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SMITHSONIAN PYRHELIOMETRY REVISED

By C. G. ABBOT, Director, and L. B. ALDRICH, Bolometric Assistant,

ASTROPHYSICAL OBSERVATORY OF THE SMITHSONIAN INSTITUTION.

In a paper entitled " The Silver Disk Pyrheliometer

"

1

it was

stated that in order to promote pyrheliometric measurements of the

solar radiation in other parts of the world with instruments whose

indications are quite comparable, several copies of the Silver Disk

Pyrheliometer have been sent out by the Smithsonian Institution.

The number of these instruments which have now been sent out has

reached about twenty. The present paper gives a revision of the

constants of these instruments and a statement of their dependence

on experiments to determine the standard scale of radiation.

Three copies of the Standard Water-flow Pyrheliometer
2
have

been prepared at the shop of the Astrophysical Observatory. The

principle of these instruments consists in receiving the solar radia-

tion in a blackened chamber composing a perfect absorber or " ab-

solutely black body " and in carrying away the heat developed as

fast as formed by a current of water circulating around in the walls

of the receiving chamber. The rate of flow of the water, the rise of

temperature due to the solar heating and the aperture through

which the solar rays enter being known, the heating due to the solar

rays is determined in calories per square centimeter per minute. In

test experiments heat may be introduced electrically within coils in

the absorption chamber, and this may be measured as if it were solar

heat. The complete recovery of such test quantities of heat serves to

prove the accuracy of the instrument.

Quite recently a new standard pyrheliometer which we have

called " Standard Water-stir Pyrheliometer No. 4 " has been devised

and tested by us. This instrument employs the ordinary method

of calorimetry. A blackened tubular chamber for the absorption of

the solar heat is provided as for the water-flow pyrheliometer. In

the new instrument the absorption chamber is enclosed by a known

quantity of water in a copper vessel, so that the whole apparatus

comprises what is in effect a calorimeter for the method of mixtures.

1 Smithsonian Miscellaneous Collections, Vol. 56, No. 19.

" See Annals, Astrophysical Observatory, Vol. 2, pp. 39 to 47, 1908. Also

The Astrophysical Journal, Vol. 33, pp. 125 to 129, 191 1.
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The water in the instrument is vigorously stirred ' by means of a

stirring device run by an electric motor. A platinum resistance

thermometer, fully bathed by the water of the pyrheliometer serves

to determine its rate of rise of temperature due to the absorption of

solar rays, and also its rates of change of temperature before and

after exposure to these rays, due to the influence of the surroundings.

In this manner we may determine the intensity of the radiation of

the sun in terms of the rise of temperature per minute of a calorimeter

of known water equivalent, and we may be assured that the solar

rays are completely absorbed to produce heat, because they are

absorbed by a blackened surface forming the inside of a deep chamber

closely approximating to the " absolutely black body." In this new
instrument, as in the water-flow pyrheliometers, means are pro-

vided for the introduction electrically of known quantities of heat

to test the accuracy of the apparatus. A full description of the

new water-stir pyrheliometer and of the water-flow pyrheliometers,

Nos. 2 and 3, will appear in Vol. 3 of the Annals of the Astrophysical

Observatory, now in preparation.

The following table is a summary of the experiments made with

test quantities of electrical heating with standard pyrheliometers

Nos. 2,3 and 4:

Pyrheliometer.

Water-flow 2 ..

Water-flow 3 .

.

Water-flow 3 .

.

Water-stir 4. .

.

Dates.

1910—May 12, 16, 25, 26, 31; June 7
1910—April 18, 22, 23
191 1—Oct. 10, u
1912—Oct. 24, 25

Number
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Intercomparisons between the secondary pyrheliometers named in

the preceding table are as follows

:

Dates.

1910—June 21

1911—Apr. 25
1912—Dec. 20
1909—Oct. 23, 31

1911—June 22, 28; Sept. 14.

1910—July 28

191 1—June 28
1911—June 28
1912—Feb. 6, 10

1912—Nov. 8

1912—Nov. 11

Number
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July 28, 1910. It is possible that A. P.O. 9 was inadvertently not

fully exposed at this time. We shall adopt

:

A-P^8 = x.0068.
A P O 9 = lJ0426m

A.P.O. 8bi A.P.O. 8bis

A.P.O. IV
A.P.O. 8bis

= 0.7398.

From Stan^rd2
and

AJ>Q 8 we find
Standard 2

Xli(X)68=0 ^
A.P.O. 8 A.P.O. 8bis A.P.O. 8bis

From Standard 3 and
AJ> 0.8 we find

Standard 3 =0,3765X1.0068=0.3791.
A.P.O. 8 A.P.O. 8bis A.P.O. 8bis

From Standardj
and A^OIV we fi d

Standard 3 =Q.5x40x0.7398=0.3809.
A.P.O. IV A.P.O. 8bis A.P.O. 8bis

also 0.5094X0.7398=0:3768.

