Please note that these two early cycle parameters usually have the

highest Pearson correlation coefficient; exceptions are noted as footnotes in Table 13.) The numbers in
parentheses are the standard deviations in the case of mean value numbers or the standard error of
estimates for the correlation-equation derived values.

As an example, it is seen that, based on the mean of cycles 8 through 20 and 1-sigma confidence,
RMAX(SCN 21) = 116.2 + 36.7. If cycle 21 is a LOW-RMAX cycle, then RMAX(SCN 21) = 884 +

15.8; however, if cycle 21 is a HIGH—RMAX cycle, then RMAX(SCN 21) = 148.6 + 25.8. If cycle 21 is
a LONG-PERIOD cycle, ﬁMAX(SCN 21) = 101.1 £ 26.3; but, if cycle 21 is a SHORT-PERIOD cycle,
then EMAX(SCN 21) = 133.8 * 39.1_. Based on ﬁMIN(SCN_N) = 12.2, T{MAX(SCN 21) is computed
to be 142.7 * 38.2; based on G%V Rj3(SCN 21) = + 8.1, Ryjpx(SCN 21) is 132.0 * 18.5. So, both

G%V§13(SCN 21) suggest I—{M AX(SCN 21) = EM AXMEAN cycles 8 through

20), implying that cycle 21 will probably be a HIGH—I_{M AX cycle and also of short cycle-duration
(i.e., a SHORT-PERIOD cycle); it follows, then, that the best guess estimate for ﬁM AX(SCN 21) is 141.2
% 32.5 (an average of the two mean cycle numbers; i.e., HIGH-Ryppx plus SHORT-PERIOD cycle esti-
mates divided by 2). [Note: EMAX(SCN 21) would have been estimated to be 176.5 + 34.2 based
on equation (20) and assuming that the RM Ax versus SCN upward trend continued.] RM AX(SCN 21)

RpN(SCN 21) and

is observed to be 164.5 or about 0.6 s unit above the mean based on HIGH-I_{M AX cycles; it is about
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TABLE 13. COMPARISON OF OBSERVED VALUES OF SELECTED CYCLE PARAMETERS FOR CYCLE 21 WITH

VARIOUS ESTIMATES BASED ON KNOWN RMIN' AND Gf’V I—{13-BASED LINEAR REGRESSION

EQUATIONS AND ON MEAN VALUES FOR HIGH- AND LOW-Ry;px AND LONG-
AND SHORT-PERIOD CYCLE GROUPINGS

OBSERVED  CYCLE 8-20 RMIN-BASED GAVR13-BASED LOW—Rpmax HIGH-Rpmax LONG PERIOD  SHORT PERIOD
PARAMETER VALUE MEAN VALUE ___ ESTIMATED VALUE __ ESTIMATED VALUE __ MEAN VALUE _ MEAN VALUE  MEAN VALUE __ MEAN VALUE
RmAX 164.5 116.2 (36.7) 142.7 (38.2) 132.0 (18.5) 88.4 (15.8) 148.6 (25.8) 101.1(26.3) 133.8 (39.1)
1 ReHM 88.4 60.7 (18.8) 77.8 (19.1) 68.9 (9.4) 46.4 (8.5) 77.5 (12.6) 53.3 (14.3) 69.4 (19.7)
2 ASCCHM 24 26.3(5.8) 327 (5.7) 27.0 (6.1) 24.0(2.8) 29.0{7.1) 27.0 (2.6} 255 (2.3)
24.8 (2.9)* 26.0 (25)* 24.2 (3.2)*
3 DCHM - 56.1(9.2) 51.3 (9.8) 53.4 (6.0) 61.3(8.3) 50.0 (5.9) 57.9 (12.0) 54.0 (3.2)
575 (8.1)* 52.2 (3.7)* 61.0 (9.9)*

4 ASC 42 48.2 (6.2) 46.0 (6.7) 46.7 (5.9) 51.6 (4.5) 44.2 (5.5) 50.1 (5.6) 45.8 (6.1)

. DES - 83.5 (10.0 92.9 (10.1) 83.2 (10.8) 81.6 (10.7) 85.7 (8.5) 89.9 (7.9) 76.0 (6.3)
MIN—MIN PERIOD - 131.6 (10.0) 138.9 (10.4) 129.9 (10.1) 133.1(8.2) 129.8 (11.4) 140.0 (4.7) 1218 (3.3)
MAX—MAX PERIOD - 131.8 (12.5) 140.4 (13.1) 133.1 (13.2) 128.4 (11.1) 135.7 (12.8) 138.1 (12.1) 124.3 (8.0)
Dmax - 0.37 (0.05) 0.33 (0.05) 0.36 (0.05) 0.39 (0.05) 0.34 (0.03) 0.36 (0.04) 0.38 (0.05)
MmN - 0.63 (0.04) 0.66 (0.04) 0.63 (0.04) 0.63 (0.04) 0.63 (0.03) 0.65 {0.02) 0.61 (0.04)
tGpV 24 30.1(9.6) 31.4 (10.4) 31.1(10.2) 27.3(105) 33.3(7.2) 28.6 (10.8) 31.8(7.7)

28.8 (8.9) 31.0 (5.5)* 25.8 (9.1)*
GAvR3 +8.1 +7.0 (2.3) +8.8 (2.3) X +5.4 (1.6) +8.9 (1.3) +5.8 (2.1) +8.3 (1.6)
Rq3ltgpv) 89.3 73.5(29.7) 90.6 (32.3) 84.4 (21.37) 50.6 (18.8) 100.2 (13.6) 57.1(21.8) 92,6 {26.1)
tGNV - 73.1(7.8) 65.9 (8.0) 72.2(8.3) 75.3 (8.9) 705 (5.3) 73.0 (8.4) 73.2(7.2)
GhVR13 - —5.2(0.9) ~6.4 (0.9) —5.6 (0.6) -4.7 (0.7) -5.9(0.7) -4.7 (0.7) -5.8(0.7)
Rq3ltgny) - 77.8 (23.4) 110.3 (21.4) 86.0 (17.9) 60.2 (17.0) 98.4 (8.1) 74.7 (20.9) 81.5 (25.5)
RMINISCN +1) - 5.6 (3.3) 7.2 (35) 6.1(3.4) 5.1(3.2) 6.1(3.3) 4.6 (3.4) 6.7 (2.8)

*EXCLUDES SCN 9

1 RcHm = 1.352 + 0511 Ryax: THEREFORE, RcHm (SCN 21) = 85.4
(r=1.00,S,, = 1.4)

2 ASCCHM = 13.737 + 0.418 tGpy; THEREFORE ASC .y (SCN 21) = 23.8, IN VERY GOOD AGREEMENT WITH THE OBSERVED VALUE
{r=0.69, Sy, = 4.6)

3 DcHM=82.495 — 1.004 ASCcopym: THEREFORE Dopypm (SCN 21) =58.4
{r=—-0.63, Syx = 7.8)

4 ASC = 59.071 — 0.094 Ryyax: THEREFORE ASC (SCN 21) = 43.6
{r=—-056,5,,=56) .



0.8 s unit above the mean based on SHORT-PERIOD cycles, about 0.6 Syx unit above the predicted
value based on RMIN correlation, and about 1.8 Syx units above the predicted value based on GIQVRIB’

correlation. It is only 0.4 Syx unit below the value predicted from equation (20).

As a second example, based on the mean of cycles 8 through 20, ASCop(SCN 21) = 26.3
5.8; excluding SCN 9 yields ASCop(SCN 21) = 24.8 £ 2.9. Since, from above, cycle 21 was expected
to be a HIGH—RM AX cycle, excluding SCN 9, ASCCHM(SCN 21) = 26.0 £ 2.5 would be estimated.
[The SHORT-PERIOD cycle mean suggests ASCopp(SCN 21) = 25.5 = 2.3.] Based on I_{MIN(SCN 21)
and G%V I—{13(SCN 21), AScpMm(SCN 21) = 32,7 + 5.7 and 27.0 £ 6.1, are computed, respectively.

Based on tgpy(SCN 21), ASCopgm(SCN 21) = 23.8 & 4.6 is computed (footnote 2, Table 13). The best
guess estimate for ASCcpyp(SCN 21) is probably 25.8 + 2.4, based on the average of HIGH-ﬁM AX and
SHORT-PERIOD cycle numbers. ASCopp(SCN 21) is observed to be 24 months or about 0.8 s unit
below the mean of HIGH-ﬁM AXx cvcles, about 0.7 s unit below the mean of SHORT-PERIOD cycles,
about 0.3 s unit below the mean of cycles 8 through 20 (excluding SCN 9), about 1.5 Syx units below
the ﬁMIN-correlated predicted value, and about 0.5 Syx unit below the A 1_213-correlated predicted

GPV
value,

Having a good guess for ASCeopy (e, 25.8 £ 2.4), the estimate of _RM AX(SCN 21) can be
checked by means of the definition of ECHM; recall that ﬁCHM is defined in equation (3) to be

Ryn + R
= MIN * Rmax
Rcum = 3 3)

occurring at ASCopy- So,
Rpax(SCN 21) = 2 Rpp(SCN 21) - RyyN(SCN 21) . (81)

_RMIN(SCN 21) equals 12.2 and T{CHM(SCN 21) can be estimated by averaging the -Rl 3 values between
23 months after Ry occurrence (i.e., t = 23) to about 28 months after Ry occurrence (i.e., t = 28),
based on a 1l-sigma spread; thus, RCHM would be estimated to be 98.9 + 10.0 and ﬁMAX(SCN 21) =
185.6 = 10.0. Based on this analysis, —RM AX(SCN 21) is about 2.1 s units below the predicted value.
Instead of using the above average for -ﬁCHM’ if the ASCopy = 24.8 £ 2.9 had been used based on the
mean of cycles 8 through 20 (excluding SCN 9), Roym(SCN 21) can be approximated to be 95.8 £ 12.1
and Rpjax(SCN 21) = 179.4 = 12,1, or the observed Ryjpox(SCN 21) is about 1.2 s units below the
predicted value. [It is very interesting to note that for cycles 19, 20 and 21, ASCrp has been 23, 23
and 24, respectively, and that tgpy occurred almost simultaneously with it; tgpy was 22, 21 and 24 for
cycles 19, 20 and 21, respectively. Thus, monitoring G%V §13 and assuming that ASCop and tgpy
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occur at the same time suggests that §CHM = §13(tGPV) which implies that RM AX €quals 193.6, 91.0
and 166.4 for cycles 19, 20 and 21, respectively, in very close agreement to observed values (Table 2).]

DCHM the time interval in months when RI 3= RCHM’ is equal to about 57.5 * 8.1 months,
based on the mean cycles of 8 through 20 (excluding SCN 9). Based on cycle 21 being a HIGH _RM AX
cycle, DCHM =52.2 + 3.7 (again, excluding 9). Based on cycle 21 being a SHORT-PERIOD cycle, Denm
=540 + 3.2, RMIN' and GAV Ry 3-correlation equations predict Deygm(SCN 21) = 51.3 £ 9.8 and 53.4

+ 6.0 months, respectively, The best guess estimate, based on the average of mean values for HIGH-
RM Ax and SHORT-PERIOD cycles, is probably DCHM = 53.1 £ 3.5. Now, RCHM is computed to be
88.4, based on observed values for RMIN and RMAX equal to 12.2 and 164.5, respectlvely R13
exceeded RCHM about t = 24, corresponding to June 1978. Therefore, R13 should be > RCHM until
about November 1982 * 3 or 4 months. Based on the prediction of ASCCHM (i.e., ASCCHM = 25.8

t 2.4), Rl 3 could have been predicted to exceed RCHM from about August 1978 £ 2 or 3 months to
about January 1983 * 3 or 4 months.

As another example, based on the mean of cycles 8 through 20, ASC(SCN 21) = 48.2 * 6.2
months. Assuming that cycle 21 is a HIGH-Ryq5x cycle, ASC(SCN 21) = 44.2 + 5.5; if cycle 21 is a

SHORT-PERIOD cycle, ASC(SCN 21) = 45.0 % 6.1. Thus, the best guess estimate it about ASC(SCN 21)
=450 %= 5.8. RMIN' and G%V R3-correlation equations predict ASC(SCN 21) = 46.0 + 6.7 and 46.7 *

5.9 months, respectively. Based on the mean of MAX-MAX PERIOD and knowing that DES(SCN 20) =
91 months, ASC(SCN 21) = 40.8 + 12.5 months could have been predicted. Based on DES(SCN 20) =
91 and the MAX-MAX PERIOD-correlation equation [equations (78) and (80)], ASC(SCN 21) = 49.1 *
5.2 months could have been predicted. The actual value for ASC(SCN 21) is observed to be 42 or about
1.1 s units below that predicted for a HIGH-EM AX cycle, 0.4 s unit below that predicted for a SHORT-

PERIOD cycle, 0.6 Syx unit below that predicted from the RMIN-correlatlon equation, and 0.8 S

unit below that predicted from the R13-correlat10n equation.

A

GPV
Having the good guess for ASC (i.e., 45.0 + 5.8), ﬁMAX could have been predicted to occur

about March 1980, give or take about 5 or 6 months. Based on the mean, EM AX(SCN 21) could have

been projected to occur about June 1980 * 6 months. The actual date of ﬁM AXSCN 21) occurrence
is December 1979.

