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THE BRIGHTNESS OF THE SKY
By a. F. MOORE and L. H. ABBOT

INTRODUCTION

It was planned to send an expedition from the Smithsonian Insti-

tution to Argentina or Chile in the early summer of 191 /, for the

purpose of making daily observations on the solar constant of radia-

tion similar to those which have been made for fourteen summers

past at the station of the Smithsonian Astrophysical Observatory on

Mt. Wilson, California. Accordingly, much of the apparatus was

boxed ready for shipment to Chile early in 191 7. Owing to war

conditions, however, it was thought best to defer sending the expedi-

tion to a foreign country, and a location was selected on the slope

of -Hump Mountain, near Elk Park, North Carolina.

From all available reports, this locality, it was thought, might

be expected to furnish two hundred clear days per year. It was

selected because of this fact, and also because it had a sufficient

elevation, was at a great distance from Mt. Wilson (insuring dif-

ferent local weather conditions at the two stations), and because of

its easy access.

Bolometric observations were begun at Hump Mountain on June

17, 1 91 7. But it soon became evident that there was too much
cloudiness and rainfall to render it suitable for a permanent solar

constant station. However, the expedition possessed an instrument

for which the varying conditions of Hump Mountain were just suited,

this instrument being the pyranometer, recently perfected at the

Smithsonian Astrophysical Observatory, and described in detail in

two former publications of the Institution (Smithsonian Miscel-

laneous Collections, Vol. 66, Nos. 7 and 11). Accordingly, a con-

siderable amount of work was done with the pyranometer during

the expedition's stay at Hump Mountain, which lasted until April,

1918, when it prepared to go to Chile.

The present paper is a description of these various lines of obser-

vation. It is thought best not to burden the reader with the many
pages of observations which were taken, therefore an effort will

be made to condense as much as possible without omitting important

details.

Smithsonian Miscellaneous Collections, Vol. 71, No. 4
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STATION AND APPARATUS
The station was located at an elevation of 4,800 feet above sea

level, on the eastern slope of Hump Mountain. The very heavy

winds prevailing at certain seasons made it impossible to select a

site near the summit, which rises to an altitude of about 5,500 feet.

The latitude was 36° 08' N. and longitude 82° o' W.
Most of the sky radiation observations were made with the instru-

ment resting on a level platform erected on the roof of the obser-

vatory, in order to eliminate the building as an obstruction. Being

located below the summit of the mountain, a certain small per-

centage of the sky was cut ofif, but this was accurately measured by

means of a theodolite and found to be 5.1 per cent of the total hemi-

sphere. The mountain cut ofif an angle of 13.0° measured vertically

at its highest point.

The galvanometer, ammeter, resistances and battery were located

in the room beneath, the first two mentioned being mounted on a

pier made of large boxes filled with stones.

A brief description of the pyranometer and the auxiliary apparatus

may be of interest here. The pyranometer consists essentially of

two blackened strips of manganin of exactly the same horizontal

dimensions, but one strip about ten times as thick as the other.

These strips, which are exposed to an entire hemisphere of radia-

tion, are insulated and carefully soldered to copper blocks at each

end. Very sensitive tellurium-platinum thermo-elements are joined

in series with each other and are set across and underneath the two

strips and separated from them by thin waxed paper. The thermo-

element leads pass to the galvanometer, but for convenience in

obtaining suitable deflections, three different resistance combinations

are included in series. The manganin strips attached to the copper

bars are connected in parallel, but with proper resistances included,

so that the heating current applied divides in exactly the proper

proportion to cause the same heating efifect in both strips. When
the shutter is opened to admit radiation, since the blackened strips

have the same horizontal dimensions, the same quantity of heat is

imparted to each, but the thicker strip conducts its heat to the ends

the more readily and so a difiference in temperature at the thermo-

elements produces an electric current which deflects the galva-

nometer. When the shutter is closed a current is sent through the

strips, so as to cause about an equal deflection of the galvanometer

thus indicating a heating effect equal to that produced by the radia-

tion. This current is measured in a carefully calibrated milli-am-
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meter, and from the ratio of the. nearly equal deflections (first

swings) and the known current and the constant of the instrument

the calories per square centimeter per minute striking the strips as

radiation, can be readily computed by the following formula

:

d.
Calories= /v "^c^

where ii = constant of the instrument, d,- and Jc= deflections of

galvanometer produced by the radiation and current respectively,

and c= current corrected by the calibration curve of the milli-

ammeter.

