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Dates. 
--- 
1918. 

Feb. 4 
11 
14 
15 
18 
21 
23 
25 
26 
27 

TABLE 2.-Vapr pres%uses at pyrlrclionzetric stations on days when solar 
mdiation intensities wee measured. 

A.M.  

mm 
1.19 
4.17 
3.Y1 
7.57 
1.78 
1.24 
1.88 
6.02 
2.36 
3.63 

NOCTURNAL RADIATION YEASWEYENTS . 
By Prof. HERBERT H.  KIXBALL. 

[Dated: Waahingron, Feb. 19, 1918.1 

APPARATUS. 

In making the nocturnal radiation measurements here 
suniniarized a modification of the Angstrom electrical 
com ensation instrunlent has been eniployed.' As is 

sists of two thin blackened strips of manganin. The 
rate a t  which these strips lose heat by radiation is deter- 
nlined by measuring the electric current that must be 
passed through tnem in order to maintain temperature 
equilibrium between them and two other strips of man- 
ganin similar to these in every way except that their 
surfaces are bright. The bright strips am exposed beside 
the blackened strips, and under exactly the same con- 
ditions. 

The pyrgeometer.-Fipre 1 shows the bright strips 
( W, W) and black strip (B, B) mounted on a hard 
rubber frame in the end of a nickel-plated tube. In order 
to determine when the four strips are in temperature 
equilibrium thermo-electric junctions C', i) are provided at 

junctions are connected in series in a circuit that also 
includes the coil of a delicate galvanometer, G'. A slight 
temperature difference between the junctions back of the 
bright and the black strips, respectively, generates a 
current which, passing through the galvanometer coils, 
deflects them from their zero position. The blackened 
strips are then warmed b passing through them an 
electric current, which is acfjusted to such strength that 
the galvanometer coils return to their zero position, 
indicating the establishment of the temperature e uilib- 
rium sought. Under these conditions the blac R ened 
strips are receiving the same amount of heat that is 
being lost by radiation, provided the bri ht  strips me 

Actually, however, the bri t strips are imperfect 
reflectors and lose some heat y radiation. The electric 
heating current is therefore a measure of the difference 
in the radiating powers of the bright and the black stripa. 
Such devices have been called pyrgeonieters by A. 
An tr6m (op. cit., p. 28). 

#e Weather Bureau has had four of these yrgeometers 
constructed. Nos. 1,2, and 3, had two bickened and 
two bright man anin strips, the bright strips being gold 

provided at the back of each strip, so that there are 10 
warm and 10 cold junctions on each instrument. These 
'unctions were made by Dr. W. W. Coblentz,l of the 
bnited States Bureau of Standards, who also prepared 
the bright and black strips and mounted them on sup- 

1 Angstram, Knut. ijber die Anwendung der elektriechen Kom- 
emataonsmethode eur Restimmung der niichtlichen Ausstrshlung. 

Rova acta, Regie eocietatk scientmmm Upsalien&, Upsala, 1905, 
Ser. IV, vol. 1. N. 2. 

1 C o b h t z ,  W. W, 1natrument.a and methode used in radiometry. 
Bull., U. 8. Bureau of Standards, 1913,9: 7-63. 

well % nom,  the radiating surface in tliis instrument con- 

their backs, but electrically insulated / rom them. These 

perfect reflectors and do not lose heat 5 y radiation. 

plated. Five si B ver-bismuth thermo-electric junctions are 

mm. 
0.64 
4.57 
7.29 
3.81 
2. 87 
1.19 
2. SI 
7.57 
2.74 
4.17 

Washington, D. C. 11 Madison, Wis. 11 Lincoln, Nebr. 1) Sent8 Fe, N. Mex. 

1918. 
Feb. 1 

9 
12 
13 
14 
15 
16 
19 
23 ....... 

I1 I I .I I I I, 

1918. 
Feb. 6 

12 
15 
32 
23 
26 .............. .............. .............. .............. 

min. 

4.17 
0.97 
0.97 
2.63 
1.68 

3.16 
mnr. 
2.74 
3.45 

::E 
1.75 
2.87 

i 191s. mm. mm. 1 Feb. 3 1.32 1.52 
6 3.99 5.16 
16 0.86 1.24 I 20 

0.48 0.74 
22 1.68 3.00 
?3 3.15 5.79 

mnr. 
2.74 
3.45 

::E 
1.75 
2.87 

i 191s. mm. mm. 1 Feb. 3 1.32 1.52 
6 3.99 5.16 
16 0.86 1.24 I 20 

0.48 0.74 
22 1.68 3.00 

1 ?3 3.15 5.79 ...... ...... 
......I 

) .................... I. ................... .......................... .................... i 

...... ...... ......I ) .................... I. ................... ........ 1 ...... 1 ...... j .......................... 

a d e  dperture. 
2871 " ^ _ I  
388 
343 
353 
43 
321 
311 
164 

r A a  rll 

........................ 
_ _ ^ I  ^ I  -- 

Day01 
month. 

--- 
1918. 

Feb. 1 
2 
3 
4 
5 
6 
7 
8 
10 

11 
12 
13 
14 
15 
16 
17 
18 

- 
W%h- 
ington. 

WZ. 
122 
156 
98 
320 
347 
240 
281 
252 

9 6 3  
284 

313 
226 
275 
305 
334 
87 
3119 
371 
67 

ml. 
317 
257 
3 w  
338 
137 
297 
176 
30 
307 
274 

269 
a84 
257 
113 
359 
271 
363 
167 
32 
39a 

-- 
ml. 
358 
308 
337 
306 
lR2 
320 
272 
34 
376 
386 

196 
288 
216 
147 
75 
403 
389 
271 
226 
437 

ma 
375 
363 
294 
287 
330 
90 
368 

23 
24 
25 
26 
27 
28 

394 
233 
18.1 
448 
400 
333 

Lincoln Nebr ..................... 
Lincoln' Nebr ..................... 
Santa $e, N. Mer.. ............... 
Sants Fe, N. Mex.. ............... 

1918. Wl. 
Feb. 3... ......... 1.54 
Feb. 16.. ......... 1.52 
Feb. 1.. .......... 1.62 
Feb. 9.. .......... 1.58 

at. 
1.71 
1.73 
1.84 
1.78 

d. .......... .......... 
1.92 
1.87 

- 
A. Y. 
- 
mm . 
1.32 
2.16 
2.74 
2.74 
2.26 
2.74 
1.96 
2.16 
4.75 ..... 
- 

- 
P. Y. 
- 
mm.  
1.96 
2.08 
2. 74 
2.16 
2. OB 
2. 06 
2. OB 
1.52 
3.81 ...... 

T m m  3.-Daily totals urid depattrcres of sokn and ah mdiotion dut%ng 
February, 1918. 

[Gram-calories per square centimeter of horizontal 8uriaca.g 

Departures from Mb 
mal. 

Excess or deEdency 
since first of month. 

- 
LIn- 
coln. 

Wl.  

-_ 
95 
40 
68 
31 

-93 
42 - 10 

-251 
a7 
94 

-100 - 13 - 87 
-159 
-234 

91 
74 - 47 

-94 
114 

- 
Lin- 
ro!n. 

ml. 
- 

95 
135 
203 
237 
144 
186 
176 
-75 
12 
106 

6 
-7 - 94 

--a53 
-4sl 
-396 
-322 
-369 
-46s 
-349 

-4!u 
-292 
-246 
-215 
-250 
-307 
-318 
-572 
-551 

4 0 2  
-7% 
-5.0 

- 
M d -  
son. 

CUl. 

- 
112 
161 
266 
391 
312 
390 
343 
147 
225 
266 

299 
314 
358 
225 
335 
353 
460 
388 
137 
264 

- 2  

262 
371 
444 
517 
278 
313 
334 
205 

- 59 
+869 
+7.1 

Wmh- 
agton - 
ml. 
- -84  - 52 
-113 
107 

22 
59 
27 

-165 
33 

79 - 13 
31 - 39 
M 

-164 
115 
114 

-193 
18 

ma 

&a&- 
SOD. 
-- 
ml. 
112 
49 
105 
125 

- 7 9  

- 47 
-196 

78 
41 

33 
45 
14 

-133 
110 
1s 
107 - 92 

-231 
127 

78 

Wash- 
ngton. 

CUl. 
-84 
-136 
-249 
-142 - 10 

12 
71 
98 - 67 - 34 
4s 
33 
67 
28 
115 - 49 
66 

180 - 13 
5 

+ 39 
137 

- 4  
116 
72 

-24 
140 
258 
a99 

- 

+a91 

+ 137 
+l. 1 

IS1 I 
-141 I 
120 

-44 - 96 
164 
118 
41 

- 2. 
115 
67 
73 

--a39 
35 
21 

-129 

3-1 
46 
31 - 41 - 51 - 11 

-m 
21 - ..q,s."...I... ...................... 

Excess or deficiency cal.. .................................... 
slnw first of year: {Per cent ............................... 

I I 
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RQUBE l.--Tbe pyrgeometer, with diagram of electric circuit& 



Fmumm, 1918. MONTHLY WEATHER REVIEW. 69 

orta made up in the Weather Bureau machine shop. 
%ese strips are about 0.03mm. thick, 2mm. wide, and 
20mm. long. The resistance of each strip is about 
0.15 ohm, and that of the thermopile is about 3.5 ohms. 

Instrument No. 1 was constructed in 1914 and used in 
measurements at Mount Weather, Va. and later at the 
American University, Washington, D. h. During March 
1915, one of the fine bismuth wires of the therm0 ile was 
broken; and there was evidence that the go& 
surfaces had been corroded by acid fumes from a rymg 
mixture. These strips were therefore replaced by 

body, The value of u is here assumed to be 5.7XlO"' 
watts per square centimeter, or 8.18 X 10-" gram-calories 
per mmute per square centimeter, a value 6 per cent 

eater than that employed by both K. and A. kqstr6m.' 
E w e  re resent by i the amperage of the electric current 
requiref to maintain temperature equilibrium between 
the bright and black strips of the pyrgeometer we may 
also write 

(2) 

in which R is a constant depending upon the dimensions 

R = X? =a( Z4- T!), 

F'IGURE 2.-Apparatus for standardizing pyrgeometem. 

latinum strips, and the instrument waa designated 
Ao. lw. 

STANDARDIZATION OF PYRQEOMETERS. 

For determining the rate at which heat is exchanged by 
radiation between two black bodies we may make use of . 
the Stefan-Boltsmann law 

(1 1 
w h m  T and Ts represent the absolute temperatures of 
the two bodies, and u is the radiation constant for a black 

R =u( T,'- TS4), 

Hence 9 

ometers. A cop er can, 9, is made up with a % ottom that, 

and the electrical resistance of the strips. 
measuring T,, the temperature of the pyrgeometer, a, 
the temperature of that to which it is radiating, and s 
the amperage of the heating current, we may determine k 
with the degree of accuracy to which u is known. 

Studadwing apparatus.-Figure 2 shows the character 
of the apparatus employed in standardizin the pyrge 

viewed from t i e outmde, contains a concave heml- 
aArtgatrt%n, Andera. A atudy of the radiation of the atmqhere. 

Smithsonien miec. coll., Washington, 1915,65, No. 8, p. SO. 
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1915. ......................................... Jan. 304 
304 
30 
304 

Feb. 19b ......................................... 
19b ......................................... 

Mar. 2 b  ......................................... 

......................................... ........................................... ......................................... 

3 b  
3 b  
......................................... ......................................... 

During most of the tests a small screen was placed be- 
tween the bulbs of the mercurial thermometers and the 
cold can. 

