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SOLAR RADIATION OBSERVATIONS, NOVEMBER 1938 

By IRVING F. HAND 

Measurements of solar radiant energy received at  the 
surface of the earth are made at eight stations maintained 
by the Weather Bureau, and a t  nine cooperating stations 
maintained by other institutions. The intensity of the 
total radiation from sun and sky on a horizontal surface is 
continuously recorded (from sunrise to sunset) a t  all 
these stations by self-re istering instruments; pyrhelio- 

tion at normal incidence are made at  frequent intervals on 
clear da s a t  three Weather Bureau stations (Washington, 
D. C., h adison, Wis., Lincoln, Nebr.) and at the Blue 
Hill Observatory of Harvard University. Occasional 
observations of sky polarization are taken at the Weather 
Bureau stations a t  Washington and Madison. 

The geographic coordinates of the stations, and descrip- 
tions of the mstrumental equipment, station exposures, 
and methods of observation, toget,her with summaries of 
the data, obtained up to the end of 1936, will be found in 
the MONTHLY WEATHER REVIEW. December 1937, pp. 
415 to 441; further descriptions of instruments and meth- 
ods are given in Weather Bureau Circular Q. 

Table 1 contains the measurements of the intensity of 
direct solar radiation a t  normal incidence, with means and 
their departures from normal (means based on less than 3 
values are in parenthesis). At Madison and Lincoln the 
observations are made mth  the Marvin pyrheliometer; a t  
Washington and Blue Hill they are obtained with a record- 
ing thermopile, checked by observations with a Marvin 
pyrheliometer at Washington and with a Smithsonian 
silver disk pyrheliometer at  Blue Hill. The table also 
gives vapor pressures at  8 a. m. (75th meridian time) and 
at noon (local mean solar time). 

Table 2 contains the average amounts of radiat,ion 
received daily on a horizontal surface from both sun and 
sky during each week, their departures from nprmal and 
the accumulated departures since the begmmg of. the 
year. The values a t  most of the stations are obtained 
from the records of the Eppley pyrheliometer recording on 
either a microammeter or. a potentiometer. 

Direct radiation intensities averaged above. normal for 
November at  Washington, Madison and Lmcoln, and 
below normal a t  Blue Hill.. 

Total solar and sky radiation was above normal a t  a11 
stations for which normals have been computed with the 
exception of Fairbanks, Twin Falls, Blue Hill, and Friday 
Harbor. 

Polarization measurements made on 2 days at  Madison 
give a mean of 64 percent with a maximum of 65 peIcent 
on the 14th. Both of these values are close to the cor- 
responding normals for the month. 

tmeric measufements of t % e intensity of dlrect.solar radia- 
col. col. cal. col. cal. cal. mm. 
1.08 _ _ _ _ _ _  0.92 0.66 _ _ _ _ _ _ _ _ _ _ _ _  7 0 4  
1.11 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  6.02 
1.34 _ _ _ _ _ _  1.22 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  3.45 
1.18 _ _ _ _ _ _  .97 .81 - _ _ _ _ _  _ _ _ _ _ _  4 37 
1.40 _ _ _ _ _ _  1.25 _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  1.88 
1.20 _ _ _ _ _ _  1.13 ._____ _____. _ _ _ _ _ _  3.63 
1.20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.95 
1.33 _ _ _ _ _ _  ------ ------ - -____ _-_---  9.47 
1.27 ______-___- -  1.10 - -_____-- - - -  3.30 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  4.17 
1.23 _ _ _ _ _ _  1.10 .86 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

+.04 _ _ _ _ _ _  -.OS -.14 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

TABLE 1.-Solar radiation infeneitiae during November 1938 

[Gramalories  per minute. per square centimeter of normal surface] 

WASHINGTON. D. C. 