For work in day time, a hollow hemispherical screen of ultra-

violet crown glass is placed over the strips to prevent the exchange

of long wave length radiation between the strips and the sky. That

this admits practically all solar wave lengths of any importance will

be shown later in the paper. The transmission of this screen is

about 0.92 but the instrument is calibrated with it over the strips

so the value of K presupposes its use.

For day work the instrument can be used in four ways, when it is

in a horizontal position: (i) with no shade of any kind, to measure

total sky radiation, or if the sun be present, total sun and sky radia-

tion
; (2) a small circular polished metal screen can be interposed to

shade the strips from the sun but allowing the sky radiation to

strike the strips; (3) zones of metal, shading various sections of

the sky can also be used
; (4) an enclosing hood can be slipped on

which admits only solar radiation when its small shutter is opened.

This hood and also the shade mentioned in (2) may be adjusted to

follow the sun.

To determine the value of K, the instrument is used carefully

leveled with the hood mentioned in (4) upon it. A series of observa-

tions is then taken on the sun, simultaneously with readings of a

pyrheliometer, or preferably a pair of pyrheliometers. A set of

observations of the altitude of the sun, or of time, are kept, in order

to construct an air-mass-time curve. " Air mass " is approximately

the secant of the zenith distance, but if taken by the altitude method,

the refraction correction must be included. Since the pyranometer

strips lie in a horizontal position, while' the pyrheliometer points

directly at the sun, the air mass is a factor in the formula for obtain-

ing the constant K, which is as follows :

_ pyrheliometer calories
""

c~ idc X dy X air mass
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where c, d,- and d^ are the same 'as used before, -^should be prac-

tically constant and an average of all the values of this quantity is

used.

In order to show the good agreement of values of A.' obtained by

this method a set of observations will be included.

Hump Mountain, August 26, 1919

Hour angle Zero Read-
ing

Deflec-
tion

Cur-
rent

Correc
tion

factor

2:52: 15
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ment was taken to Washington the latter part of December to have

an overhauHng", and after that the constant was either' 2. ii or 2.12.

But it plainly shows that the constant does not vary appreciably, if

the instrument has reasonable care. The slight change in Decem-

ber was probably caused by the blackening of the surfaces of the

manganin strips being altered a very little.

SENSITIVENESS OF PYRANOMETER
In March, 1918, at the Hump Mountain Observatory an investi-

gation was made of the sensitiveness of the pyranometer to dififerent

wave lengths. To do this, the regular bolometric apparatus was

employed, except that in place of the bolometer and battery, the

pyranometer was used to measure the heat of the various parts of

the spectrum, and its indications were recorded as on a regular

holographic plate. The thermo-elements were joined directly to the

very sensitive galvanometer, used in holographic work. (As a

matter of precaution shunts were first put in the circuit to prevent

any possible injury to the galvanometer.) A circular piece of black

paper with a slit 0.40 mm. wide, and cut just to fit within the glass

hemisphere, was placed over the blackened strips and at right angles

to them. Then the glass hemisphere was placed in position. Out-

side of this was placed a black metal diaphragm, and finally the

sun hood mentioned above under (4). Thus there was practically

no chance for stray radiation to reach the strips, especially since

all the apparatus was installed in a dark room with black paper lined

walls.

A brief description of the remainder of the spectrobolometric

apparatus employed for this test will be given. The sun's rays

strike a two-mirror coelostat and are reflected into the build-

ing, first passing through the revolving sector to cut down the

intensity of radiation in a fixed and known ratio. Then they pass

through the slit, and about eight feet distant, through the prism.

The spectrum is reflected by a plane speculum metal mirror on to

a concave speculum mirror, which brings the spectrum to a focus

at the plane of the pyranometer strips. (The strips lie in a vertical

plane in this observation, with their longitudinal direction horizontal,

and crossed at the center by the paper slit, which allows only rays

of nearly the same wave length to strike the strips at one time.)