* C. C. 0 C. 
m. 87 1 9 . ~  18.59 

l9.B w.29 m. 
19.08 q 9 . a  m. is 
18.87 i9.m m. 34 

~21.78 p1.77 tza.oa 
caO.94 21.38 21. Is 
c13.97 t14.b tl4.n 
~18.80 18.91 18. !33 
~18.80 19.05 19.15 

TABLE 1.-Comparisons of temperatures measured by a resistance thcz- 
morneter inside the cuae of the pp~eornetes,  and by mercurial thnnome- 
ters on each side of the instrument. 

spherical indentation, the surface of which is blackened 
by the smoke from burning camphor. The can is filled 
with a mixture of finely shaved ice and water, and the 
open end is closed by means of a rubber gasket, b,  under a 
wooden cover, e, that is drawn down tight. The can is 
laced inside a cylinder of tin, and the annular s ace 

getween is filled with hair. The blackened end o P the 
can is inserted in a bos, as shown in figure 2, which is 
tilted'at an an le of about 45' eometer to be 
standardized, z i s  then exposed to the gg&ened cup-like 
depression in the end of the can, with the strips just even 
with the edge of the cup. An electric fan is employed to 
force air into the box near the bottom. This not only 
e ualizes air temperatures throu hout the bos, but it ,990 facilitates the outward flow, %y way of the passage 
e, provided tlirou h the aunular s ace, of air cooled by 

inside the box is closed on its ower side b a segment of 
tin, as shown atf, figure 2, to prevent the ow of this cold 
air into the box. 

Equation (2) is a plicable for the determination of K 
the blackened manganin strips of the pyrgeometer are 
perfect radiators +nd the bright strips are perfect 
reflectors,so that their emission coeflicient is zero. It 
has already been stated that this is not true of the black 
and bright strips, and the same must also be said of the 
blackened can. 

Let n represent the coefficient of :xbsorption of the 
blackened strips m that of the bri 1lt strips, and p that 
of the blackened end of the can. further, let us assume 
that none of the surfaces are selectively absorptive for 
radiation of the wave lengths to be measured. E q u 5  
tion (2) may then be written 

The 

d 7 contact with the b 5 ackened cu . '!he end of the cylinder 

only in case the blac i ened end of the cold copper can and 

The last member of equation (3) applies to measure- 
ments of black-body radiation if p is given the value 1.0. 
But for such measurements, K', as determined by the 
above calibration method, is too large by the ratio 

1 0  
1.0, TI or about n+= 1.02. 
r 

hgstr i im states that the value of m for old-plated 

the strips will remain at a tem erature slightly below the 

a black body at air temperature loses heat by radiation 
to the atmosphere; therefore, in equation (3), T, should 
represent the temperature of the air surrounding the body. 
In the calibration measurements the temperature was de- 
termined by placing a mercurial thermometer on each 
side of the instrument. One thermometer was where it 
could radiate freely to the cold can, and the other was 
somewhat shielded from it by the instrument. A part of 
the time a resistance thermometer was laced inside the 

Unfortunately, suitable terminals were not provide for 
this thermometer and it was found, after a time, that in 
transferring it from one instrument to another its resist- 
ance had been diminished, so that its temperature indi- 
cations were too low. 

strips is about 3 per cent, and that because o if this value 

air temperature. We wish to 1 etermine the rate at which 

a case of the instrument, and just back o P the therm0 ile. 

Date. 

I Themornetera. 

-~ 

*Bulb of thermometer shielded from cold surface of can by a small 

?Bulbs of both therrnometera ahielded from cold surface of can by 

a Box thoroughTy ventilated. 
b Box slightly ventilated. 
c Resistance thermometer covered with tinfoil. 

plate of aluminmi. 

sheet of blotting apor. 

Table 1 gives the most reliable synchronous readings 
between the three thermometers. From these and other 
readin s it was found that a slight movement of air 
throug a the box was necessary, in order to prevent tem- 
perature gradients in the box. Furthermore, i t  was 
necessary to make sure that the air cooled by contact 
with the cup-like depression in the end of the can flowed 
outward by the passage provided for that purpose, and 
not into the box. Likewm, it was necessFy to maintain 
nearly stationary temperature conditions 111 the box dur- 
ing a series of readings, as the temperature of the instru- 
ment la ed behind the temperature of the air. At 
Mount # eather this was easily accomplished, as the ap- 
paratus was set up in a constant temperature room; but 
at Washington it was difficult to mamtain a sufficiently 
uniform tem erature in the box. Care was necessary 

wise condensation took place on the cold end of the can, 
and the heat thus liberated materially modified the rate 
of cooling of the blackened surface. At Mount Weather 
this also w(ts accomplished without diiliculty by forcing 
air through a dryin tube before its entrance mto the box. 
At Washmgton it % as been practicable to make stand- 
ardization tests on cold dry winter days only. 

With the above conditions fuElled the mercurial ther- 
mometer exposed to the cold blackened end of the can 
read about 0.2' C. higher than the resistance t,hermometer 
inside the case of the instrument, and the shielded mer- 
curial thermometer read about half a degree higher. 
These temperature differences, under the conditions of 
the tests, caused difFerences of about 1 per cent and 3 ' 

er cent, respectively, in the measured rates of radiation. 
&he latter is hgstriim's estimate, referred to above, for 
the emission coefficient of the gold-plated strips. The 
temperature of the air about the instrument under oing 

shieided thermometers, and the temperature of the black- 
ened cu -like end of the ice-filled can, or Ta, has been 
assum J to be O O C .  

also to keep t R e dew-point in the box below 0' C, as other- 

test or T,, has therefore been assumed to be that o 9 the 
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~ 

Number 1bb. I Number 2. 

Date. T. K'. 1 Date. T. 6'. 

2916. 1914. 

I 
_________---- 

~ ~ r . 2 3  987.6 7.47 iar .a  292.7 7 .m 
23 237.8 7.54 3 2W.2 7.44 
23 287.8 7.58 ........................................ 
23 288.2 7.24 ........................................ 
23 238.7 7.33 ........................................ 
23 289.5 7.45 ........................................ 
23 289.7 7.47 ........................................ 23 289.7 7.47 ........................................ I I  

In August, 1917, Smithsonian anometerS No. 2 

former was greatly disturbed by wind currents, so that 
the results were quite inconclusive. The pyranometer 
sometimes read lugher and sometimes lower than the 
pyrgeometers. 

was compared with pyrgeometers !r os. 1 and 3. The 
Number 3. 

Date. T. K'. 

1914. 
~ a r . 2  237.76.72 

3 291.0 6.51 

I 

TABLE 2.-Sum9nmg of standardizations of pygwmzctcts. 

1916. 
Feb.4 

4 
4 

............... 

- 
Number 1. 

I 
287.9 7.24 ........................................ 
aw.3  7.35 ........................................ 
237.2 7.53 ........................................ ............................................................. ............................................................. ............................................................. ............................................................. ............................................................. 

7.42 ............... 7.47 .............. 6.62 
------- 

B r c o m g ~ a -  tvelrea hgs. 

Corwctedforp 

- 
Date. 
-- 

1914. 
May 8 

8 
8 

14 
14 
14 
14 
14 
14 
14 
14 
14 
22 
22 
22 
22 
22 
22 

N 0 8 I l S  
- 

7.42 ............... 7.3 .............. Z O  

--__---- 

7.3 ............... 7.2 .............. 6.9 

- 
T. 
- 
K'. 
- 
0.09 
9.08 
0.39 
8.95 
9.38 
9.57 
9.54 
9.54 
9.55 
9.55 
9.60 
9.43 
8.80 
8.76 
8.84 
9.17 
9.21 
9.21 

9.24 

9.1 
- 

- 
9.88 
9.02 

0.89 

e. 7 
- 

.- 

288.2 
288. 1, 
288.0 
ass. 9 
288.7 
288.6 
288.4 
2S8.4 
288.2 
288.1 
258.1 
2.98.1 
289.2 
389.0 
288. 9 

288. 4 
ass. 4 

ass. 4 

...... 
- 

NOOTURNAL RADIATION MEASUREMENTS AT MOUNT 
WEATHER, VA., AND WASHINQTON, D. C. 

In Table 4 are summarized the radiation measurements 
made at  Mount Weather, Va., with pyrgeometer No. 1. 
The instrument was exposed on the capstone of the ven- 
tilating flue of the physical laboratory, and there was 
rgctically no obstruction between it and the sk in any 

above sealevel was about 540 meters. 
{irection down to the .true horizon? The eevation s 
TABLE 4.-Suinmy of mcturnul radiutwn mcasurementr at Mount 

wcathez, vu. 
[Gram-caloriea per minute per square centimeter.] Corrected for p 

Date. Time. R. f .  e. Remarks. 
19f6. 

Mar. 2 291.6 
2 290.5 1914. 

May 14 
14 
18 
18 
18 
I9 
19 
19 m 
20 

20 
20 
20 
20 
20 
21 
21 
a2 
T3 
a3 
24 
27 
27 ae 
31 

June 2 
3 
3 
3 
3 
3 
3 
3 

i 
I 
I 
6 

1C 
11 
12 
l i  
14 
1: 
1E 
l i  
16 
1E 
at 
21 
I 
22 
24 n 
2s 
2E 
aE 

a0 

- 

cd. 
0.075 
0.205 
0. 202 
0. m 
0.205 
0.205 
0.208 
0.197 
0.194 
0.193 
0.192 
0.193 
0.182 
0.1% 
0.190 
0.183 
0.183 
0.152 
0.153 
0.176 
0.147 
0.069 
0.081 
0.110 
0.173 

o. 1x1 
0 C. 
11.1 
10.9 
16.5 
16.2 
16.9 
15.9 
15.6 
15.7 

16.7 

16.7 

16.3 
53.6 

22.3 

20.8 
18.1 
17.8 

25.6 
24.4 
20.0 

18.3 
17.8 
17.8 
16.9 
15.6 

15.6 
15.6 
16.7 

24.7 
24.6 
16.9 
16.6 
20.4 
25.6 
23.9 
23.6 

16.7 
16.9 

15.2 
17.2 m. 2 aa. R 
23.3 

a a n  
25.0 
16.2 
19.4 

..... 

..... ...... 
...... 
...... 
...... 

...... 

...... 

ia 1 

..... ia 6 

..... 

as. 1 

- 

mm. 
5.56 
5.79 
5.16 
4.95 
4.57 
4.37 
4.57 
4.95 

4.95 

5.16 

4. d 
5.16 

7.70 

7.57 
4.17 
6.76 

11.81 
14.80 
8.48 

4.75 
4.37 
4.37 
4.57 
4.57 

4.95 
4.57 
5.79 
7.04 

14.10 
16.79 
13.61 
13.13 
14.10 
15.65 
9.14 
8.81 

5.48 
4.17 
6.27 

11. as 
6.27 

17.96 
14.10 
15.11 
17.37 

16.79 

8.48 

...... 

...... ...... 

...... 

...... 

...... 

...... 

...... 

...... 

.._._. 

16. m 
a 51 

- 

E. m. 
1037 p. 
11:m p. 
830 p. 

11:oll p. 
11:53 p. 
1:MI a. 
220 a. 
8:u) p. 
244 a. 
258 a. 
3:12 a. 
3:36 a. 
4:OO a. 
414 a. 
450  a. 
8315 p. 
8332 p. 
852  p. 
823  p. 
8:34 p. 
8 3 2  p. 
8:56 p. 
830  p. 
$40  p. 
8:36 p. 
8:39 p. 

849 p. 
237 a. 
304 a. 
3B a. 
358 a. 
411 a. 
428 a. 
450 a. 
s34 p. 
847 p. 
931  p. 