Sun's zenith distance I 9 a . m . ~ 7 8 . 7 ° ~ 7 5 . 7 0 ~ 7 0 . 7 0 ~ 6 0 . 0 0 ~  0.0' ~ 6 0 . 0 ° ~ 7 0 . 7 0 ( 7 5 . 7 0 ~ 7 8 . 7 0 ~ N o o n  

Nov. 11 _ _ _ _ _ _ _  4.57 
Nov. 14 _ _ _ _ _ _ _  1.78 
Nov. 22 _ _ _ _ _ _ _  2.16 
Means _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Departures _ _ _ _  _ _ _ _ _ _  

Date 

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1.13 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  5.16 _ _ _ _ _ _  _ _ _ _ _ _  1.39 1.48 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1.37 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1.50 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1.60 
_ _ _ _ _ _  _ _ _ _ _ _  (1.39) 1.37 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  +.06 C.13 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  

75th 
mer. 
time 

_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
0.98 1.06 1.25 1.43 _____-  1.39 
1.08 1.18 1.32 1.47 _____________.___ 
.97 1.10 1.24 1.42 _ _ _ _ _ _ _ _ _ _ _ _  
___.__ 1.02 1.15 1.39 _ _ _ _ _ _ _ _ _ _ _ _  

.97 1.09 1.23 1.44 
1.10 1.21 1.34 1.62 _ _ _ _ _ _ _ _ _ _ _ _  
.83 1.01 1.26 1.44 

~ _ _ _ _ _ _  1.27 
.68 .90 1.16 1.38 _ _ _ _ _ _ _ _ _ _ _ _  
.94 1.10 1.23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
.94 1.07 1.24 1.44 _ _ _ _ _ _  (1.39) 

_ _ _ _ _ _  ___ - -_  _ _ _ _ _ _  _ -_ -_-  _ _ _ _ _ _  
t . 02  +.04 +.06 +.OS _ _ _ _ _ _  +.04 

e 

1.19 1.11 0.99 6.16 
1.23 .99 _ _ _ _ _ _  2 2 6  
1.24 1.11 _ _ _ _ _ _  3.46 

~ _ _ _ _ _ _ _ _ _ _ _ _  3.99 
1.22 1.05 .91 4.17 
1.21 1.08 .91 2.87 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.45 
1.33 1.18 1.08 3.30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.17 
1.00 .83 .70 225 
1.27 1.13 .88 1.60 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _  2.28 
1.22 1.17 1.05 3.00 
1.21 1.03 .83 3.00 

--_--- 1.01 _----- 3.81 
1.21 1.06 .S3 _ _ _ _ _ _  

+.OZ f.01 .OO _ _ _ _ _ _  

Nov. 1 _ _ _ _ _ _ _ _  
Nov. 2 _ _ _ _ _ _ _ _  
Nov. 9 _ _ _ _ _ _ _ _  
Nov. 10 _ _ _ _ _ _ _  
Nov. 14 _ _ _ _ _ _ _  
Nov. 15 _ _ _ _ _ _ _  
Nov. 21 _ _ _ _ _ _ _  
Nov. 23 _ _ _ _ _ _ _  
Nov. 29 _ _ _ _ _ _ _  
Nov. 30 _ _ _ _ _ _ _  

Nov. 4 _ _ _ _ _ _ _ _  
Nov. 7 _ _ _ _ _ _ _ _  
Nov. 8. _ _ _ _ _ _ _  
Nov. 9 _ _ _ _ _ _ _ _  
Nov. 10 _ _ _ _ _ _ _  
Nov. 14 _ _ _ _ _ _ _  
Nov. 15 _ _ _ _ _ _ _  
Nov. 18 _ _ _ _ _ _ _  
Nov. 19 _ _ _ _ _ _  ~ 

Nov. 21. _ _ _ _ _ _  
Nov. 23. _ _ _ _ _ _  
Nov. 25 _ _ _ _ _ _ _  
Nov. ?S _ _ _ _ _ _ _  
Nov. 29 _ _ _ _ _ _ _  
Nov. 30 _ _ _ _ _ _ _  
hfeans _ _ _ _ _ _ _ _  
Departures _ _ _ _  

mm. 
5.36 
5. 79 
3. 16 
4.3i 
3.45 
4. 37 
4.76 
7.79 
2.26 
3.63 

5.36 
2.49 
2.74 
4.37 
4.17 
2.74 
2.74 
3.45 
2. Si 
4.17 
1.63 
2.87 
2. R? 
2.06 
2.16 