The spectrum is moved across the paper slit, when the prism is

rotated by a worm gearing. This gearing is connected to the plate

carrier clock in such a manner that as the photographic plate descends
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the prism is slowly rotated, causing the spectrum to advance from

infra-red toward ultra-violet across the blackened strips. The

thermo-couple of the pyranometer causes the galvanometer needle

to deflect, and this reflects a beam from an auxiliary source on

to the photographic plate so that the spot deflection is at right

angles to the direction of motion of the plate, thus automatically

tracing an energy curve on the plate.

The observations were made from about wave length 2.2/a in the

infra-red, to 0.33^1 in the ultra-violet. Three curves were run on

the plate, the first two being with the pyranometer, and the third

with the regular bolometer. During the first curve the spectroscope

slit was opened 1.37 mm., during the second 2.85 mm. and during the

regular holograph 0.35 mm. The time of run was 7 m., 20 s. Sectors

were changed at four places in the run in order to give a good

deflection and not allow the curve to leave the plate. The last

section in the ultra-violet was run with full intensity of solar beam.

Of course it could not be expected that much definition could

be obtained with a slit of such width, but an examination of the

plate will show that the various wave lengths are recorded in about

their true magnitude, through practically the entire range of the.

spectrum where there is an appreciable amount of energy. It also

shows that the glass hemisphere employed transmits these waves

in about their true relation. By making due allowance for sector,

slit widths, and width and height of paper diaphragm as compare^

with the bolometer and corresponding deflections for equal wave

lengths on the plates, it is seen that the pyranometer is approximately

one-fourth as sensitive as the bolometer.

SKY RADIATION MEASUREMENTS

Practically all pyranometer observations made at Hump Mountain

were taken with the instrument resting on the roof platform

—

as heretofore mentioned. As stated before, there was approximately

5.1 per cent of the total area of the hemsiphere cut off by the hill to

the west, but as this all lies next to the horizon from whence the

rays strike the pyranometer strips at a very unfavorable angle, and

since as will be shown later, the hill itself offers radiation to help

offset that cut off from the sky, it is perhaps well within the general

accuracy of the results to ignore the hill entirely.
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Observations on clear skies.—The major portion of the observa-

tions on the entire hemisphere of clear skies was made in connection

with auxihary curves to investigate the sky radiation during holo-

graphs. These were run quite regularly with holographs from

August 18, 1917, to November 26, 1917. They were originally

intended to offer a means of obtaining a very close approximation

to the solar constant by constructing an empirical curve showing the

relation between intensity of sky radiation, and the ratio of the true

solar constant to the apparent value obtained by exterpolating the

pyrheliometer values to zero air mass. Such a curve was found

to be quite erratic and of no value for solar constant work, but the

results obtained are quite interesting in themselves and a resume

will be given here.

Twenty-eight sets of observations were taken in all. In each of

these the total sky calories (exclusive of the sun) were obtained at

known air masses. Plots were made betwen sky calories and air

masses, and similar plots between solar calories and air masses as

obtained by the pyrheliometer. The areas underneath these respec-

tive curves were read between the limits of the air masses obtain-

ing during the course of the holograph. The ratio of these areas

was plotted against the ratio of true to apparent solar constant.

As stated above this investigation did not prove useful for solar

constant determination.

The main interest attaching to these observations in the present

discussion has to do with the general intensity of sky radiation and

the effect of the altitude or air mass of the sun on the same. To
best show the results obtained by these observations a table has been

prepared giving the air mass (M) and zenith distance (Z) of the

sun at a certain chosen point in each holograph, the sky calories (H)
at this air mass, the solar calories (S), the sum of solar and sky

radiation on a horizontal surface, the ratio of solar radiation to sky

radiation, and a general description of the character of weather pre-

vaiHng during the holographs. The column headed " Pyrh." gives

the solar calories measured on a surface at right angles to the path

of the beam, while 5* is the same reduced to a horizontal surface, or

5"=—^^' The units in H, P}^^!., and 5" are calories per sq. cm.

per min.
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If the logarithm of H be plotted against air mass in the six obser-

vations for each day, it will nearly always occur that the points for

I, II, III, and IV will be practically in a straight line, while V and VI
will be somewhat higher than the line, VI being considerably higher

than V . There is no theoretical reason why this relation should hold

exactly, but its approximate indications may prove convenient to

the reader. The divergence of the two later observations may be

partially due to two causes, (i) An increase of water vapor in

the air late in the morning with attendant increase in haziness causes

decrease of the intensity of direct sun light and increase of the in-

tensity of scattered sky light. (2) Sky light is much stronger

proportionately in the shorter wave lengths than sun light. The
longer wave lengths have a very much higher transmission coefficient

than the shorter ones—or in other words, the shorter ones increase

much more rapidly with a decrease of air mass than the longer

ones. Thus the sky light may tend to increase faster than the direct

sun light at high sun.

rcLe

Fig. I

The table shows that haze has a very marked effect in increasing-

sky radiation, and to a somewhat lesser extent in decreasing the

solar radiation.