1049 p. 
858 p. 
925  p. 
900  p. 
913  p. 
849 p. 
840 p. 

834  p. 

8:1 p. 

833 p. 
839 p. 
834 p. 
852 p. 
845  p. 
846 p. 

102.5 p. 
s:n2 p. 
854 p. 
9:MI p. 

.......... 
9:40 p. 

.......... 

Stars shiniw St.Cu. 
Cloudiness in;?reaslng. 
Li hthaze. 
d ica t ious  01 CI. 

Dense haze. 

Mean ..I. ..... - 
Corrected for p 

In Table 2 are summarized the standardization meas- 
urements on the different instrumenh. At the American 
University, in Washington,.during Mtrrch and April, 1915, 
and in North Carolina, durmg May, 1915, numerous com- 
parisons were made between p geometers Nos. lble, 2, 

these instruments, reduced to heat units by the use of the 
mean values of K' determined by standardization tests, 
are given in Table 3. From these ratios it ap ears that 

and 3. The ratios of the ra CF iation measurements by 

the value of K' for p rgeometer No. 2 as thus d? etermined 
is too hi h, and that B etermined for No. 3 is too low. The 
values o g; K' derived from these com &om are also given li in Table 2, and, Snally, the adopte values, obtained by 
correcting the above for the error due to the fact that 
the value of p is about 0.98 instead of 1.0. 

TABLE 3.--cOmpariaons of pyrgmten.  

Denas haze 
Stars shining; some CLSt. 

Do. 
10/10 St.Cu. at 8 p. m. obs.: cleared latar 
6/10 Ci. a t  8 m. 
4/10 ci.st. a h  p. m. 
7/10 A.Cu. 
3/10 A.CU. 
5/10 St.Cu. 
2;lO -4.St.; light smoke. 

Ci.St. clouds at sunset. 
Light hare. 

Ci.St. clouds a t  sunrtae. 
5/10 CI. 2/10 A.Cu. 
2/10 St.Cu.; some false drrus. 
6/10 C1. 
1/10 Cn.: 5/10 a. 
10/10 stratus. 
10/10 stratus: light fog. 
10 10 St.Cl1. 
l / l0  c i  
Sj10 S(Cm 
6 10 CI. 
4/10 doggv. @i. and Cu.). 

1/10 ci. 
3/10 a. 
3/10 Raln. Ci .2/10 St.Cu. 
3/10 Ci:' 
8/10 (A.Cu. and St.Cu.), 
10'10 St.Cu. 
glia st.cu. 
1/10 ci.: 1/10 A.Cu.: 1/10 
1/10 ci. 
2/10 c1.; 2/10 b.Cl1. 
Ci.St. over mast of sky. 

3/10 .&,.CU.: 2/10 8t.CU. 

stations. 

1-1-1- ...... 
o. 131 
0.201 
0.1% 

Washingto D.C ................................ 0.940 
North Caroka.. ................................. 

...... 
0.133 
0.130 
0. osj 
0.052 
0.078 
0.117 
0.182 
0.130 
0.144 
0.151 
- 

It seems probable that the hi h value of E' obtained 

of t%e bright stri s were corroded b fumes from a drying 

The restandardization tests made in Washington in 
March, 1915, indicate that the corrosion had progressed 
in the meantime. The factor Kf=9.1 was used in 
reducing all observations obtained at  Mount Weather 
between May and September, 1914, however, and the 
factor X=9.7 in reducing the observations obtained at  
the American University in Washington between De- 
cember, 1914, and March, 1915. 

for yrgeometer No. 1 is due to t B e fact that the surfaces 

mixture before t R e tests were ma B e a t  Mount Weather. 1 st.cu. 

'Abbot, C. G.,. 6 Aldrich, L. B. The pyranometer-.4n instru- 
ment for meamr e sky radiation. Smithsonian misc. col., Wash- 
ington, 1916. q6,%0. 7. 

nViewa shomng the character of the ex sure at Mount Weather 
will be found in the MONTE~LY WEATHER  VIEW for August, 1914, 
42, opposite p. 477, figs. 3 and 4. 
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R.  

wl. 
0.162 

a153 
0.130 
0.153 
0.143 
0.152 

0.1% 
0.118 

- 

0.1% 

ails 

TABLE 4 . 4 i t m m w y  o mctwnal radiation measurm.ents at Mount 
bmt7ia, Vu.-Continued. 

t. 

.C. - 4.5 

- 5.5 
- 6 . 5  
- 2 . 3  

0.6 - 9.3 

- 5.1 - 5.7 

-- 

- a 3  

-11.5 

Date. 

mm. 
1.69 
1.78 
1.08 
1.31 
1.07 
1.96 

1914. 
July 2 

3 
4 
c 
6 
i 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

n 
22 
33 
24 
25 arr 
27 
28 
29 
30 
31 

Aug. 1 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
18 
14 
15 
16 
17 
18 
18 
21 n 
23 
29 
30 
31 

2 
3 
4 

6 
1 

B 
10 
13 
14 
15 
15 
1t 
1t 
1t 
l i  
15 
1s 
!a 
21 
a: 
a! 
!& 
a: 
a 
a; r 
a 
3l 

m 

Lpt. 1 

a 

a 

Clouds on horhon. 
Trace of clouds on horkon. 
Few Ci. 
Few clouds on horlron. 

Time. 

a i s  
a i 4 2  

alia 
0.160 

0.155 

a183 

0.159 
0.158 

E. m.  
$37 p. 

11:48 p. 

w34 p. 
R42 p. 
906 p. 
850 p. 
835  p. 
s 3 s  p. 
905 p. 
8 3 4  p. 
s 3 7  p. 

836 p. 
840  p. 
853 p. 
850  p. 
902 p. 
839 p. 
8:05 p. 9m p. 
9:w p. 

11:03 p. 
846 p. 

8:22 p. 

850 p. 
8:51 p. 
8 4 6  p. 
9 1 6  p. 
9 3 5  p. 
R:4O p. 
837  p. 
838  p. 
a 4 8  p. 
8 2 2  p. 
928 p, 

1000 p, 
822 p, 
8 4 0  p, 
sa0 p, 
9 5 2  p, 
8 2 5  p, 
9 3 2  p, 
828 p, 

9% p 
822 p, 
8 1 8  p 

1012 p 

8:08 p 
803 p 
8 2 8  p 
807 p 
8 4 4  p 
7:53 p 

803 p 
256 p 
Q3a p 

E r n  p 

......... 

......... 

......... 

9:32 p. 
931  D. 
9 4 1  p. 

8 4 2  p. 

8 5 2  p 

8 1 4  p 

7:52 p 

8 5 2  p 
1032 p 
1254 a 
2 2 3  E 
808 p 
816 p 
8 M  p 

234 p 

253 p 
10:01 

738 p 
1:33 F 
~~ p 
k% 
232 F 
734  i: 

......... 
240 p 

......... 

4.9 

7.3 

6.6 
- 0 . 4  

4.6 

7.8 

...... - 1.9 

R. 

....... 
2.16 

!a. 74 

2.87 

2 7 4  

....... 

....... ....... 

....... ....... ....... ....... 
262 ....... ....... ....... 
2.87 

3.81 
.-..-.. 
....... 

am ....... 
249 

1. al 

....... ....... 

CUI. 
0.139 
0. l J X  

0.1G 
0.027 
0.043 
0.115 
0.113 
0. os3 
0.053 
0.124 

0.088 
0.078 
0.094 
0.147 
0.157 
0.125 
0.138 
0.101 
0.059 

0. OSIl 
0. oi2 

0.140 
0.m 
0.135 
0.130 

0.141 
0.133 

...... 

0. 088 ...... 

...... 

a io3 

0.107 
0.102 
0.110 
0. lag 
0.118 
0.070 
0.049 
0.040 
0 .1w 
0.143 
0.110 
0.147 
0.1% 
0.137 
0. la 
0.110 
0.094 
0.147 
0 . 1 4  
0.070 
0.1% 
0.11m 

0.119 

0.141 
0.14Q 
0.081 
0.131 
0.114 
0.16'i 
0.1% 
0.1% 
0.131 
0. la 
0.15: 
0.141 
0.1u 
0 .18  
0. w 
0. la 
0. lo! 
0 . w  
0.144 
0.12 

0.13 
0.14 

0.14 
0 .1s  
0. la 

:: % 

...... 

...... 
a on 

Few A.St.; zenith clear. 

- 
t .  
- 
c. 

22.1 
19.4 

17.2 
16.0 
19.4 
51.0 
21.6 
23.6 
1 . 6  
26.9 
20.8 
21.4 
23.3 a. 2 
25.6 a S 
ls. 9 
21.4 
25.3 m. 9 
28.5 

25.8 
24.4 
26.4 
16.8 
16.3 
13.3 
19.4 

23. 2 
19.7 
19.4 
19.3 
21.1 
25.7 

as. 6 
22.5 
22.4 
17.1 
20.0 
23.9 
21.3 
22.8 a. a 
26.9 
26.8 
22.3 
22.4 
28.0 
23.4 
21.1 
22. a 
!25. I 
ag. a 
21.8 
14.1 
17. g 
23.5 
21. 8 
14. d 
12. I 
14.6 
12.7 
12. t 
14.8 
13. I 
11.: 
11. I 
15. 
19. I 
22. t 

20. i w. 4 
25. i 
24. i 

13. I 
11. I 
16. 1 
13. 1 
14.1 
17. : 

..... 

.... 

m. 8 

..... 

..... 

aim a m  a i m  
0.175 
a i 7 5  a la  a m  aim 
a i m  
a i s  
0.152 

a i s  
0.183 

o.im 
0.177 a m  a i w  aim aim 
a m  am 
0.188 
a i 7 5  

aim 

a m  
a i 6 7  

aim 
a i 6 1  a i m  aim aim 
ami a m  
a i 6 7  

0.172 

0.164 

aiai 
0.155 

a158 

a185 

0.15s 

a m  

0.188 

0.179 

a168 
0.172 

alae 

a m  

C. 

a 4  ...... 
aa 

...... 
a i  ...... ...... ...... 
2 3  

...... 
1.c 

1.1 

a i  
ag _.._.. ...... 
1.1 _.._.. 
at 

...... .._._. 
-1.1 ...... 
...... 
...... 
-1.1 

...... ...... 
-1.: ...... 

ai 
4.: ...... a: 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 
-1.1 ...... 
...... 

2.. 

mm. 
9. xi 

13.13 

13.13 
12. OR 
13.51 
14.10 
16.20 
15.37 

12.68 
14.10 
17.37 
1s. 59 
15. ti5 
16.20 

9.14 
11.81 
10.59 
15.65 
11.81 

15.11 
1R. 79 
13.61 
10.9i 
8.18 
9.83 
7.57 

8.48 
11.38 
14.88 
13.13 
15. & 
14.W 
15.11 
16.m 
15.83 
16.M 
13.81 
9.41 

13.11 
7. 21 

10.21 
1 o . s  
13. 
14. (u 
13.81 
9.G 

15.11 
14. IC 
1 1 . 3  
12 .4  

15. B: 
15. g: 
8.4 
8.81 
8.1s 

14-24 
9.g 
7.21 
4.71 
5. n 
7.5; 
8.11 
6.71 
7. P 
8.h 
9. 4 

10.2 
9.8: 

10.2 
13.11 
12. % 
14.11 

8.1, 
5. Tu 
6.0 
3.8 
5.7 
6.8 

..... 

14. (io 

in. 97 

..... 

10. 6! 

..-.- 

..... 

1.78 
2.49 

3.45 
........ 

a w  ........ 
6.16 

Remarks. 