Additional examples can be worked for each of the parameters; however, to avoid undue
discussion, a simple summary is provided in Table 14. There, the observed parameters are again given,
as are the mean of the parametric values predicted by the RMIN and G%V Ry 3-correlation equations

and the mean of those values predicted by HIGH- RM AX and SHORT—PERIOD cycles. One observes that

the two means are usually in very close agreement with each other and that often they are within one
unit of standard deviation (or one unit of standard error of estimate) with the observed value for cycle
21. Assuming that cycle 21 is a HIGH—RM Ax and SHORT-PERIOD cycle, cycle 21 will have DES = 80.9

+ 7.4 months and MIN-MIN PERIOD = 42 + (80.9 = 7.4) = 122.9 £ 7.4 months, indicating RMIN(SCN

22) to occur about September to December 1986 + 7 months with a value of about 6. 4 * 3.1. (If equa-
tion (19b) is used and a continuing upward trend in RMIN versus SCN is assumed, then RMIN(SCN 22) =
9.6 £2.1)
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TABLE 14. COMPARISON OF OBSERVED VALUES OF CYCLE PARAMETERS FOR CYCLE 21

WITH MEAN VALUES OF SELECTED ESTIMATES

PARAMETER OBSERVED MEAN 1+ MEAN 2*
ﬁMIN 12.2 - 5.6 (2.4)
RMAX 1645 137.4 (28.4) 141.2 (32.5)
RcHm 88.4 73.3(14.2) 73.5 (16.3)
ASCCHM 24 29.9(5.9) 25.8 (2.4)b
DCHM - 52.3(7.9) 53.1(3.5)b
ASC 42 46.3(6.3) 45.0 (5.8)
DES - 88.0(10.5) 80.9 (7.4)
MIN—MIN
PERIOD - 134.4(10.2) 125.8 (7.4)
MAX—MAX
PERIOD - 136.8(13.2) 130.0 (10.4)
PMAX - 0.35 (0.05) 0.36 (0.04)
PMIN - 0.64 (0.04) 0.62 (0.04)
tgpy 24 31.2(10.3) 31.4 (6.6)
GhVR13 +8.1 +8.8(2.3)2 +8.6 (1.5)
R13ltgpy) 89.3 87.5(26.9) 96.4 (19.9)
tGNV - 69.0(8.1) 71.9 (6.3)
GRVR13 - —6.0(0.7) ~5.9(0.7)
R13(tgnv) - 98.1 (19.2) 90.0 (16.8)
RMIN(SCN + 1) - 6.6(3.4) 6.4 (3.1)
RMIN OCCURRENCE

DATE JUN 1976 - -
RmaXx OCCURRENCE

DATE DEC 1979 APR(:6) 1980 MAR (+6) 1980

RmIN (SCN + 1)

OCCURRENCE DATE - AUG (+10) 1987 DEC (+7) 1986

RcHm OCCURRENCE  JUN 1978
DATES -

DEC (+6) 1978
APR (+9) 1983

AUG (+2) 1978
JAN (+4) 1983

— A =
*MEAN 118 THE MEAN OF COMPUTED VALUES BASED ON Rpny AND GPvR13
CORRELATION EQUATIONS.

**MEAN 2 IS THE MEAN OF HIGH-Rpmax AND SHORT—PERIOD CYCLES.

a Ry y—CORRELATION EQUATION ONLY b EXCLUDES SCN 9



TABLE 15. COMPARISON OF OBSERVED VALUES OF CYCLE PARAMETERS FOR CYCLE 21
WITH ESTIMATES BASED ON SUMS OF MEAN MONTHLY SUNSPOT NUMBER
(12, 18 AND 24 MONTHS) LINEAR REGRESSION EQUATIONS

12

18

24

PARAMETER OBSERVED R, (0 TR, (1 = R, (0
o [} o
RmaX 1645 147.1(37.2) 156.9 (33.3) 174.0 (25.5)
RcHM 88.4 79.2 (18.5) 82.8 (16.6) 90.7 (12.9)
ASCCHM 24 29.1(6.2) 24.3(6.2) 23.5 (6.1)
DCHM - 52.2 (9.9) 52.8 (9.9) 51.5 (9.8)
ASC a2 45.0 (6.6) 43.2(6.2) 42.5 (6.0)
DES - 91.4 (10.2) 909 {10.1) 87.0(10.7)
MIN-MIN
PERIOD - 136.4 (10.6) 133.9{10.7) 129.5 {10.8)
MAX-MAX
PERIOD - 1412 (12.8) 1429 (12.2) 140.9 (12.7)
dMAX - 0.33 (0.05) 0.32 (0.05) 0.33 (0.05)
DMIN - 0.65 {0.04) 0.63 (0.04) 0.63 {0.04)
tGPV 24 26.4 (10.3) 21.1(9.3) 22.3(9.6)
GPvA13 +8.1 +9.2(2.2) +9.6(2.1) +9.9 (1.7)
Ryaltgpy) 89.3 86.2 (31.8) 86.1 (31.6) 96.7 (29.9)
1GNV - 67.5 (8.1) 66.4 {7.7) 66.4 (7.7)
GRVR13 - -6.3(0.9) —6.0(0.9) -6.3(0.9)
Ryaltgny) - 107.1(21.5) 107.0 (20.1) 109.9 (19.0)
RMINISCN + 1) - 7.1(35) 6.9 (3.5) 8.4 (3.3)

As the cycle parameters were estimated from the linear regression equations of Table 10, so could
they also be estimated from Table 11, using sums of R, over selected periods of time. Examination of

Table 11 reveals that usually a higher Pearson correlation coefficient is associated with the sum of Rz-
24

correlation based on larger time periods, suggesting that, perhaps, Z Ry (t)-correlation equations will
t=0

yield good results for comparison to observed cycle 21 parameters. Table 15 compares observed cycle

parameters for cycle 21 based on the correlation equations contained in Table 11. The rightmost column
24 24

corresponds to those parametric values based on Z RZ(t)-correlation equations. Thus, based on Z
Rz(t)gen 21 = 9144, EMAX(SCN 21) = 174.02:t;(;.5, iCHM(SCN 21) = 90.7 £ 12.9, ASCCHM(StC=I(\)I
21) = 23.5 £ 6.1, etc. It is seen that, indeed, ZRZ(t)-correlation equation %)iojections appear to be in
close approximation to already observed cycle ;(r)ameters. On the basis of Z Rz(t), cycle 21 will end
about March or April 1987 = 11 months with a value of EMIN(SCN 22) = 8t4=g 3.3.
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In a previous section (Section IIL.D), several curves of RZ(t) and §13(t) were drawn, representing
the mean cycle curve (in terms of Ry and §13 and based on cycles 8 through 20), HIGH- and LOW-
I_{M AX cvcle curves, and LONG- and SHORT-PERIOD cycle curves. Each of these curves was compared

with cycles 8 through 20 and these comparisons are given in Appendices B through E. In this section,
these same “mean” curves are plotted as a function of t, time from Ry occurrence. Figure 24

compares Rz(SCN 21) with R7z(MEAN); i.e., the mean cycle curve, based on cycles 8 through 20. It is

seen that while the mean cycle curve peaks at t = 50 with a value near 114, cycle 21 peaks much earlier
at t = 39 with a value near 188. Except for a few instances, Rz(SCN 21) = Rz(MEAN). Cycle 21 is now

definitely in decline and the Rz(PROVISIONAL) numbers for January 1983 (t = 79) indicate §13 value
near 83 + 15 [based on equation (12); Table 1]. §13(SCN 21)is shown in Figure 25. Values of §13
(SCN 21) are plotted, based on Rz(FINAL) values through June 1981. Superposition of Figures 24 and

25 reveal that, without a doubt, cycle 21 is steadily declining. “Bumps” may be beginning to appear in
the Rj3(SCN 21) curve, reminiscent of cycle 20. These bumps represent enhanced periods of sunspot
number and for cycle 20 they revealed a “two-faced” Sun, having one hemisphere which was very active
and one hemisphere which was very quiet. Large coronal holes were apparent on the Sun during the
decline of cycle 20. Perhaps, cycle 21 is entering a similar “active-inactive” time period, complete with
large coronal holes.
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Figure 24. Monthly mean sunspot number for cycle 21 compared to mean monthly
sunspot number based on cycles 8 through 20.
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Figure 25. Smoothed sunspot number for cycle 21 compared to mean smoothed
sunspot number based on cycles 8 through 20.

In Figure 26, Ry3(SCN 21) is compared with R;3(HIGH-Rypx) and Rj3(LOW-Rpgax)- Cycle
21 is observed to lie above the mean R13 curve for HIGH-RMAX cycles. In Figure 27, R13(SCN 21)
is compared with Ry 3(LONG-PERIOD) and Rl 3(SHORT-PERIOD). Cycle 21 is qbserved to lie above
the mean §13 curve for SHORT-PERIOD cycles. Together, these curves suggest that cycle 21 can be
categorized as a HIGH-ﬁM Ax cycle and probably as a SHORT-PERIOD cycle. If so, then ®(SCN 21)
at I_{M AX> on the basis of equation (18) and Figure 12, equals 0.34 implying that MIN-MIN PERIOD

(SCN 21) equals about 122 * 5 months (the approximate range of observed SHORT-PERIOD cycles);
thus, cycle 21 may end about August 1986 + 5 months.
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Figure 26. Smoothed sunspot number for cycle 21 compared to mean smoothed
sunspot number based on HIGH- and LOW-Rp; 2y cycles.
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Comparison of observed Ry (t)gon and/or §13(t)SCN values with mean values (and their standard
deviations as a function of t) may offer a means whereby values for Rz and/or ﬁl 3 for a cycle can

accurately be predicted a year or more ahead of time. That is, if Q7 and/or Q3 is monitored as a
function of t where

_ Rz(WseN ~ Rz(DCOMPARISON MEAN
z=
sZ() COMPARISON MEAN

(82)

and

0rx = R13(MseN - R13(DCOMPARISON MEAN
13 $13() COMPARISON MEAN

(83)

Ryz(t) and 1_11 3(t) can be estimated for a cycle on the basis of trend analysis. Q7 and Q3 are merely
residuals in terms of standard deviation units as a function of t. The terms RZ(t)COMP ARISON MEAN
and Ry 3(t)COMP ARISON MEAN refer to the Ry(t) and Ry3(t) values for a particular comparison
group; i.e., the MEAN cycle group (cycles 8 through 20), the HIGH- or LOW-Rpjpxcycle group, or
the LONG- or SHORT-PERIOD cycle group. Similarly, the terms sz(t)cOMPARISON MEAN and
$1 3(t)COMP ARISON MEAN refer to the sz(t) or sy3(t) values for the same comparison groups. Values

for these comparison groups are given in Table 8. Again, equations (82) and (83) simply tell us how
many standard deviation units that a particular cycle is above (when Q7 or Qj3 is greater than 0) or

below (when Q7 or Q3 is less than 0) the mean of the comparison group (as a function of t). An
example for cycle 21 is given below:

Based on the MEAN cycle group, Q7 and Q3 are computed for cycle 21 in Table 16 and Qg3 is
plotted as a function of t in Figure 28. We see that Q;3 began at initially high value (Q;3 ~ 2.5) and

decreased during the first 20 months of the cycle to a value which has remained fairly stable for the
past 3.5 years. The mean and standard deviation of Q3 for all observed t (i.e., 0 <t<6l)arex =1.61

and s_= 0.39, respectively. However, for t = 20, X = 1.39 and s = 0.08. If the present trend continues,
then Rq3 can be projected for future t in cycle 21 by means of equation (83), rewritten and solving for

>l_{13 below as

Ry3(t) = Qq3 513 OMEAN + Ri3 DMEAN - (84)

Since Q13 ~ 1.39 + 0.08, El 3 may be approximated to within about 6 percent. Continued monitoring
of Q3 is required for an accurate assessment of future El 3 values. Similar examples could be worked

for the other comparison groups, but have not been here, since comparison to the MEAN cycle group
will suffice.
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TABLE 16. COMPARISON OF CYCLE 21 AND MEAN OF CYCLES 8 THROUGH 20
IN TERMS OF Rz, Qz, Rj3, AND Q;3

JUNE 1976 (Rpn)

DEC 1979 (Rmax)

MEAN OF CYCLES 8-20 CYCLE 21
t Rz sz{t) R13 s13(t) Rz(SCN) Q, R13(SCN) Q13 NOTES
0 4,08 2,99 5.18 2.74 12,2 272 12.2 256
1 433 4,23 5.33 2.81 1.9 -0.57 12.9 2.69
2 478 5.10 5.83 2.92 16.4 2.28 14.0 2.80
3 5.38 6.11 6.45 2.88 135 1.33 14.3 273
4 6.65 5.03 7.07 2.74 20.6 2.77 135 2.35
5 5.15 4.22 7.65 2.69 5.2 0.01 135 2.17
6 6.58 4,15 8.47 2.93 15.3 2.10 14.8 2.16
7 10.32 6.09 9.62 3.21 16.4 1.00 16.7 2.21
8 10.18 5.08 10.82 3.4 23.1 2.54 18.1 213
9 12.88 6.81 12.12 3.71 8.7 —-0.61 20.0 2.12
10 12.88 6.60 13.60 4.12 12.9 0.00 22.2 2.09
1 12,58 7.11 15.43 a7 18.6 0.85 242 1.86
12 15.75 8.99 17.59 5.31 385 253 26.3 1.64
13 19.92 9.25 19.85 6.00 21.4 0.16 29.0 1.53
14 18.22 9.12 22.46 7.19 30.1 1.30 33.4 1.52
15 23.35 9.28 25.45 8.11 44.0 2.23 39.1 1.68
16 23.98 11.10 28.70 8.97 438 1.79 45.6 1.88
17 31.89 14.60 32.16 10.48 29.1 -0.19 51.9 1.88
18 31.72 14.04 .35.75 12.06 43.2 0.82 56.9 1.75
19 39.41 19.65 39.05 13.58 51.9 0.64 61.3 1.64
20 43.56 19.67 4255 15.10 93.6 2.54 64.5 1.45
21 51.36 12.29 46.74 16.71 76.5 2.05 69.6 1.37
22 52.47 27.31 50.89 18.60 99.7 1.73 76.9 1.40
23 55.77 25.72 54.95 20.72 82.7 1.05 83.2 1.36
24 58.74 26.56 59.05 2258 95.1 1.37 89.3 1.34
25 56.28 28.27 62.78 24.26 70.4 0.50 97.4 1.43
26 65.67 25.17 66.02 26.11 58.1 —0.30 104.0 1.45
27 76.72 28.03 68.82 27.92 138.2 2.19 108.4 1.42
28 69.47 34.61 71.38 28.76 125.1 1.61 111.1 1.38
29 84.18 41.03 73.88 29.06 97.9 0.33 113.3 1.36
30 77.99 32.11 76.42 30.00 1227 1.39 117.7 1.38
31 82.48 39.42 79.38 31.21 166.6 2.13 123.7 1.42
32 78.28 38.82 83.10 32.85 137.5 1.53 130.9 1.46
33 84.22 32.83 86.39 3475 138.0 1.64 136.5 1.44
34 81.10 26.04 89.09 35.78 101.5 0.78 141.1 1.45
35 87.06 32.46 91.48 36.38 134.4 1.46 147.3 1.53
36 88.31 42,69 93,77 37.84 1495 1.43 153.0 157
37 98.13 49.95 96.04 39.22 159.4 1.23 155.0 1.50
38 113.14 50.05 98.57 40,52 142.2 0.58 155.4 1.40
39 108.06 52.10 100.87 41.42 188.4 1.54 155.7 1.32 SEP 1979
40 103.02 37.33 102.67 41.48 186.2 2.23 157.8 1.33
a1 107.46 51.31 104.47 41.26 183.2 1.48 162.3 1.40
42 108.34 65.33 105.50 40.90 176.3 1.23 164.5 1.44
43 108.33 49,32 105.97 40.12 159.6 1.04 163.9 1.44
44 113.28 5252 106.22 39.11 155.0 0.79 162.6 1.44
45 103.93 39.92 106.07 37.92 126.2 0.56 160.9 1.45
46 104.91 27.25 106.22 37.48 164.1 2.17 158.7 1.40
a7 106.36 34.32 106.65 37.30 179.9 214 156.3 1.33
a8 93.88 41.66 106.87 35.96 157.3 1.52 154.7 1.33
49 103.75 45.34 106.52 34.29 136.3 0.72 152.8 1.35
50 113.52 44.54 105.55 32.86 135.4 0.49 150.3 1.36
51 103.77 46.38 104.45 3252 155.0 1.10 150.1 1.40
52 111.02 39.89 103.40 33.10 164.7 1.35 150.2 1.41
53 109.76 42.36 102,75 33.28 1479 0.90 147.7 1.35
54 111.36 28.71 102.95 33.12 174.4 2.20 142.7 1.20
55 97.05 29.93 103.37 32.75 114.0 057 140.3 1.13
56 101.18 35.48 102.88 32.08 141.3 1.13 1415 1.20
57 89.54 43,58 102.09 30.93 1355 1.05 1430 1.32
58 94.32 34.02 101.20 30.07 156.4 1.82 143.4 1.40
59 100.99 32.71 99.52 29.93 127.5 0.81 1429 1.45



