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A GROUP OF SOLAR CHANGES

Bv C. G. ABBOT

The author recently pubhshed ^ a new method of testing the varia-

bihty of the sun. Heretofore such variation has been indicated only

by successive observational values of the solar constant of radiation.

The new method depends on the selection of moments when the sun

is equally high above the horizon, the atmosphere equally clear, the

quantity of atmospheric water vapor identical, and the month of the

year the same, so that the temperature conditions will be substantially

comparable, both around the recording instrument and in the atmos-

phere itself.

Under such circumstances, if they could be met ideally, the atmos-

phere, although it reduces the intensity of the sun's radiation, reduces

it in the same proportion on every chosen occasion. Accordingly, the

pyrheliometric measurements of total solar radiation made at such

moments should show the same percentage variations of the sun as

the solar constant observations, in which atmospheric influences are,

as we suppose, eliminated. Since the most critical selection must

admit some inequality in sky conditions, the new method is not appli-

cable to individual days, but gives good results only for means of

fairly numerous groups of days, such as occur in the course of a

month of observdng.

The new test of comparative pyrheliometry on selected days was

applied to the observations of the months of July from, 1910 to

1920,^ omitting the years 191 2 and 191 3 when the great volcanic

eruption of Mt. Katmai, Alaska, rendered the atmosphere so hazy

that no suitable days could he found for comjDarison. The results

are shown in figvire i, in which the single smooth curve represents

the selected pyrheliometric observations, the dotted curve represents

the hitherto published solar constant work, and the double full curve

represents the variation of the Wolfer sun-spot numbers. It will be

seen that, except for the year 191 4, the new test is closely confirm-

atory of the solar variation shown b\- the published solar constant

work, and that there is an exceedingly close correspondence between

^ See Monthly Weather Review, May. 1926.
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the variations of the smi's total radiation and the variation of the vis-

ible spottedness.

A second trial of the new method of testing solar variation was

undertaken with the observations of the Smithsonian station at Mt.

Montezuma, in Chile, from 1920 to 1926. The work was carried

through for each of the twelve months of the year. In this method

of working, one determines the general mean values, including all

the selected days for all the months of a given name, as, for instance,

the month of January, both for the selected pyrheliometry and for

the published solar constant values. He then determines the per-

centage differences of the mean values of each individual month of

Fig.

TT 1915 lb 17 le

-Selected pryheliometry, solar constant, and sun-spot nu
compared. Mt. \\'ilson work, Julys 1910-1920

nibers

January for the series, from the appropriate general mean. If no

changes of scale in the solar constant observations occur, the two

series (pyrheliometric and solar constant) ought to show, within

experimental error, the same march of the percentage deviations

;

but if, owing to the introduction of new observers, new methods of

observation, or of reduction, the scale of the solar constant values

is altered from time to time, then the correspondence between the

two series is impaired. Such, indeed, proved to be the case at Monte-

zuma. The accompanying table gives the collected results on selected

pyrheliometry and solar constants for all months from 1920 to 1926.

I give the weights and the weighted mean percentage departures

in each instance. It will readily be seen by comparing the differences

of percentage departures, as given in italic type, that for consider-

able intervals these differences run along roughly alike from month

to month and then abruptly change. In this way they indicate

that several small changes of scale occurred in the solar constant

observations.
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These changes in scale of solar constant values have been deter-

mined by averaging the differences (given in italics in table i)

throughout such intervals as they remained similar in magnitude.

These intervals were found to coincide closely with intervals between

known changes of procedure, which might have affected the scale

of solar constant values. Based upon these facts, and allowing also

for small watch errors, the corrections of table 2, in percentages,

and in calories per square centimeter per minute, have been deter-

mined to reduce all ^Montezuma observations to the scale which pre-

vailed from August, 1920, to June, 1921, and which is believed to

accord closely ^ with the Mount Wilson scale of 1905 to 1920.

These corrections of scale depending on changes of procedure,

and whose respective influences extend continuously for definite in-

tervals of many months, having been applied to the percentage

changes of solar constant values given in table i, the resulting curves

of solar variation for the twelve months of the year are given in

figure 2, both as depending on selected pyrheliometry, and as depend-

ing on corrected solar constant values. The agreement between these

curves is really extraordinary. It will be seen that a general simi-

larity of the curves to those of the sun-spot variation is found, but

it is not for all months as close as was found for the months of

July, 1910, to 1920.

