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A NEW RELATION BETWEEN ATMOSPHERIC
ELECTRICITY AND TERRESTRIAL MAGNETISM

By A. W. LEE

When discussing the atmospheric potential at Kew Observatory
during the years 1898 to 1904, Dr. Chree pointed out that the
lowest of the seven annual values of potential gradient occurred
in the year with lowest sunspot number (1).* More recently
Dr. Bauer, using data for a longer period and from several stations,
adduced that both the mean gradient and the range of the diurnal
inequality increase and diminish with sunspots (2, 3). Chree,
lowever, discussed the same data, and came to the conclusion
that they were insufficient to prove the existence of such a
relationship (4, 5).

In view of the unsatisfactory results obtained from com-
parisons of mean potential gradient with sunspots, a further
investigation employing some other measure of atmospheric
electric activity appeared desirable. In the present paper the
electrical activity has been compared with magnetic character,
the intention being to follow up Chree’s suggestion (6) that the
difference between magnetically quiet and disturbed days may
be regarded as similar to that between quiet days at sunspot
minima and at sunspot maxima. The investigation, which is
limited to the electrically quiet days (since the electrification of
rain is only a local phenomenon), covers the values of potential
gradient at Lerwick for the years 1927 and 1928, and at Kew
from 1906 to 1928.

After several efforts to obtain a convenient daily measure of
electrical activity, it was decided to employ the ‘ hourly
variability 7’ of potential gradient, defined as the arithmetic
sum of successive differences in the 2§ hourly values.t It will
be seen that the variability on quiet days which show no irregular
movements is the sum of the ranges of the principal oscillations.
Comparison of values for individual days with the variability
computed from the diurnal inequalities shows that on the average
about 40 per cent. of the variability depends upon the diurnal
change, about 60 per cent upon more erratic movements.

* :I‘he _numbers in brackets refer to the list of references on p. 8.
tie,if Vo, V,, . . .etc. represent hourly values, the variability is

24
‘T; (Va~ Vagg) or 2 | 37V |.



70 f‘cwe pa,ge 2.

Ll

22770, vol YOI B8l (21 Lz o100 83 101 10 100 ¥8 W1 wl el L2 &8l vl L&l LU 21 v 68t 681 P = SIMIVA ATdNOH

W 28 02 g 9 t N ol g 9 b z W
ANl 2~ Killaetles, MO'] ,\n:acﬁocg,«
‘gz6l’ ¥2 ANNC

‘722772 00\ SZ\ 9/ 102 ISI € 00l 8% SL 00L GL L 001 9 102 B€Z 10F G2 wm_ .m. mN_ wm _Q mo_ mm_ ﬁwD.ZS»QwSOﬂ
4] 44 17 8l ol ﬁ N ol 8

N ST N S N r?}s.a/é
Qzel ZZ2 XNt

U B Vel _mm 00t 8e¥ ¢CC me@ BEL GlL 884 899 5¥9 wow _mw_mmﬁamw. mwmm mwm_ mNm 5\. S%_ _mm Ro_ mmn Ohw mu34<>>g.._mx
W 0z ot L} ot

‘'

w71 hy - KA eiep Ysid Afeutiouqy
Ol8l 92 AAVONVT

~ e

=334, 2838460 103 25, 7.30,




Professional Notes No. 58

4

658

— — ¥O-v | 6S-F | 98¢ | ¥S-F | 9CF | TE S-v | 80-¢ | £8-¢ |SLT | €T | TE € | Iehunog
/Ayiqetrep
SUBSY Jo O13ey
w/'a (4)
681 — 81 161 103 121 6L1 £61 Fez IF1 €03 ove 865 SPI | Terruslog uesly
681 154 8¢S €69 SIL LLL 182 £es SFII | 6FF €8s 199 S0L I8¥ wra Agng
-BLIBA  UBOIY
991 809 {(2) 18|(¥) 069 |(c) c8¥ |(6) 828 |(S1) 665|(01) £1¢ |(9) 1¢x |(91) 89F|(01) 668!(2) €9% |(£) ¢z (1) z+g | *° " 8861
eig ge8  |(01) se9((z) 629 |(9) ¢o01|(e) £29 |(£1) ¥96|(F1) es11|(e) errI|(€) sar |(8) 029 |(g) 8¢ |(s) 989 |(g) g1z | - Tt OLT6I
WA els
|/ ™
?NMMWMQ uedly | 99(T *AON 190 adog | Sny Amf sun{ | Aey ady IR Qo uef
[enuuy [enuuy

‘(ATuo sAep w())

(W/'A) 82-2761 ‘| A€ | T 40 SNVAN ATHINO “MOIMATT—] ATAV]