TABLE 16. (Continued)

MEAN OF CYCLES 8—20 CYCLE 21
t R, s, (1) Ry3 s13(t) R, (SCN) Q, Ry3(SCN) Q43 NOTES
60 104.35 34.12 97.35 29.70 90.9 -0.39 1415 1.49
61 103.46 31.86 96.02 29.59 143.8 1.27
62 101.78 28.76 95.32 29.16 158.7 1.98
63 96.85 26.17 94.95 28.25 167.3 2.69
64 96.15 38.71 94.63 27.38 162.4 17
65 8428 38.92 93.38 26.47 1375 1.44
66 85.31 33.38 91.41 25.68 150.1 1.94
67 90.85 32.61 89.04 25.15
68 90.98 25.50 86.41 24.90
69 90.76 33.64 83.72 24.67
70 85.21 23.55 81.32 24.01
71 79.83 27.92 79.71 22.74
72 78.48 23.38 78.44 21.50
73 72.82 23.88 76.58 19.94
74 68.92 25.98 74.20 18.32
75 65.45 27.03 71.25 16.91
76 69.48 25.33 68.17 15.58
77 72552 2542 65.62 14.82
78 66.82 18.69 63.08 14.16
79 64.61 15,52 60.45 13.50
80 60.25 17.24 58.66 13.05
81 50.63 18.62 57.62 12.74
82 51.11 12.40 56.33 12.56
83 52.84 19.32 54.38 12.65
84 44.42 14.93 52.27 12.85
85 43.88 14.29 50.58 13.38
86 54.92 23.47 49.03 14.22
87 54.43 22.88 47.73 14.67
88 49.01 23.82 46.88 15.07
89 46.54 17.61 45.85 15.55
20 42.37 18.27 44.88 15.64
91 48.46 24.61 44.12 15.37
92 39.08 19.39 4271 14.85
93 40.48 18.41 40.55 14.46
94 41.27 20.02 38.52 14.30
95 38.07 18.61 36.99 14.34
% 35.56 15.47 36.08 14.65
97 3481 14.54 35.05 14.75
o8 29.81 15.34 34.05 14.49
99 27.98 18.43 33.02 14.19
100 26.58 12.18 31.46 13.92
101 3248 18.41 30.12 13.64
102 34.22 21.44 29.05 13.55
103 3224 17.91 27.83 13.46
104 31.21 15.92 26.78 13.28
105 23.50 15.13 25.92 13.05
106 21.05 13.31 25.22 13.03
107 26.22 17.89 2437 12.89
108 21.32 12.81 23.25 12.41
109 19.81 14.44 22,07 11.96
110 19.28 13.06 20.84 1184
11 18.55 17.43 19.84 12.07
12 19.28 13.40 19.15 1213
13 18.95 13.22 18.36 11.96
114 20.19 13.80 17.56 11.93
115 18.62 1277 17.02 12.13
116 15.48 12.44 16.55 12.09
17 15.21 16.48 16.17 11.75
18 13.12 11.25 15.56 11.25
119 14.73 12.62 14.67 10.82
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TABLE 16. (Concluded)

MEAN OF CYCLES 8-20 CYCLE 21
t R, 5,(t) Rq3 sq3(t) R,(SCN) qQ, R43(SCN) Q43 NOTES
120 14.06 14.80 13.72 10.27
121 13.37 14.13 12.75 9.65
122 14.78 10.64 12.10 9.04
123 13.72 10.83 11.82 8.31
124 9.39 7.50 11.65 7.76
125 7.91 7.07 11.52 7.27
126 8.38 5.26 11.28 6.44
127 6.83 4.97 11.05 5.56
128 11.84 6.41 10.75 5.16
129 12.15 8.59 10.62 5.08



Qq3 VS. t, MEAN CYCLE COMPARISON
CYCLE 21

x=1.39,s=0.08 (t=>20)
x=1.61,5s=0.39 (allt)

0.5}
Q13

-3.0 ! !
50 100 150

t, TIME FROM Ry py OCCURRENCE

Figure 28. Q3 value versus time from cycle 21 minimum smoothed sunspot number occurrence.

It should be noted that Qq3, in the above example, should not increase with large t, since doing
so will cause §13 to be much higher than has ever been observed at 'I—QMIN(SCN + 1) occurrence. If Qq3
= 1.4 is valid at t = 120, then §13 = 28.1, about a factor of 2 higher than the mean value of §13 for
t = 120. If cycle 21 is a short-period cycle, as it would seem to be, then Q3 must become smaller or
perhaps even negative in value to reduce the _Ii13 computed value at large t. [If cycle 21 is a SHORT-
PERIOD cycle, then a value of I_{MIN(SCN 22) = 8 at t = 122 implies that Q;3 ~ -0.45; a value of

RyyN(SCN 22) = 16 implies that Qg3 ~ 0.43.)]

Figure 29 ends this subsection by comparing observed §13 values for cycle 21 with the observed
SLOPE g and predicted SLOPEpERg lines [based on equation (22)]. It is seen that SLOPEAgqe
reasonably matches R13(SCN 21) values for t > 24 and that SLOPEpgg matches at least through t = 55.
SLOPEpEg suggests that cycle 21 will end no later than May 1987 and no earlier than June 1986, since
computed values for Ry3 are 0 and about 20, respectively.
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R13, SMOOTHED SUNSPOT NUMBERS
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Figure 29. Comparison of cycle 21 smoothed sunspot number (versus time) with computed
ascent slope and projected descent slope.
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V. CONCLUSIONS

Based on cycles 8 through 20 and using a schematic approach, values for a number of cycle
parameters have been compared and their mean values, standard deviations, and frequency of occurrence
histograms computed. Some of these parameters were plotted as a function of solar cycle number (SCN),
and trends were determined. Also, linear regression analysis was performed relating late cycle parameters
with early cycle parameters, in the hopes of finding any early cycle parameters which might be of use for
providing good estimates for later occurring cycle parameters. It is found that RMIN’ GPV R13 and
24

Z Ryz(t), especially the latter two, appear to be good candidate early cycle parameters for forecasting
t=0
values of later occurring cycle parameters.

In_addition to the “mean” cycle, it is noted that cycles may be divided into groups based on
values of Ryjax and MIN-MIN PERIOD (especially the latter) or, more simply, cycle duration, and that

these groupings allow better approximations to selected cycle parameters. Further, it is noted that,
usually, cycles of low-RMIN value are cycles of low- RM AX> long-ASC, and long-MIN-MIN PERIOD

values; cycles of hlgh-RMIN value are, usually, cycles of high- RM AX> short-ASC, and short-MIN-MIN
PERIOD values. Means and standard deviations for the subgroups HIGH—T{'M AX> LOW-ﬁM AX> LONG-

PERIOD cycle, and SHORT-PERIOD cycle ‘were computed, and it is noted that cycle 21 is observed
(and could have been predicted) to be a HIGH-Rypax cycle. Furthermore, cycle 21 appears to also be a

SHORT-PERIOD cycle. On this basis, we expect cycle 21 to end during the latter part of 1986 or very
early part of 1987. A continuation of this study, based on an empirical curve fit of observed Rypax
values versus SCN (8 through 20), appears in Wilson [15].
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DATE t R, 13 T OF, o, 9 NOTES
NOV 1833 0 5.9 7.3 -40 +0.1 0.00 0.55 R,  -SCN 8
1 9.9 7.4 -39 +0.4 01 .56 MIN
2 4.9 7.8  -38 0.0 .02 .57
3 18.1 7.8  -37 -0.1 .03 .58
4 3.9 7.7 -36 +0.7 .03 .59
5 1.4 8.4  -35 +1.8 .04 .60
6 8.8 10.2  -34 +2.0 .05 .61
7 7.8 12.2  --33 +1.2 .06 .63
8 8.7 13.4  -32 +0.3 .07 .64
9 4.0 13.7  -31 +0.9 .08 .65
10 11.5 14.6  -30 +3.2 .09 .66
11  24.8 17.8  -29 +4.,0 .09 .67
12 30.5 21.8  -28 +2.5 .10 .68
13 34.5 24.3 .27 +3.2 11 .69
14 7.5 27.5  -26 +4.4 .12 .70
15  24.5 31.9  -25 +6.0 A3 .72
16 19.7 37.9 -24 +6.7 14 .73
17  61.5 44.6  -23 +5.8 15 .74
18 43.6 50.4  -22 +4.7 16 .75
19 33.2 55.1  -21 +5.1 16 .76
20 58.8 60.2  -20 +6.9 17 .77
21  59.0 67.1  -19 +6.7 .18 .78
22 100.8 73.8  -18 +6.7 .19 .80
23 95,2 80.5  -17 +6.2 .20 .8l
24 100.0 86.7  -16 +6.6 21 .82
25 77.5 93.3  -15 +6.2 22 .83
26 88.6 99.5  -14 +4.4 22 .84
27 107.6 103.9  -13 +1.8 .23 .85
28 98.1 105.7  -12 +1.5 24 .86
29 142.9 107.2  -11 +2.7 .25 .88
30 111.4 109.9  -10 +6.2 26 .89 _
31 124.7 116.1 -9 +9.5 .27 .90 é%VR13
32 116.7 125.6 - 8 +7.0 .28 .91
33 107.8 132.6 -7 +4.3 .28 .92
34 95,1 136.9 - 6 +1.3 .29 .93
35 137.4 138.2 -5 +0.8 .30 .94
36 120.9 139.0 -4 +0.4 .31 .95
37 206.2 139.4 -3 +3.3 .32 .97
38 188.0 142.7 -2 +3.1 .33 .98
39 175.6 145.8 -1 +1.1 34 .99
MAR 1837 40 134.6 146.9 0 -0.5 :340.00 R,
41 138.2 146.4 1 1.2 .35 .01 A
42 111.3 145.2 2 -3.7 .36 .02
43 158.0 141.5 3 -5.0 .37 .02
44 162.8 136.5 4 -5.6 .38 .03
45 134.0 130.9 5 -3.5 .39 .04
46  96.3 127.4 6 -0.2 40 .05
47 123.7 127.2 7 +0.6 41 .05



107.0 127.8 8 -1.6 .41 .06
129.8 126.2 9 -4.9 .42 .07
144.9 121.3 10 -4.6 .43 .08
84.8 116.7 11 -3.2 .44 .08
140. 8 113.5 12 -2.3 .45 .09
126.6 111.2 13 -2.6 .46 .10
137.6 108.6 14 -3.4 47 .11
94.5 105.2 15 -3.6 47 .11
108.2 101.6 16 -0.8 .48 .12
78.8 100.8 17 -1.9 .49 .13
73.6 98.9 18 -5.3 .50 .14
90.8 93.6 19 -6.2 .5l .15
77.4 87.4 20 -5.2 .52 .15
79.8 82.2 21 -2.6 .53 .16
107.6 79.6 22 +1.2 .53 .17
102.5 80.8 23 +4.6 .54 .18
77.7 85.4 24 +2.5 .55 .18
61.8 87.9 25 -0.4 .56 .19
53.8 87.5 26 -1.0 .57 .20
54.6 86.5 27 -1.8 .58 .21
84.7 84.7 28 -1.7 .99 .21
131.2 83.0 29 -1.0 «59 .22
132.7 82.0 30 -0.3 .60 .23
90.8 81.7 31 +0.8 .61 .24
68.8 82.5 32 +0.4 .62 .24
63.6 82.9 33 -1.2 .63 .25
81.2 8l.7 34 -4.1 .64 .26
87.7 77.6 35 -5.5 .65 .27
67.8 72.1 36 -3.9 .66 .27
65.9 68.2 37 -2.1 .66 .28
69.2 66.1 38 -1.0 .67 .29
48.5 65.1 39 -2.8 .68 .30
60.7 62.3 40 -4.8 .69 .31
57.8 57.5 41 -4.0 .70 .31
74.0 53.5 42 -2.6 .71 .32
55.0 50.9 43 -1.0 .72 «33
54.3 49.9 44 +0.2 .72 .34
53.7 50.1 45 -0.9 .73 .34
24.0 49.2 46 -2.1 .74 .35
29.9 47.1 47 -2.4 .75 .36
29.7 44.7 48 -2.7 .76 .37
42.6 42.0 49 -2.5 77 .37
67.4 39.5 50 -2.1 .78 .38
55.7 37.4 51 -0.7 .78 .39
30.8 36.7 52 -0.5 <79 .40
39.3 36.2 53 -0.7 .80 .41
35.1 35.5 54 -1.0 .81 .41
28.5 34.5 55 -2.4 .82 .42
19.8 32.1 56 -3.2 .83 .43
38.8 28.9 57 -2.3 e .44
20.4 26.6 58 -1.2 .84 .44

