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THE EARTH’S MAGNETIC FIELD IN SOUTHERN AFRICA

AT THE EPOCH, 1 JULY 1930

By E. N. GRINDLEY, M.Sc.(Brisror), Pr.D.(Cape Town),
Lecturer in Physics, University of Cape Town

L

values of the magnetic field at all the other stations.

found near Durban. ' :
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This paper describes an attempt to determine the earth’s magnetic field in that part of
Africa lying to the south of the Zambesi and Kunene Rivers, at the epoch 1930-50.

* When this work was undertaken the magnetic information available about southern
Africa was heterogeneous, and scattered through many different publications. Moreover,
it referred to dates considerably earlier than the epoch chosen for the present survey.

/ \

for the secular change that had occurred in the intervening time.
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(Communicated by H. Spencer Jones, F.R.S.—Received 16 December 1939)

—
< — This paper is an attempt to determine the earth’s magnetic field in that part of Africa lying to the
> ~ south of the Zambesi and Kunene Rivers, at the epoch 1930-50.
2 ) The data used are:
— 1) Measurements made at about seven hundred stations by a number of previous workers
y P s
= O during the period 1900 to 1925, and already published. »
T g p ! Yy P
= 9) ~ (2) Observations at about fifty of these stations made by the present writer between 1928 and

1930. These have been used to determine the secular variation, and thus to deduce the 1930-50

The magnetic inclination is found to have changed in an almost linear manner, the maximum
rate occurring in South-West Africa. The horizontal intensity has diminished at a gradually in-
creasing rate, the maximum change being near Cape Town. The declination appears to have varied
at a high rate until about 1928, and much more slowly since then. The greatest total changes are

The results are presented in the form suggested by Ljungdahl. Maps with highly smoothed
isomagnetic lines are used to show the probable ‘normal’ values of three magnetic elements (de-
clination, inclination, and horizontal intensity), i.e. the component of the field not due to local
magnetic disturbance. At each point of actual observation is placed a symbol indicating to what
extent the observed value differs from that obtained by interpolation between the isomagnetic lines.

~ Up-to-date information was urgently required for marine and aerial navigation, and was

2 also wanted by the survey departments of the Governments of the Union of South Africa,

> ﬁ South-West Africa, and Southern Rhodesia.

2 - As a complete resurvey was not possible at that time, it was decided to utilize the existing

1) data. Observational work was therefore carried out with the chief object of determining

E @) the magnitude of the corrections that must be applied to the earlier observations to allow
»

A programme of field work was commenced in 1927 with the aid of a grant from the
South African Government Research GrantBoard, and further grants and loan of apparatus
from the Department of Terrestrial Magnetism of the Carnegie Institution of Washington.
A series of observing stations was reoccupied throughout the country, as shown in map 1,
and measurements of three magnetic elements (declination, inclination, and horizontal
intensity) were made. The comparison of these results with those obtained at the same

&4
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stations in earlier surveys has furnished a basis for computing the probable value of these
elements at the epoch 1930-50 for the remainder of the earlier stations, as well as those
reoccupied in the present survey.
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Mar 1. Distribution of stations occupied in the present survey.

-

2 o PREVIOUS MAGNETIC WORK UTILIZED

> : . . :

O H The first systematic magnetic survey of Southern Africa was made by Professor (now
e Sir Carruthers) Beattie and Professor J. T. Morrison, in the years 1898 to 1906 (Beattie 19og).
E O 405 stations were occupied, south of the Zambesi and east of a line from Victoria Falls to
— 8 Cape Town. Measurements of the declination (D), the inclination (), and the horizontal

intensity (H), were made with Kew magnetometers and dip-circles of the Dover pattern.
A correction for diurnal variation was applied to the measurements of D, and the results
for all three elements were reduced to epoch 1903-50, the necessary knowledge of secular
change being obtained by reoccupying certain of the stations after an interval of several
years. 'The positions of the isomagnetic lines at that epoch are shown on a series of maps.
(No correction was made for differences between the instruments, nor to reduce the
observations to standard values, but the results of intercomparisons of the instruments are
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given, and also of comparisons with the instruments of the Discovery expedition of 1901,
and those of Major Chaves in 1906. As Chaves’s instruments were compared with the
standard instruments at Val Joyeux observatory four months later this provided an indirect
standardization of Beattie and Morrison’s instruments.)

