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SOLAR OBSERVATIONS

SOLAR RADIATION MEASUREMENTS DURING
DECEMBER 1934

By Irving F. Hawnp, Assistant in Solar Radiation Investigations

For a description of instruments employed and their
exposures, the reader is referred to the January 1932
Review, page 26.

Table 1 shows that solar radiation intensities at normal
incidence averaged above normal for December at Wash-
ington and Madison, and close to normal at Lincoln.

Table 2 shows an excess in the total solar and sky
radiation received on a horizontal surface at Chicago,
New York, Twin Falls, Miami, and New Orleans, and a
deficiency at all other stations for which normals have
been computed. A marked excess of radiation for the
yvear was received at all stations with the exception of
Pittsburgh, which was close to normal, and Madison and
Miami, both of which were considerably below normal.

The December turbidity measurements at Washington
are noteworthy because of the large water-vapor content
on all clear days except the 12th.

Polarization measurements obtained at 5 days at
Washington give a mean of 54 percent with a maximum
of 64 percent on the 5th. Both of these values are close
to their respective December normals. No polarization
readings were made at Madison owing to continuous
snow and ice coverage.

TasLe 1.—Solar radiation inlensities during December 1934

|Giram-calories per minute per square centimeter of normal surface]
WASHINGTON, D, C.

TaBLe 1.—Solar rodiation intensities during December 1934—Con.

[Gram-calories per minute per square centimeter of normal surface]

MADISON, WIS.
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TaBLE 2.—Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface

459

Gram-calories per snquare centimeter

‘Week beginning—
Wash- : : e New Pitts- Fair- Twin s New River- Blue Friday
ington Madison | Lincoln | Chicago York Fresno burgh banks Falls Miami Orleans side mill Harbhor
1934 cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. el cal.
Dec. 160 126 1689 67 164 218 H2 3 129 209 209 1497 122
Dec. 137 119 134 g1 144 4 154 S0y 270 T 41
Dec. &7 02 166 145 80 11 H7 254 ‘.".‘:{ 134 41
Dec. 136 105 146 87 128 10 129 286 154 158 2
Departures from weekly normals
0 +12 -9 -1 +66 +26 —14 -1l -1
—1 +6 —35 +13 +50 —-19 -2 +53 70
—58 —27 —16 56 —13 -~38 | +5 +31 -2
—12 —17 —36 +2 +18 +18 +14 -7 +3
Aceumulated departures on—
+1,668 | —3,461 | 45,363 |..._______ +14,242 | 48,481 +358 -+410 I 46,454 | —T7,958 | 7,002 || feooio oo
Percentage departures at end of year
+1.3 —-2.9 H19 [t +14.8 +5.2 +0.3 1 +0.3 | +4.4 ‘ —47 f S 2: T RO SRR S,

18-day mean.

TasLe 3.—7Total, I, and screened, I,, I, solar radiation intensity measuremenis, obtained during December 1934, and determinations of
the atmospheric turbidity factor, 8, and water-vapor content, w=depth in millimefers, if precipilated

AMERICAN UNIVERSITY, WASHINGTON, D. C.
Tymp Ty=o-Im
1. 94 1,44
Date and hour angle alsti)t%ée Airmass| Im 1, I Bl m-r Bry—+ Bumean w Air-mass type
Percentage of solar
constant
Dec. 5, 1934 ° 7 m gr. cal. gr. cal gr. cal. mm
27 30 2,16 1,354 0.9 0.792 0.026 0.020 0.023 79.8 12.0 15.8 | Nrpor Ngo
20 34 2.82 1. 067 . 781 . 661 . 066 72 .06y 6.7 16,0 Al Po
21 24 2.72 1.042 L 791 . 661 .078 075 .06 61.7 0.8 5.0
20 47 2.9 1. 135 . 849 724 IAS L. Po
21 12 2.75 1. 153 852 . . 710 e
27 N 2. 16 1.292 032 s L0368 TH0 14.2
27 35 2.15 1. 294 922 N 026 V.1 W
14 16 4.00 . 651 . 563 L GR . 050 . 058 | M7
14 4% 3.86 .8 651 X L 06s . 054 . 062 57,1 4.7
19 05 3.03 . 78 . 654 LU L0 L0 SNT 9.3
19 46 2.04 1 780 . 656 . 070 .07 L 070 611 08
21 20 2.7 L 792 637 .64 L0538 R 66, 6 1.6
21 41 2.69 1. LT L 638 L 044 010 012 G N 15,4
17 50 3.24 1. 186 L &8 T2 L0222 L 024 023 72.4 3.2
26 46 2.21 1. 195 877 .7m LO4% . 023 L0360 7.0 14 €
26 55 2.20 1,164 . 879 T3 MU . 024 016 78.0 150 |