=
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83 70.0 68.1 28 -1.6 .56 .19
84  39.1 66.5 29 +0.6 .56 .20
85 hl.6 67.1 30 -0.1 .57 .21
8  86.2 67.0 31 -0.2 .58 .22
87 71.0 66.8 32 +0.5 .58 .22
88 54.8 67.3 33 -0.2 .59 .23
89 61.0 67.1 34 +0.6 .60 .24
90 75.5 66.7 35 -0.3 .60 .24
91 105.4 66.4 36 -1.0 61 .25
92 64.6 65.4 37 -1.1 62 .26
93 56.5 64.3 38 -0.5 .62 .26
94  62.6 63.8 39 +0.3 63 .27
95 63.2 64.1 40 +0.1 .64 .28
96 36.1 64.2 41 -1.9 . 64 .28
97 57.4 62.3 42 -1.8 .65 .29
98 67.9 60.5 43 +0.2 .66 .30
99 62.5 60.7 44 +0.1 .66 .31
100  50.9 60. 8 45 -1.0 .67 31
101 71.4 59.8 46 -0.4 .68 32
102 68.4  59.4 47 -0.5 .68 .33
103  66.4 58.9 48 -2.0 .69 .33
104 61.2 56.9 49 -1.1 .70 .34
105 65.4 55.8 50 +0.3 .70 .35
106  54.9 56.1 51 -0.9 .71 .35
107 46.9 55.2 52 -2.2 72 .36
108 42.0 53.0 53 -2.1 .72 .37
109  39.7 50.9 54 -2.0 .73 .38
110 37.5 48.9 55 -1.7 .74 .38
111 67.3 47.2 56 -1.6 .74 .39
112 54.3 45.6 57 -1.1 75 .40
113 45.4 44.5 58 -0.2 .76 .40
114 41.1 44, 59 +0.7 77 .41
115 42.9 45.0 60 +0.2 .77 .42
116 37.7 45,2 61 -1.2 .78 .42
117  47.6 44.0 62 -2.1 .79 .43
118  34.7 41.9 63 -2.0 .79 .44
119  40.0 39.9 64 -1.9 .80 .44
120  45.9 38.0 65 -2.1 .81 .45
121 50.4 35.9 66 -1.6 .81 .46
122 33.5 34.3 67 -1.6 .82 47
123 42.3 32.7 68 -1.4 .83 .47
124  28.8 31.3 69 -1.2 .83 .48
125 23.4 30.1 70 -1.9 .84 .49
126  15.4 28.2 71 -2.6 .85 .49
127  20.0 25.6 72 -1.9 .85 .50
128 20.7 23.7 73 -1.7 . 86 .51
129 26.4 22.0 74 -1.2 .87 .51
130 24.0 20.8 75 -0.1 .87 .52
131 21.1 20.7 76 -0.3 .88 .53
132 18.7 20.4 77 -0.4 . 89 .53
133 15.8 20.0 78 -0.5 .89 .54
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3¢ 91.2 67.6  -16 +4.1 .25 .89 G%V§13

35 51.9 71.7 -15 +3.8 .26 .90

36 66.9 75.5 -14 +3.4 .27 .90

37 83.7 78.9 -13 +3.7 .27 .91

38 87.6 82.6 -12 +3.3 .28 .92

39 90.3 85.9 -11 +2.0 .29 .92

40 85.7 87.9 -10 +2.9 .30 .93

41 91.0 90.8 -9 +2.4 .30 .94

42  87.1 93.2 -8 +0.6 .31 .94

43 95.2 93.8 -7 -0.1 .32 .95

44 106.8 93.7 -6 +0.4 .33 .96

45 105.8 94.1 -5 -0.2 .33 .97

46 114.6 93.9 -4 +0.1 .34 .97

47 97.2 94.0 -3 +1.5 .35 .98

48 81.0 95.5 -2 +1.8 .36 .99

49 82.4 97.3 -1 +0.6 .36 .99 _
FEB 1860 50 88.0 97.9 0 -0.8 .37 0.00 RMAX

51 98.9 97.1 1 -1.6 .38 .01 '

52 71.4 95.5 2 -1.0 .39 .02

53 107.1 94.5 3 +0.7 .39 .02

54 108.6 95.2 4 -0.3 .40 .03

55 116.7 94.9 5 -1.2 .41 .04

56 100.3 93.7 6 -0.4 .41 .05

57 92.2 93.3 7 +1.2 .42 .06

58 90.1 94.5 8 -0.9 .43 .06

59 97.9 93.6 9 -3.0 .44 .07

60 95.6 90.6 10 -2.5 .44 .08

61 62.3 88.1 11 -2.3 .45 .09

62 77.8 85.8 12 -1.3 .46 .10

63 101.0 84.5 13 -1.4 .47 .10

64 98.5 83.1 14 -2.8 .47 .11

65 56.8 80.3 15 -2.5 .48 .12

66 87.8 77.8 16 -0.6 .49 .13

67 78.0 77.2 17 -0.5 .50 .13

68 82.5 76.7 18 -3.0 .50 .14 A=

69  79.9 73.7 19 -4.2 .51 .15 N 13

70  67.2 69.5 20 -1.6 .52 .16

71  53.7 67.9 21 +0.2 .53 .17

72 80.5 68.1 22 -0.4 «53 .17

73 63.1 67.7 23 -1.0 .54 .18

74  64.5 66.7 24 -1.4 .55 .19

75 43.6 65.3 25 -1.6 .56 .20

76 53.7 63.7 26 -1.2 .56 .21

77 64.4 62.5 27 -1.7 .57 .21

78  84.0 60.8 28 -2.3 .58 .22

79 73.4 58.5 29 -0.9 .59 .23

80 62.5 57.6 30 +0.6 .59 .24

8l 66.6 58.2 31 +0.4 .60 .25

82 42.0 58.6 32 -1.0 .61 .25

83 50.6 57.6 33 -2.2 .61 .26

84 40.9 55.4 34 -3.5 .62 .27
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MAR 1867 0 9.2 5.2 -4l +0.1 0.00 0.67  Rypy SCN 11
1 5.1 5.3 -40 0.0 .01 .68 '
2 2.9 5.3 -39 +1.0 .01 .69
3 1.5 6.3  -38 +1.6 .02 .70
4 5.0 7.9 -37 +1.3 .03 .71
5 4.8 9.2  -36 +1.4 .04 .71
6 9.8 10.6  -35 2.0 04 .72
7 13.5 12.6  -34 +2.3 .05 .73
8 9.6 14.9  -33 +2.2 .06 .74
9 25.2 17.1 =32 +2.3 .06 .75

10 15.6 19.4  -31 +2.2 .07 .75

11 15.8 21.6  -30 +2.8 .08 .76

12 26.5 24.4  -29 3.5 .09 .77

13 36.6 27.9  -28 +4.1 .09 .78

14 26.7 32.0  -27 3.8 .10 .79

15 31.1 35.8  -26 +3.7 A1 .79

16 29.0 39.5  -25 3.7 1 .80

17 34.4 43.2  -24 +2.9 12 .8l

18 47.2 46.1  -23 +1.3 A3 .8

19 61.7 47.4 =22 +3.4 .13 .83

20 59.1 50.8  -21 +6.4 14 .83

21  67.6 57.2 =20 +4.5 15 .84

22 60.9 61.7  -19 3.1 .16 .85

23 59.3 64.6  -18 +3.3 .16 .86

24 52.7 68.1  -17 +1.3 17 .87

25  41.0 69.4  -16 +0.7 .18 .87

26 104.0 70.1  -15 +2.3 .18 .88

27 108.4 72.4  -14 +2.2 19 .89

28 59.2 74.6  -13 +3.0 .20 .90

29 79.6 77.6  -12 +6.8 21 .90 _

30  80.6 84.4  -11 +9.4 .21 .91 é%VR13

31 59.4 93.8  -10 +8.0 .22 .92

32 77.4 101.8 -9 4.1 23 .03

33 104.3 105.9 - 8 +4,2 .23 .94

31 77.3 110.1 - 7 +6.1 26 .94

35 114.9 116.2 - 6 +5.4 .25 .95

36 160.0 121.6 -5 +5.9 .26 .96

37 160.0 127.5 - 4 +6.6 .26 .97

38 176.0 134.1 -3 +4.0 .27 .98

39 135.6 138.1 -2 1.5 .28 .98

40 132.4 139.6 - 1 +0.9 .28 .99 _
AUG 1870 41 153.8 140.5 0 -0.3 .29 0.00  Ryay

42 136.0 140.2 1 0.6 .30 .01

43 146.4 139.6 2 1.1 .30 .01

44 147.5 138.5 3 3.1 31 .02

45 130.0 135.4 4 -3.1 .32 .03

46  88.3 132.3 5 -3.0 .33 .03

47 125.3 129.3 6 4.2 33 .04

48 143.2 125.1 7 4.7 .34 .04

49 162.4 120.4 8 4.1 .35 .05



145.5
91.7
103.0
110.0
80.3
89.0
105.4
90.3
79.5
120.1
88.4
102.1
107.6
109.9
105.5
92.9
114.6
103.5
112.0
83.9
86.7
107.0
98.3
76.2
47.9
44.8
66.9
68.2
47.5
47.4
55.4
49.2
60.8
64.2
46.4
32.0
44.6
38.2
67.8
61.3
28.0
34.3
28.9
29.3
14.6
21.5
33.8
29.1
11.5
23.9
12.5

116.3
112.9
110.8
110.3
107.8
103.0
98.9
98.0
98.9
98.3
99.0
101.0
101.9
101.9
102.0
101.7
101.6
100.9
97.4
92.2
87.8
85.2
8l.4
76.2
71.5
67.7
65.2
62.4
58.4
54,4
52.4
52.0
51.8
51.5
50.4
49.1
47.4
45.5
42.7
39.0
36.7
36.1
34.6
32.6
29.7
25.4
22.4
20.5
19.1
17.8
17.0
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101 14.6 16.7 60 -0.4 .72 .38
102 2.4 16.3 61 -1.2 .72 .38
103 12.7 15.1 62 -1.4 .73 .39
104 17.7 13.7 63 -1.2 .74 .39
105 9.9 12.5 64 -0.8 .74 .40
106 14.3 11.7 65 -0.1 .75 .41
107 15.0 11.6 66 +0.1 .76 .41
108  31.2 11.7 67 +0.3 77 .42
109 2.3 12.0 68 -0.2 717 .43
110 5.1 11.8 69 -0.4 /8 .43
111 1.6 11.4 70 +0.3 .79 .44
112 15.2 11.7 71 +0.2 79 .44
113 8.8 11.9 72 -1.1 80 .45
114 9.9 10.8 73 -0.2 .81 .46
115 14.3 10.6 74 +1.2 .82 .46
116 9.9 11.8 75 +1.3 82 47
117 8.2 13.1 76 +0.1 .83 .48
118  24.4 13.2 77 -0.5 . 84 .48
119 8.7 12.7 78 +0.2 .84 .49
120 11.9 12.9 79 0.0 .85 .49
121  15.8 12.9 80 -0.2 86 .50
122 21.6 12.7 81 0.0 .87 .51
123 14.2 12.7 82 -1.2 .87 .51
124 6.0 11.5 83 -0.9 .88 .52
125 6.3 10.6 84 -0.3 89 .53
126 16.9 10.3 85 -0.8 89 .53
127 6.7 9.5 86 -1.3 90 .54
128 14.2 8.2 87 -1.0 .91 .54
129 2.2 7.2 88 -0.6 .91 .55
130 3.3 6.6 89 -0.5 .92 .56
131 6.6 6.1 90 -0.7 .93 .56
132 7.8 5.4 91 -0.7 .94 .57
133 0.1 4.7 92 -0.7 .94 .58
134 5.9 4.0 93 -0.5 .95 .58
135 6.4 3.5 94 -0.2 .96 .59
136 0.1 3.3 95 -0.3 .96 .59
137 0.0 3.0 96 -0.6 .97 .60
138 5.3 2.4 97 -0.1 .98 .61
139 1.1 2.3 98 +0.2 .99 .61
140 4.1 2.5 99 -0.3 .99 .62
141 0.5 2.2 100 +0.3 1.00 .63
DEC 1878 0 0.5 2.2 -60 +0.3 0.00 0.63 RMIN SCN 12

1 1.0 2.5 -59 +0.7 .01 .63

2 0.6 3.2 -58 +0.5 .01 .64

3 0.0 3.7 -57 +0.5 .02 .64

4 6.2 4.2 -56 +0.9 .03 .65

5 2.4 5.1 -55 +0.6 .04 .66

6 4.8 5.7 -54 +1.3 .04 .66

7 7.5 7.0 -53 +2.0 .05 .67

8 10.7 9.0 -52 +1.9 .06 .68



6.1 10.9 -51 +1.4 .07 .68
12.3 12.3 -50 +1.4 .07 .69
13.1 13.7 -49 +2.1 .08 .69

7.3 15.8 -48 +1.9 .09 .70
24.0 17.7 -47 +2.1 .10 .71 A=
27.2 19.8 -46 +4.1 .10 .71 GPVR13
19.3 23.9 -45 +3.7 .11 .72
19.5 27.6 -44 +2.1 .12 .73
23.5 29.7 -43 +1.6 .13 .73
34.1 31.3 -42 +1.5 .13 .74
21.9 32.8 -41 +1.6 .14 .74
48.1 34.4 -40 +2.4 .15 .75
66.0 36.8 -39 +2.7 .16 .76
43.0 39.5 -38 +2.1 .16 .76
30.7 41.6 -37 +2.0 .17 .77
29.6 43.6 -36 +3.4 .18 .78
36.4 47.0 -35 +2.7 .19 .78
53.2 49.7 -34 -0.1 .19 .79
51.5 49.6 -33 +0.3 .20 .79
51.7 49.9 -32 +1.9 .21 .80
43.5 51.8 -31 +1.7 .22 .81
60.5 53.5 -30 +1.1 .22 .81
76.9 54.6 -29 +1.0 .23 .82
58.0 55.6 -28 +1.4 .24 .83
53.2 57.0 =27 +2.5 .25 .83
64.0 59.5 -26 +2.7 .25 .84
54.8 62.2 -25 +0.2 .26 .84
47.3 62.4 -24 -2.0 27 .85
45.0 60.4 -23 -2.0 .28 . 86
69.3 58.4 -22 -0.5 .28 . 86
67.5 57.9 -21 -0.1 .29 .87
95.8 57.8 -20 +1.1 .30 .88
64.1 58.9 -19 +1.0 .31 .88
45.2 59.9 -18 +0.4 .31 .89
45.4 60.3 -17 -0.3 .32 .89
40.4 60.0 -16 -1.9 .33 .90
57.7 58.1 -15 -1.6 .34 91
59.2 56.5 -14 -2.0 .34 91
84.4 54.5 -13 0.0 .35 .92
41.8 54.5 -12 +2.7 .36 .93
60.6 57.2 -11 +1.7 .37 .93
46.9 58.9 -10 0.0 .37 .94
42.8 58.9 -9 +0.9 .38 .94
82.1 59.8 -8 +1.0 .39 .95
31.5 60.8 7 +1.4 .40 .96
76.3 62.2 -6 +2.7 .40 .96
80.6 64.9 -5 +3.0 .41 .97
46.0 67.9 -4 +3.5 .42 .98
52.6 71.4 -3 +2.2 .43 .98
83.8 73.6 -2 +0.6 .43 .99
84.5 74.2 -1 +0.4 .44 .99