Clrms formed aft81 aeries. 
Hasyonhoriron. 
Clouds formlug. 

!/io a,: 1/10 .Am. :  1/10 st. CU. 
1/10 st.cu. 
lain. 
Light fog: 5/10 Ci. 
.0/10 st. 
1/10 St.Cu. 
1/19 h!se cirrus. 
;/in ci. n/io A&.; ciearing. 
1/10 St.Cu. 
1/10 Ci. 
olio  st.^^. 
oh0 St.Su.: rain. 
:/lo Ci.St.; 1/10 St.Cu. 
;/lo St. cu. 
110 Ci. 
Few A.St. 
Few A&.: dense ham. 
Few Fr.Cii. 
Light hav .  
1/10 Ci. 
.0/10 St.1~11. 
Ram. 
./lo ci. 
!!lo Ci. 
ill0 LSI. 
./10A.S1. sud St.Cu. 
'/lo St.CI1. 
LllO St.Cl1. 
1/10 A.(?u. 

ai= 
0.1% 

a i 7 6  aim 

a191 

0.152 

0.183 
0.145 
0.143 
a 1 4  
0.181 

0.l34 
0.181 

go clouds. 
1/10 c1.m. 
1/10 Cl. 
1/10 Ci.51.: 1/10 A.CU.: dense ham. 
1/10 Ci.&t.: dense ham. 
5/10 St.Cii.: .leu.% haze. 
1/10 St.Cli. 
LO/lOSt.CII. 
#/lo 6t.Cll. 
10/10 St.Cn. 
Z/IO st. 
No clouds vlsible. 

Few eiduds on horim. 
W10 Ci. (over whole sky). 
Few clouds. 
Few cirrus. 
No clouds visible; starn faint. 
&/lo A.Cu 
Light ham. 

1/10 Cl '3110 St. CU. 

clouds visible. 
10 St.Cu.: distant lightning. 
ense lower haze. 

5/10 Cl. 

R &  

7.: 

1 2 :  
_.__., 

...... 

...... 
13.1 
16.: 
2 4 . d  ..--., ...... ._.._, ..... 

,Bt.Cu. 
4/10 Ci. 
8/10 st.cn. 
2/10 CI.CU.,~A.CU. and 
Few St.Cu. 
2/10 ci. 
5/10 A.Cu. and St.Cu. 
2/10 CL 
#/lo A.Cu - 5/10 St.Cu. 
No elou&: 
6/10 CL 
No clouds. 

Do. 
Do. 
Do. 
Do. 

5/10 A.8t. 
4/10 Ci. 
6/10 ci.st. 
1/10 8t.CU. 
Raln. 
1/10 ci. 
1/10 ci. 
1 c1. 
2!lO Cu.NI. 
Rain. 
2/10 A.8t. & 8t.C.u. 
Clear. 
6/10 8t.Cn. 
Few Fr.Cu. 
Few Ci.St.; denso haze. 
Clear. 

In Table 5 me summaxized the radiation measurements 
made at  the American University, Washington, D. C. 
P eometer No. 1 was emplo ed in the measurements up 

the readmgs were made while compaxing pyrgeometers 
Nos. IbL, 2, and 3. The instnunentg were e osed on 

at an elevation of about 137 metars above sea level. T?; 

to 3 e end of January, 1915, g ut after that date most of 

the capstone of a ventilating flue of the College o 7 Histo 

ex osure comparea favorably with that at Mount 
d a t h e r .  

The instruments were usually placed in osition about 
sunset, but the metal cap waa nqt remove c f  to expose the 
strips until just before the readmgs were made. About 
five determmations of i were u s u d  obtained in each 
series of readings, and the values of B given in the tables 
were computed from the means of these read' 
t and e were-obtained from read ys of a%%$ 
chrometer whlrled on the roof near t e pyrgeomefers. 
TABLE 5.4ummary of noeftirnal sadiation mwsvrmunts lnadc at 

Wdington,  D .  C. 
[Gramdories per minute per aquare centimetar.] 

Date. 

1914. 
Dee. 14 

15 
16 
16 
17 
18 
a6 
!a6 
27 
27 

1915. 
Ian. 8 

8 
9 

15 
15 
29 
b 
28 

Mar. 9 
9 
8 
9 
9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

12 
12 
12 
12 
12 

12 
l3 
13 
13 
l3 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
28 n n 
31 

Apr. 4 
4 
13 
13 
14 
14 
17 
21 
24 
A 
A 
24 
A 

ia 

ia 

Tlme. 

H. m. 
600 p. 
Gm p. 
604 p. 
8:07 p. 
e:00 p. 
605 p. 
e:05 p. 
827 p. 
6306 p. 
214 p. 

642 p. 
?.I4 p. 
612 p. 
6:22 p. 
7:18 p. 
6:52 p. 
R16 p. 
I:# p. 

827 p. 9m p. 
944 p. 

10:12 p. 
1041 p. 
1 2 m  a. 
1231 a. 
12.40 a. 
1252 a. 
1:36 a. 
1:53 a. 
2:52 a. 
810  a. 
334 a. 
8:53 a. 
4:m a. 
4% a. 
504 a. 
632 a. 
6% a. 
807 p. 
R4l p. 
956 p. 

10:1i p. 
1WAG p. 
10:45 p. 
ll'x4 p< 
11:56 p. 
12:21 a. 
1206 a. 
12:54 a, i:m a, 
197 a, 
214 a. 
2 : s ~  a, 
3:19 a, 
a 4 5  a. 
4:08 a, 
4:35 a, 
k47 a 
5:15 a 
526 a 
6:4 a 
800 p 
8:06 p 
813 p 
8:25 p 
808 p 

8 1 2  p 
829 p 

~~ p 
8:m p 
824 p 
8:44 p 
950 p 
8% p 
851 p 
831 p lorn p 

1o:a p 

8:17 p 

1.31 

....... 
... ?-!!I Radiationumkdy. ........ ........ ........ 

248 ........ ........ ........ 
1.87 

1.96 

........ ,.--.-.. 

........ ........ ........ 
1.78 ........ 

........ 
3. M I Few clouds on horizon. ........ 

........ ........ ........ ........ 
I 
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In Table 6 the measurements made when the sky was 
apparently cloudless. or when at most only a few cirrus 
were visible. are ouped in accordance with the surface 

some measurements made on the top of Peak Knob. 
Ellijay. N . C., that are given in more detail in Table 9 . 
But few of the above observations were taken under ideal 
sky conditions. however . Reference to "Remarks" in 
Tables 4., 5. and 9 will show that at some time on almost 
every ni h t  there were indications of the presence of 
clouds . h i l e .  therefore. it would be unwise to attempt 
to establish radiation laws from these observations. a 
consideration of their relation to laws already advanced 
will be of interest . 

TABLE 6 . 4 u 1 n ~  of ckw-sky nocturnal radiations measurements . 

vapor preasure . 5% ere are &o included in this table 
. 
RUr 

. 
TI . 
'6 
289.9 
287.3 
290.2 
283.0 
282.4 
281.9 
281.3 
281.9 
282 . 4 
281.9 aeo . 2 

284.7 

295.3 
293.8 
291.1 
294.3 
185.7 
286.9 
285.0 
284.7 
a84 . 1 
w . 6  
2&bl 

288.1 

293 . 0 
aoa4 
295.2 
294.8 
287.2 
290.9 
285.8 
284 . 2 
286.9 
291.9 
293.0 
296.4 
294.8 
295.6 

291.5 

!a6 . 8 
299.3 
289.8 
295.8 
297 . 2 

,294.4 
292.7 
294 . 1 

294.9 

298.7 
299.8 
297.4 
281.7 

. 

19a 4 

ass . 6 
awL9 
m a 8  
294.1 
299 . 0 
297.6 
295.2 
294.8 
a986 
297.4 

297.1 

. 
R . 
. 
I Ti'. 

tal. 
0.578 
0.557 
0.580 
0.525 
0.521 
0.517 
0.512 
0.517 
0.520 
0.517 
0.504 

0.532 

0.632 
0.609 
0.587 
0.614 
0.545 
0.554 
0.539 
0.637 
0.533 
0.529 
0.533 

0.564 

0.603 
0.588 

0.618 
0.557 
0.585 
0.548 
0.583 
0.654 
0.594 
0.603 
0.623 
0.818 
0.625 

0.591 

0.6% 
0.658 
0.577 
0.6% 
0. 638 
0.614 
0.m 

. 

a 621 

o . tua 
0. 619 

o . bco 

0.w 

0.651 
0 . ea1 
0.m 

0.m 
am 
0.652 
0.612 
0.854 
0.642 
0.621 

0.850 
0.840 

0.631 

0.618 

. 
!/u TI' 
. 

0.325 
0.303 
0.259 
0.278 
0.280 
0.290 
0.297 
0.290 
0.300 
0.296 
0.343 

0.297 

0 . 294 
0.350 
0.232 
0.239 
0.248 
0.250 
0.393 
0.313 
0.312 
0. a82 
0.908 

0. m 
0.287 
0.353 
0.227 
0. a5(1 
0.284 
0.255 
0.258 
0.274 
0.249 
0. M 
0.237 
0.236 
0.222 
0.266 

au3 
0.2% 
0.210 
0. !24 

am 
0. z22 

0. n 7  

0 . !a27 
am 
0. !zda 

0.91 

0.18 
0.165 
0.132 
0.180 
0.223 
0.187 
0.293 
0. 183 
0.144 
0.112 

0.179 

a mi a ais 

am 

am 

.- 
A T . I e . Date . 

Ed . 
0.188 
0.169 
0.150 
0.146 
0.146 
0.150 
0.152 
0.150 
0.159 
0.153 
0.173 

0.158 

0.183 
0.152 
0.138 
0.147 
0.135 
0.155 
0.158 
0.188 
0 . lea 
0.149 
0.163 

0.156 

0.173 
0.151 
0.141 
0.158 
0.147 
0.149 
0.138 
0.146 
0.138 
0.157 
0.143 
0.147 
0.137 
0.100 

a 149 

0.147 
0.138 
0.140 
0.1% 
0.137 

0.133 
0.124 

0.134 

0.148 
0.136 
0.147 
0. I43 

0.144 

0.101 
0.086 
0.110 
0.146 

0.182 
0.113 
0.094 
0. 072 

0.114 

a 1% 

a 110 

0.120 

OC . 
-27.1 
-24.9 
-20.9 
-22.1 
-22.3 
-23.0 
-23.8 
-23.0 
-24.7 
.2a . 6 
-27.9 

-23.9 

-34.6 
.a0 . 4 
-18.7 
-19.4 
-19.6 
-22.6 
-23.8 
-25.5 
-25.2 
-22.5 
-24.8 

- a 5  

-!a . 7 
4 0 . 6  
-1% 2 
-21.0 
-21.1 

-20.0 
-220 
-19.8 
-21.6 
-17.8 
-19.2 
-17.8 
-21.1 

-20.4 

-19.1 
-17.2 
-19.6 
-16.2 
-17.5 
-1 b 8 
-17.7 
- a 1  

-17.4 

- l a 7  
-16.8 

-a0 . 0 

-la 8 -la a 
-16.2 

-13.0 
-13.8 
-10.4 
-14.2 

-15.0 
-34.3 
-14.5 
-11.5 
. 8.7 

-14.4 

.i a 3  

0.407 
0.4m 
0.447 
0.435 
0.432 
0.428 
0.424 
0.438 
0.418 
0.424 
0.396 

0.424 

0.425 
0.483 
0.464 
0.459 
0.454 
0.434 
0.4% 
0.414 
0.415 
0.433 
0.418 

0.136 

a 4 m  

0.406 
0.449 
0.464 
a449 
0.460 
0.427 
0.45a 
0.444 
0.460 
0.461 

0.449 

a 441 

a 4m 

a uo 
am 
a 4s7 
0.470 

0.481 a 47a 
0.480 
0.48 
0.48l 

0. 4 n  

0.400 
0.480 

0.168 

0.470 

0. wo 
am 
0.599 
0.495 
0.468 
0.490 
0.428 
0.493 
0.535 
0.535 

6.494 

am 

JUM 17 .................... 6.27 
Sept . 15 .................... 6.76 

30 .................... 6.50 
May 9 .................... 6.76 

6.76 
6.68 
6.68 
6 . 60 
6.27 
6.71 
6.07 

- 9  .................... 
9 .................... 
9 .................... 
9 .................... 