Sky radiation by zones.—In order to investigate the proportion of

the sky radiation falling on a horizontal surface from various sec-

tions of the sky, two kinds of observations were made: (i) with

thimbles placed over the pyranometer glass so as to divide the hemi-

sphere into zones each 30° in width, and (2) with the thimble ad-

mitting a 60° cone of light, measuring the intensity of the ring con-

centric with the sun, and comparing it with cones of equal size and

altitude, and located in azimuth 60°, 120°, 180°, respectively, from

the sun, starting toward the east.

First will be discussed the horizontal zones, giving the theoretical

intensity for an equal sky. and then the experimental results obtained

under varying conditions.
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Let O be taken as the point of observation.

Then the radius of the elementary zone= r cos B, the circumfer-

ence of the elementary zone= 27rr cos B, the width of the elementary

zonG= r dB, and the area of the elementary zone= 27rr- cos B dB. Call

the horizontal intensity at the center O due to elementary zone= dl.

Then dl =:27rr' cos B smB dB.

/= J27rr' cos B s'mB dB.

= 7ir'^ sin^ 6.

(i) For the entire hemisphere (a^ and a^ in observations which

follow) /^/'=7rr2.

(2) From horizon to 30° altitude: 1^^^ ^Ittt^.

(3) From horizon to 60° altitude: I1^^= %iTr^.

Hence in a sky in which every point sends radiation of equal in-

tensity toward the point of observation the following intensities

from the various 30° zones would be obtained in a horizontal sur-

face at the point of observation.

o

Fig. 2

For entire hemisphere (% and a^) Ia=i.

For upper 60° zone (&) /^zri— 1= |.

For upper 30° zone (c) 1^=1—^= ^.

In the following observations the values gotten with an entire

hemisphere are called " a'' those with the upper 60° open to radia-

tion
""
h^' and those with upper 30° open to radiation " c."

Call the horizontal intensity from the horizontal zones themselves

X, y, and z, as shown in figure 2.

Then a=x+y+z
b=y+s
c=z;

or x=a— b

y= b-c

In " equal sky " x=ia.

y=ia.
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A sample set of observations will be given, followed by a table-

giving the results of all the zone observations taken. Usually the

observations were begun with a full sky (%), then with the upper
60° (b), then the upper 30° (c), and finally another set with full

sky (as). Since the sky radiation is continually changing, even with

a clear sky, an average was taken of % and a^ when comparing with

b and c. Several readings were taken at each position, these read-

ings usually being one minute apart with a current compensation

measurement on each of the half minutes. The glass hemisphere

was used in all zone work.

The following set was taken on November 17, 1917, at Hump
Mountain on a very clear sky but with some haze in the valley and

along the horizon.
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By omitting the two fog observations (Oct. 8 and Feb. 2) and

taking a general average of the twenty-four remaining Hump Moun-
tain observations, the following values are obtained: .^^=151.5 per

cent, 3;= 89.5 per cent, and ^=69.7 per cent, or approximately

.ar=i50 per cent, 3'= 90 per cent, and z=yo per cent. In Calama,

omitting the observations of July 21 and October 28, which differ

much from the others, the averages of the five remaining values

are .*-= 149.5 per cent, 31=85.2 per cent, and ^= 80.2 per cent. Thus
it appears that in clear or somewhat hazy skies the radiation actually

received on a horizontal surface, as compared with what would be

received on a horizontal surface from an " equal " sky, shows the

following percentages. First 30° zone above the horizon 150 per

cent. Middle 30° zone 85 per cent to 90 per cent. Upper 30° zone

70 per cent to 80 per cent. From the two sets of observations taken

in low and apparently even fog at Hump Mountain it appears that

the middle zone has about a normal percentage but that the upper

zone is much increased and the lower zone correspondingly decreased.