DEC 1883 60 75.9 74.6 0 -2.2 .45 0.00 Rmax
61 91.5 72.4 1 -0.8 .46 .01
62. 86.9 71.6 2 +0. 8 .46 .02
63 86.8 72.4 3 -1.1 47 .02
64 76.1 71.3 4 -3.5 .48 .03
65 66.5 67.8 5 -3.2 .49 .04
66 51.2 64.6 6 -3.2 .49 .05
67 53.1 61.4 7 ~2.6 . H1) 065
h3 K58 58.8 8 -2.2 .51 .07
69 61.9 56.6 9 -2.4 .51 .07
70 47.8 54.2 10 -0.6 .52 .08
71 36.6 53.6 11 +1.6 .53 .09
72 47.2 55.2 12 +1.9 .54 .10
73 42.8 57.1 13 +0.3 .54 .11
74 71.8 57.4 14 -1.2 .55 .12
75 49.8 56.2 15 -1.3 .56 .12
76  55.0 54.9 16 -0.6 .57 .13
77  73.0 54.3 17 -1.3 .57 .14
78 83.7 53.0 18 -1.6 .58 .15
79 66.5 51.4 19 -2.4 .59 .16
80 50.0 49.0 20 -1.6 .60 .17
81 39.6 47.4 21 -0.2 .60 .17
82 38.7 47.2 22 -2.2 .61 .18 A =
83 30.9 45.0 23 -4.1 .62 .19 TE
8 21.7 40.9 24 -3.9 .63 .20
85 29.9 37.0 25 -2.9 .63 .21
86 25.9 34.1 26 -2.1 .64 .21
87 57.3 32.0 27 -2.0 .65 .22
88 43.7 30.0 28 -2.6 .66 .23
89 30.7 27.4 29 -1.6 .66 .24
90 27.1 25.8 30 -1.2 .67 .25
91  30.3 24.6 31 -1.3 .68 .26
92 16.9 23.3 32 -2.8 .69 .26
93 21.4 20.5 33 -3.7 .69 .27
94 8.6 16.8 34 -2.0 .70 .28
95 0.3 14.8 35 -0.9 .71 .29
96 13.0 13.9 36 -0.8 .72 .30
97 10.3 13.1 37 -0.1 .72 .31
98 13.2 13.0 38 -0.4 .73 .31
99 4.2 12.6 39 -0.7 .74 .32

100 6.9 11.9 40 +0.2 .75 .33
101  20.0 12.1 41 +0.6 .75 .34
102 15.7 12.7 42 +0.5 .76 .35
103 23.3 13.2 43 -0.2 .77 .36
104 21.4 13.0 44 -0.1 .78 .36
105 7.4 12.9 45 +0.1 .78 .37
106 6.6 13.0 46 -0.6 .79 .38
107 6.9 12.4 47 -0.9 .80 .39
108  20.7 11.5 48 -1.2 .81 .40
109 12.7 10.3 49 -1.7 .81 .40
110 7.1 8.6 50 -0.7 .82 .41



11 7.8 7.9 51 -0.1 .83 .42
112 5.1 7.8 52 0.0 .84 .43
113 7.0 7.8 53 -0.5 .84 .44
114 7.1 7.3 54 -1.0 .85 .45
115 3.1 6.3 55 -0.5 .86 .46
116 2.8 5.8 56 0.0 .87 .46
117 8.8 5.8 57 0.0 .87 .47
18 2.1 5.8 58 -0.3 .88 .48
119 10.7 5.5 59 -0.2 .89 .49
120 6.7 5.3 60 +0.2 .90 .50
121 0.8 5.5 61 +1.0 .90 .50
122 8.5 6.5 62 +0.7 .91 .51
123 6.7 7.2 63 -0.1 .92 .52
124 4.3 7.1 64 -0.4 .93 .53
125 2.4 6.7 65 -0.5 .93 .54
126 6.4 6.2 66 +0.2 .94 .55
127 9.4 6.4 67 -0.1 .95 .55
128 20.6 6.3 68 -0.4 .96 .56
129 6.5 5.9 69 0.2 .96 .57
130 2.1 5.7 70 0.0 .97 .58
131 0.2 5.7 71 -0.1 .98 .59
132 6.7 5.6 72 -0.2 .99 .60
133 5.3 5.4 73 0.4 99 .61
134 0.6 5.0 74 0.0 1.00 61
FEB 1890 0 0.6 5.0  -47 0.0 0.00 0.6l Ry, SCN 13
1 5.1 5.0  -46 +0.8 01 .62
2 1.6 5.8  -45 +0. 8 01 .63
3 4.8 6.6  -44 +0.4 02 .64
4 1.3 7.0 -43 +0.4 03 .64
5 11.6 7.4 -42 +1.2 .03 .65
6 8.5 8.6  -41 +1.2 04 .66
7 17.2 9.8  -40 +1.0 05 .67
8 11.2 10.8 -39 +2.3 06 .68
9 9.6 13.1  -38 +3.4 06 .69
10 7.8 16.5  -37 +4.0 .07 .69
11  13.5 20.5  -36 +3.0 .08 .70
12 22.2 23.5  -35 +2.5 .08 .71
13 10.4 26.0  -34 +3.2 09 .72
14 20.5 29.2  -33 +3.0 100 .73
15 41.1 32,2 -32 +2.4 10 .74
16  48.3 34.6  -31 +3.3 A1 .74 _
17 58.8 37.9 =30 +4.6 A2 .75 é%VR13
18 33.2 42,5  -29 +3.8 A3 .76
19 53.8 46.3  -28 +3.7 A3 .77
20 51.5 50.0  -27 +3.7 14 .78
21 41.9 53.7  -26 +2.8 A5 .79
22 32.2 56.5  -25 +1.9 15 .79
23 69.1 58.4  -24 +3.6 16 .80
24 75.6 62.0  -23 +3.2 17 .8l
25  49.9 65.2  -22 +1.2 17 .82



88

JAN 1894

69.6
79.6
76.3
76.8
101.4
62.8
70.5
65.4
78.6
75.0
73.0
65.7
88.1
84.7
89.9
88.6
129.2
77.2
80.0
75.1
93.8
83.2
84.6
52.3
8l.6
101.2
98.9
106.0
70.3
65.9
75.5
56.6
60.0
63.3
67.2
61.0
76.9
67.5
71.5
47.8
68.9
57.7
67.9
47.2
70.7
29.0
57.4
52.0
43.8
27.7
49.0

66.4
63.1
71.0
73.2
73.4
73.9
75.3
76.3
77.1
78.2
79.8
8l.6
82.6
83.4
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87.9
86.2
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79.4
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75.3
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73.8
71.3
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65.2
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63.5
63.5
62.5
60.7
59.9
58.2
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52.5
51.5
49.6
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46.5
44.5
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128  12.9 6.8 81 -0.9 .90 .56
129 4.5 5.9 82 -0.5 .90 .57
130 0.3 5.4 83 -0.6 91 .57
131 0.2 4.8 84 -0.4 .92 .58
132 2.4 4.4 85 -0.5 .92 .99
133 4.5 3.9 86 -0.7 .93 «59
134 0.0 3.2 87 -0.4 .94 .60
135 10.2 2.8 88 0.0 .94 .61
136 5.8 2.8 89 +0.2 .95 .61
137 0.7 3.0 90 +0.1 .96 .62
138 1.0 3.1 91 +0.2 .97 .63
139 0.6 3.3 92 +0.3 97 .63
140 3.7 3.6 93 -0.3 .98 .64
141 3.8 3.3 94 -0.5 .99 .65
142 0.0 2.8 95 -0.1 .99 .66
143 5.5 2.7 96 0.0 1.00 .66
JAN 1902 0 5.5 2.7 -49 0.0 0.00 .66 Ruiy SCN 14

1 0.0 2.7 -48 +0.4 .01 .67

2 12.4 3.1 -47 +0.8 .01 .68

3 0.0 3.9 -46 +0. 8 .02 .68

4 2.8 4.7 -45 +0.3 .03 .69

5 1.4 5.0 -44 +0.2 .04 .70

6 0.9 5.2 -43 +0.8 .04 .70

7 2.3 6.0 -42 +0. 7 .05 .71

8 7.6 6.7 -41 +1.2 .06 .72

9 16.3 7.9 -40 +1.6 .07 .72
10 10.3 9.5 -39 +1.1 .07 .73
11 1.1 10.6 -38 +1.7 .08 .74
12 8.3 12.3 -37 +2.2 .09 .74
13 17.0 14.5 -36 +1.3 .09 .75
14 13.5 15.8 -35 +1.1 .10 .76
15 26.1 16.9 -34 +2.4 .11 .77
16 14.6 19.3 -33 +3.2 .12 77
17 16.3 22.5 -32 +2.9 .12 .78
18 27.9 25.4 -31 +1.2 .13 .79
19 28.8 26.6 -30 +1.3 .14 .79
20 11.1 27.9 -29 +1.7 .14 .80
21 38.9 29.6 -28 +1.8 .15 .81
22 44.5 31.4 =27 +2.1 .16 .81
23 45.6 33.5 -26 +2.0 .17 .82
24 31.6 35.5 -25 +2.2 .17 .83
25 24.5 37.7 -24 +2.0 .18 .83
26 37.2 39.7 -23 +1.4 .19 . 84
27 43.0 41.1 -22 +0.4 .20 .85
28  39.5 41.5 =21 +0.1 .20 . 86
29 41.9 41.6 -20 +1.3 .21 .86
30 50.6 42.9 -19 +3.5 .22 .87
31 58.2 46.4 -18 +3.4 .22 .88
32 30.1 49.8 -17 +0.6 .23 .88
33 54.2 50.4 -16 +0.2 .24 .89



34 38.0 50.6 -15 +0.7 .25 .90
35 54,6 51.3 -14 +1.2 .25 .90
36 54.8 52.5 -13 +1.0 .26 91
37 85.8 53.5 -12 +1.0 .27 .92
38 56.5 54.5 -11 +2.1 .28 .92 A -
40 48 0 60.5 -9 +2.9 .29 .94
41  49.0 63.4 -8 -0.3 .30 .94
42  73.0 63.1 -7 -2.7 .30 .95
43 58.8 60.4 -6 -1.9 .31 .96
44  55.0 58.5 -5 +1.0 .32 .97
45 78.7 59.5 -4 +1.1 .33 .97
46 107.2 60.6 -3 +0.9 .33 .98
47 55,5 61.5 -2 +1.9 .34 .99
48 45.5 63.4 -1 +0. 8 .35 .99 -
FEB 1906 49 31.3 64.2 0 -0.4 .36 0.00 RMAX

50 64.5 63.8 1 -2.5 .36 .01
51  55.3 61.3 2 -5.4 .37 .01 *
52 57.7 55.9 3 -2.4 .38 .02
53 63.2 53.5 4 +1.6 .38 .03
54 103.3 55.1 5 +4.5 .39 .04
55 47.7 59.6 6 +3.1 .40 .04
56 56.1 62.7 7 -0.3 .41 .05
57 17.8 62.4 8 -0.7 .41 .06
58 38.9 61.7 9 -1.6 .42 .07
59 64.7 60.1 10 -3.2 .43 .07
60 76.4 56.9 11 -1.9 .43 .08
61 108.2 55.0 12 +1.4 44 .09
62 60.7 56.4 13 "+3.2 .45 .09
63 52.6 59.6 14 +2.9 .46 .10
64 43.0 62.5 15 +0.3 46 .11
65 40.4 62.8 16 -2.3 .47 .12
66 49.7 60.5 17 -4.7 .48 .12
67 54.3 55.8 18 -4.4 .49 .13
68 85.0 51.4 19 -1.1 .49 .14
69 65.4 50.3 20 +0.1 .50 .14
70 61.5 50.4 21 +0.2 .51 .15
71  47.3 50.6 22 -0.1 .51 .16
72 39.2 50.5 23 +1.1 .52 .17
73 33.9 51.6 24 +1.6 .53 .17
74 28.7 53.2 25 -1.3 .54 .18
75 b57.6 51.9 26 -2.0 .54 .19
76 40.8 49.9 27 -1.0 .55 .20
77 48.1 48.9 28 +0.4 .56 .20
78  39.5 49.3 29 +1.2 .57 .21
79 90.5 50.5 30 +2.1 .57 .22
80 86.9 52.6 31 +0.5 .58 .22
81 32.3 53.1 32 -1.2 .59 .23
82 45.5 51.9 33 -1.3 .59 .24
83 39.5 50.6 34 -1.2 .60 .25
84 56.7 49.4 35 -3.0 .6l .25



A_
85 46.6 46.4 36 _4.8 62 .26 R
8  66.3 81.6 37 ~0.9 62 .p7  GNVL3
87  32.3 20.7 38 1.5 63 .28
88  36.0 42.2 39 1.1 64 .28
8  22.6 3.3 40 0.7 64 .29
90 35.8 42.6 41 -1.9 65 .30
91 23.1 40.7 42 2.5 66 .30
92 38.8 38.2 43 2.8 67 .31
93 58.4 35.4 44 1.6 67 .32
94  55.8 33.8 45 1.0 68 .33
95 54.2 32.8 46 1.3 69 .33
96  26.4 31.5 47 1.4 .70 .34
97  31.5 30.1 48 -1.0 70 .35
98  21.4 29.1 49 1.4 71 .36
99 8.4 27.7 50 -3.0 72 .36
100 22.2 20.7 51 1.1 72 .37
101 12.3 20.6 52 -3.0 73 .38
102 14.1 17.6 53 1.9 .74 .38
103 11.5 15.7 54 1.5 275 .39
104 26.2 14.2 55 _0.2 75 .10
105 38.3 14.0 56 -0.2 76 .41
106 4.9 13.8 57 -1.0 77 .4
107 5.8 12.8 58 -0.8 78 .42
108 3.4 12.0 59 ~0.8 78 .43
109 9.0 11.2 60 1.2 79 .43
110 7.8 10.0 61 2.5 80 .44
111 16.5 7.5 62 -1.5 .80 .45
112 9.0 6.0 63 _0.2 8l .46
113 2.2 5.8 64 -0.2 82 .46
114 3.5 5.6 65 -0.5 .83 .47
115 4.0 5.1 66 -0.5 83 .48
116 4.0 1.6 67 _0.6 8 .49
117 2.6 2.0 68 ~0.7 .85 .49
118 4.2 3.3 69 -0.2 86 .50
119 2.2 3.1 70 +0.1 .8 .51
120 0.3 3.2 71 ~0.2 .87 .51
121 0.0 3.0 72 +0.1 .88 .52
122 4.9 3.1 73 +0.3 .88 .53
123 4.5 3.4 74 0.0 .89 .54
122 4.4 3.4 75 0.0 90 .54
125 4.1 3.4 76 +0.3 91 .55
126 3.0 3.7 77 0.2 91 .56
127 0.3 3.9 78 ~0.1 92 .57
128 9.5 3.8 79 ~0.3 93 .57
129 4.6 3.5 80 0.3 .93 .58
130 1.1 3.2 8l -0.4 94 .59
131 6.4 2.8 8 -0.2 .95 .59
132 2.3 2.6 8 -0.1 96 .60
133 2.9 2.5 81 20.3 96 .61
134 0.5 2.2 85 -0.4 97 .62
135 0.9 1.8 86 ~0.1 98 .62