Dec. 5: Temperature, 2° C; wind, NW. 12; visibility, 50 miles; polarization, 64 percent; bluenass of sky, 6.
,vmblhry, 12 miles; polarization, 42 percent: blueness of sk
1

Dec. 12: Temperature, —5° C.; wind, NW.
ihility, 20 miles; polanmtion 57 percent; blucness of sk

Dec. 14: Temperature, 0° (*.; mnd NW. 15; vi

Atmospheric conditions during turbidity measurements

Dec. 15: Temperature, —1°c wmd NW. 10 visibility, 20 mlleq polarization, 55 percent; blueness of~l\" 5.
Dec. 18: Temperature, 0° C.; wmd NW. 8; \hibim) 30 miles; pohrlzntlon 51 percent; blueness ol sky, &,
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TaBLe 3.—Total, I,,, and screened, I,, I,, solar radiation inlensily measurements, oblained during December 1934, and determinations of
the atmospheric turbidity factor, 8, and water-vapor content, w==depth in millimeters, if precipitated—Continued

o=y Tymo=Im
h 1.4 1.94
i ] S . :
Date :ggargg: ;‘Jgglf from alt;)tllill(lie Air mass Im 1y I, Brm—r Bry-r Bmean w Air-mass type
Percentage of solar
constant
Dec. 2, 1934 ° ! m gr. cal. gr. cal. gr.cal. mm
25 04 2.30 0.570 721 0.076 0. 086 0. 081 68,4 Al 1.1 | Ny, Tealoft.
25 43 2.30 LT10 052 Lol R L06e 63,7 9.1 t.0 [ Ne, Tcaloft.
19 55 2.02 . 887 , 630 . 570 Loz . 148 L125 50.3 5.9 L6 | Nye, Tealoft
14 49 S6 1.097 LS4 L704 050 L 050 810 A6 1.3 | Pe
2 32 2,60 1. 295 La51 TR0 L038 . 037 721 7.3 29
23 17 2.52 1.310 1.014 . 793 .46 (M6 .3 4.7 26
25 16 2.33 1. 360 LOST .R10 . 054 045 722 4.1 2.6
25 16 2.33 1.370 Y . 815 054 .44 725 3.9 2.4 Py
20 42 2.81 1.257 .930 L7063 . 033 033 718 8.9 5.2
Dec. 8, 1934
24 50 2.37 1.271 947 783 . 058 o8l 060 €8.5 4.9 21| Pe
23 07 2.54 1.347 1. 010 . 835 L 045 L0109 047 70.0 2.9 2.2
24 56 2. 36 1.380 1.032 K66 052 uhl 051 70.5 1.5 1.2 ]| Pe
24 57 2.36 1.371 1.015 . 851 .04y NIGE . 056 70.3 1.7 L5 | Pe
16 50 3.43 1. 186 L G01 771 . 049 L0683 . 056 61.1 1.8 1L1| Pg
24 21 2.42 1.312 a7l s11 .50 L0635 . 058 68. 5 2.0 1.1