58 5

— — 18°C | 68:C | ¢6-¢ | 88-€ | €0-F | [8+€ | 86-€ | FL-€ [ 89-¢ | 81-¢ | 11-€ | 96:C | *~  [enusjod/Ayng
> -BIIBRA SUEBDA JO onpey
8 - 7
kN 608 — Lok | 6o | ¥O8 | 9o | 161 | €61 | 00% | 85T | 83€ | oLe | €0F | POF |'W/'A (4) TPHUSIO] URSTY
3 i
Y
o 608 6201 1051 | T#31 | 6101 | 9L8 | 69L | LPL | 96L | €SS | LOZL | €8IL | §STI | 6611 | 'w/'a Ajrqeires Uedap
. =
SR 865 6201 ORFI | £86 | SO6 | 196 | ¥6L | 909 | 6L | 096 | LE11 | S€TI | BLI1 | 6681 | *° o : 861
< 3 Sig 1F01 G8g1 | 8IFI | F0G1 | ££8 | LFR | LB6 | 106 | 926 | 288 | €3Il | 1811 | €36 LZ61
S b 6LT L¥6 €00T | £OST | 90T | 9¥8 | 16€ | 3EL | 9FL | 90L | 111 | 0O¥6 | 06 | IIGI | *° T : 9761
m = vze 866 60GL | £S6 | €8 | €48 | 914 | ¥0L | 9OL | 6001 | 1L&T | T1L0U | 8SOT | ZgIT | *° - : ez6l
R 636 LFOI 7801 | 926 | TFI1 | €3L | 838 | ¥9L | 19L | 398 | ¥T9T | 6€T1 | FIST | 60T | °° . Fo681
g3 818 LO1LT LSET | €SET | 9¢G | 988 | £0L | L06 | 039 | LOOT | 8TFI | s1gl | tuel | oggT | - o £761
NS QIE 0L01 0001 | £9Z1 | 9011 | €66 | L96 | €04 | GSL | €L | ¥8GL | ¥OVL | 1061 | sgpl | - : : o6l
m N 182 786 986 | ZFPF1 | 826 | 116 | 989 | €8¢ | €88 | @69 | 0911 | 6LIL | 6281 | 310l | ~° 1261
< ey cig GEOT e0Fl | 3981 | 60T | €26 | IS8 | 96L | ¥69 | 9L | 086 | 6LT1 | 8RIL | LSTI 0G61
b
S
"N
RS ‘enuod | [ A0l R
S fer
> weoTy uBe ‘9a¢T | ~aoN | 300 | 3des | Sy | Amnf | eun[ | Leyg | "idy | repy | "qeg | cuef B CERY

enuuy” renuuy
5 1
W
L

‘(qauowr yoes ur () Aqrensn)
sav( a0y aaroatas No (1/'A) | AQ| T 40 SNYAW ATHINOW '8Z-0Z61

MI—]I FT19V]



58 6 Professional Notes No. 58

variability on the ‘more disturbed” and ““less disturbed ”
days are given in Table III, together with the difference between
the variabilities on these days. It should be noted that the
sign of the difference between the ‘ more disturbed ”” and ‘ less
disturbed ” days is independent of the electrograph scale value

TasLE III.—KEw. MEAN VALues oF X |3V | on Davs oF
HIGHER AND LOWER MAGNETIC CHARACTER, 1920-28. (v./m.)

Mean Valuesof = | 8V | v./m.

Year. More Less
disturbed | disturbed d—q.
days (d). | days (q).

1920 .. .. 1027 1050 — 23
1921 .. - 916 1048 —132
1922 - . 1096 1042 + 54
1923 .. .. 1038 1161 —123
1924 .. . 1061 1031 + 30
1925 .. .. 996 1001 — 5
1926 .. .. 1008 893 +115
1927 -, .. 1121 967 + 154
1928 .. .. 1037 992 + 45

and of the reduction factor. Table III shows considerable scatter
from year to year, but the differences from 1926 to 1928 are similar
to the results obtained from Lerwick data ; the difference values
in earlier years are generally lower.

Further comparisons, which extend from 1906 to 1928, refer
only to the electrical data for days on which magnetic disturbance
was conspicuously small or conspicuously large. Since the in-
auguration of the international characterisation in 19086, five days
of each month, termed the international “ Q" days, have been
selected at de Bilt as the most representative of quiet conditions.
A similar selection of five representative disturbed days (“D "
days) has also been made since 1923 (7); for each month of
earlier years the five days of largest international character have
been taken as the “ D™ days. About one third of the D and Q
days of each year usually appear among the electrically quiet days,

Table IV gives the mean variability on D and Q days, mean
potential gradient, and sunspot number from 1906 to 1928;
bracketed figures indicate the number of days from which the
adjoining mean values have been computed. Fig. 3 illustrates
the annual changes in sunspots, in variability on D and Q days,
and in the difference between these variabilities.
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TABLEIV.—KEW. MEAN VALUES OF & | oV | ON INTERNATIONAL

D aAND ) Davs, POTENTIAL GRADIENT AND SUNSPOT
NUMBERs, 1906-28.