The magnetic elements at fifteen stations in Portuguese East Africa were measured by
Chaves in 1906 (Chaves 1908).

Between 1907 and 1909 Beattie and Morrison occupied fifty-seven new stations in South
Africa (chiefly in the north-west of Cape Province) and sixty-seven stations in South-West
Africa. A correction to International Standard has been applied in the published results
(Beattie & Morrison 1912), but none for diurnal variation.

Some of these results were reduced to epoch 1908-50 and shown on maps (Beattie 19146).

During 1909 Beattie & Morrison extended their observations through East Africa to
Egypt (Beattie 19144).

From 1910 to 1912 Beattie occupied sixty-four new stations in western Transvaal,
British Bechuanaland, and Bushmanland (Beattie 19145). A number of reoccupations of
earlier stations was also made, and these form the basis of a paper in which secular varia-
tion is illustrated graphically and geographically (Beattie 1915).

In the period 1913 to 15 Beattie occupied twenty-five further stations in South Africa, in
places where the lack of information had made it difficult to draw isomagnetic lines
(Beattie 1917). |

Father Goetz occupied fourteen stations in Northern Rhodesia in 1914, and eleven
stations in Southern Rhodesia in 1916 (Goetz 1920).

The values of D and I (but not of H) for all the foregoing stations south of latitude
14°.S were reduced to epoch 1913-50 and published with maps showing the isogonal and
isoclinal lines for that date (Beattie 1917). ‘

In 1916 an observer from the Carnegie Institution of Washington reoccupied six stations
in South Africa and six in South-West Africa, and in 1920 another of their observers
occupied a series of twenty-seven stations from Victoria Falls to Beira, near the Zambesi
(Brown 1921).

Fourteen stations in the neighbourhood of Lourengo Marques were occupied in 1925
by two lieutenants of the Portuguese navy (da Fonseca & Vaz 1925). '

Beattie’s list (1917) of the magnetic values at 653 stations for the epoch 1913-50 is the
most extensive that has yet been published for southern Africa, but it has been found
unsuitable as a basis for the present work. The omission of the values of H makes the
magnetic information incomplete. Only three stations had been reoccupied in Rhodesia,
and none in South-West Africa, so the correction for secular variation in these regions was
liable to some doubt. (See Beattie 1917). Information now available shows that the
allowance made for rate of change of I in South-West Africa was somewhat too small,
giving rise to errors of about 10’, and the allowance made for D in Rhodesia was much
too small, giving errors of more than a degree.) Also there is an unfortunately large
number of errors of computation. (This may be seen by comparing values given for
1913-50 with the original observations; neighbouring stations frequently show large
differences in the correction applied, and in some cases the observed value is given with-

out correction.)
32-2
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It has therefore been decided to use the 1903:50 values as given in Beattie’s Report
(1909) for those stations occupied in that survey. For the north-west of Cape Province the
values as reduced to epoch 1908-50 (Beattie 19145) have been accepted. The results for
South-West Africa (Beattiec & Morrison 1912) have all been newly reduced to the same
epoch, after applying a correction for diurnal variation based on that found in the present
survey.

None of Father Goetz’s stations have been reoccupied, and the link with his work
(Goetz 1920) is based on a somewhat unsatisfactory interpolation.

Although no stations north of the Zambesi have been reoccupied during the present
survey, use has been made of the results from a number of those stations slightly to the
north of that river, to determine the general trend of the isomagnetic lines in that region.
Reoccupation of one station at each end of the 1920 chain of Carnegie stations (Brown
1921) provides sufficient information for these to be utilized. A few earlier observations
by Beattie & Morrison (1912) have also been used for the same purpose, an approximate
rate of secular variation being provided by three reoccupations by the Carnegie Institu-
tion’s observer in 1920 (Brown 1921).