24 33 2.40 1.317 L9383 . 806 L0048 . 046 047 70.7 4.5 2.2
24 40 2.38 1. 401 1. 035 LR42 030 025 .028 71.2 6.2 3.0
24 37 2.39 1.3%1 1.017 . 851 037 062 L0450 70.6 1.1 1.3 | Pe; Nip aloft
21 50 2.68 1. 330 LO%9 .S819 .037 L 044 L 040 70.6 3.1 2.0
2:08 a. 18 21 3.16 1. 266 L0974 L0654 L0548 L0586 67.3 3.6 1.6 | Pg
1:37 a. 20 47 2.80 1.313 . Y96 L 051 L0419 67.6 2.0 1.9
0:57 a. 23 12 2.53 1,349 L0492 MY 046 7.2 3.5 2,2
0:36 a. 23 00 2.45 1, 368 Yy 44 LU3% 741 5.7 2.7
2:38a 15 04 3.7 1. 266 LG8 L0356 045 .40 3. 6 3.2 1.1 Pe¢
2:16 a 17 13 3.35 1.313 . 996 L0 . 039 044 65.0 1.7 1.1
0:18 a 24 23 2.41 1.373 1. 006 .03 . 051 L0492 725 3.9 2.4
0:18 p 24 2§ 2,41 1. 360 Q9 . 040 L0534 L7 70.7 2.7 2.2
2:00 p 18 56 3.06 1.240 957 . 068 L0531 . 050 3.0 3.0 LS| Pe
2:50 a. 13 18 4,22 1.
2:29 a. 15 55 3.61 1
1:46 a. 19 A8 2,90 1
0:10 a. 24 22 2.41 1.3
0:11 p. 24 2 2,42 1.
2:35 a. 15 24 3.72 1. 200 023 779 L 044 047 046 62.1 2.3 1.9| Pe
2:13 a. 17 42 3.26 1.255 46 789 L0387 45 011 66.3 3.7 1.8
:33 a. 24 00 2.45 1.3%4 1. 002 K29 . 030 48 3 2.9 4.1 26
0:(9 a. 24 25 2.41 1. 379 998 S14 L0027 033 030 75.3 6.6 2.6
1:41p 20 21 2. 86 1,233 048 778 028 040 034 71.0 .2 2.6 | Pe
Dec. 30, 1934
2:43a R - 14 33 3.94 1.171 808 . 762 L 043 050 046 612 2.8 1.4 | Pe
2:21a . 16 57 3. 41 1. 220 037 RO 042 038 040 65.7 4.8 2.0
0:46 a 2 32 2,50 1.384 1.019 LE31 L1530 . 032 . 031 .5 5.5 2.7
0:18 a 21 28 2.40 1.334 1.019 831 037 . 035 . 036 73.1 4.1 2.5 Pe
Dec 31, 1954
244 a. 14 3 3. 94 1,273 054 L7 023 61,7 3.2 1.4 Po
2:21 a. 17 12 3.35 1,328 1.012 053 055 67.0 1.5 1A
1:13 a. 22 32 2.60 1,409 1. 036G .027 034 YER( R 2.0
0:28 a. 24 026 2,41 1.414 1. (47 36 036 75.0 4.5 2.7
0:05 a. 24 40 2.38 1,424 1. 050 L35 U3y 73.4 2.4 2.1
1:42 p. 20 34 2.82 1.349 | . ... 26 L0246 31 5.9 2.1 Pe
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Atmospheric conditions during solar radiation measurements, Blue POSITIONS AND AREAS OF SUN SPOTS—Continued
Hill Meteorological Observatory of Harvard University