This might be expected, however, since the fog particles are so dense

in a horizontal line, while vertically the thickness is much less, and

more radiation finds its way through the fog. The above ratios

are undoubtedly affected very considerably by the sun's being in a

particular zone at the time of observation, as will be shown under

the discussions of the observations taken at different azimuths.

While the above ratios hold for the total amount of radiation re-

ceived from the three 30° zones, it must not be inferred that equal

areas of these zones in the various azimuths of the sky send out equal

intensities. In order to investigate this phase of the subject another

set of observations which we have termed "vertical zones" was

carried on at Hump Mountain. To do this, the pyranometer was

mounted bodily on an equatorial mounting such as is used for

pyrheliometers. The threads where the equatorial mounting screws

into its base, were left a little loose, and angles were marked off so

that the whole apparatus could be revolved about a vertical axis

through a known angle. The plane of the pyranometer strips was

pointed exactly at right angles to the sun's beams, as determined by

a spot of light. The metal thimble limiting exposure to a cone of

light of 60° arc was placed over the glass hemisphere. In all cases

the small disc to shade the direct rays of the sun was in place ver-

tically above the strips, even where the instrument pointed to quarters

of the sky away from the sun.
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Method of observing.—First the instrument was pointed directly

at the sun and one observation of the intensity made. The follow-

ing minute, a similar observation was made at the same altitude

but with the instrument revolved 60° in azimuth toward the east

from the position of the sun in the iirst observation. Similarly

the following minute 90°, and the next 120°, and the next 180°.

These are termed respectively I, II, III, IV and V. Several sets

were usually taken in this way, the azimuth and altitude being

measured from the position of the sun at the beginning of each set.

Then finally, the instrument was pointed vertically, and a few read-

ings taken of the radiation of the same angular area directly over-

head. The vertical readings are termed VI. Current compensation

measurements were taken on the half minutes between sky readings.

At first the set at 90° azimuth was not taken.

As in the case of the horizontal zones, a sample set of observa-

tions will be included, then a table of the results obtained on each

day of such observations.

The sample set will be the first one taken February 11, 1918. The

sky was quite clear and the air very dry for Hump Mountain,

(about 35 per cent relative humidity) and the sky cloudless. The
90° set, or III, was omitted in this case.
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Summary of zone observations.—As might be expected, it is rather

difficult to arrive at any very definite conclusions from observa-

tions of this character, owing to the many factors involved and

the wide variation in these factors themselves. For instance the

horizontal zones are a measure of the radiation from a strip of sky

of uniform width and extending entirely around the sky, whereas

the vertical zones are measures of circular areas of sky and varying

in altitude. It is of course evident that the horizontal zones have

not equal intensity per unit area in different azimuths of the sky,

and also, as shown by the vertical zone observations, the zone in

which the sun happens to be will show a larger sky radiation than

it would were the intense sky radiation surrounding the sun not

present. Hence the rough averages given immediately following

the table of horizontal zone observations must not be regarded as

very accurate if the sun and the ring of intense sky radiation sur-

rounding it be all within one zone. But as a rough average, the

values given are to be relied upon. There is even wider variation in

the vertical zones, but it may be stated that if the sky be divided

into four quadrants in azimuth, numbered i, 2, 3, and 4, respectively,

with the sun in the center of i, then 2 and 4 will have an intensity

of 50 to 80 per cent of i, and 3 will have from 25 to 40 per cent

of I, under ordinary cloudless conditions of sky. The zenith region

will show approximately 30 per cent of that surrounding the sun.

These values are also dependent largely upon the condition of the

sky, as regards haze, dust, smoke, etc., for the prevalence of all these

impurities tends to increase the sky radiation in the zone, either

horizontal or vertical, in which they are found. This is especially

noticeable in the region immediately surrounding the sun, for with

a clear blue sky, one can, by hiding the sun's disk, look practically

up to the limb of the sun. On the other hand, if the sky be hazy,

the glare is very intense, often several degrees from the sun's

limb, and the eye can scarcely distinguish exactly where the sky

leaves off and the sun's disk begins.