10 .................... 
10 .................... 
10 .................... 

hie8ns.. .................... 6.55 

7.70 
7.87 
7.04 
7.29 
7.57 
7.29 
7.75 
7.29 
7.11 
7.39 
7.09 

7.40 

8.48 
8.48 
8.48 
8.48 
8 . 81 
8.18 
8.18 
8 . 58 
8.18 
9.14 
9.47 
9.47 
9.83 
9.83 

am 
10.97 
10.59 
10.97 
10.21 
10 . .59 
11.81 
11.38 
11.38 

10.99 

12. 24 
13.13 
13.13 
14.10 

13 . 15 

15.65 
15.65 
15.11 
15.65 
15.11 
16.19 

16 . M 
16.79 

15.94 

16 . a0 
10 . m 

May 21 . . . . . . . . . . . . . . . . . . . . .  
24 .................... 

June 6 .................... 
Aug . 15 .................... 
sept . .................... . 

R.S. I" TI . 
C . 

288.5 
264.7 
287.5 
266.5 
270.7 
273.6 
283.7 
281.5 
287.9 
287 . 3 

267.2 

274 . 2 
271.9 
271.9 
271.3 
275 . 2 

272.9 

272.6 
271.1 
276.4 
276.3 
27 6. 2 
275.3 
274.0 
273.9 
213.6 
271.9 
277 . 2 
281.4 
27s . 0 
287.6 
277.9 
277.6 
280.8 
279.6 
274.7 an . 7 
281.3 
276.3 
285.7 
286.5 

380.2 
288 . 2 
288.9 
288.9 
288.6 
291.7 
as8 . 7 
291.4 
a90 . 8 
a80 . 8 
288.9 
2% 6 
288 . 6 ass . 7 
384.1 
185.2 
289 . I 
288.8 
289.7 
a86 . 6 
284.8 
a87.5 
283.7 
2% . 3 
285.8 
285 . 2 
280.2 
286.7 

- 
R . 
cal . 
0.162 
0.156 
0.152 
0.130 
0.153 
0.143 
0.152 
0.146 
0.128 
0.118 

0.144 

0.191 
0.173 
0.170 
0.164 
0.177 

0.175 

0.160 
0.158 
0.184 
0.172 
0.175 
0.163 
0.154 
0.188 
0 . mo 
0.1% 
0 . 201 
0.185 
0.177 
0.146 
0.156 
0.155 
0.183 
0.172 
0.162 
0.164 
0.180 
0.167 
0.176 
0.193 

Ll(9 
0.203 
0.202 
0.205 
0.205 
0.208 
0.194 
0.219 
0.191 
0.199 
0.203 
0.198 
0.197 
0.201 
0.167 
0.169 

0.197 

0.205 
0.193 
0.180 
0.147 
0.157 
0.150 
0.177 
0.178 
0.172 
0.177 

-. 

a 17s 

r TI' . A T . Dab . 
___ .. - .... 

.................... 
May 8 .................... 

8 .................... 
8 .................... 
9 .................... 
9 .................... 

Mesna ...................... 
May 31 .................... 
June 30 .................... 
Allg . 1 .................... 
L p t  . 3 .................... 

4 .................... 
5 .................... 

14 .................... 
16 .................... 
25 .................... 

July 19 .................... 
Aug . 13 .................... 

22 .................... 
Sept . 7 .................... 

18 .................... 
Means ...................... 
July 18 .................... 

21 .................... 
28 .................... 

Aug . 16 .................... 
17 .................... 

Julv 20 .................... 
Aug . 3 .................... 

30 .................... 
Means ...................... 
Sept . 22 .................... 
Aug . 18 .................... 
Sept . 21 .................... 
June 7 .................... 
Means ...................... 
June 11 .................... 
July 22 .................... 

25 .................... 
Aug . 6 .................... 

23 .................... 
JUDE 8 .................... 

27 .................... 
July 9 .................... 

17 .................... 
26 .................... 

Means ...................... 

C d  . 
0.4?5 
0.402 
0.419 
0.413 
0.439 
0.458 
0.396 
0.383 
0.421 
0.418 

0.417 

0.463 
0.447 
0.447 
0.443 
0.169 

0.454 

0.453 
0.442 
0.477 
0.477 
0.476 
0.470 
0.461 
0.460 
0.458 
0.447 
0.483 
0.513 
0.468 
0.560 
0.488 
0.488 
0.508 
0.500 
0.466 

0.512 
0.477 
0.545 
0.651 
0.505 
0.572 
0.570 
0.570 
0.507 
0.692 
0.570 
0.580 
0.585 
0.585 
0.518 
0.567 
0.567 
0.570 
0.533 
0.541 

0.571 
0.577 
0 . s70 
0.883 

0.559 
0.508 
0.548 
0.548 
0.541 
0.504 

0 . ss4 

0.459 

o . sa 

C . 
-30.3 
-30.5 
- X 6  
-24.0 
-27.5 
-24.8 
-30.2 
-29.5 
-23.3 
-21.0 

.a7 . 0 

-34.2 
-31.3 
-30.6 
-29.6 
-30.7 

-31.3 

-2a 1 
-213.4 
-31.8 
-29.2 
-29.5 
-27.8 
-28.5 
-33.7 
-36.7 
-34.4 
-34.9 
-29.7 
-30.9 
-19.6 
-E5 
.% . 3 
-29.8 
-27.9 

-me 
-28.8 
.28 . 2 .as . 7 
-29.2 
.27 . 0 
-29.0 
-29.9 
-30.5 
-30.6 
-29.9 

-31.9 
-27.3 
-2s.7 
-29.5 
-29.5 
.a9 . 3 
-29.6 
-25.6 
-25.5 
-29.1 
-30.1 .as . 1 

-21.8 
-21.2 
424.6 
-26.6 
-28.8 
.% . 0 
.!?a . 7 
.-I . 9 

.n . 8 

.a a a 

.-25 . a 

Dec . mm . 
1.69 
1.78 
1.88 
1.31 
1.07 
1.96 
1.31 
1.07 
1.87 
1.60 

0.351 
0 . a88 
0.363 
0.315 
0.349 
0.312 
0.384 
0.381 
0.304 
0.263 

0.346 

0.412 
0.387 
0.361 
0.370 
0.377 

0.385 

0.354 
0.358 
0 . 386 
0.361 
0.388 
0.347 
0.334 
0.409 
0.437 
0.421 
0.416 
0.381 
0.379 
0.281 
0.320 
0.319 
0.361 
0 . a44 
0.348 
0.357 
0.352 a 350 
0.323 
0.350 
0.m 

0.354 
a380 
0 . 362 
0 . a51 
0.337 
0.371 
0.326 
0.340 
0.351 
0.349 
0.347 
0.319 
0.313 
0.312 
0.315 
0.366 
0.335 
0.300 
0 . 273 
0.m 
0.307 
0.322 
0.326 

0 . a51 
0.317 

0.353 

o . ai8 

0.373 
0.369 
0.384 
0.411 
0.393 
0.414 
0.372 
0.373 
0.421 
0.433 

e . 395 

0.355 
0.370 
0.365 
0.980 
0.375 

0.369 

0.380 
0.388 
0.370 
0.388 
0.381 
0.394 
0.402 
0.348 
0.339 
0.349 
0.352 
0.386 
0.374 
0.446 
0.410 
0.409 
0.385 
0.402 
0.393 

0.396 
0.392 
0.408 
0.392 
0.401 

b 3pB 
0.388 
0.394 
0.391 
0.400 
0.379 
0.404 
0.398 
0.395 
0.392 
0.393 
0.392 
0.414 
0.414 
0.396 
0.388 
0.400 
0.422 
0.437 
0.433 
0.418 
0.399 
0.416 
0.411 

0.412 

am. 

0.3m 

0.391 

14 ..................... 
15 ..................... 
16 ..................... 
16 ..................... 
17 ..................... 
18 ..................... 
2 e... ................... as ..................... 
27 ..................... 
27 ..................... 

Means ...................... 
Mar . 12 ..................... 

I3 ..................... 
13 ..................... 
13 ..................... 
28 ..................... 

Meana ..................... 
Jan . 29 ..................... 

29 ..................... 
Mar . 9 ..................... 

9 ..................... 
9 ..................... 

10 ..................... 
10 ..................... 
12 ..................... 
12 ..................... 
13 ..................... 
27 ..................... 

Apr . 4 ..................... 
M e m a  ..................... 
Sept . a8 .................... 
Jan . 8 .................... 

8 .................... 
15 .................... 
15 .................... 

Mar . 10 .................... 
10 .................... 
14. ................... ai .................... 

Apr . 14 .................... 
17 .................... 

l4emm ...................... 
May 18 ................... 

18 ................... 
19 ................... 
19 ................... 
19 ................... 
m ................... 

June 2 ................... 
3 ................... 
3 ................... 
3 ................... 
3 ................... 
3 ................... 

16 ................... 
Lpt . 9 ................... 
May 5 ................... 
Mans ...................... 
May 18 .................... 

20 .................... 
Sept . % .................... 

29 .................... 
A r . 13 .................... 

ay 6 .................... 
6 
5 .................... 

10 .................... 
Mealla ...................... 

m .................... 

18 .................... 

1.54 

1.69 
1.87 
1.96 
1.78 
1.78 

1.83 

2.36 
2.16 
2 . 74 
2.87 
2 . 74 
2.62 
2.87 
2.49 
2 . 06 
2 . 48 
2.49 
2 . 99 
2.57 
3.81 
3.99 
3.99 
3.81 
3.81 
3.81 
3.00 
3.63 
3.45 

3 . 63 
3.68 
4.95 
4.57 
4.37 
4.57 
4.95 
4.95 
4.75 
4.37 
4.37 
4.57 
4.57 
4.95 
4.17 
4.75 
4.95 
4.67 
5.16 
5.16 
5.16 
5.56 
5.79 
5.16 
5.16 
5.16 
5.16 
5.61 
5.31 

a . 54 

The ratio R/uTt which is iven in column 6 of Table 

year . The m a h n u n  values-which are in excess of 
0.40-were obtained in March, with low values of e. but. 
not the minimum values . The minimum values of the 
ratio. which are less than 0.20, were obtained with maxi- 
mum values of e . 

If we subtract the measured . values .of R from UT I. 

the remainder givea the effective radiation from d e  
atmosphere. R . =UT: from which T2 ma be com uted . 
I n  column 7 of Table 6. A T  is thezdderence z - T l  . 
Following Angstriim. ' the valuea of R . have been 

6, shows variations with e an % also with the season of the 

' d n g s t r h .  A . O p  . Cit., p . 42 . 
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reduced to a uniform temperature of T1=293O, by the 
equation 

Ra T? -=-. Ra,, 2934 (5) 

The results are given in the last column of Table 6, and 
the mean values are plotted in ure 3, which also con- 

as above. 
If after allowing for thezdifferent values of u em loyed 

by Angstriim andlmyself, these lotted values of 4, are 

it d be found that the values corresponding to vapor 

t a b  the mean values of R,,, or % reduced to TI -293O, 

compared with Angstriim's 2 assour measurements, 

December, 1914, are markedly lower than the mean 

This is probably due a t  least in part to the vertical 
temperature gradient of the atmosphere a t  the time. 
In early winter, and especid with abnormally low 

spring and early summer? In consequence the effective 
radiation of the sky will be low. 