) Heliographic Area Total
Dateand | Air Wind . Sky Eastern aven
téme from | tem- | (poyngort | VISIILY: |yl Clouds and remarks Date | Stand-| for | Observatory
pparent | pera seale) scale, 0-10 ness ard | Difl.in Longi- | Lati- . each
noon ture time ltollxl‘%: tude tude Spot | Group day
December
1934 ° 1934 h m ° ° °
458. m 4 Cu, Freu, Steu. Dec. 1__..._ 12 40 | 4+40.0 | 239.2 Mount Wilson.
221 p.m.. Few Ci, Cist; 2 Freu, Cu. —+65.0 | 264.2 Do.
34a.m..|—1 3 Ci, Few Acu. 480.0 | 279.2
30 p. m.. 2 Acu, 1 Cu; moist bhaze. Dec. 2 11 26 4540 2140.7 U. 8. Naval.
09 p.m.. Few Ci, 2 Acu, 1 Cu; It. hz. Dec. ? 14 25| 4650 236.9 Mount Wilson.
Clouds 6° from sun. Dec. 11 39 [ +79.0 ] 239.2 U. 8. Naval.
:10a. m.. Few Acu, few Frcu. Mount Dec. 11 14 No spots Do.
Monadnock completely visible. Dec. 6 11 38| +53.0 | 186.9 Do.
53a.mo. Few Cu, Frcu. Dec. 11 22| 466.0f 186.9 Do.
06a.m.. 1 Cu, Frcu. Dec. 11 58 | 478.01 185.3 Do.
5l p.mo. 1 Cu. Dec. 11 15 No spots Do.
4ia. m..|—12 1 Ci, Cist. Dee. 11 11 No snots Do.
23 8. m_.|—12 6 Ci, Cist. Dec. 11 30 No spots Do.
139 p. m..| —9. Few Cist. Dec. 11 16 No spots Do.
; 2:28 2. m_|—13. Few Steu; moderate haze. Dec. 11 15 No spots Do.
;0:07 8. m . |—11 Light haze. Dec. 11 15 No spots Mount Wilson.
;3:18a. m_|—10 Few Ci. It. haze to 3° alt. Dee. 17 12 0 No spots Do.

2 0:17a.m.| —7 Lt. haze to 3° alt. Dec. 18 11 30 No spots U. S. Naval.

2 1:19p. m | —4 Lt. haze to 3° alt. Dec. 10 35 No spots Mount Wilson.
2 3:20p.m.| =3 3 Ci. in west. Dee. 20_ 11 0 —41.0| 2687 Do.
;2:18a.m.| —8 Lt. haze. +35.0 | 344.7
;108a. m.| —4 2 Ci, Cicu; light haze. Dec. & 11 40| —25.0 | 271.2 U. 8. Naval.
1247a.m._[—12 Few Cist, Freu. Dec, & 12 6| —34.0| 2488 Do.

1 0:10a. m.| =8 Cist. 5° of sun; It. haze. —15.5| 267.3
s 256 a.m.| —8 0 clouds. —1L0 | 271.8
;1:26a. m. | —4 0 clouds. Dec.23.___.| 11 40| =500 219.9 Do.
;0:09a. m.| —4 0 clouds. =210 248.9
;2:39 p.m.| —0. Few Ci, Cist; 1t. haze. 0.5 | 270.4
;219 /. m. | 2 6 Stcu, Frcu. Heavy water haze. Dec.24_.___[10 30| —73.0| 184.3 Mount Wilson.
0027 &, m. 5 Cu, Freu. —55.0 | 202.3
20; 3:54 p. m. Few Cu. —39.0 | 218.3
4, 2:34 2. m.| 0. 2 Cist, Cicu; heavy water haze.t —14.0| 243.3
27, 2:33a. m_|—11. 0 clouds; light baze. —9,0 | 248.3
;0:32a. m.|—10.6 Few Ci. on horizon. +10.5 ] 267.8
;151p.m | —8.3 1 WNW7__ 9. .| Few Ci. Dec. 25 11 33 —40.0| 203.6 U. 8. Naval.
30; 2:37a. m_|—12.8 | WxN 6.___ 6 | Few Freu; no haze. —23.01 220.6
30,036 8. m_|—10.0 | WNW 7__ 6 | Few Cu; no haze. +28.0| 2716
30;331p.m.| —7.8 | NW7____ 6 | Few Ci; no haze. Dec. 26__.__ 13 59| —59.0| 170.1 Do.
31;2:27a. m_|—10.3 | WNW 6__ 4 | 0 Clouds; light haze. —28.0| 201.1
31;0:218. m.| —5.6 | NW 5____ 6 | 0 clouds; light haze. +40.5 | 269.6
Dec. 27 ____]11 2| —47.0] 170.8 Do.
: - - - —16.0 | 201.6
1 From this date, on blue sky observations made with comparison card shielded from 4520 | 269.6
direct rays of the sun. Dec.28.____| 13 41| —3L5| 1714 Do.
—1.5] 201.4
POSITIONS AND AREAS OF SUN SPOTS +66.0 | 268.9
Dee. 29___.. 13 4| —-23.0 167.1 Do.
[Communicated by Capt. J. F. Hellweg, U. 8. Navy, Superintendent U. S. Naval —15.0| 175.1
Obhservatory. Data furnished by the U. 8. Naval Observatory in cooperation with +15.0 1 205.1