RADIATION FROM A CLEAR SKY AT 30° AND 19° SUN
AT CALAMA

Quite an extensive set of observations have been taken at Calama

on the radiation from cloudless skies with the sun exactly at air

mass 2, or at an altitude of 30° above the horizon. A table follows

which gives these results, with a description of the condition of the

sky prevailing at the time.
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Similar observations were made at air mass 3 (alt. about 19°) at

Calama for a few weeks. The results follow in tabular form.
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Comparison of whole sky at M2 and ilfj.—By averaging 64 values

at 30° sun and 51 values at 19° sun, it will be seen that increased sky

radiation attends higher sun „ for approximately 0757 of a calorie is

radiated by the whole sky at 30° sun and .0642 of a calorie at 19°

sun. With a narrow zone of sky around the sun, the opposite is

true—that is, the radiation decreases as the sun's altitude becomes

greater. This is probably due to a clearing of the sky as the sun

gets farther from the horizon. The radiation from the region next

to the sun is much greater than for other equal areas of sky, as

is shown by the vertical zone observations described in this paper.

Hence as this region of greater intensity gets higher in the sky, its

radiation falls more nearly vertical on a horizontal surface and this

causes the total sky radiation to increase as the altitude of the sun

increases.

On January 24, 1919, at Calama, a series of sky observations was

made which may prove of some interest and illustrate what has

just preceded. The sky was very hazy. Beginning with the sun at

about 9° altitude, the measurements were alternated between the

30° zone arrangement pointed at the sun, but with the sun shaded ofif

the strips, and the whole sky, the sun being again shaded off. Follow-

ins: are the results.

Mean hour
angle
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From the above it is seen that with a very hazy sky, with the sua

ranging in altitude from 9° to 53° (the haze remaining practically

constant), the radiation from the region near the sun's limb de-

creases 45 per cent, while the whole sky radiation increases 118 per

cent.

OBSERVATIONS ON CLOUDED SKIES

As might well be expected, the observations made with the pyrano-

meter on the radiation from cloudy skies, furnish a large range of

values dependent upon the character of the clouds present in the

sky, their position, and also the position of the sun with reference

to the clouds. Quite a series of observations upon cloudy skies was

taken at Hump Mountain, and under quite varying conditions. A
resume of these observations will be given and in most cases a brief

statement as to the conditions obtaining at the time. Usually a mean

of the values obtained will be included rather than the many pages

of values as recorded. That is to say, the observations of each day

will be divided into groups, of similar values in each group, and the

mean given with the number of values entering into the mean.

Taking .0700 calories as a fair average of the intensity of the

radiation on a horizontal surface from a cloudless sky at hour angles

of the sun of 3 to 4, it will be seen that for cloudy skies the values

are from four to nine fold for average clouds, and from one to four

fold for very heavy clouds. Very often, just preceding the precipita-

tion of rain, the radiation drops very considerably and very rapidly.

With low fog the observations unfortunately are few, but the

indications are that the radiation is ten fold or more that of clear

skies.

An average cloudy sky, if the clouds are not too thick, lets through

about as much radiation (measured on a horizontal surface) as do

the sun and a clear sky combined with the sun at an altitude of

about 15°. The radiation from a low fog is about the same as from

the sun and a clear sky at 30° sun.



NO. 4 THE BRIGHTNESS OF THE SKY MOORE AND ABBOT 27

Date



28 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 71

OBSERVATIONS AT DUSK
Two sets of observations have been taken to show the decrease

of sky light at sunset. The first set was taken February 23, 1918,

at Hump Mountain. Here an artificial sunset, so to speak, took

place; for the mountain rose considerably above the observatory in

the west, and the sun disappeared at an altitude of about +12°.

The second set was taken December 10, 1918, at Calama, where the

sun disappeared at an altitude of about —30 minutes. In both cases

the whole sky was observed, with the sun shaded off and the glass

screen on. Observations were begun sometime before sunset and

were continued with some intervals until the galvanometer deflec-

tions were too small to read.

Results were as follows :

Hump Mountain, February 22, 1918

Sky cloudless, little haze, little wind.

Sun disappeared behind the hill 4" : 30"

Time of sunset 5'':3i"

30' H. A.
oo^

Hour angle
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Calama, Chile, December 10, 1918

Sky cloudless, somewhat hazy, heavy wind at intervals.

Sun disappearing 6*"
:
42'"

:

Sun disappeared 44""

True sunset (0° altitude) 40"

00^ H.A.
18'.

2o^

Hour angle
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reached the ground. The extent of the work is limited, owing to

the pressure of other matters.