136 0.0 1.7 87 -0.1 .99 .63
137 0.0 1.6 88 -0.1 .99 .64
138 1.7 1.5 89 0.0 1.00 .64
JuL 1913 0 1.7 1.5 -49 0.0 0.00 .64 Rmpn SCN 15
1 0.2 1.5 -48 +0.1 .01 .65
2 1.2 1.6 -47 +0.8 .02 .66
3 3.1 2.4 -46 +0.9 03 .67
4 0.7 3.3 -45 +0.6 03 .67
5 3.8 3.9 -44 +0.7 .04 .68
6 2.8 4.6 -43 +0.4 .05 .69
7 2.6 5.0 -42 +0.8 06 .70
8 3.1 5.8 -41 +0.7 .07 .70
9 17.3 6.5 -40 +0.9 .08 .71
10 5.2 7.4 -39 +1.4 .08 .72
11 11.4 8.8 -38 +1.6 .09 .72
12 5.4 10.4 -37 +2.5 .10 .73
13 7.7 12.9 -36 +3.2 .11 .74
14 12.7 16.1 -35 +2.5 .12 .75
15 8.2 18.6 -34 +2.1 .13 .75
16 16.4 20.7 -33 +3.6 .13 .76
17 22.3 24.3 -32 +5.1 .14 .77
18 23.0 29.4 -31 +5.4 .15 .78
19 42.3 34.8 -30 +4.1 16 .78
20 38.8 38.9 -29 +3.4 17 .79
21 41.3 42.3 -28 +3.0 18 .80
22 33.0 45.3 -27 +1l.6 .18 .80
23 68.8 46.9 -26 +1.4 .19 .81
24 71.6 48.3 -25 +1.5 20 .82
25  69.6 49.8 -24 +1.7 .21 .83
26 49.5 51.5 -23 +2.4 .22 .83
27 53.5 53.9 -22 +3.0 .23 .84
28 42.5 56.9 -21 +1.7 .23 .85
29 34.5 58.6 -20 -0.8 .24 . 86
30 45.3 57.8 -19 -2.2 .25 . 86
31 55.4 55.6 -18 -1.6 .26 .87
32 67.0 54.0 -17 -0.3 .27 .88
33 71.8 53.7 -16 +0.9 .28 .88
34 74.5 54.6 -15 +1.7 .28 .89
35 67.7 56.3 -14 +2.0 .29 .90
36 53.5 58.3 -13 +1.9 .30 91
37 35.2 60.2 -12 +1.9 .31 91
38 45.1 62.1 -11 +1.2 .32 .92
39 50.7 63.3 -10 +1.8 .33 .93
40  65.6 65.1 -9 +3.6 .33 .93
41  53.0 68.7 -8 +4.7 .34 .94
42 74.7 73.4 -7 +7.8 .35 .95 A =
43 71.9 81.2 -6 +8.5 .36 .96 GPVR13
44 94.8 89.7 -5 +4.4 .37 .96
45  74.7 94.1 -4 +2.2 .38 .97
46 114.1 96.3 -3 +4.4 .38 .98



47 114.9 100.7 -2 +4.1 .39 .99
48 119.8 104.8 -1 +0.6 .40 .99 _
AUG 1917 49 154.5 105.4 0 -1.2 .41 0.00 Rmax
50 129.4 104.2 1 -0.7 .42 .01
51 72.2 103.5 2 -1.3 .43 .02
52 96.4 102.2 3 -3.9 .43 .02
53 129.3 98.3 4 -2.8 44 .03
54 96.0 95.5 5 -2.7 .45 .04
55 65.3 92.8 6 -4.3 .46 .05
56 72.2 88.5 7 -1.5 .47 .05
57 80.5 87.0 8 0.0 .48 .06
58 76.7 87.0 9 -3.5 .48 .07
53 59.4 83.5 10 -4.9 .49 .08
60 107.6 78.6 11 -1.4 .50 .09
61 101.7 77.2 12 +0.3 .51 .09
62 79.9 77.5 13 -1.4 .52 .10
63  85.0 76.1 14 -0.7 .53 .11
64 83.4 75.4 15 +2.6 .53 .12
65 59.2 78.0 16 +0.4 .54 .13
66 48.1 78.4 17 -3.2 .55 .13
67 79.5 75.2 18 -2.4 .56 .14
68 66.5 72.8 19 -2.4 .57 .15
69 51.8 70.4 20 -3.0 .58 .16
70 88.1 67.4 21 -2.8 .58 .16
71 111.2 64.6 22 -0.9 .59 .17
72 64.7 63.7 23 -0.9 .60 .18
73 69.0 62.8 24 -0.9 .61 .19
74 54.7 61.9 25 -1.4 .62 .20
75 52.8 60.5 26 -3.8 .63 .20 A =
76 42.0 56.7 27 -5.3 .63 .21 GNVR13
77  34.9 51.4 28 -4.6 .64 .22
78 51.1 46.8 29 -3.6 .65 .23
79  53.9 43.2 30 -2.9 .66 .23
80 70.2 40.3 31 -0.9 .67 .24
81 14.8 39.4 32 -0.7 .68 .25
82 33.3 38.7 33 -0.9 .68 .26
83 38.7 37.8 34 -1.0 .69 27
84 27.5 36.8 35 -1.9 .70 .27
85 19.2 34.9 36 -2.8 .71 .28
8 36.3 32.1 37 -1.1 .72 .29
87 49.6 31.0 38 +0.3 .73 .30
88 27.2 31.3 39 -0.7 .73 «30
89  29.9 30.6 40 +0.4 .74 .31
90 31.5 31.0 41 +0.7 .75 .32
91 28.3 31.7 42 -0.6 .76 .33
92 26.7 31.1 43 -2.1 .77 .34
93 32.4 29.0 44 -1.7 .78 .34
94 22.2 27.3 45 -0.8 .78 .35
95 33.7 26.5 46 -1.2 .79 .36
96 41.9 25.3 47 -0.9 .80 .37
97 22.8 24.4 48 +1.1 .81 .38
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78 65.3 53.6 21 3.7 .64 .19
79 49.9 49.9 22 -1.8 .65 .20
80  35.0 48.1 23 -0.9 .66 .21
8l  38.2 47.2 24 2.7 66 .22
82  36.8 44.5 25 -5.3 .67 .23 _
83 28.8 39.2 26 -5.6 .68 .24 éﬁVR13
84 21.9 33.6 27 -2.4 .69 .25
85  24.9 31.2 28 -0.5 70 .26
86  32.1 30.7 29 -0.5 70 .27
87  34.4 30.2 30 -0.8 71 .28
88  35.6 29.4 31 -1.0 72 .29
89  25.8 28.4 32 -0.8 L7300 .30
90  14.6 27.6 33 0.7 .74 .31
91  43.1 26.9 34 -1.0 .75 .31
92 30.0 25.9 35 -1.6 75 .32
93 31.2 24.3 36 -1.7 .76 .33
94 24.6 22.6 37 2.0 77 .34
95 15.3 21.6 38 -0.5 78 .35
96 17.4 21.1 39 -1.4 .79 .36
97  13.0 19.7 40 2.2 .80 .37
98  19.0 17.5 41 1.6 .80 .38
99  10.0 15.9 42 1.1 .81 .39
100 18.7 14.8 43 0.0 .82 .40
101 17.8 14.8 44 0.0 .83 .41
102 12.1 14.8 45 -0.6 .84 .42
103 10.6 14.2 46 -0.9 .84 .43
104 11.2 13.3 47 -0.7 .85 .44
105 11.2 12.6 48 -0.5 .86 .44
106 17.9 12.1 49 0.7 87 .45
107 22.2 11.4 50 -0.2 .88 .46
108 9.6 11.2 51 +0.4 .89 .47
109 6.8 11.6 52 +0.5 .89 .48
110 4.0 12.1 53 -0.4 .90 49
111 8.9 11.7 54 -1.0 .91 50
112 8.2 10.7 55 1.3 .92 51
113 11.0 9.4 56 -1.0 .93 .52
114 12.3 8.4 57 -0.5 .93 .53
115  22.2 7.9 58 0.3 .94 .54
116 10.1 7.6 59 -0.2 .95 .55
117 2.9 7.4 60 -0.5 .96 .56
118 3.2 6.9 61 -0.8 .97 .56
119 5.2 6.1 62 -0.8 .98 .57
120 2.8 5.3 63 -1.0 99 .58
121 0.2 4.3 64 -0.8 99 .59
122 5.1 3.5 65 +0.1 1.00 60
SEP 1933 0 5.1 3.5  -43 +0.1 0.00 .60 Ry SCN 17
1 3.0 3.6  -42 +1.0 01 .61
2 0.6 4.6  -41 +0. 8 02 .62
3 0.3 5.4  -40 +0.3 02 .63
4 3.4 5.7 -39 +0.6 03 .64



5 7.8 6.3  -38 0.3 .04 .65
6 4.3 6.6 -37 +0.1 .05 .66
7 11.3 6.7  -36 +0.4 .06 .67
8 19.7 7.1 -35 +1.0 .06 .68
9 6.7 8.1  -34 1.3 .07 .69
10 9.3 9.4  -33 +1.1 .08 .69
11 8.3 10.5  -32 +1.3 .09 .70
12 4.0 11.8  -31 +0. 8 10 .71
13 5.7 12.6  -30 +0.4 10 .72
14 8.7 13.0  -29 +1.9 A1 .73
15  15.4 14.9  -28 +2.7 12 .74
16  18.6 17.6  -27 +1.9 .13 .75
17 20.5 19.5  -26 +2.5 4 .76
18 23.1 22.0  -25 +3.6 A4 .77
19 12.2 25.6  -24 +4.3 15 .78
20 27.3 29.9  -23 +4.2 16 .79
21  45.7 34,1 -22 +3.8 .17 .80
22 33.9 37.9  -21 +4.1 .18 .8l
23 30.1 42.0  -20 +4.5 .18 .8l
24 42.1 46.5  -19 4.8 19 .82
25  53.2 51.3  -18 3.8 .20 .83
26  64.2 55.1  -17 2.1 .21 .8
27 61.5 57.2  -16 +1.8 22 .85
28 62.8 59.0  -15 3.1 22 .86
29 74.3 62.1  -14 +3.8 23 .87
30 77.1 65.9  -13 +2.9 .24 .88
31 74.9 68.8  -12 +3.6 .25 .89
32 54.6 2.4 -11 4.8 .26 .90
33 70.0 77.2 -10 +5.4 .26 .91
34 52.3 82.6 -9 45,2 27 .92
35  87.0 87.8 -8 +2.5 .28 .93
36 76.0 90.3 - 7 +1.8 .29 .94
37 89.0 92.1 -6 +4.0 .30 .94
38 115.4 96.1 - 5 +5.1 230 .95 _
39 123.4 101.2 -4 +6.4 .31 .96 é%VR13
40 132.5 107.6 - 3 +5.9 .32 .97
41 128.5 113.5 - 2 3.2 .33 .98
42 83.9 116.7 -1 +2.5 34 .99
APR 1937 43 109.3 119.2 0 0.2 34 0.00  Rypy
44 116.7 119.0 1 _3.2 .35 .01
45 130.3 115.8 2 2.8 .36 .02
46 145.1 113.0 3 1.8 .37 .02
47 137.7 111.2 4 0.3 .38 .03
48 100.7 110.9 5 0.2 .38 .04
49 124.9 110.7 6 +0.1 .39 .05
50 74.4 110.8 7 -1.0 .40 .06
51 88.8 109. 8 8 -0.5 41 .07
52 98.4 109.3 9 -0.1 42 .07
53 119.2 109.2 10 -1.3 .42 .08
54  86.5 107.9 11 1.6 .43 .09
55 101.0 106.3 12 +0.9 44 .10



127.4 107.2 13 +2.2 .45 .11
97.5 109.4 14 -0.6 .46 12
165.3 108.8 15 -2.5 .46 12
115.7 106.3 16 -2.7 47 13
89.6 103.6 17 -0.5 .48 14
99.1 103.1 18 -0.1 .49 15
122.2 103.0 19 -0.2 .50 .16
92.7 102.8 20 -2.7 .50 .17
80.3 100.1 21 -3.2 51 .17
77.4 96.9 22 +0.5 .52 .18
64.6 97.4 23 +0.5 .53 .19
109.1 97.9 24 -2.7 54 .20
118.3 95.2 25 -4.3 .54 .21
101.0 90.9 26 -3.4 .55 .21
97.6 87.5 27 -2.0 56 .22
105.8 85.5 28 0.0 .57 .23
112.6 85.5 29 -1.2 58 .24 A =
88.1 84.3 30 -4.7 .58 .25 GNVR13
68.1 79.6 31 -3.3 .59 .26
42.1 76.3 32 -2.0 .60 .26
50.5 74.3 33 -1.3 .61 .27
59.4 73.0 34 -1.9 62 .28
83.3 71.1 35 -3.3 62 .29
60.7 67.8 36 -1.8 .63 .30
54.4 66.0 37 +0.7 .64 .31
83.9 66.7 38 +0.9 65 .31
67.5 67.6 39 -0.8 66 .32
105.5 66.8 40 -2.2 .66 .33
66.5 64.6 41 -2.7 67 .34
55.0 61.9 42 -2.2 .68 .35
58.4 59.7 43 -2.0 69 .36
68.3 57.7 44 -1.1 70 .36
45.6 56.6 45 -1.9 70 .37
44.5 54.7 46 -1.9 71 .38
46.4 52.8 47 -0.4 72 .39
32.8 52.4 48 -1.2 73 .40
29.5 51.2 49 -2.3 74 .40
59.8 48.9 50 -1.8 .74 .41
66.9 47.1 51 -0.1 .75 .42
60.0 47.0 52 +0.7 .76 .43
65.9 47.7 53 +1.4 77 .44
46.3 49.1 54 +1.0 78 .45
38.3 50.1 55 -2.2 78 .45
33.7 47.9 56 -4.0 79 .46
35.6 43.9 57 -3.8 .80 .47
52.8 40.1 58 -3.6 81 .48
54.2 36.5 59 -3.2 .82 .49
60.7 33.3 60 -1.4 .82 .50
25.0 31,9 61 -0.8 .83 .50
11.4 31.1 62 -1.5 .34 .51
17.7 29.6 63 -1.9 .85 52