The low values of R,, with high values of e may be due 
to the fact that the atmos here was near1 saturated, 

guishable a t  night. 

curve. 

surface tem erature, the vertic 3 gradients of both tem- 
perature an s vapor pressure are small as compared w!th 

and clouds may have been P orming, althoug i not diatin- 

VAPOR PRESSURE IN MILLIMETERS 
F I ~ U R R  3.-Vdum of nocturnal or outgoing radiation, Rp. and of atmospheric radiation, RIlur plotted wainst the observed surface vapor preeeure, e. 

pressures 1.82mm., 2.57mm., and 4.67mm., which are 
my maximum values ,agree vex closely with Angstrom's 

of interest to note that during the latter part 
and early June, 1914, when high values of R were 

forest fires, so t at solar radiation intensities 
measured, the atmos here was fded with haze, or 

were y t l y  reduced. Solrtr radiation intensities show 
that t e atmosphere had cleared by June 16, but the 
values of R were not increased. 

Weather for the five year8 July 1, 1907, to June 30, 1912. Bull. 

fl curve. The remaini 

increase in surface vapor pressure is mater than 
An strom found it to be. It will be noted ti at  the value 
of !b corresponding to vapor pressure 1.54, which is 

plotte ;Y values are lower than 
Angstrom's, and theyecrease in the value of R,, with 

upon Of which were made in "Blair, Wm. R. Summary of the free-sir data obtained at Mount -- 
aA?agat&n, A. Op. cit., p. 36, fig. 3. Mowt W d h ~  Obmvatory, 1013,6:111-194. 
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Shelters. 

No.1 ........................................ 
No. 2.. ...................................... 
N0.3 ........................................ 
N0.4  ........................................ 
No.S ........................................ 

From Tabla  4 and 5 it Will be seen that on May 18-19, 
Ma 19-20, June 2-3, and September 15-16, 1914, and 
on%darch 9-10, and March 12-13, 1915, the radiation 
was measured at  frequent intervals throughout most of 
the night. The series of Se tember 15-16 was inter- 
rupted by clouds. Those of %a and June show little 

drop 'ust before sunrise. Those of March, 1915, show 
irrtydar variations, there beina a ronounced decreaae 

increase followed by a decrease on the night of March 

Several series extending from S m. to 5 a. m. were 
obtained in North Carolina during%ay, 1915 (see Table 
9), but there was more or less cloudiness on every night. 

It is also evident from Table 4 that while haze has no 
ap reciable effect upon the radiation to the atmosphere, 
an$ that cirrus clouds have only a slight effect, clouds in 
the alto-cumulus level and below diminished the radiation . In fact, on June 9, 1914 the instrument ~~~~!~ to be receiving more heat from low stratus 
d u d s  than it was radiating to them. Table 7 gives 
other low values of radiation to  cloud layers. 

TABLE 7.-Radiuth to clouds. 

variation in R throughout the nig i t, except a pronounced 

in t e value of R about midnigh o P March 9-10, and an 

12-13. 

Elevatlons. 

Fwt. mciera. 
2,240 tX% 

771 2g 872 
3 480 1 061 
4:WO 1:2l9 

[Gram-calales per minute per square eentlmetar.] 

Date. C h m .  I 

OF. 
41.2 
42.4 
44.3 
46.7 
44.8 

July 6.  .............. 0.027 10/10 St. 
Sept. 2 .............. 0.m8 9/10 St.Cn. 
Aug. ll... ........... 0.040 10/10 St.Cu 
July 7.. ............. 0.013 1O/lO St.Cu. I I I I 

c. 
5.1 
5. s 
6.8 
7.6 
7.1 

NOCTURNAL RADIATION MEASUREMENTS AT ELLIJAY, N. C. 

Durin Ma 1915, nocturnal radiation measurements 

extensive frost studies that were being conducted there by 
Prof. H. J. Cox. Information was desired relative to the 
rate of radiation in the valleys, where frosts frequently 
occur, on the peaks where the diurnal variations in 
temperature are smali, and on the slopes, in the so-called 
thermal or frost-free belts. 

Ellijay, N. C., was selected as the most favorable oint 
for these measurements. On the north slope of $e& 
Knob (lat. 35O 11' N., long. 8 3 O  15' W.) which rises 
abruptly from the narrow valley of EUija Creek, are 

equipped with a maximum and a minimum thermometer 
and a thermograph. The elevations above sealevel, and 
the annual mean minimum temperatures at the different 
shelters, are shown in Table 8. 
TABLE 8.-Elniationa above sealcwl and annual mmn minimum teni- 

pemturca at weather Bu.reau instrument shelters on Peak Knob. M m n  
County, N. C. (Lat. 35' 11' N., long. 83' 15' W.) 

were un % P  erta en in North Carolina in connection with 

located five Weather Bureau instrument s t elters, each 

- 
ADllUalmesIl 

minimum 
temperatures. 

Nocturnal radiation station I, was established beside 
instrument shelter 1, in the narrow vaUe of Ellijay 
Creek, and but a few yards from its bank. tent kindly 
loaned for the purpose by the United States War Depart- 
ment was pitched beside the shelter, and in it were 
installed the galvanometer, the mil-ammeter, and other 
auxiliary a paratus, while the pyrgeometers were exposed 
on top of t R e instrument shelter. A similar installation, 
station 5, was made beside shelter 5 ,  which is on a 
shoulder just below the highest point on Peak Knob. 
Pyrgeometers Nos. Ibis, 2, and 3, were employed in mak- 
ing the measurements, two of the instruments being 
installed at station 1. After a ni ht on which satis- 

station 5 was exchanged for one of the instruments 
at station 1. In this way all the instruments were 
compared. 

factory observations were obtaine t! the instrument at 

ROOBE 4.-Zenith distance of the sky line at radiation stations 1.3, 
and 5, Ellijay, N. C. 

were made with each instrument 

from 8 p. m. to 5 a. m. The readings at station 5 
were so even, however, that the number in a series was 
soon reduced to five. At the end of each series a sling 
psychrometer was whirled near the instrument shelter 
to obtain the air temperature and the dew point. 

Table 9 contains a summary of the readings obtained 
at these two stations between May 5 and May 10, 1915. 
There are also added temperature readings obtained 
from the traces made by the thermographs in the instru- 
ment shelters. The traces have been c.orrected by com- 
parison with the readings of the maximum and the 
minimum thermometers in each shelter. The vapor 
pressure obtained from a psychrometer reading at sunset 
a t  station 3 is also added. 

At first 10 readin 
as nearly as possib i e on the hour (75th mer. time) 



66 

- 
SheI. 
ter. 
- 

C. 
18.9 
13.9 
13.3 
11.7 
11.7 
11.1 
10.8 

10. 0 la 0 
9. 7 
9. 7 

9. 4 
9. 4 

9. 2 

9. 2 
9. 4 
9.7 

10.3 

io. o 
io. o 

la 8 

16.7 
13.3 
13.3 
11.9 

11.8 
12.2 
12.2 
11.9 
11.9 
11.7 
11.1 
10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
10.0 
10.0 
9.4 
9.4 

18.3 
14.4 
14.4 
13.3 
11. 9 
11. 9 
11.7 
11.4 
10.8 
10.8 
lo. 3 
10.3 

10. ( 
9.1 
9.1 
8. I 
8. s 
8. s 
8. t 

io. n 

19. ; 
16.1 
16. I 
14.4 
14.4 
13. : 
12. 8 
12.8 
12. 5 
11. i 
11. i 
11.4 
10. t 
10. t 
10. c 
10. c 
in. c 

- 
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TABLE 9.-Ttnaparature, vapor premure, and noetwal radiation meaaurenwnta at Ellijny, N.  C., during May, 1915. 

hw on shelter a t  I 
p w  on shelter and 
ew clouds fog all 
'op of shelter a t  N, 

O d  

15.7 

15.0 

15.2 

13.7 

14.4 

14.4 

-- -- 

mm. mm. eal. cal. ............ 8.48 .............. .................. 0.13 0.120 
9.135 aza .............. .................. 0.101 0.108 
9.45 7.75 .............. .................. 0.084 0.111 
8.53 7.90 .............. ................... a084 0.106 
8.88 7.77 .............. ................... am aoBl 
9.14 7.47 .............. ................... am 0.m 
8.81 7.81 .............. 

a C. 
15.0 
11.7 
10.6 

9.4 

7. B 
7.8 
6.7 

7.2 
7.2 
6.1 

6.6 
6.6 
6.6 

10.0 

a9 

6.7 

6.1 

'C. O C .  'C. mm. mm. cal. cal. ....... 10.1 ....... %76 .................... ....... 13.3 .................................. ....... 12.8 .................... 0.136 0.177 

....... 12.2 ..................... 122 .173 

....... 12.2 .................... .117 .18 
9.0 12.2 121 7.29 4.95 .............. ....... 12.2 .................... .1w .172 

....... 12.2 .................... 0.072 .130 
9.0 12.2 l l . 7  7 . 1  6.27 .............. ....... 12.2 .................... .098 .14 

................................. .098 .143 
7 . 8 1 1 . 9  11.9 7.04 6.16 .............. ....... 11.9 .................... .074 .136 

13.4 128 ....... 7.04 .................... 
11.1 12.2 1 2 7  7.04 6.16 .............. 

a6 122 114  7.04 6.16 .............. 

7.3 12.2 12.0 7.04 5.21 .............. 

,._._. 

10.8 

11.0 
,..-.. 

13.3 

12.8 
B.8 

iaa 

I L S  

14.6 

14.8 

14.1 

................... 0.m am 

................... 0.044 0.088 

9.14 8.18 .............. ................... 0.051 a m  
9.14 8.58 .............. ................... 0 . 0 ~ )  am 
9.889.04 .............. 

am aos .............. 

11.1 

.1.6 

12.8 

..... 
...... 

...... ..... 
13.8 ..... 

12.8 
1 2 8  
12.8 
13.3 
13.3 

17.2 
14.4 

12.8 
14.4 

5.6 
4.4 
4.4 
3.9 
3.9 

7 . 8 1 1 . 9  11.9 7 . 0 4 5 . 0 8  .............. ....... 12.2 .................... .092 . la6 
6.7 12.2 1 2 3  6.76 5.16 .............. ....... 1 2 2  .................... .os2 . l63 
6.2 122 ia.8 RSO 4.95 .............. 

14.9 

13.9 

14.0 

14.3 

12.9 

13.2 

13.8 

13.3 

12.5 

12.1 

............. 13.13 .............. ............ ......@.OW 0.114 a/lOSt.Cn. 
10.9211.80 .............. .................. a w  0.112 1/10 st.cu. n 
10.97 10.97 .............. 9/10St.Cn. .................. bO.083 a0.052 
11.25 10.67 .............. .................. 0.045 0.058 8/10St.Cu. 
11.2310.90 .............. .................. 0.064 0.091 1/10St.Cu. 
10.21 10.16 .............. .................. 0.1389 0.m Fewclouds. 
l 0 . m  10.44 .............. .................. 0.048 0.058 5/10Ci.St. 
10.11 10.90 .............. .................. 0.052 0.051 Starsbrighter. 
10.11 10.46 .............. .................. 0.021 0.026 Moreclouds. 
10.08 9.83 .............. .................. 0.034 0.015 (e) 
8.8510.16 .............. 

in NW. 