As meteorologists in various parts of the country are interested

in theoretical and practical studies of the variation of the sun. I

have thought best to furnish the following table 2 of monthly mean
solar constant values as originally published and now corrected by

taking account of the aforesaid changes of scale and of eccentricity

of the watches of observers. The table begins with August, 191 8,

and ends with December, 1926. These values are not the final defin-

itive ones which we shall publish soon, when the laborious recompu-

tation of all recent solar constant results is completed, but they will

probably differ very little from the final values. They lead to the

curve given at the top of the accompanying figure 3. The \A'olfer

monthly mean sun-spot numbers for the same interval of years are

plotted in the second line. It will be seen that while there is a general

tendency for higher solar radiation when sun spots are numerous.

^ Thus from Monthly Weather Review, May, 1925, it appears that the method

of selected pyrheliometry verifies the corrections of solar constant at Mount
Wilson of 1919 and 1920. as. given on pages 177 to 180 of Annals of the

Astrophysical Observatory, Vol. IV. These citations indicate for Mount Wilson

(mean of 100 values of 1918 to 1920, excluding July, 1918, and September,

1920) 1.950 calories. Correspondingly, table 2 gives 1.946 calories.
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yet the correspondence of the two groups is not exceptionally close.

Figure 4, which was prepared some years ago to represent the

relationship between solar constant values and sun-spot numbers,

from all of the Mt. Wilson, Calama, and 2^Iontezuma observations

at that time available, indicates that the increase of solar radiation

Soldr Constdnt . Selected Pyrheliometry -
. Sun spots

Fig. 2.—^Montezuma observations, all months, 1920 to 1925.

attending a given increase of sun-spot numl^ers is decidedly greater

when the total spottedness is small than when it is large. If this

consideration is kept in mind in examining figure 3, it will be seen,

in part, why the correspondence of the two curves is less marked
than perhaps might have been expected.

However, a new, and, as it seems to me, very important consid-

eration also influences the relationship between the two ciu'ves of
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figure 3. It is this : The resiihs given in table 2 show a strongly

marked periodicity of 25:^ months. I mentioned this discovery to

Dr. Dayton C. Miller. x\t his invitation, I submitted, for harmonic

analysis and synthesis by his celebrated machines, yj successive

months of solar constant results from June, 1920, to October, 1926.

These he used as they are given in table 2, except that smoothed

curves are drawn in some months of few observations. Dr. Miller's

work is graphically shown in figure 5. The dotted curve is that which

Fig. 3.—Monthly mean solar constant values, August, 1918, to December,

1926; sun-spot numbers; and indications of approximate 26-months regular

periodicity in solar radiation.

I supplied. The full curve above it is synthesized from the first 30

harmonic components of it as determined by means of his machine.

The first and second components are of little interest, as they give

merely the efifort of the machine to represent the ii-year sun-spot

cycle with only 67 years of data. Periods of yj/z, 77/S' 77/^^ 77/7'

77/9> 771'^^' 771^'^' 771 ^A a-"cl 771'i-S months, however, stand out with

more or less distinctness. By far the strongest of them is the one of

77/Z or 25fi months, but it seems to be associated with " overtones
"

(to borrow an expression from sound) of \, \, \, and \ its period.

This fundamental period of nearly 2 years and 2 months has been
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mentioiied by many authors as associated with weather and crop

harvests.^

The period 77/5, or 15! months, is approximately equal to that

which Professor Dinsmore Alter has been discussing as ^ the sun-

spot period, in his publications on world precipitation. It appears

also in its " overtones " of ^ and ^ period.

Finally there is the period of 77/7, or 11 months, which Clayton

and I called attention to several years ago" as occurring in the solar

L97

1.96

1.95

1.94,

133

'^^O^ 20 AO to 80 100 720~ KO TtO /SO 200

Fig. 4.— Increased sun-spot activity lirings higher solar constant values.

radiation. Periods approximating this are also noted by several au-

thors in weather phenomena.^ An " overtone " of l- the period of 11

months is also distinguishable.