On September 7 the pyranometer, with the auxiliary apparatus,

was taken down the mountain side north of the observatory into a

grove of beech and black birch. Observations were taken at five

spots

:

(a) In the shade of two large trees, no undergrowth within several

feet;

(&) Under some rather thick saplings, partly shaded by higher

trees, thin undergrowth

;

(c) In a bed of ferns which covered the instrument, but with an

open space directly above

;

(c?) In open space; trees all around; ferns and other vegetation

somewhat above instrument toward south
;

(^) Thick growth of saplings, considerable small vegetation on

ground.

The sky, on this day, was cloudy and very variable. Observations

had been taken on the whole sky and sun two hours before the in-

strument was moved to the grove, but after that the sky became

nearly overcast. At the close, observations on the whole sky were

taken, but there was so much variation that the readings were of

little value.

A few days later, Septeniiber 12, the observations were repeated,

with a cloudless sky. With better conditions the readings showed

far less variation among themselves than on the preceding days.

On October 2 a third set of observations was taken. The instru-

ment was placed in the same five positions as before. This time the

leaves were beginning to fall, and many that remained on the trees

had turned yellow. The sky was cloudless and very clear.

Readings were taken mostly in groups of four or five. Below are

the times for the middle of each group, the average calories for the

group, an estimation of the total sky and sun radiation, and the

ratio of the observed radiation under the trees to the estimated radia-

tion above them. The estimated whole sky radiation is based, for

September 7, on the observations taken on the tower, following those

in the grove ; for September 12, on solar observations by the pyrhelio-

meter and total sky observations taken before the pyranometer was

moved to the grove ; for October 2, on pyrheliometer measurements

taken at dififerent air masses during the afternoon and total sky obser-

vations taken in the morning with the pyrheliometer, the sum of the

two values at corresponding sun altitudes being used.
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source. Care was taken to choose angles such that the cone of direct

hght included only sky and the reflected light came only from snow.

The galvanometer was mounted on a tree about forty feet away and

the ammeter and other apparatus was conveniently located nearby.

Observations were undertaken on two days, February 22 and 23.

On the former the sky was very cloudy and snow was falling lightly,

so that a thin film of fresh snow covered the patch of old snow.

Readings were taken in sets of five except a set of four taken at the

end with the instrument pointed at the zenith. Designating the sets

alphabetically according to order, we observed as follows

:

a Clouds in southeast, instrument elevated about +45°
;

h Reflection of clouds of a, instruments elevated — 25°
;

c Same as a;

d Same as b;

e Instrument pointing on snow to southwest, so that direct and re-

flected rays would be in vertical plane

;

/ Clouds whose reflection was observed in ^;

g Clouds in northeast, about 35° elevation;

h Clouds directly overhead.

Sets g and h were taken to give an idea of the comparative uni-

formity of the different parts of the sky.

On the following day there was a cloudless sky. This time light

was observed coming from the sun and from the sky 30° around

the sun. The day was fairly warm and the snow was melting slightly.

Ten sets of readings were taken, as follows

:

a Sun and 30° sky around it

;

b Snow, center about 4^ feet from instrument, giving most direct

reflection, as shown by a mirror.

c Snow, about 30° east of & and 7 feet from instrtiment.

d Snow, about 30° west of b and 3-| feet from instrument.

e Snow, about in line with sun and 10 feet from instrument.

/ Same as a.

g "Vertical zones," without sun shade (See Zone Observations).

h Snow, same as e.

i Mountain side covered with dry grass and leaves, sun almost

directly behind instrument. Center of ground about 6 feet from in-

strument.

j Sky directly overhead. Strips shaded from sun by thimble.

There was an interval of about forty minutes between / and g in

order to allow the taking of a holograph.

Results of the observations are given below

:
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February 22.

Set
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percentage of variation was probably considerably less than the per-

centage of variation in any particular portions of the sky.

With such wide ranges of variation definite results are out of the

question. Nevertheless, it seems reasonable to state that from 50 to

60 per cent of the radiation from the clouds was reflected by the

snow on this particular day.