From S4^^4 and
A ROo^

find
Standard 4 6l8x 6=a3772 ,

A.P.0.

9

A.P.O. 8bis A.P.O. 8bis

Besides these values we have given two direct comparisons of ---- ^ _ •

A.P.O. 8bis

In combining the results to obtain the best value of the constant of

Secondary Pyrheliometer A. P. O. 8 b ; s , we have been guided by the

view that a completely independent set-up of apparatus is a more

weighty condition than is a small probable error. This amounts to

saying that we have considered constant errors of more importance

than accidental ones. But admitting this, we have also taken some

notice of the number of observations made on different occasions, and

of their accordance. These considerations have led us to the follow-

ing values for Constant of Secondary Pyrheliometer A. P. O. 8bi s :
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of these comparisons for determining the constants of the various

Smithsonian pyrheliometers
a

:

Date.

1910-

1911-

1911-

1911-

1912-

1911-

1912-

1912-

1911-

1911-

1910-

1911-

1911-

1911-

1912-

1911-

1911-

1911-

1911-

1912-

1912-

1912-

1912-

1912-

1912-

-Apr 8

-Jan. 25
-Jan. 25
-Dec. 6
-Feb. 10

-Jan. 20, 23, 24,
-Nov. 8

-Nov. 8
-Jan. 19
-Jan. 20
-Apr. 8

-Dec. 3

-Mar. 10

-Mar. 21

-May 18, 20.

-Apr. 25 ...

.

-May 4
-Dec. 18....
-Feb. 6
-Sept. 28....
-Feb. 10 ...

.

-Feb. 10

-Mar. 7
-Mar. n, 16

-Mar. 16....

Number
compari-
sons.

Secondaries used.

S.I. 1

S.I. 1

S.I. 1

S.I. 1

S.I. 1

S.I. 2
s.r. 2

S.I. 2

S.I. 3
S.T. 3
S.I. 4
S.I. 4

Ratio

Data for S.I. 5 given in preceding table.
S.I. 6
S.I. 7
S.T. 8
S.I. 9
S.I. 10

S.l. 10

S.I. 11

S.I. 12

S.I. 13
S.I. 14
S.I. 15

S.I. 16

S.l. 17

A. P.O. 8bis

A. P. O.81. is

A.P.O. 8bis

A. P.O. Sim
A.P.O. Sbis

A.P.O. 9
A.P.O. 8bis

A.P.O. Sbis

A.P.O. 8bis

A.P.O. 9
A.P.O. 8bis

A.P.O. 8bis

A.P.O. 9

1.0327
1 . 0408
1.0032
1. 0130
1 .0013

0.9703
1.0044
1.0427
1 .0466

0.9777
1. 0491
i-035^

0.9990

Probable
error.

A.P.O. 8
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Summary.—A new form of standard pyrheliometer has been

devised and tested. In this new instrument, as in the water-flow

pyrheliometers, the solar rays are absorbed in a deep chamber

approximating to the perfect absorber or " black body." Means are

provided for introducing electrically test quantities of heat.

It is shown that with Standard Water-flow Pyrheliometers Nos. 2

and 3, and the new Water-stir Pyrheliometer No. 4, test quantities of

heat may be measured to within 1 per cent.

A summary is given of all definitive comparisons of the three

standards just named with Secondary Silver-disk Pyrheliometers,

and also the net of inter-comparisons connecting all Smithsonian

secondary pyrheliometers now in use. From these data are derived

the best values of the constants of all these secondary pyrheliometers.

This system of pyrheliometry we call " Smithsonian Revised

Pyrheliometry of 1913."

It rests on 72 comparisons on 20 different days of 3 different years

with 3 standard pyrheliometers of different dimensions and 2 widely

different principles of measurement, all capable of recovering and

measuring within 1 per cent test quantities of heat, and all closely

approximating to the " absolutely black body." The 72 comparisons,

40 at Washington, 32 at Mount Wilson, were made in 6 groups. The

maximum divergence of the mean results of these groups is 1 per cent.

Hence it is believed that the mean result of all the comparisons made

under such diverse circumstances must be within 0.5 per cent of the

truth. The probable error is 0.1 per cent. It is believed that this

standard scale is reproducible by the secondary pyrheliometers with

the adopted constants given to within 0.5 per cent. The divergence

of this scale from that of Angstrom appears to be 3.9 per cent.