__- - -  
_ _ _ _  - 

Local 
mean 
solar 

A. M. P. M. time 

Air mass 

- 
5.0 I 4.0 I 3.0 I 2.0 IGI 2.0 I 3.0 I 4.0 I 5.0 e 

N o v . l _ _ _ _ _ _ _ _  
Nov. 2 _ _ _ _ _ _ _ _  
Nov.4  _ _ _ _ _ _ _ _  
Nov. 5 _ _ _ _ _ _ _ _  
Nov.9 _ _ _ _ _ _ _ _  
Nov.10 _ _ _ _ _ _ _  
Nor. 14 _ _ _ _ _ _ _  
Nov.16 _ _ _ _ _ _ _  
Nov. 91 _ _ _ _ _ _ _  
Nov.28 _ _ _ _ _ _ _  
Means _ _ _ _ _ _ _ _  
Departures..-- 

NOV. 15 _ _ _ _ _ _ _  

rl 

3.8 _ _ _ _ _ _  1.07 1.28 1.39 _ _ _ _ _ _  1.26 1.16 1.07 _ _ _ _ _ _  4.2 
3.8 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  .92 _ _ _ _ _ _  .92 .64 .67 0.47 6.8 
7.1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.22 _ _ _ _ _ _  1.24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.8 

11.1 ____._ .8R 1.0s 1.35 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  11.1 
4.6 0.97 1.07 1.16 1.31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.8 
3.6 1.01 1.13 1.28 1.38 _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . . . . . . .  4.8 
4.2 _ _ _ _ _ _  _ _ _ _ _ _  1.02 1.19 __.___ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  3.6 

3.2 ~ 1.13 1.38 ._____________________________ 2.6 
4.0 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  1.32 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  3.6 
1.8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 

_ _ _ _ _ _  .99 1.03 1.18 1.26 _ _ _ _ _ _  1.14 .90 .82 .47 _ _ _ _ _ _  
_ _ _ _ _ _  -.06 +.03 -.02 +.02 _ _ _ _ _ _  -.12 -.23 -.17 -.37 _ _ _ _ _ _  

2.2 _ _ _ _ _ _  _ _ _ _ _ _  1.32 i.ao _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _____. _ _ _ _ _ _  2.1 

solar 
A. M. time 

5.0 I 4.0 I 3.0 I 2.0 IGI 2.0 I 3.0 I 4.0 I 5.0 
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Week beginning- 

Oct. 29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 12 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. a6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Nov. 5 . . . . . . . . . . . . . . . . . . . .  

T A B L ~  2.-Average daily totals of solar radiation (direct + difluse) received on a horizontal surface 

Qram-calories per square centimeter I 
Madison Lincoln Chicago ?:: Fresno Tzk LaJolla Orleans New River- side Blue Hill Juan 6an Harbor Friday Itha= New- 

Port 

ml. eal. eat. ea). cal. cal. cal. eal. cal. cat. cal. cal. cal. cal. ea[. cal. 
------___--_____--- 

25 148 343 390 279 170 472 63 174 216 236 191 208 200 185 264 

21 170 331 224 317 152 431 92 107 198 214 108 2.53 172 146 295 
165 170 250 153 114 266 13 189 314 340 275 118 468 143 102 15s 
195 117 220 128 176 203 14 140 281 _ _ _ _ _ _ _ _ _  264 182 SM) 70 65 216 

214 184 244 172 201 298 36 is? 338 384 317 216 338 119 186 a71 

OCt.29 ______-_- - - - -  -- _ _ _ _ _  
NOV.5 _ _ _ _ _ _ _ - _ _  ----- _ _ _ _ _  
 NO^. 12 _______________.__. 
NoV. 19 _--.- ------- _-_---- 
Nov.Ui _ _ _ _ _ _ _ _ _ - - - _ - _ _ _ _ _  

Departures of daily totals from normals 

-11 +5 -29 +43 +4 -48 -13 -72 +22 +95 -21 -53 +27 -63 +23 _ _ _ _ _ _ _ _  
-11 +I6 -2 4-49 +IS +48 +4 -16 +IO 4-93 +8 +13 -89 +3 +m _ _ _ _ _ _ _ _  +19 4-53 +45 +66 +I8 +48 -7 +7 +35 -12 +2l +I1 -6 0 -  6 - - - - - - - - 
-23 $38 +a8 +41 -13 4-30 -6 +34 +35 $96 +4 -34 +24 +39 0 - - - _ _  - - - 
+30 -9 +32 +35 +62 -19 +1 -15 +26 _ _ _ _ _ _ _ _ _  +5 +a7 + , o  -15 -a ~ _ _ _ _ _ _ _  

Accumulated departures slnce Jan. 1 

Mt.  
Xilson 
group 
No. 