Mean Valuesof | 6 V | v./m.
Mean
Year. Inter- Inter- Potential. | Sunspot.

national | national D-0. Number,

D days. Q days. v./m.
1906 . 953 (19) 868 (23) + 85 298 53-8
1907 .. 890 (23) 927 (20) — 37 311 62:0
1908 .. 834 (17) 852 (21) — 18 283 485
1909 .| 925 (21) | 1098 (21) —173 313 43-9
1910 ..l 1121 {22) | 931 (19) +190 310 18-6
1911 . 966 (17) | 1041 (23) — 75 301 37
1912 .. | 1078 (19) | 1164 (17) - 86 300 3.6
1913 o917 (1) | 1192 (26) —275 335 1-4
1914 .. | 1051 (25) | 1426 (17) —375 345 9-6
1915 .. | 1364 (14) | 1132 (17) +232 354 47-4
1916 .. | 1393 (22) | 1051 (14) +342 367 55-4
1917 .. | 1190 (19) | 1164 (19) -+ 26 354 103-9
1918 .. 1121 (20) | 1019 (18) +102 346 80-6
1919 .. | 1107 (15) 975 (20) +132 331 63-6
1920 .. | 944 (15) | 1031 (15) — 87 315 38-7
1921 .| 847 (24) | 1093 (19) —246 281 24-7
1922 .1 986 (17) | 1107 (17) —121 318 14-7
1923 .. 959 (19) | 1121 (18) —162 318 5-5
1924 .. 1178 (13) { 1121 (13) + 57 329 16-7
1925 .. | 1052 (18) 992 (24) + 60 326 446
1926 .. | 1083 (19) 826 (22) +257 279 62-4
1927 Lo 1112 (18) 946 (14) +166 315 67-8
1928 .. | 949 (18) | 1110 (16) —16l 298 76-5

Although there are irregularities from year to year, Table IV
and Fig. 3 show that during the last two sunspot cycles there
has been a tendency for the electrical variability on D days to
vary directly, and for that on Q days to vary inversely with sun-
spots. The correlation coefficient between the D-Q difference and
sunspot number has been computed, and found to be 0-48 4- 0-16.
The coefficient becomes 0-69 4 0-12 if the years 1910, 1917,
and 1928 are omitted.

Table V gives the mean variability on D and Q days in
years of high and low sunspot number; two periods, 1906-17
and 1918-28, are treated separately. The distinction between
high and low sunspots has been chosen arbitrarily at sunspot
number 45. According to Table V the electrical variability on
D days in years of high sunspot number is about 10 per cent
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TABLE V.—MEAN VALUES OF X | § V | oN INTERNATIONAL D AND
Q DAvs v Years oF HicH anp Low SunspoT NUMBER.

Ist Sunspot 2nd Sunspot Mean of
Period, Period, two Sunspot
1906-17. 1918-28. Periods.
Years of | Years of | Years of | Years of | Years of | Years of
Low High Low High Low High
Sunspot | Sunspot | Sunspot | Sunspot | Sunspot | Sunspot
Number | Number | Number | Number | Number | Number
(<<45). | (>45). | (<45). | (>>45). | (<45). | (>45).
D days 1010 1104 983 1071 997 1087
Q days 1142 999 1095 978 1119 989
Mean .. 1076 1051 1039 1025 1058 1038

higher than in years of low sunspot number ; a reverse effect of
slightly larger magnitude is found for the Q days. During each
sunspot period the mean of the values on D and Q days (given at
the bottom of Table V) was slightly higher in the years of low
sunspot number.

From Chree’s hypothesis we should have expected a regular
sequence of mean variability descending in the following order :(—

1. D days at sunspot maxima.

2. D ) ) minima.
3. O v ' " maxima.
4. Q . . minima.,

The actual sequences shown in Table V are 4, 1, 2, 3. Such a
distribution would result if fog occurred most frequentty on the
Q days at sunspot minima, but whether the explanation is to be
found in some such dependence of local weather on cosmical
activity, or whether the electrical phenomena are more directly
affected, must be the subject of further investigation.

In conclusion I should like to express my thanks to Dr. F. J. W.

Whipple for the interest he has taken in this work and for much
valuable criticism.
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