Three stations occupied by Major Chaves (19go8) and two occupied by the Portuguese
observers (da Fonseca & Vaz 1925) have been reoccupied in the present survey, giving a
satisfactory knowledge of the corrections to be applied in the neighbouring stations.

INSTRUMENTS USED

The magnetic and astronomical observations in this survey were all made with a
combined Magnetometer—Earth-Inductor—Theodolite (no. 13), lent by the Department
of Terrestrial Magnetism, Carnegie Institution of Washington.

As a magnetometer this instrument is rather less accurate than one of the Kew pattern,
but observations may be made much more rapidly. The inclination-inductor is both more
rapid and more accurate than a Dover dip-circle. |

Observations were usually carried out in a special tent with one eccentric pole. The tent
first used was supplied by the Carnegie Institution; when this was worn out another was
constructed, on the same lines, but somewhat larger. All the metal fittings were carefully
tested to ensure their being non-magnetic. Provision was made for extra ropes to be
attached to prevent the sides sagging inward in a high wind.

Two chronometers were carried, no. 1078 by Reid, and no. 58821 by Dent. The former
had been used by Beattie throughout his work; the latter was purchased from the British
Admiralty at the end of 1927. (The older instrument was used in the field, the newer one
being left in a safe place at the hotel, and handled as little as possible.)

METHOD OF OBSERVING

The routine usually followed was that laid down by the Carnegie Institution of Washing-
ton for their magnetic observers. This has been described in detail elsewhere (Bauer 1912;
Hazard 1930). It comprises two complete determinations of each of the three magnetic
elements (declination, inclination and horizontal intensity), together W1th the necessary
sun observations for determining latitude, longitude, and true north.
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To enable the stations to be accurately located on future occasions, theodolite readings
were taken of the directions of prominent objects in the neighbourhood, and one or more
photographs were usually taken from the tripod in the observing position. A stone beacon,
cement marking block, or other indication was left to mark the exact site.

The order of making the observations varied, being usually dictated by the necessity of
making sun observations when the sun was in a favourable position. Sometimes the
programme of observations had to be curtailed; more often it was extended, additional
observations (usually of declination) having been taken when time permitted.

At certain stations twice the usual number of observations was taken, an attempt being
made to measure each of the elements at their daily maximum and minimum values,
usually on two successive days. Observations were then usually made also at an auxiliary
station about 1 km. away, to test for local magnetic disturbance, and to render possible
an exact reoccupation at some future date even if the erection of magnetic buildings near
one of the stations should render it useless.

Towards the end of the survey it became customary to test for local dlsturbance in the
immediate neighbourhood of a proposed station before actually occupying it. The ordinary
needle compass supplied for orientation of the inductor was used to indicate some distant
object on the magnetic meridian. This was repeated at intervals of a few metres along the
meridian through the proposed site. When the compass always indicated the same distant
object as being on the meridian it was assumed that there was no serious local disturbance.
(It was estimated that a deviation of one-tenth of a degree could be detected by this means.
As no elaborate levelling was needed the determinations could each be carried out in
about 2 min.)

Observations of diurnal variation

At certain of the stations occupied observations were made to determine the nature and
extent of the diurnal variation of the three magnetic elements under investigation.

Observations of declination and horizontal intensity were made simultaneously three
times each hour by measuring the deflexion of the short magnet at one single distance of
the deflecting magnet, as described in the Carnegie Institution’s General directions for
magnetic observations. These readings were continued as nearly as possible from 6 a.m.
until 6 p.m. (local mean time).

On other days observations of the inclination were made three times each hour through-
out the day.

Later it was found more convenient to observe declination and horizontal intensity by
timing the oscillations of the long magnet and observing the azimuth of its rest position.

DIURNAL VARIATION

There was no magnetic observatory in South Africa at the time when this survey was
carried out, but a correction for diurnal variation has been applied to all the observations,
based on the diurnal variation curves obtained at various stations with the field instruments.

