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SILVER-DISK PYRHELIOMETRY
By W. H. HOOVER and A. G. FROILAND

Astrophysical Observatory, Smithsonian Institution

(With i Plate)

In June and July 1932, Dr. C. G. Abbot and L. B. Aldrich com-

pared silver-disk pyrheliometer S.I. 5bis with an improved form of

the water-flow pyrheliometer. 1

The mean of 37 comparisons indicated the constant of S.I. 5bis

should be 0.3625. The original constant of S.I. 5ms (0-37I5) was

determined by Dr. Abbot and W. H. Hoover in August 1931 by 24

comparisons with A.P.O. 8bis- Eight more comparisons in September

1932 by Aldrich and Hoover indicated the constant of S.I. 5biS should

be 0.3718. Silver-disk pyrheliometer A.P.O. 8biS has been used since

1912 solely for standardization at Washington. Thus the scale of the

Smithsonian revised scale of 191 3 is too high by the ratio 0.3718 to

0.3625, or 1.0256—about 2.5 percent.

The results of 42 more comparisons in July 1934 by the same ob-

servers were in close agreement with the results of 1932. The mean

value of the constant of S.I. 5ms in 1932 was 0.3625, and 0.3629 in

I934- 2

No comparisons were made between 1934 and 1947. In August

1947, 18 comparisons gave 0.3626 as the constant of S.I. 5bis .

3 The

results of the comparisons between silver-disk pyrheliometer S.L

5bi8 and the standard water-flow pyrheliometer No. 5 in 1932, 1934,

and 1947 are based on Dr. Abbot's habit of reading the silver-disk

pyrheliometer. L. B. Aldrich made a few observations with S.I. 5bis

in 1932.

Since there is a small personal equation in reading the silver-disk

pyrheliometer more comparisons were made in 1952 between S.I.

5bis and the standard water-flow instrument No. 5. The results of

1 Smithsonian Misc. Coll., vol. 87, No. 15, 1932.
2 Smithsonian Misc. Coll., vol. 92, No. 13, 1934.
3 Smithsonian Misc. Coll., vol. no, No. 5, 1948.
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1952 are based on A. G. Froiland's habit of reading the silver-disk

pyrheliometer. In order to insure comparable results with the water-

flow pyrheliometer no changes were made in the instrument.

Figure 1, A, B, and C, shows the instrument in some detail. The
two chambers a b c and a' b' c' are almost exactly the same in all de-

tails. The distilled water enters at d and divides into two streams at
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Fig. 1.—Standard water-flow pyrheliometer.

e and e' . The water flows around the receiver at d and d' and out of

the instrument at / and ;'. i and *' are the thermoelectric junctions

used to determine the equality of temperature of the water streams

outflowing from the two chambers, m is the water bath for the two

receivers, water entering at p and being discharged at 0. 11 is a wooden

case surrounding the instrument. The heating coils are indicated by

k and k'. Not shown is a shutter for alternating the chambers ex-

posed to solar and electric heating. A detailed description of one of

the receivers is given in volume 3 of the Annals of the Astrophysical

Observatory.

In order to keep the water bath surrounding the two receivers and

the distilled water entering the instrument at the same temperature,

we used a 50-gallon drum of water as a source of water for the water
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bath. A circulating pump continually stirred the water in the drum

and a bypass on the pump circulated some of the water through the

water bath. The distilled water flowed through a coil in the drum
before entering the instrument. Thus the bath water and the distilled

water were always at the same temperature when leaving the drum.

All the precautions that were taken in 1932, 1934, and 1937 to in-

sure greater accuracy were again taken in the present comparisons.

In addition, we found it very important to have the rate of flow of

water in the two receivers as near the same as possible. The water

entering the receivers may not be at exactly the same temperature as

the water bath around the receivers, thus any change in the tempera-

ture difference would produce a drift of the galvanometer.

In order to get the flow of water the same in the two circuits, we
exposed both receivers to solar radiation and adjusted the flow of

water until the galvanometer remained at the open circuit zero. Thus

the two streams of water were at the same temperature and since they

were both receiving the same amount of heat the rate of flow should

be the same.

Water currents of approximately 50 cubic centimeters per minute

in each branch of the pyrheliometer were found to give good results,

but rates as low as 35 and as high as 65 cubic centimeters per minute

were used without affecting the results. Temperature of the water

bath varied from 23 ° to 28 C. on different days.

Table 1 gives the results of the comparisons. The mean of 100

observations gives 0.3622 as the constant of S.I. 5ms- The average

deviation from the mean is 0.27 percent and the maximum devia-

tion from the mean about 0.9 percent. The above value is about

.13 percent lower than the mean of the previous values.

Table i.—Summary of 1932 comparisons

Date
1952
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Table i.—Summary of 1952 comparisons (continued)

Date
1952
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Table i.—Summary of 1952 comparisons (concluded)

Date
1952
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Fig. 2.—Photographic copy of Froiland's original reading of the
silver-disk pyrheliometer.
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Standard Water-flow pyrheliometer as mounted at
Table Mountain, Calif.
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Figure 2 is a photographic copy of A. G. Froiland's original read-

ings of the silver-disk pyrheliometer S.I. 5w s on September 29, 1952.