- 
=ifla 

in 
longi. 
tude 

Lonqi- 
tude 

-- 
Lati- 
tude 

0 

6194 
6192 
6193 
6187 

-85.0 
-69.0 
-30.0 
-26.0 

253.6 
270.6 
308.6 
312.6 

-19.0 
-10.0 
4-10.0 
4-17.0 

346.1 
353.6 

0.1 
6.6 

10.6 
21.6 
32.6 
44.6 

247.2 

268.2 
270.2 
299.2 
310.2 
313.2 
313.2 
317.7 
333.2 
346.2 
355.2 

2.2 
11.2 
21.2 
45.2 

236.0 
249.0 
255.0 
269.0 
311.5 
312.5 
316.0 
332.5 
346.0 
363.5 

1.5 
12.0 
23.0 

+ l O . O  
+ E 5  
-9.0 

4-16.0 
+9.0 

-15.0 
+25.0 
4-13.5 
-20.0 

-18.0 
-9.0 

+18.0 
+ I l . O  
f17.0 
-31.0 
+10.0 
+15.0 
+11.0 
+ E O  
-8.0 
f8.0 

-15.0 
+13.0 
-18.0 -m.o 
-18.0 
-9.0 

+17.0 
-31.0 
4-9.5 

+15.5 
+ l l . O  
+13.0 
-7.0 
+9,0 

-15.0 
236.9 
249.9 
254.4 
269.9 
297.9 
298.9 
312.9 
316.9 
333.9 
354.4 

0.9 
10.9 

238.6 
256.6 
270.6 
313.6 
316.1 
333.6 

2. 6 
ia.6 

-19.0 
-19.5 
-18.0 
-9.0 

+23.0 
+11.0 
4-17.0 
+9.5 

+l5.0 
+15.0 
-9.0 
+8.0 

-19.0 
-1S.O 
-9.0 

+17.0 
+10.0 
+15.0 
-7.5 
+e.o 

6108 
6194 
6194 
6192 
6197 

-m.o 
-60.0 
-45.5 
-30.0 
-2.0 

Si55 
6177 
6176 
6lW 

+%:O 
+64.6 
+61.0 
+71.0 

1-11.235 I --588 I +2,310 1+11.494 +6,110 -2,828 +4,697 -9,163 -1,232 +9,648 -5,880 -2,835 +13,174 M.832 +7,736 _ _ _ _ _ _ _ _  1 1 1 1 l l l l l I I I  
POSITIONS A N D  AREAS OF SUN SPOTS POSITIONS AND AREAS OF SUN SPOTS-Continued 
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stand. 
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time 

[Communicated by  Capt. J. F. Hellweg, U. 8. Navy (Ret.), Superintendent, U. S. Naral 
Observatory. Data furnished by the U. 8. Naval Observatory in cooperation with 
Harvard and Mount Wilson Ohserratories. The  difference in longitude is measured 
from the central meridian, positive west. The  north latitude is positive. Areas are 
corrected for foreshortening and are expreswd in millionths of the sun's risible hemi- 
sphera. The  total area for each day includes spots and groups] 
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Mt. 
Xilso 
grour 
No. 

Area I Heliographic 
h m  
12 28 

10 69 

11 6 

10 62 

11 5 

- 
Lati- 
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- 
-4.0 

fll. 0 
-9. 0 

4-17.0 
+8. 5 

-14.0 
f24.0 
4-13.0 
4-24.0 
4-13.0 
-23.0 
-14.0 

f l O . O  
-31.5 
-6.0 

fll. 0 
-9.0 

t l 6 . 0  
+8.0 

-14.0 
t24. 0 
t14.0 
t24.0 
4-14.0 
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-9.0 
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t15.6 
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-14.6 
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194 
21s 
73 
36 
73 

291 
121 
24 
12 
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12 
30 

145 
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48 

145 
48 
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73 
24 

146 
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73 
97 
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24 
12 
73 
12 
12 