These curves were examined for systematic variation (a) with season, and (5) with
latitude. The summer and winter curves differed in a marked manner, but the variation
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with latitude was found to be relatively unimportant. (None of the observations in the
present survey was made during the equinoctial months.) )

Mean curves for summer and winter were therefore made from the best of the curves
for each of the elements D, H and I plotted as functions of the local mean time. (A separate
mean curve was made for A in South-West Africa, where the diurnal amplitude at most
of the stations occupied seemed to be considerably greater than at stations in South Africa.)

A magnetic observatory was established at the University of Cape Town in 1932, and
curves of the mean diurnal variation at Cape Town are now available. Their difference from
those used in the present work was not considered sufficient to make it necessary to revise
the corrections already applied.

The curves actually used for these corrections are reproduced in figures 1 and 2, with
the observatory curves (means for the quiet days of the corresponding season in 1933)
superimposed on them for comparison.

Reduction of observations to ‘mean for day’

As the diurnal variation curves obtained in the field all refer to less than 12 hr. out of
the 24, they cannot be used without other information to compute the mean value for the
day (i.e. the mean of the hourly means for the 24 hr.).

All the mean curves used show a maximum in the morning and a minimum in the
afternoon, or vice versa. It was decided to define ‘ mean for day’ as being the meanbetween
the maximum and the minimum values on these curves. Curves obtained at the magnetic
observatories of Cape Town, St Helena, Mauritius and Greenwich, show that the mean
value defined in this way differs very slightly from that defined in the correct manner.

The correction for diurnal variation was therefore made thus: From each observed
value of each of the magnetic elements was subtracted the diurnal variation corresponding
to the local mean time of that observation, obtained by eye-reading from the above graphs.
The mean of all these corrected values of any one element at a particular station was
taken as the true mean value of that element at that station at the mean date of the
observations, this date being reckoned to the nearest hundredth part of a year.

At those stations where a satisfactory diurnal variation curve was obtained capable of
giving reliable ‘ absolute’ values, the maximum and the minimum values from the smoothed-
out curve have been included in taking the mean, instead of each of the individual
observations. (This has the effect of giving the ‘weight’ of two ordinary corrected obser-
vations to the mean value of the smoothed-out curve. A larger weight was not given
owing to the somewhat greater uncertainty of the rapidly taken observations, and the
undesirability of giving undue importance to the values obtained on any one day when
observations for more than one day were available.)