107 20.2 27.7 64 -2.1 .86 .53
108 17.2 25.6 65 -2.6 . 86 .54
109 19.2 23.0 66 -1.9 .87 .55
110  30.7 21.1 67 -0.6 .88 .55
111 22.5 20.5 68 -0.4 .89 .56
112 12.4 20.1 69 -0.2 .90 .57
113 28.9 19.9 70 -0.3 .90 .58
114  27.4 19.6 71 -0.8 91 .59
115 26.1 18.8 72 -1.3 .92 .60
116  14.1 17.5 73 -1.0 .93 .60
117 7.6 16.5 74 -0.5 .94 .61
118 13.2 16.0 75 -1.6 .94 .62
119 19.4 14.4 76 -1.8 .95 .63
120 10.0 12.6 77 -1.8 .96 .64
121 7.8 10. 8 78 -1.6 .97 .64
122 10.2 9.2 79 -0.6 .98 .65
123 18.8 8.6 80 -0.4 .98 .66
124 3.7 8.2 81 -0.5 .99 .67
125 0.5 7.7 82 +0.1 1.00 .68
FEB 1944 0 0.5 7.7 -39 +0.1 0.00 .68 RMIN SCN 18

1 11.0 7.8 -38 +0.6 .01 .69

2 0.3 8.4 -37 +0.4 .02 .69

3 2.5 8.8 -36 +0.4 .02 .70

4 5.0 9.2 -35 +1.0 .03 .71

5 5.0 10.2 -34 +1.1 .04 .72

6 16.7 11.3 -33 +1.0 .05 .73

7 14.3 12.3 -32 +1.7 .06 74

8 16.9 14.0 =31 +2,5 .07 .74

9 10.8 16.5 -30 +2.5 .07 .75
10 28.4 19.0 -29 +2.9 .08 .76
11  18.5 21.9 -28 +1.9 .09 vy
12 12.7 23.8 =27 +1.3 .10 .78
13 21.5 25.1 -26 +3.0 .11 .79
14 32.0 28.1 -25 +3.6 .11 .79
15  30.6 31.7 -24 +1.4 .12 .80
16  36.2 33.1 -23 +1.2 .13 .81
17 42.6 34.3 -22 +4.3 .14 .82
18 25.9 38.6 -21 +5.3 .15 .83
19  34.9 43.9 -20 +4.2 .16 .83
20 68.8 48.1 -19 +4.0 .16 .8
21 46.0 52.1 -18 +3.9 .17 .85
22 27.4 56.0 -17 +4.6 .18 . 86
23  47.6 60.6 -16 +6.4 .19 .87
24  86.2 67.0 -15 +5.9 .20 .88
25 76.6 72.9 -14 +3.9 .20 .88
26 75.7 76.8 -13 +4.6 .21 .89
27 84.9 8l.4 -12 +7.2 .22 .90
28 73.5 88.6 -11 +6.7 .23 91
29 116.2 95.3 -10 +4.9 .24 .92
30 107.2 100.2 -9 +4.1 .25 .93
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31 94.4 104.3 -8 +5.3 .25 .93

32 102.3 109.6 -7 +8.0 .26 .94 A =

33 123.8 117.6 -6 +8.6 .27 .95 aPvR13

34 121.7 126.2 -5 +5.5 .28 .96

35 115.7 131.7 -4 +5.1 .29 .97

36 133.4 136.8 -3 +6.6 .30 .98

37 129.8 143.4 -2 +5.6 .30 .98

38 149.8 149.0 -1 +2.8 .31 .99 _
MAY 1947 39 201.3 151.8 0 -0.1 .32 0.00 Rmax

40 163.9 151.7 1 -0.5 .33 .01

41 157.9 151.2 2 -2.3 .34 .02

42 188.8 148.9 3 -3.4 .34 .02

43 169.4 145.5 4 +0.2 .35 .03

44 163.6 145.7 5 +0.5 .36 .04

45 128.0 146.2 6 -0.9 .37 .05

46 116.5 145.3 7 -0.5 .38 .05

47 108.5 144.8 8 -2.0 .39 .06

48  86.1 142.8 9 -2.3 .39 .07

49 94.8 140.5 10 -2.3 .40 .08

50 189.7 138.2 11 -2.4 .41 .08

51 174.0 135.8 12 -0.5 .42 .09

52 167.8 135.3 13 +1.3 .43 .10

53 142.2 136.6 14 +4.5 .43 .11

54 157.9 141.1 15 +6.6 .44 .12

55 143.3 147.7 16 +0.8 .45 .12

56 136.3 148.5 17 -4.6 .46 .13

57 95.8 143.9 18 -4.7 .47 .14

58 138.0 139.2 19 -2.6 .48 .15

59 119.1 136.6 20 -2.1 .48 .15

60 182.3 134.5 21 -1.3 .49 .16

61 157.5 133.2 22 -0.2 .50 .17

62 147.0 133.0 23 +1.8 .51 .18

63 106.2 134.8 24 +1.2 .52 .18

64 121.7 136.0 25 -1.6 .52 .19

65 125.8 134.4 26 -4.4 .53 .20

66 123.8 130.0 27 -5.6 .54 .21

67 145.3 124.4 28 -3.4 .55 .22

68 131.6 121.0 29 -1.4 .56 .22

69 143.5 119.6 30 -1.6 .57 .23

70 117.6 118.0 31 -3.0 .57 .24

71 101.6 115.0 32 -3.1 .58 .25

72 94.8 111.9 33 -5.5 .59 .25 A=

73 109.7 106.4 34 -6.9 .60 .26 GNVR13

74 113.4 99.5 35 -6.6 .61 .27

75 106.2 92.9 36 -6.3 .61 .28

76  83.6 86.6 37 -4.4 .62 .28

77  91.0 82.2 38 -3.2 .63 .29

/8 85.2 79.0 39 -3.7 .64 .30

79  51.3 75.3 40 -3.1 .65 .31

80 61.4 72.2 41 -0.8 .66 .32

81 54.8 71.4 42 +0.9 .66 .32
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82 54.1 72.3 43 -0.6 .67 .33
83 59.9 1.7 44 -2.2 .68 .34
84  59.9 69.5 45 +0.3 .69 .35
85 55.9 69.8 46 +0.9 .70 .35
86 92.9 70.7 47 -0.5 .70 .36
87 108.5 70.2 48 -0.4 .71 .37
88 100.5 69.8 49 -1.2 .72 .38
8 61.5 68.6 50 -2.3 .73 .38
90 61.0 66.3 51 -3.0 .74 .39
91  83.1 63.3 52 -4.1 .75 .40
92 51.6 59.2 53 -6.2 .75 .41
93 52.4 53.0 54 -6.2 .76 .42
94 45.8 46.8 55 -3.6 .77 .42
95 40.7 43.2 56 -1.2 .78 .43
96 22.7 42.0 57 -2.5 .79 .44
97 22.0 39.5 58 -3.4 .80 .45
98 29.1 36.1 59 -2.5 .80 .45
99 23.4 33.6 60 -1.7 .81 .46
100 36.4 31.9 61 -1.1 .82 .47
101 39.3 30.8 62 -1.4 .83 .48
102 54.9 29.4 63 -1.2 .84 .48
103 28.2 28.2 64 -0.6 .84 .49
104 23.8 27.6 65 -0.5 .85 .50
105 22.1 27.1 66 -1.1 . 86 .51
106  34.3 26.0 67 -1.9 .87 .52
107  26.5 24.1 68 -2.5 .88 .52
108 3.9 21.6 69 -1.7 .89 .53
109 10.0 19.9 70 -1.0 .89 .54
110 27.8 18.9 71 -1.5 .90 .55
111 12.5 17.4 72 -2.2 91 «55
112 21.8 15.2 73 -2.4 .92 .56
113 8.6 12.8 74 -1.3 .93 .57
114  23.5 11.5 75 -0.1 .93 .58
115 19.3 11.4 76 -1.0 .94 .58
116 8.2 10.4 77 -1.6 .95 .59
117 1.6 8.8 78 -1.4 .96 .60
118 2.5 7.4 79 -1.1 .97 .61
119 0.2 6.3 80 -0.7 .98 .62
120 0.5 5.6 81 -1.4 .99 .62
121  10.9 4.2 82 -0.8 .99 .63
122 1.8 3.4 83 +0.3 1.00 . 64
APR 1954 0 1.8 3.4 -47 +0.3 0.00 .64 RMIN SCN 19

1 0.8 3.7 -46 +0.5 .01 .65

2 0.2 4.2 -45 +1.2 .02 +65

3 4.8 5.4 -44 +1.8 .02 .66

4 8.4 7.2 -43 +0.6 .03 .67

5 1.5 7.8 -42 +0.1 .04 .68

6 7.0 7.9 -41 +1.6 .05 .68

7 9.2 9.5 -40 +2.5 .06 .69

8 7.6 12.0 -39 +2.2 .06 .70
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9 23.1 4.2  -38 +2.2 07 .71
10 20.8 16.4  -37 +3.1 .08 .72
11 4.9 19.5  -36 +3.9 .09 .72
12 11.3 23.4  -35 +5.4 10 .73
13 28.9 28.8  -34 +6.3 10 .74
14 31.7 35.1  -33 +5.0 A1 .75
15  26.7 40.1  -32 +6.4 12 .75
16 40.7 46.5  -31 +9.0 13 .76
17 42.7 55.5  -30 +8.9 A3 .77
18 58.5 64.4  -29 +8.6 14 .78
19 89.2 73.0  -28 +8.0 15 .78
20 76.9 8l.0  -27 +7.8 .16 .79
21 73.6 88.8  -26 +9.7 17 .80 _
22 124.0 98.5  -25 +10.8 17 .8l égVR13
23 118.4 109.3  -24 +9.4 18 .82
24 110.7 118.7  -23 +8.7 19 .82
25 136.6 127.4  -22 +9.5 20 .83
26 116.6 136.9  -21 +8.6 21 .84
27 129.1 145.5 =20 +4.1 .21 .8
28 169.6 149.6  -19 +1.9 22 .85
29 173.2 151.5  -18 +4.3 .23 .86
30 155.3 155.8  -17 +3.8 .24 .87
31 201.3 159.6  -16 +4.7 .25 .88
32 192.1 164.3  -15 +5.9 .25 .88
33 165.0 170.2  -14 +2.0 .26 .89
34 130.2 172.2  -13 +2.1 .27 .90
35 157.4 174.3  -12 +6.7 .28 .91
36 175.2 181.0  -11 +4.5 .29 .92
37 164.6 185.5 10 +2.4 .29 .92
38 200.7 187.9 -9 +3.5 .30 .93
39 187.2 191.4 -8 +3.0 .31 .94
40 158.0 194.4 - 7 +2.9 .32 .95
41 235.8 197.3 - 6 +2.2 .33 .95
42 253.8 199.5 -5 +1.3 .33 .96
43 210.9 200.8 - 4 -0.8 .34 .97
44 239.4 200.0 - 3 -1.0 .35 .98
45 202.5 199.0 - 2 1.9 .36 .98
46 164.9 200.9 -1 +0.4 .37 .99