121 
24 
97 
24 

291 
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12 
24 
01 

i a  
a6 

Die. 

lonqi- 
tude 

1n 3i 
t 
1 

2 
4 

1: 
1 
6 
2 
3 

8 
75 
2 
3 
2 
3 
6 

20 
10 
4 
4 
8 
2 
2 

16 
11 
8 

110 
11 
2 

15 
35 
8 
2 
1 
7 
9 
16 
2 

10 
125 

2 
1 
9 
8 

13 
1 
2 
4 
10 
8 

76 
3 
9 

12 
1 
1 

U. 8. Naval. Date Observatory 
Longi. 
tude 

- 
a39.1 
349. 6 
357.6 

7. 1 
8.1 

34.0 
44.6 
80. 1 
83.1 

107.1 
116.1 

310.9 
317.9 
310.9 
348. 9 
357.9 

7.9 
9.4 

21.9 
33.4 
44.9 
81.9 
83.9 

310.7 
317.7 
341.2 
348.7 
3%. 7 

2.7 
7.7 
9.2 

22. 2 
30.7 
32.7 
44.7 
84.7 

267.4 
284.4 
301.4 
311.9 
338.4 
346.4 
349.4 
352.4 
359.4 

7.9 
10.4 
22.4 
31.4 

44.4 

m. 1 

3a. 4 

6177 I 4-7.5 

10% 
Nov. L- 

NOV. a... 

Nov. 3--- 

Nov. 4--- 

A m  
11 9 

11 6 

11 12 

13 9 

0 

-53.0 
-42.5 
-34.5 
-25.0 
-24.0 
-12.0 
+2.5 

fl2.5 
4-48.0 
f51.0 
+75.0 
4-84.0 

-6s. 0 
-61.0 
-38.0 
-30.0 
-21.0 
-11.0 
-9.6 
+3.0 

f14.6 
f26. 0 
t63.0 
+65.0 

-55.0 
-48.0 
-24.5 
-17.0 
-7.0 
-3.0 
+2.0 
+3. 5 
+IS. 5 
f25.0 
t27.0 
t39.0 
t79.0 

-84.0 
-67.0 
-50.0 
-39.5 
-13.0 
-5.0 
-2.0 
+I. 0 
+8.0 

t16.5 
t l 9 .0  
t31.0 
t40.0 
t 4 l .  0 
t53.0 

6181 
6177 
6178 
6175 
6180 
6182 
6168 
6164 
6184 
6173 
6163 
6160 

6187 
6166 
6181 
6177 
6176 
6175 
6150 
6182 
6169 
6164 
6184 
6173 

6187 
6186 
6181 
6177 
6176 
6185 
6175 
6180 
6182 
6188 
6168 
6164 
6173 

6192 
6189 
6191 
6187 
6181 
6181 
6177 

6176 
6175 
6180 
6182 
6188 
6168 
6164 

(*) 

3 
10 
6 
0 
5 

11 
36 
1 
4 
4 
8 
6 

2 
1 
7 
9 
5 
5 

16 
7 

18 
1 
3 

20 

4 
1 
4 

16 
1 
2 
2 

20 
6 
2 

2 
9 

8 
2 
4 
6 
3 
3 

13 
6 
1 
2 

16 
6 
3 
6 
2 

m 

U. 8. NavaL 

Do. 

Do. 

6194 1-79.0 Mount WIl- 
son. 

6194 
6192 
6191 
6193 
6187 
6186 
6196 
6195 
6177 
6177 

6180 
6182 
6164 
610s 
6194 
6194 
6192 
6187 
6196 
6196 
6196 
6177 
6177 
6176 
6180 
6182 

e176 

-70.0 
-56.0 
-27.0 
- 16.0 
-13.0 
-13.0 
-8.5 
+7.0 
+a. 0 
+29.0 
f36.0 
+45.0 
+55.0 
+79.0 
-77.0 
-64.0 
-68.0 
-44.0 
-1.5 
-0.5 
+3.0 

+le. 5 
+33.0 
w. 5 
+4s. 5 
+59.0 
+:o. 0 

Nov. 7--- U. 8. Naval. 

Do. 

6187 :::: I:::: +13.0 Do. 

Do. 