With his synthesizing machine, Dr. Miller built up the top curve

of figure 5, and exterpolated it for several months beyond the data

furnished him. Thus far the results from Montezuma have agreed

well with this forecast of Dr. Miller which foretold a sharp rise

of the solar constant. If, in the next few years, it should be found

' See Brunt, Quart. Journ. Roy. Met. Sec, Vol. 53, p. 16. and others.

' See Smithsonian Misc. Coll., Vol. 77, No. 5, p. 9, 1925.

^ See Brunt, just cited, page 23.
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Fig. 5.—Harmonic analysis of monthly mean solar constant values
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that these definite uniform periodicities continue in solar variation,

we shall be encouraged to predict the radiation of the sun for years

in advance. If successful in such predictions, all that may hang

upon solar variation will become equally predictable.

Contemplating the variation of the sun, one is inclined to ask

Avhether all wave lengths take part proportionally in producing it,

or whether, as one would naturally expect, the variation grows

greater and greater towards shorter wave lengths. This question we
answered in the latter sense several years ago, by the curves of figure 6.

This indicates that, in fact, the red and infra-red vary almost not at
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Fig. 6.—Solar variation localized in the violet and ultra-violet.

all ; but that the solar variation keeps increasing, and very rapidly, as

we go to the shorter and shorter wave lengths. With a range of

only 2.3 per cent in total radiation, the ultra-violet, at wave length

0.35 micron, shows a variation in figure 6 of about 30 per cent. It

would be supposed, in view of this, that if our observations should

be continued to the limit of the solar spectrum, at 0.29 micron, we
should find there, perhaps, as much as 100 per cent change. In other

words, if the eye were sensitive to these extremely short wave

lengths, it would see the sun twice as bright on some days as on

others.

This expectation is confirmed by the observations of Dr. Pettit at

Mount Wilson Observatory. By silvering a quartz lens, which
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thereby became opaque, except for a narrow range of wave lengths

centering about 0.316 micron, he was able to select a very narrow

region of ultra-violet spectrum, and compare its intensity outside

the atmosphere with the intensity of the solar radiation in the green.

The ratios of violet to green, in Pettit's monthly mean values, show

a range of 60 per cent at a mean wave length of 0.316 micron.

It would naturally be expected that these large ultra-violet varia-

tions observed by Pettit would accompan}' exactly in point of time

the variations of total radiation as determined by Smithsonian ob-

servations. Pettit has kindly communicated some of his results

to me, and in figure 7 the two sets of observations are brought

Fig. 7.—Comparison of Smithsonian monthly mean solar constant values

with ultra-violet solar radiation values of Pettit.

together, with the scale of the ordinates of the Smithsonian work

expanded to match that of Pettit. The agreement between the two

series seems very satisfactor}', in view of the fact that the range of

total solar radiation is only about 1.5 per cent, so that one can not

hope that the accuracy of the Smithsonian determinations is sufificient

to give perfect correspondence on this very wide scale. Further-

more, Pettit has observed only on four days per month in the earlier

part of his investigation ; while in the latter part he has included

every possible day, and among them some of doubtful uniformity

of sky. In view of these circumstances it is not to be supposed that

his monthly results are without considerable error.

Also, interestingly associated with solar variation are results re-

cently communicated to me by Dr. Austin on the variation of inten-
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sity of reception of long-range radio-transmission. Figure 8 gives

three curves, as plotted by Austin. The first represents the monthly

mean departures from a three-year's mean of the radio reception at

Washington from several distant stations. The second curve shows

similar departures of the Wolfer sun-spot numbers, and the third,

the corresponding departures of the Smithsonian provisional solar

constant values, given above in table 2. Dr. Austin has informed me

that the probable error of his observations of individual days on

radio reception is from lO to 20 per cent, so that in the monthly

means it must be from 2 to 4 per cent. The general accord of the

three curves seems to indicate that the departures of monthly mean

radio reception from average values are almost wholly dependent

on the state of solar radiation.