I 

17.8 
17.2 

19.4 
a0 0 
m6 

16.7 

....... ....... 

....... 
19.2 
10.8 

iae 
16.7 
16.7 

17.2 
17.2 
17.2 

18.7 

....... p.80 .................... .................... 0.074 0.091 

.................... 0.035 0.048 
16.8 10.77 8.48 .............. 
16.S 11.58 8 4 8  0.077 0.078 

16.0 9.135 8 4 8  .............. ..... 
13.4 

13.1 

12.8 

11.8 

11.8 

..... 

..... 

..... 
-.._. 
..... 
11.7 ..... 
11.7 

11.0 
..... 

13.1 
13.1 
12.s 
12.8 
12.8 
12.2 
11.7 
11.7 
11.7 
11.7 

11. I 
11.1 
11.1 
11.1 
11.1 

11.2 

14. 4 
13.9 
13.9 
13.3 

....... 12 2 ....... *1l. 81 .................... 
15.3 12.2 ....... 1204 ...... 0.010 ....... 10/10St. 
15.0 122  ....... 12.24 ...... 0 ....... Do. 

DO. 15.0 12.2 ....... 1224 ...... (I) ....... 
....... 15.0 ....... %.48 .................... ....... 13.6 .................... 0.122 0.151 a/lOclmids. 

13.8 13.3 13.2 10.P 7.29 .............. ....... 12.2 .................... 0.122 0.158 
11.9 12.2 11.7 9.30 7.75 .............. _.____. 122 ____.__ .._.._. _.._.. 0.115 0.168 

....... 11.7 .................... a . 1 ~  aim 
9 . 8 1 1 . 7  11.3 a s a 7 . n  .............. ....... 11.1 .................... 0.098 0.148 Few6t.Cu.h 
9.4 11.1 10.7 8% 7.39 .............. N. toE.12 ....... 10.6 .................... 0.m 0.11 p. m. to 3 
a9 10.6 10.2 8.00 6.76 .............. a.m. ....... 10.0 .................... 0 . 0 ~ )  0.145 ....... 10.0 9.2 ....... 6.78 .............. ai 10.0 9.1 7.42 6.0s 0.087 0.150 
7.7 9.4 8 3  7.42 kea a m  0.1% 
6.9 a9 a9 7.16 6.80 0.078 a i m  

10.8 1 2 2  11.7 am 7.29 .............. 

.................................. 0) ....... 

..... ..... 
is.6 
14.9 

13.7 -.._. 
13.3 -.__. 
12.8 

12.1 

11.5 

11.1 

10.6 

10.3 

..... 

..... 

..... 
...... 
..-._. 
10.3 

20.6 
18.3 

16.7 
15.0 
15.0 
14.4 
14.4 
13.9 
13.9 
13.3 
13.8 
12.8 
l2.l 

12.. 

12.. 

11.; 

iaa 

12.; 

12.; 

11.: ' 
1 

1 

....... 12.8 ....... q.29 .................... ....... 11.7 .................... 0.123 0.145 l/lORt.Cu. 
11.7 11.7 11.3 9.14 6.76 .............. ....... 11.1 .................... cLla0 0.1% FewSt.Cu. 

....... 10.6 .................... 0.108 0.163 Clear. 

....... 10.6 .................... eO.091 0.134 FewSt.Cu. 

iao 10.6 10.2 a84 7.37 .............. 
a 7  10.6 11.2 ais 7.09 .............. 
9.2 10.6 10.1 7.87 6.98 .............. 
9.4 .......................... 0.095 0.m Clear. 
a2 10.0 9.7 7.62 &a7 .............. ....... 9.2 .................... 0.0Ba 0.1113 Do. 
7.3 9.2 9.0 7.14 6.71 .............. 

..__._ 
17.1 ..__._ 
15.6 ........... ...... 
13.6 
...... 

18.s 
18.S 
17.1 
17.5 

17.5 
17.5 
l i .8 

' ....... .............. ._....I .............. 
0.098 0.173 Do. .............. ....... 
.............. 

Frost 1 mllc 

_.____ 
12.S _.____ _._.._ 
11.9 
_.__._ __..__ 
11.1 

15.f 
15.f 
15.f 
15.2 
15.2 
15.C 
14.4 
14.4 

Date and 
time. 

-- 

ltation No. 1.lStationNo. 3. Noh. 
station I station 
No. 1. No. 5. Dste and 

time. Notes. 
Sta- Sta- &a- Stsr 
tlon tlon t i  tlon 

Shel- shel- NO. 1. NO. 5. NO. 1. NO. 5. P& 
meter. meter. 

-- 
1915. 

May 10-11: 
7:00 p. m. 
8:lO p. m. 
A:15 p. m. 
9:05 p.  m. 
915  D. m. 

Z/lOclouds. 
1915. 

Yay 58: 
7:00 p. m. 
800 p. m. 
8:22 p. m. 
830 p. m. 
O S 7  p. ma 
91s p. m, 

l0:m p. m, 
1O:lO p. m, 
1 1 s  p. m, 
11:lS p. m. 
1210 a. m. 
D:10 a m. lm a. m. 
k16 a m. 
207 a. m. 
210 a. m. 
8 w  a. m. 
3 lS  a. m. 
4x)5 a. m. 
k16 a. m. 
Sm a. m. 
s:12 8. m. 

FewC1.St. 

2/10 cut. 
6/10 C1.St. 

C l o u d y  but 
stars over- 
head. 

S k y  nearly 
o v e r c a s t  
with C1.St. 

Cloudy few 
stars vhlble. 

l/lOElt.Cu. 
CleOr. 

DO. 
Da 

Few clouds. 

Do. 
Do. 

Thin clouds. 

Inmasinn 
clouds. 

Thin clouds. 

Do. 

a. mi 
1:lO a. m. 
2ma.m. 
2- a. m. 
3m a. m. 

......I 1 2 8  
10.6 1 2 8  

..... 1 2 8  

3:lO a. m. 
Cloudy stars &able. mom 
10/1OSt.Cu. 

1:07 a. mi 
4:15 a. m. 
5:lO a. m. 
5:15 a. m. 

May 12-13 
7:00 p. m. 
8&? p. m. 
8 1 5  p. m. 
9:W p. m. m y  6-l: 

200 p. m. 
809 p. m. 
815 p. m. 
908 p. m. 
910 p. m. 

1030 p. m. 

10,rlO St.Cu. 

Do. 
DO. 

9:lO p. m. 
1O:m p. m. 
1010 D. Il l .  
11:10 p. m. 
1l:U p. m. 
12:15 a. m. my 7-8: 

6:00 p. m. 
816 p. m. 

1Om D. m. 

~ ~. 
1220 a. m. 
1x)5 a. m. 
1:lO a. m. 
2 M  a. m. 
210 a. m. 1:W i. m. 

M8y 8-9: 
7 3 0  p. m. 
805 p. m. 
815 p. m. 
906 p. m. 
9 1 5  D. m. 

303 a. m. 
310 a. m. 
4:05 a. m. 
4:lO a. m. 
5:08 a. m. 
5:15 a. m.  

15.6 
12. 9 
12.8 
11.1 
11.1 
9. 4 
9. 4 
a9 
a9 
a 3  
a 3  
7.8 
7.8 
7. 2 
7.2 
6.7 
6.1 
6.6 ,.... 

Map 13-14: 
200 p. m 
810 p. m. 
8:15 p. m. 
9:15 p. m. 

1002 p. m. 
1010 p. m. 
11:Ol p. m. 
ll:07 p. m. 
1203 a. m. 
1210 a. m. 
la a. m. 
1:lO a. m. 
216 a. m. 
2208. m 
305 a. m 
3:lO a. m 
4:Ol a. m 
4% a. m 
5 a  a. m 
5:05 a. m 

k00 p. m 
R07 p. m 
A:15 p. m 
9:07 p. m 
9:12 p. m 

1000 p. m 
11:05 p. m 

1:05 3. m 
1:lO a. m 
?:ma. m 
3:OO a. m 
3:05 a. m 
$00 a. m 
;,:01 R. m 
5:05 a. m 

a 
b 

d 

Map 14-15 

ELF&? 

c 

1:10 a. m. 
1 s a . m .  
2m a. m. .. -. ~. 
ZlS a. m. 
310 a. m. 4.m a m. 
6- a. m. 
830 a m. 

May 9-10: 
7:oO p m 
83S p. m 
8 1 s  p. m 
9m p. m 
9:lO p. m 

10m p. m 
1RlO p m 
11- D. m 

16.0 
11.1 
11.1 

10.0 
io. o 
a9 
a9 
a3 
a3 
7. s 
7.6 
6.7 
6.7 
6.8 
6.3 
S.3 
4.4 
3.9 
3.9 

I [ I  I I /  I I llpcreek. 

...... l20.c ..... 
....... 

...... .............. 
bO.018 LO. 128 I DO. .............. 

...... ...... 
....... ....... 

809 a. m 
310 a. m 
4:OO a. m 
5 : s  a. m 
5: lO R. m 

............. I. ...... 1 ....... I ...... 
14.7 I 9.40 111.12 ....... * Statlon No. 3. 

t 8tstIon No. 3. Rain be- at 1030 p. m.: ended at k40 p. m., 7th. Z Less than 0.00s. 
I ' I  I 

1. 
stmments. 
?ut but not a t  stations Nos. 1 and 3. 
#, damp. 

a Dew on case of instruments at Eltation 1. 
b Dew on tlnfoil of both instrumentd under covers of cases when htkt was taken ofl 

c Dew on Instrument shelter. 
a t  8:30 a. m. 
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On May 10 the equipment a t  station 5 was moved to a 
similar installation beside shelter No. 3, where readings 
were made until May 15. These also are summarized in 
Table 9. 

With reference to the nocturnal radiation mea.sure- 
menta it is to be noted that those obtained at stabon I 
are markedly lower than synchronous measurementa ob- 
tained at  station 5 and somewhat lower than s nchro- 

are some of the reasons why this should be so: 
nous measurements obtained atstation3. Thefo 5 owing 

of the radiation from a horizontal surface to different 
arb of the sky, the elevation of the skg line at station 3 does not have an appreciable effect on the radiation. 

At station I it reduces the radiation by about one- 
thirtieth, and at station 3 it reduces it by a somewhat 
less amount. 

(2) With clear skies the thermometers in the instru- 
ment shelters at stations I and 3 systematically read 
lower than the dry-bulb thermometer of the sling pa 
chrometer which was whirled near the shelter. 1; 

MAY 5.6. 1915. 

a‘ 
2 
0 

.I. 

* 
I) 

- 
= b  

a 

I 

MAY 8.9, 1915. 

MAY 9.10. 1915. 
F’IQUBE B.-Vertical temperature gradients on the dope of Peak Knob, Ellijsy, N. C. 

(1) As ahown in figure 4, the sky line at station I aver- 
ages about 20° above the true horizon. At station 3, 
between east and south it is about 25O above, and in 
othm directions it is generall from 5 O  to loo above. 

mn in any direction. From Angstr6m’s determinations 

shown in Table 9, the depreaaion in shelter 1 frequently 
amounted to more than 2 degrees C. and wm to a tem- 
perature below that of the dewpoint determined from the 
sling peychrometer readings. That the temperature of 

point tem erature of the air was shown by a copious d s  

&able 9. Theee notes state that dew formed on tbe top 

At station 5 the sky line is but E ‘ttle above t h ~  true hori- the top of this instrument shelter was below the dew- 

osit of a ew upon it, as is indicated by the notee in 
l o o p .  ut., p. 67, fig. 12. 
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Slwlter number. 1 Elevations. 