MAR 1958 47 190.7 201.3 0 -4.5 37 0.00  Rypy
48 196.0 196. 8 1 5.4 .38 .01
49 175.3 191.4 2 -4.6 .39 .02
50 171.5 186.8 3 -1.6 40 .02
51 191.4 185.2 4 -0.3 .40 .03
52 200.2 184.9 5 -1.1 41 .04
53 201.2 183.8 6 -1.6 42 .05
54 181.5 182.2 7 -1.5 .43 .05
55 152.3 180.7 8 -0.2 44 .06
56 187.6 180.5 9 -1.9 L4407
57 217.4 178.6 10 -1.7 .45 .08
58 143.1 176.9 11 -2.4 .46 .09
59 185.7 174.5 12 -5.3 47 .09
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60 163.3 169.2 13 4.1 .48 .10
61 172.0 165.1 14 3.7 48 .11
62 168.7 161.4 15 5.6 49 .12
63 149.6 155.8 16 -4.5 .50 .13
64 199.6 151.3 17 -5.0 .51 .13
65 145.7 146.3 18 5.2 .52 .14
66 111.4 141.1 19 -4.0 .52 .15
67 124.0 137.1 20 -4.6 .53 .16
68 125.0 132.5 21 -3.6 .54 .16
69 146.3 128.9 22 -3.9 .55 .17
70 106.0 125.0 23 3.4 .56 .18
71 102.2 121.6 24 2.0 .56 .19
72 122.0 119.6 25 -2.6 .57 .20
73 119.6 117.0 26 3.1 .58 .20
74 110.2 113.9 27 -5.3 .59 .21 _
75 121.7 108.6 28 6.2 .60 .22 éﬁle3
76 134.1 102.4 29 -4.5 .60 .23
77 127.2 97.9 30 4.6 .61 .23
78 82.8 93.3 31 -5.4 62 .24
79 9.6 87.9 32 4,2 .63 .25
80 85.6 83.7 33 -3.5 .63 .26
81 57.9 80.2 34 5.4 64 .27
82 46.1 74.8 35 -5.9 65 .27
83 53.0 68.9 36 _4.6 .66 .28
84  61.4 64.3 37 4,2 .67 .29
85 51.0 60.1 38 4.3 .67 .30
86 77.4 55. 8 39 2.7 .68 .30
87  70.2 53.1 40 -0.6 69 .31
88  55.8 52.5 41 -0.2 .70 .32
80 63.6 52.3 42 -0.9 .71 .33
90 37.7 51.4 43 0.9 71 .34
91  32.6 50.5 44 -1.8 .72 .34
92 39.9 48.7 45 _3.5 .73 .35
93 38.7 45.2 46 3.4 .74 .36
94  50.3 41.8 47 2.0 .75 .37
95  45.6 39.8 48 0.4 .75 .38
96  46.4 39.4 49 0.2 .76 .38
97  43.7 39,2 50 -0.9 .77 .39
98  42.0 38.3 51 -1.5 .78 .40
99 21.8 36.8 52 -1.9 .79 .41
100 21.8 34,9 53 2.2 .79 .41
101  51.3 32,7 54 -1.9 .80 .42
102 39.5 30. 8 55 -0.8 .8l .43
103 26.9 30.0 56 0.2 .82 .44
104 23.2 29.8 57 0.4 .83 .45
105 19.8 29.4 58 +0.4 .83 .45
106 24.4 29.8 59 0.1 .84 .46
107 17.1 29.7 60 -0.6 .85 .47
108 29.3 29.1 61 0.4 .86 .48
109 43.0 28.7 62 -0.5 .87 .48
110  35.9 28.2 63 -0.5 .87 .49
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111 19.6 27.7 64 -0.5 .88 .50
112 33.2 27.2 65 -0.3 .8 .51
113 38.8 26.9 66 -0.9 .90 .52
114 35.3 26.0 67 2.2 90 .52
115  23.4 23.8 68 2.5 .91 .53
116  14.9 21.3 69 -1.8 .92 .54
117 15.3 19.5 70 1.7 .93 .55
118 17.7 17.8 71 2.4 .94 .55
119  16.5 15.4 72 2.7 .94 .56
120 8.6 12.7 73 -1.8 .95 .57
121 9.5 10.9 74 0.7 .96 .58
122 9.1 10.2 75 0.1 .97 .59
123 3.1 10.3 76 0.1 .98 .59
124 9.3 10.2 77 0.3 .98 .60
125 4.7 9.9 78 0.3 .99 .61
126 6.1 9.6 79 0.5 1.00 .62
0CT 1964 0 6.1 9.6  -49 +0.5 0.00 .62 Ry SCN 20
1 7.4 10.1  -48 +0.9 01 .63 !
2 15.1 11.0  -47 +0.7 .01 .63
3 17.5 11.7  -46 +0.3 .02 .64
4 14.2 12.0  -45 0.5 .03 .65
5 11.7 12.5  -44 +1.1 .04 .66
6 6.8 13.6  -43 +1.0 .04 .66
7 24.1 14.6 42 +0.4 05 .67
8 15.9 15.0  -41 +0.5 .06 .68
9 11.9 15.5  -40 +0.9 .06 .69
10 8.9 16.4 -39 +1.0 07 .70
11 16.8 17.4  -38 2.3 .08 .70
12 20.1 19.7  -37 +2.6 .09 .71
13 15.8 22.3  -36 2.2 .09 .72
14 17.0 24.5  -35 £3.2 .10 .73
15  28.2 27.7  -34 +3.6 a1 .73
16 24.4 31.3  -33 £3.2 A1 .78
17 25.3 34.5  -32 +2.9 12 .75
18  48.7 37.4  -31 £3.3 13 .76
19 45.3 20.7  -30 +4.0 4 .77
20 47.7 44.7  -29 +5.6 A4 .77 )
21  56.7 50.3  -28 +6.4 15 .78 é%VR13
22 51.2 56.7  -27 +6.4 .16 .78
23 50.2 63.1  -26 +4.5 16 .79
24 57.2 67.6  -25 +2.6 17 .80
25  57.2 70.2  -24 2.5 18 .8l
26  70.4 72.7  -23 +2.3 .19 .82
27 110.9 75.0 =22 £3.8 19 .8
28 93.6 78.8 21 +3.4 .20 .84
29 111.8 8.2  -20 +2.4 21 .8
30 69.5 8.6  -19 +2.9 21 .85
31 86.5 87.5  -18 +3.8 22 .86
32 67.3 91.3  -17 +2.8 .23 .87
33 91.5 94.1  -16 +1.2 .24 .88
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34 107.2 95.3 -15 0.0 .24 .88
35 76.8 95.3 -14 -0.3 .25 .89
36 88.2 95.0 -13 +2.1 .26 .90
37 94.3 97.1 -12 +3.5 .26 91
38 126.4 100.6 -11 +2.0 .27 .91
39 121.8 102.6 -10 +0.3 .28 .92
40 111.9 102.9 -9 +1.8 .29 .93
41  92.2 104.7 -8 +2.5 .29 .94
42  81.2 107.2 -7 +0.4 «30 .95
43 127.2 107.6 -6 -1.0 .31 .95
44 110.3 106.6 -5 -1.4 .31 .96
45 96.1 105.2 -4 -0.4 .32 .97
46 109.3 104.8 -3 +2.2 .33 .98
47 117.2 107.0 -2 +2.9 .34 .98
48 107.7 109.9 -1 +0.7 .34 .99 -
NOV 1968 49  86.0 110.6 0 -0.5 .35 0.00 RMAX
50 109.8 110.1 1 -0.1 .36 .01
51 104.4 110.0 2 -0.4 .36 .02
52 120.5 109.6 3 -1.6 .37 .02
53 135.8 108.0 4 -1.6 .38 .03
54 106.8 106.4 5 -0.2 .39 .04
55 120.0 106.2 6 -0.1 .39 .05
56 106.0 106.1 7 -0.2 .40 .05
57 96.8 105.9 8 +0.6 .41 .06
58 98.0 106.5 9 -1.1 .41 .07
59 91.3 105.4 10 -1.3 .42 .08
60 95.7 104.1 11 +0.5 .43 .08
61 93.5 104.6 12 +0.3 .44 .09
62 97.9 104.9 13 +0.7 .44 .10
63 111.5 105.6 14 +0.4 .45 .11
64 127.8 106.0 15 +0. 2 .46 .11
65 102.9 106.2 16 -0.1 .46 .12
66 109.5 106.1 17 -0.3 .47 .13
67 127.5 105.8 18 -0.5 .48 .14
68 106.8 105.3 19 -1.5 .49 .14
69 112.5 103.8 20 -2.8 .49 .15
70 93.0 101.0 21 -3.8 .50 .16
71  99.5 97.2 22 -3.3 .51 .17
72 86.6 93.9 23 -4.5 .51 .17 A =
73 95,2 89.4 24 -5.3 .52 .18 GNVR13
74 83.5 84.1 25 -3.7 .53 .19 '
75 91.3 80.4 26 -2.6 .54 .20
76 79.0 7. 27 -3.4 .54 .20
77 60.7 74.4 28 -3.5 .55 .21
78 71.8 70.9 29 -2.8 +56 .22
79 57.5 68.1 30 -1.4 .56 .23
80 49.8 66.7 31 -1.3 .57 .23
81 81.0 65.4 32 -0.8 .58 .24
82 6l.4 64.6 33 +1.2 59 .25
83 50.2 65.8 34 +0.4 .59 .26
84 51.7 66.2 35 +0.6 .60 .26
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85 63.2 66.8 36 +2.6 .61 27
86 82.2 69.4 37 +1.4 .61 .28
87 61.5 70.8 38 +0.4 .62 .29
88 88.4 71.2 39 +1.2 .63 .29
89  80.1 72.4 40 +1.0 .64 .30
90 63.2 73.4 41 -0.5 .64 .31
91 80.5 72.9 42 -2.4 .65 .32
92 88.0 70.5 43 -2.3 .66 .33
93 76.5 68.2 44 -2.7 .66 «33
94 76.8 65.5 45 -3.3 .67 .34
95 64.0 62.2 46 -1.6 .68 .35
96 61.3 60.6 47 -1.9 .69 .35
97 A4l.6 58.7 48 -3.6 .69 .36
98 45.3 55.1 49 -4.2 .70 .37
99 43.4 50.9 50 -4.4 .71 .38
100 42.9 46.5 51 -2.3 .71 .38
101  46.0 44.2 52 -1.5 .72 .39
102 57.7 42.7 53 -2.0 .73 .40
103 42.4 40.7 54 -1.6 .74 .41
104  39.5 39.1 55 -1.6 .74 .41
105 23.1 37.5 56 -1.4 .75 .42
106 25.6 36.1 57 -1.7 .76 .43
107  59.3 34.4 58 -1.8 .76 .44
108  30.7 32.6 59 -0.8 77 .44
109 23.9 31.8 60 -0.3 .78 .45
110 23.3 31.5 61 +1.2 .79 .46
111 27.6 32.7 62 +1.7 .79 .47
112 26.0 34.4 63 -0.4 .80 .47
113 21.3 34.0 64 -0.1 .81 .48
114 40.3 33.9 65 +0.7 .81 .49
115  39.5 34.6 66 -0.1 .82 .50
116  36.0 34.5 67 -0.5 .83 50
117  55.8 34.0 68 -0.9 .84 .51
118 33.6 33.1 69 -1.0 .84 .52
119  40.2 32.1 70 -1.9 .85 .53
120 47.1 30.2 71 -2.7 . 86 .53
121 25.0 27.5 72 -2.3 . 86 .54
122 20.5 25.2 73 -2.2 .87 .55
123 18.9 23.0 74 -0.9 .88 .56
124 11.5 22.1 75 -0.9 .89 .56
125 11.5 21.2 76 -2.6 .89 .57
126 5.1 18.6 77 -1.8 .90 .58
127 9.0 16.8 78 -0.8 91 .59
128 11.4 16.0 79 -1.0 91 .59
129 28.2 15.0 80 -0.7 .92 .60
130  39.7 14.3 81 +0.1 .93 .61
131  13.9 14.4 82 +1.0 .93 .62
132 9.1 15.4 83 +0.7 .94 .62
133 19.4 16.1 84 +0.2 .95 .63
134 7.8 16.3 85 -1.1 .96 .64
135 8.1 15.2 86 -2.0 .96 .65
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136 4.3 13.2 87 -1.0 .97 .65
137 21.9 12.2 88 +0.4 .98 .66
138 18.8 12.6 89 -0.1 .99 .67
139 12.4 12.5 90 -0.3 .99 .68
140 12.2 12.2 91 +0.7 1.00 .68
JUN 1976 0 12.2 12.2 -42 +0.7 .68 RMIN SCN 21
1 1.9 12.9 -41 +1.1 .69
2 16.4 14.0 -40 +0.3 .70
3 13.5 14.3 -39 -0.8 .71
4 20.6 13.5 -38 0.0 .71
5 5.2 13.5 -37 +1.3 .72
6 15.3 14.8 -36 +1.9 .73
7 16.4 16.7 -35 +1.4 . 74
8 23.1 18.1 -34 +1.9 .74
9 8.7 20.0 -33 +2.2 .75
10 12.9 22.2 -32 +2.0 .76
11 18.6 24.2 -31 +2.1 .77
12 38.5 26.3 -30 +2.7 .77
13 21.4 29.0 -29 +4.4 .78
14 30.1 33.4 -28 +5.7 .79
15 44.0 39.1 -27 +6.5 80
16 43.8 45.6 -26 +6.3 80
17 29.1 51.9 -25 +5.0 8l
18 43.2 56.9 -24 +4.4 82
19 51.9 61.3 -23 +3.2 .83
20 93.6 64.5 -22 +5.1 .83
21 76.5 69.6 -21 +7.3 .84
22 99.7 76.9 -20 +6.3 .85
23 82.7 83.2 -19 +6.1 . 86 A =
24 95.1 89.3 -18 +8.1 .86 GPVR13
25 70.4 97.4 -17 +6.6 .87
26 58.1 104.0 -16 +4.4 .88
27 138.2 108.4 -15 +2.7 . 89
28 125.1 111.1 -14 +2.2 . 89
29 97.9 113.3 -13 +4.4 .90
30 122.7 117.7 -12 +6.0 .91
31 166.6 123.7 -11 +7.2 .92
32 137.5 130.9 -10 +5.6 .93
33 138.0 136.5 -9 +4.6 .93
34 101.5 141.1 -8 +6.2 .94
35 134.4 147.3 -7 +5.7 .95
36 149.5 153.0 -6 +2.0 .95
37 159.4 155.0 -5 +0.4 .96
38 142.2 155.4 -4 +0.3 .97
39 188.4 155.7 -3 +2.1 .98
40 186.2 157.8 -2 +4.5 .98
41 183.3 162.3 -1 +2.2 .99 -
DEC 1979 42 176.3 164.5 0 -0.6 0.00 RMAX
43 159.6 163.9 1 -1.3
44 155.0 162.6 2 -1.7
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45 126.2 160.9 3 -2.2
46 164.1 158.7 4 -2.4
47 179.9 156.3 5 -1.6
48 157.3 154.7 6 -1.9
49 136.3 152.8 7 -2.5
50 135.4 150.3 8 -0.2
51 155.0 150.1 9 +0.1
52 164.7 150.2 10 -2.5
53 147.9 147.7 11 -5.0
54 174.4 142.7 12 -2.4
55 114.0 140.3 13 +1.2
56 141.3 141.5 14 +1.5
57 135.5 143.0 15 +0.4
58 156.4 143.4 16 -0.5
59 127.5 142.9 17 -1.4

60 90.9 141.5 18

61 143.8 19
62 158.7 20
63 167.3 21
64 162.4 22
65 137.5 23
66 150.1 24

* SCN 14 t(GNV) ACTUALLY OCCURRED AT t = 51, ONLY 2 MONTHS AFTER R(MAX), THE
t(GNV) SELECTED IS THE LARGEST GNV CHANGE IN SMCOTHED SUNSPOT NUMBER AFTER
t = 51, BEING MORE IN LINE WITH THE OTHER CYCLES; THAT IS, OCCURRING ABOUT
6 OR 7 YEARS INTO THE CYCLE.
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12 18 24

SCN =R, (1) =R, (1) =R, (t)

t=o t=o =0

8 140.2 3315 7785

9 158.0 268.3 521.6
10 54.9 136.9 327.6
1 144.5 349.5 7108
12 72.5 220.1 459.4
13 115.0 327.3 651.4
14 68.9 184.3 384.8
15 58.5 148.8 444.6
16 133.2 247.7 449.4
17 83.8 175.8 367.1
18 142.6 3314 642.3
19 101.4 330.6 923.4
20 176.5 335.9 644.2
21 203.3 414.9 914.4
X 111.54 260.62 561.93
s 39.19 76.28 171.82
r 0.36 0.55 0.91
Syx 37.17 33.28 16.70
ayx 75.591 47.376 44.848
byx 0.337 0.264 0.134
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