In what has been said, we have been concerned only with long-

interval changes of the solar radiation, and associated terrestrial phe-

nomena. My colleagues and I have long believed that these changes are

due to changes in the effective temperature of the sun's radiating

surface, which depend on the activity of convection in the sun's

substance. We have noted, also, solar fluctuations of such short inter-

vals as a few days. These we attribute to the rotation of the sun

which brings successively opposite to the earth regions of unequal

radiating power, or i:)erhai)s. rather, of unequal absorbing or scatter-

ing power, on the sun's surface.

In harmony with this idea, the planets, which lie in different

directions, viewed from the sun, will succcssiz'cly feel the changing

influence of each inequality of the solar surface, as the rotation of

the sun brings such inequalities into- line with the planets successively.

j\s the sun's equator is inclined to the ecliptic, the interval of time

to be allowed differs a little from that which would be the case if the

inclination were zero. Furthermore, if one observes from the earth

some effect ujjon a distant planet, due to a variation of solar emission,

the time of observation will be influenced by the time required for

light to travel out to the distant planet and return to the earth. For

the causal irregularity of the solar surface is moving by solar rotation

while the light is on the wa}".

In Volume IV of the annals of Astrophysical (Observatory, page

190. figure 13, a not unfavorable test of this hypothesis is given,

de])ending on a comi)arison of observations by Guthnick of the planet

Saturn as compared with Smithsonian observations of the solar con-

stant of radiation.

While we are considering short interval solar variations, I give in

figure 9 a series of curves taken from table 6 of Clayton's paper
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entitled " Solar Radiation and Weather, or Forecasting Weather from

Observations of the Sun," ' in which the barometric pressure for the

cities of Winnipeg, Chicago, and New York, are compared, cor-

responding to conditions of high, medium, and low solar constant

values. The data from which these curves are plotted are given in

table 3. In plotting the figure, the dotted curves represent the march

of barometric pressure corresponding to high solar constant.

0^\ ^Z J 4 fy O
I

Z 1 4 5 |
2 1 f f

Fig. 9.—Barometric pressures attending and following high and low states

of solar radiation.

In order to bring out what seems to me a strong case of continuity,

I have brought together the pairs of barometric curves corresponding

to the largest solar constant dififerences at the top of the figure, those

corresponding to the smaller intervals lower down, and the mean

at the bottom. It will be seen that for each of the cities the greatest

deviation in barometric pressure corresponds to the greatest in solar

constant, the next smaller to the medium in solar constant, and the

least to the smallest difference in solar constant. The reader will

perceive also that generally the full and the dotted curves run con-

trastingly like the right hand to the left. He will also see that the

' Smith.'-onian Misc. Coll., Vol. 77, No. 6. 192;
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largest pressure difference occurs at Winnipeg on zero day, at

Chicago on the second day, and at New York on the third day after

the solar constant event.

It is, of course, to be expected that any wave of disturbance of

barometric pressure appearing in winter at Winnipeg on a certain

day would drift eastward, and appear at Chicago and New York after

about the intervals of time here shown. This is only ordinar\- well-

knovv^n meteorological experience, and proves nothing as to the influ-

ence of solar variation. But that in the mean results of such numerous

groups of cases there should remain residuals of the order of 0.15

inch in barometric pressure, and residuals so well exhibiting the

l^rincipals of continuity and proportionality relative to a supposed

cause seems to- be, at least, very harmonious to the hypothesis that

the assumed cause, solar variation, has a real relationship to the

observed effects.

As it has been suggested to me that these results of Clayton's

would perhaps be essentially modified had he been advised of the

corrections to scale, mentioned in connection with table 2, I may add

that his results concern only solar constant observations of the winter

half-years between October i, 1918, and March 31, 1922, during

which only the few values of October, 1921, would be apprecia1>ly

affected by the new changes of scale. It will appear, too, by inspection

of figure 3, that this period was one of unusual freedom from great

swings of the solar constant such as we attribute to general changes

of the solar surface temperature, so that the fluctuations which he

discusses will have been principally those of short interval.

From the various evidences assembled in this paper, added to many
others previously published, my colleagues and myself are more and

more encouraged to believe that our long investigation of solar varia-

tion will yield useful positive results.