I 

of the shelter and on the casea of the instruments before 
midnight on newly every clear night. On a fewinights 
dew formed on both the shelter and the instrument at 
section 3, but it was not observed at station 5. While 
not actual1 observed, it is probable that when dew 
formed on t e cases of the instruments it also formed-on 
the radiating strips. The latent heat of condensation 
thus liberated neutralizes to some extent the cooling by 
radiation. Probably, also, the emissivity of the strips 
when wet is leas than when dry. 
(3) Figure 5 shows vertical tem erature adients on 

the mountain slope as determine{ from corrected 
thermograph traces for the five stations. Blair” has 
shown that the temperatures on a mountain slope do 
not differ materially from free-air temperatures a t  the 
same levels. Therefore figure 5 gives at  least approxi- 
mately the air temperatures in the first 536 meters above 
station 1. 

The nights of May 8-9 and Ma 9-10 were typical fair- 

a t  the up er station greatly retarded the nocturnal cool- 

This wind was not felt a t  station I, where the nocturnal 
coo% continued until about 5 a. m. The result was a 
sharp inversion of temperature between stations I and 2, 
amounting to a rise of 5 degrees C. in 92 meters increase 
in elevation. 

Comparing the isotherms of figure 5 with Blair’s’* 
“mean free-air temperatures,” it is seen that at 4 p..m. 
the vertical tem erature gradient from the valle station 
to the top of &e mountain was about normaI BY 8 
p. m. the temperature had fallen so much more rapidly 
at station 1 t h e  at +e upper statlons that it was now 
the coldest stabon, with a marked temperature inversion 
from stations I to 2. Station 1 continued to be the cold- 
eat station thro hout the ht, and by midnight or 
earlier station 4 3 ad become 7% e warmeat station. The 
fall in temperature a t  station I was much less rapid after 
8 p. m. or 9 p. m., et which time condensation set in, and 
psychrometer read s showed that the fall in the air 
temperature e x c e e a  only slightly the fall in the tem- 
perature of the dewpoint. 

In  the narrow tortuous valley of Ellijay Creek it was 
the exception when any wind movement could be 
detected after nightfall. At station 5, near the top of 
Peak Knob, there was air movement throughout the 
night. At station 3, on the slope, a current from the 
south, or from the top of the mountain toward the valley, 
could usuaUy be detected. Under the quiet conditions 
that prevailed at station 1 both the instrument shelter 
and the case of the pyrgeometer, as has been stated, 
cooled by radiation to a temperature below that of the 
dewpoint. It is probable that the strips of the pyrgeo- 
meter were at  about the tem erature of the thermometers 

case, and make Ti in equation (2) [p. 591 equal the 
absolute temperature of the thermometers in the shelter, 
then at  times when there was no dew on the instrument, 
TI at  station 1 was about 4 degrees C. higher than TI 
at  station 5, if we correct the measurements of R at 
station 1 for the effect of the elevated sky line at that 
station. 

I1 Blair Wm. R. Summary of the freeair data obtained at Mount 
Weather for the five yeam July 1,1907, to June 30,1912. Bull., Moupt 
Weather Obe., Waslungton, 1914,6:118-124. (See eection on mountrun 
and valley temperatme.) 

la Bluir, Wm, R. Op. at., p. 179, Q. 1. 

weather nights. On the night o s May 5-6 a warm wind 

ing, and t R e temperature commenced to rise about 2 a. m. 

in the instrument shelter. P f we assume this to be the 

Annual mean min- 
imum tempere- 
tures. 

The values of TI for station 3 do not differ materially 
from the values at station 1. It therefore a pears that 

line of the valley and slope stations, that has not been 
entirely eliminated. 

there is some effect, probably due to the e P evated sky 

NOOTUBNAL BADIATION MEASUREMENTS AT HIQHLANDS, 
N. C. 

In an orchard on the south slope of Satulah Mountain, 
Highlands, N. C. (lat. 35’ 02’ N., long. 83’ 13’ W.), are 
located Weather Bureau instrument shelters 1 and 3, 
while in an orchard on the eastern slope of Dog Moun- 
tain, about 3 miles to the west, are located instrument 
shelters 3, 4, and 5. Table 10 gives the elevations above 
sea level and the annualmean minimum air tempera- 
tures at the different shelters. 
TABLE lO.-Elevntions above seu level and mnrwrt mean minimum tem- 

1 ......................................... 
2 ......................................... 
3 ......................................... 
4 
5. ........................................ ......................................... 

peratures at Weather Bureau utatwns at Highland#, Macon County, 
N. C. (Zat. 35’ 0.V N., long. 8So 18‘ W.) 

Feel. meters. OF. ‘C. 
8.m 1,021 44.7 7.1 
8650 1082 46.1 7.8 
3’675 1’120 37.1 2.8 
3’875 1’181 42.2 5.7 
4075 1:242 43.3 6 3  

I I - ’  I _ _  

Shelter 2 is at the base of a rocky cliff about 800 feet 
high, the angular elevation of the top of which from the 
shelter is about 4 8 O .  To the west is a dense forest, and 
to the south and east the orchard slopes downward 

WQUBE &-Zenith distance of the ek line at radiation stations 
No. 2 and No. 3, Higdmde, N. C. 

toward Clear Creek Valley. The location of the shelter 
is such that it can receive radiation from the sun during 
almost the entire da but a t  night nocturnal radiation 
ia Fetarded by the d s  and the foreat trees. 
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~~b time. 

Shelter 3 is on the edge of Buttermilk Level, a much 
broader mountain valley than that a t  Elli'ay. It has 

in that 
part of the mountains. 
the local reputation of being the coldest pace i 

deposit of dew on 

ture globules were 
on the case of the 

The value of 

RELATION BETWEEN RADIATION AND AIR TEMPERATURE. 

The temperature of the air is very closely related to 
the temperature of the ound, which in turn, is de end- 

ing t I! e day, and the rate at which heat is continuously 
given out. Of the heat received on a horizontal ground 
surface probably about 85 per cent is absorbed. 

At Washington, during January, the mean daily surface 
temperature changes but little from da to day. The 

the losses from all sources. The average daily incoming 
radiation per square centimeter during this month is 
about 170 gram-calories, of which about 145 calories will 
be absorbed, or 0.10 calory per minute if distributed 
throughout the 24 hours. 

At this season of the year with a clear sky the nocturnal 
radiation averages about 0.16 gram-calory per minute. 
If we assume that throughout the 24 hours and under all 
sorts of weather conditions the loss is 60 per cent of tEat 
measured by the instrument on clear nights, the outgoing 
radiation just balances the incoming radiation. 

From the end of January to the end of June there is a 
steady increase in surface temperatures. 
they. are nearly stationary again. At this time e a  
square centimeter of surface receives on an average about 
500 gram-calories of heat each da , and absorbs about 

tributed throughout 24 hours. The measured loss on 

ent u on the amount o r heat received and absorbefdur- 

heat absorbed during the day must there 9 ore about equal 

425 gram-calories, or 0.30 gram-ca Q ory per minute if dis- 

clear nights is only about 0.20 
Consequently, a t  least half the 
day must be carried away by 
evaporation and other 
when the incoming 
gram-calories per day or about 0.15 gram-calory er 
minute, it is noticeaile that vertical convection %as 
near1 ceased, as is shown by the absence of cumulus 
clou B 8. 

Station NO. 2. Ststion NO. 3. 
sta- sta- Sta- sta- 
tlon tion tion tlon 

She!- ,,:A%- She!- 2:;. No. 2. No.3. No. 2. No. 3, 1 eter. 1 eter. 

dngntsam, A. Op. ut., pqe 67, figure 12. 

TABLE 11.-Tmpemttue, vapor preaswe, and noetwnah radiation 
mconvnnmts at Highlamb, N. C., during May, 1916. 

Notes. 

Clear. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

5 10 cu .s t .  4 ew A. Cu. 
5/10 A.Cu. 

Lt. rah. 

8/10 Clear. St. cu. 

Few Ci. 

Few St.Cu. 

3/1U CI. 
1/10 A.CU. 

WlOA. St. 

9/10 St.Cu. 
5/10 St.Cu. 

6/10 St.Cu. 

hwobtldr 
Few Ci. 

Lt. fog. 

Lt. log. 

10/10 C1.St. 
& St.Cu. 

Rain l3 
6/10 blt.CU. 

z/lo St.CU. 

2/10 St.Cn. 

2/lOCloUds. 

7 10 og St.Cu. in Val- d 
ley. 
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Reference to Blair's mean free-& temperatures l4 shows 
that the vertical temperature gradient is steeper during 
the spring than during the fall. In May, for exam le, the 
fill in temperature in 5 kilometers is 32 degrees s C.); in 
September it is 2G degrees. In conformity with the above 
in the spring nocturnal radiation is greater than in the 
fall, the mtensit of solar radiation is a little greater, and 
so is the diurnafrange of tem erature. 

not rare. They may occur on a plain where t ere 18 no 
wind movement to carry away the lower cooled air la er 
and mix it with warmer air. The are to be expecte B in 
deep valleys unless the valle gr a J  e is such that the cold 
air will flow out rapidly. d e  so-called thermal belts, or 
belts on the slopes that are free from injurious frosts at 
critical times, are due to the fact that as soon as the sur- 
face air layer on the slope becomea cooled there is a con- 
vective exchan e between it and warmer adjacent air 

On the slope of P e s  &ob frosts injurious to fruit are 
unknown between the 200-meters and the 400-meters 
levels, while fruit can not be raised in the valley at the 
foot of the slope. 

I wish to acknowledge m indebtedness to Dr. (now 

ance in connection with the test of p rgeometer No. 1 at 
Mount Weather, Va.; to Mr. Roy N. 6overt, who assisted 
in the standardization of p ranometers No. lMs ,  No. 2, 
and No. 3, at Washington, %. C., made the drawing for 
figures 1 and 2, and made all the readings at radiation 
stations No. 3 and No. 5, Ellijay N. C., and at No. 3, 
Highlands,. N. C.; and to Mr. I. F. hand, who made many 
of the radiation measurements at Mount Weather, Va., 
and Washington, D. C. 

Temperature inversions like t i ose shown in fi y?, are 

that ma have % een on the same level, but was farther 
remove B from the slo e s~rface.'~ 

Maj .) William R. Blair for va i.! uable suggestions and assist- 

MOLECULAB SCA'J!!CEBmLi OF LIGHT. 
[Reprinted from Nature, London, Feb. 14, l9l& loo: 473.1 

molecules of truly gaseous 
of only 1/1,000,000,000 
air would suffice to 
of the coronal light, and the polarkation of the light 
would be simply explained, as in the case of the light 
of the sky. A part of the luminosity of the tails of 
comets ma be explained in a similar manner, and in this 

1,000 cubic meters, as otherwise the luminoslt would 

Other possible effects of molecular scatterin are also 
suggested. It may be added that Prof. R. J. 8 trutt has 
also succeeded in observing the scattering of light by 
dust-free air in a laboratory experiment with artificial 
illumination (Nature, Oct., 1917); 

Reprinted in thie REVIEW, October, 1917, p. 485. 

case the d ensity must be less than one milligram per 

be greater than any which has ever been o g served. 

_- 

l4 Blair Wm. R. Op. cit., p., 179, fig. 1. 
l6 Mar&, Chaa. F. Air dramage explained. MONTHLY WEATHER 

REVIEW, October, 1914,U 583-586. 