Harvard and Mount Wilson Obhservatories. The difference in longitude is measured +27.0| 217.1 )
from the central meridian, positive west. The north latitude is positive. Areas are Deec. 30 13 65| 40.5) 177.5 Mount Wilson.
corrected for foreshortening and are expressed in millionths of the sun’s visible hemi- +28.0| 205.0
sphere. The total area for each day includes spots and groups] +40.0 [ 217.0

Dee. 31_._.. 12 50! 415.0| 178.9 Do.
N +21.0 éS-!. 9
Heliographic rea ; —+40.0 03. 9
Eastern Total +or0| 279
stand- copiat e
Date | "ard DIt in | pongi. | Lati [ o | g oot | Observatory Mean daily ool e 92
time ongi- po roup 3 area for 2!
tude tude | tude day days.
o o
161.3 U, 8. Naval. PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR
162.5 Do. DECEMBER 1934
163.7 Do.
igig Bg (Dependent alone on observations at Zurich and its station at Arosa)
igg g };2 [Data furnished through the courtesy of Prof. W. Brunner, Eidgen. Sternwarte, Zurich,
167.4 Do. Switzerland]
lﬁg.‘g q I)o.d
169. arvard. )
167.1 U. 8. Naval. Relative Relative Relative
No 2po A ey December 1934 | S A "e || December 1934 | P v |l December 1934 | 75 5y 0
No spots Do.
II:IIO spots gm'“’ﬁ]' .
0 spots . 8, Naval.
No spots Do. 1 ---------- ?8 1,1) """""""" Of2l
No spots Do. Q... 21 || 12 . _ ... 0|l 22____.__.___ 21
No spots Do. [ 12 (| 18 ______ 0 23 |ee__
Ng bots be 4 14 || 140 _____ 0 24 ... a27
No spots Mount Wilson, [ T Weld 15 |- 26 _____ Eccd0
go spots IL\TI' S, N&v;]xl.
o spots ount Wilson.
No spots U. 8. Naval ,(_3 ---------- 10 16 . 0 26 . 539
No spots Do. /. 13 || 17 ______ 0| 27 ____ 29
264.1 Mount Wilson. S ____ 11 18 ____._ 0l 28 __ _______ a34
v bo. 9 01l 19 |___.__ 20 _______. 32
261.7 Do. 0. ... 0 20________ Ecl5 || 30_._______ as7?
277.7 D
239.8 0.
263. 8 31 . 30
A 277.8
Nov. 30_.._. 12 104 +28.0 ] 240.6 Dao.
igé.ﬂ 263 g Mean: 27 days=16.2.
. i
Mean daily a=Passage of an average-sized group through the central meridian.

area for ¢=New formation of a center of activity; E, on the eastern part of the sun’s disk;

30days. . |eacmooa o e 53 W, on the western part; M, in the central circle zone.