A summary of all the comparisons between S.I. 5ms and standard

water-flow No. 5 is given below

:

1. of values
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disk pyrheliometers.4 The present determination was made with one

pyrheliometer.

In this experiment and all the following experiments the lamp was

turned on about an hour before making a series of readings. The

lamp was very constant during a day's observations and changed very

little from day to day.

In one set of observations the following results were obtained:

The mean of 18 observations at a mean bulb temperature of 34.°2i

was 3.388, and a mean of 12 observations at a mean bulb temperature

of 21.66 was 3.435. The above readings represent the rise in tem-

perature of the silver disk with all corrections applied with the ex-

ception of the one depending on the mean bulb temperature. If this

correction is applied, the two values should be the same. Thus 3.388+
[4.21 K (3-388)] =3-435+ [—8-34 K (3-435)], or K is equal to

0.001095. Other determinations of K with various temperature differ-

ences gave results of K between o.ooio4 and 0.00118, with a mean
value approximately 0.0011. One set of observations made with pyr-

heliometer S.I. 89 gave 0.00109. Some of the determinations of K
were made with the pyrheliometer in a water-cooled chamber with a

hole in one end to admit the radiation and a slot along one side to read

the thermometer. Also an automatic shutter opening and closing device

was used for some of the work. In any set of observations individual

values were within ±0.3 percent of the mean.

SERIES OF OBSERVATIONS IN WHICH THE COOLING CORRECTION DURING

THE FIRST IOO SECONDS IS ZERO OR NEAR ZERO

In making a series of readings it has been our practice to start read-

ings 20 seconds after completing an observation. Thus a 4-minute

shaded period occurs between each 2 minutes of exposure. Each value

is independent and the total rise in temperature of the silver disk is

much less than the rise in temperature of the silver disk with only a

2-minute shaded period between each 2-minute exposure.

In the following experiment sets of six readings each were taken

and for each set the cooling correction for the first 100 seconds of

the first reading was zero or near zero. Sets of readings were made

at different temperatures and some were made with the automatic

shutter opening and closing device. After the fifth reading the mean

4 Smithsonian Misc. Coll., vol. 95, No. 23, 1937.
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bulb temperature and the cooling correction remained about constant.

The mean of 30 sets is given below

:

No. of reading 1 2 3 4 5 6

Corrected reading 3.202 3.206 3.208 3.210 3.21 1 3.212

The above indicates some increase in the reading from i to 6. The

change is small, however, after the second reading. This fact was

noted about 20 years ago, when many comparisons were being made

between the silver-disk and the Angstrom pyrheliometers. Since that

time, when using the silver-disk pyrheliometer, we have preheated

the silver disk from one to three minutes before starting a series of

readings. Series of readings taken after the silver disk was preheated

gave very consistent readings. Some of the discrepancy in the read-

ings shown above may be due to a delay in opening and closing the

shutter or a time lag in reading the thermometer. The rate of move-

ment of the mercury thread is different in the first two or three read-

ings of a set from that in later readings of the set when the rate

of heating and cooling remain about constant.

EFFECT OF DELAY IN OPENING AND CLOSING SHUTTER

A set of readings were made using the regular method of opening

and closing the shutter and then a set in which there was a delay of

10 seconds in opening the shutter after the end of a shaded period

and a delay of 10 seconds in closing the shutter after an exposure

period. The results in the latter case were about 3 percent higher.

Thus a delay in opening and closing the shutter of even one second

may result in an error of 0.3 percent. Variation in the time of open-

ing and closing the shutter may explain the variation of the results with

the silver-disk pyrheliometer by different observers. The pyrheliome-

ter readings in this series of tests were made by L. B. Aldrich and

W. H. Hoover. With the regular method of reading the pyrheliome-

ter and the shutter operated by hand there was a difference of about

0.2 percent between the readings of the two observers. When the

automatic shutter-opening device was used this difference was re-

duced to 0.1 percent or less.

EFFECT ON THE PYRHELIOMETER READINGS WHEN READINGS ARE

TAKEN BEFORE THE PYRHELIOMETER CHANGES TO

AMBIENT TEMPERATURE

For this test the pyrheliometer was placed in the chamber of the

water bath and the automatic shutter device was used when readings
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were made. With the water bath at 15 and the pyrheliometer at the

same temperature, a few readings were made with the bath maintained

at 1

5

. The temperature of the bath water was then changed to about

35 and readings made while the pyrheliometer was changing tem-

perature. The first three readings were from 0.5 to 0.7 percent too

high. When the pyrheliometer was about 5 below the temperature

of the bath more readings were taken. These readings agreed with

the original set of readings. These results indicate that the pyr-

heliometer should be near the ambient temperature before making an

observation.

In a paper on the Abbot silver-disk pyrheliometer 5 L. B. Aldrich

discussed in some detail the method of observing with the silver-disk

pyrheliometer and listed some precautions to be taken to insure greater

accuracy. One precaution should be added. The shutter should be

opened immediately at the end of the first shaded period and closed

immediately after the end of the exposed period. A delay of a few

seconds may result in an error of I percent or more.

5 Smithsonian Misc. Coll., vol. ill, No. 14, 1949.