February 23. Means of Sets

Set Hour angle

—i'':i4'":iS'

02 :oo

o :53 :oo

46 -30

38 -.30

— 31 :iS

+0 :29 :30

40 :oo

50 :oo

Alti
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normally. As stated above, a considerable portion of reflected ligbt

from the clouds observed was lost, but there was compensation from

other parts of the sky. On the following day, however, we used sun-

light and a cone of sky light 30° around it, so that compensation

could come only from the rest of the sky, this outside radiation

amounting perhaps to one-thirtieth, or possibly one-twentieth of

that admitted by the thimble. Sets b, c, d and e show that the radia-

tion from the snow was fairly uniform over a considerable area.

Indeed, the highest readings are found in c where the instrument

was pointed 30° east from the position of b in which the most direct

reflections from the sun were measured ; but this is probably because

the snow of c was slightly cleaner than that of b. We can obtain

an approximation, however, of the total radiation reflected to a

point, by considering the efl^ect if a whole hemisphere of snow were

observed, or in other words, if no thimble were used, it being assumed

that this were possible without the admission of the stray light. For

if a ray coming from the sun is deflected a certain number of degrees

west from the plane normal to the main snow surface and containing

the sun, then at some other spot to the west of the first another ray

is deflected by a snow crystal a corresponding number of degrees

to the east of a normal plane containing the sun—or if in such a

normal plane a certain ray makes a greater angle with the face of a

crystal than with the main surface, another ray makes a correspond-

ingly smaller angle with the face of another crystal ; so that there

is a general tendency toward compensation. The rays most directly

reflected will be found the most effective, as they approach nearest

to normal incidence on the pyranometer strips. We may now esti-

mate the entire reflection by multiplying the results obtained with

the thimble by 4 (the derivation of this ratio being given in the

section on thimbles). Proceeding in this manner with sets h, c, d, e,

and h, and adding 4 per cent to the sun and sky values, to allow for

the portions of the sky not observed, we conclude that on the day

in question about 50 per cent of the radiation coming from the sun

and sky was reflected diffusely by the snow.

It seems very probable that considerably higher radiation would be

obtained with snow that was freshly fallen. Unfortunately there

was no appreciable fall of snow after this date, so that this opinion

could not be confirmed.

SUMMARY
Quite an extensive set of observations was made at Hump Moun-

tain, near Elk Park, North Carolina, from July, 1917 to April, 1918.

with the pyranometer, an instrument constructed by the Smithsonian
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Institution for the purpose of measuring radiation of various kinds.

At Hump Mountain, measurements were made on the intensity of

radiation from the sky, clear, hazy, cloudy, and foggy ; the radiation

under trees, plants, etc., snow reflection radiation, etc. In May, 1918,

the instrument was taken to Calama, Chile, and other sky radiation

measurements have been made there.

The pyranometer measures radiation by means of a delicate elec-

tric thermo-couple, which is heated by blackened manganin strips

on which the radiation falls. The instrument is calibrated by means

of a solar comparison with the pyrheliometer. The " constant ' of

the instrument is found to vary but little during long intervals.

Observations were made which showed that the pyranometer is a

very sensitive instrument if joined to a "delicate galvanometer, such

as is used in bolometric work. The " holograph " made with the

pyranometer showed that it registers all wave lengths from 2.2/x to

0.33/A in their proper magnitude.

A table is given showing the relative intensity of the radiation

from the whole sky (at air masses from 5.00 to 1.25) as compared

with the simultaneous intensity of the solar beam as measured by

the pyrheliometer, the latter being reduced to a horizontal surface.

Intensities of total sky radiation for rather hazy though cloudless

skies is given for air masses 3 and 2 for Calama, Chile.

The radiation from three horizontal zones of 30° width each, was

investigated, during varying sky conditions. Also the intensity in

various azimuths of the sky with a circular zone of 60° diameter.

The position of the sun was taken as zero azimuth for each set and

the other azimuths as well as the zenith region compared with it.

Observations were made on cloudy and foggy skies, and the in-

tensity on a horizontal surface compared with the solar and clear

sky radiation falling on. a horizontal surface.

A brief investigation was made of a comparison of the radiation

from a hillside covered with dry grass and weeds, and comparing

it with an equal area of clear zenith sky.

Investigations were made both at Hump Mountain and Calama.

regarding the diminution of radiation at dusk, and comparing it

with solar intensity.

Observations were made of the intensity of radiation under trees

and plants, showing roughly the amount of radiation needed by

various plant growths.

Limited observations were made of the intensity of radiation re-

flected by snow, and comparing it with solar and sky radiation

occurring at the time.