SUMMARY OF OBSERVATIONS MADE IN PRESENT SURVEY

Table 1 contains a list of the stations occupied in the present survey, the date of occupa-
tion, and the mean value of each element at that date, after correcting for diurnal variation
as described in the last paragraph. Angular values have been rounded to the nearest
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TABLE 1
um position observed values values at epoch 1930-50
-~ e e -
ber station date lat. long. D I H D I H
43 Aus A 1929-13 2640 16 16 22 20 58 32 17342 22 17 58 45 17188
44 AusB 29-13 2640 1616 22 17" 58 40 17274 22 14 58 53 17120
5  Beaufort West 2802 3221 2236 2245 6246 15588 22 40 63 06 15278
59  Beira B 3047 1951 3451 1052 5622 19460 10 52 56 22 19458
60  Beira C 3047 1950 3451 1042 5621 19454 10 42 56 21 19452
25  Bethlehem A 1928-53 28 14 2818 1723 6301 15945 1719 63 14 15711
26 Bethlehem B 2853 2814 2819 1821 61 46 16554 18 17 61 59 16320
11  Bloemfontein 2807 29.08 2613 19 47 6226 15918 19 42 62 43 15623
57  Boane 3046 26 03 3220 1451 61 35 16658 14 51 61 35 16654
28  Buffel’s Bay 2885 3418 18 27 24 38 62 47 15498 24 35 63 00 15290
46  Buffel’s Bay (repeat) 1930-12 34 18 18 27 24 37 — 15324 24 36 — 15277
67  Bulawayo 3052 2009 2836 1306 5619 19227 13 06 56 19 19229
1 CapeTown E 2796 3356 1829 2447 62 30 15668 24 42 62 51 15350
2  CapeTown F 2795 3356 1829 2446 62 32 15652 24 41 62 53 15333
18  Cradock © 2813 3210 25 37 — 63 35 15403 — 63 51 15111
8 de Aar 1928-04 3041 2400 21 03 6215 15852 20 58 62 33 15547
23  Durban (The Bluff) 2850 - 29 53 31 03 17 57 63 32 15420 27 53 63 38 15185
16  East London A 2811 3300 2756 2110 6410 15046 - 21 05 64 23 14757
17  East London B 2812 3300 2756 21 08 6359 15131 21 03 64 12 14843
47  Eendekuil 30-14 3241 1848 2403 6232 15540 24 02 62 35 15495
38  Gibeon : 1929-07 - 25 07 17 45 21 08 58 13 17614 21 05 58 27 17459
27  Gingindhlovu 2854 2904 3135 1736 63 04 15824 17 32 63 14 . 15595
19  Grahamstown 2814 3320 2632 2153 6416 15015 21 48 64 30 14726
65  Hartley A 30-51 1809 3010 11 37 5428 20193 11 37 54 28 20194
66  Hartley B 30-52 1810 3010 11 37 5425 20212 11 37 . 54 25 20214
6  Hutchinson A 1928-:03 31 30 23 12 2208 6235 15730 22 03 62 53 15422
72  Hutchinson A (repeat) 30-57 3130 2312 2201 -6227 15426 22 01 62 27 15634
7  Hutchinson B 2803 3130 2312 2210 6234 15708 2205 6252 15400
31 Kalkfeld A 2900 2053 1613 19 08 5438 19246 19 05 54 51 19109
34 Kalkfeld B 29-03 2054 1612 2021 5502 19008 2018 5515 18873
37  Karibib 192906 21 56 1551 20 10 5520 18874 20 07 55 34 18738
12 Karree A 2808 2853 2620 1811 6212 16054 18 06 62 29 15761
13 Karree B 2809 2853 2621 1804 6218 15991 17 59 62 35 15699
41  Keetmanshoop 2911 2635 1808 2138 5904 17215 21 35 59 17 17058
55  Lourengo Marques 3046 2558 3236 18 08 — 17060 18 08 — 17056
42  Luderitzbucht 192912 26.39 1509 2253 5820 17496 22 50 58 34 17344
54  Machadodorp 3044 . 2540 3014 1540 61 17 16568 1540 61 17 16561
69  Mafeking 30-55 2552 2540 1802 6019 16790 18 02 60 19 16795
3  Matjesfontein A 2800 3315 2035 2405 6252 15412 24 00 6311 15099

50  Matjesfontein A (repeat) 3042 3315 2035 2400 6329 15096 2400 6329 15086
74  Matjesfontein A (repeat) 1933-07 33 15 20 35 23 52 63 42 14846 — —

"4 Matjesfontein B 28-:01 3316 2035 2410 6242 15416 2405 63 01 15104
56  Matola 3045 2559 3230 1557 6057 16903 1557 60 57 16897
24  Mooi River 2852 2913 3001 17 48 6255 15707 17 44 63 06 15473
22 Mossel Bay 2817 3411 2210 23 39 — 15280 23 34 — 14987
39  Mount Brukkaros A 192909 25 51 17 47 21 16 58 42 17442 21 13 58 56 17286
40  Mount Brukkaros B 29-10 2551 1748 2115 5839 17456 21 12 58 563 17300
9  Orange River A 28-:05 29 40 2412 2036 6213 15992 20 31 62 31 15691

71  Orange River A (repeat) 30-:56 2940 2412 2030 6219 15681 20 30 6219 15687
10  Orange River B 28-:06 29 41 2412 2032 6216 15994 20 27 62 34 15694
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TaBLE I (continued)
position observed values values at epoch 1930-50
e A :
station date lat. long. D I H D ~ I H

Otavi 1929-01 19 38 17 21 18 22 53 34 19741 18 19 53 47 19608
Pessene ‘ 3046 25 41 3220 1520 61 32 16590 15 20 61 32 16586
Potgietersrust A 3043 2411 2903 1555 5949 17334 1555 59 49 17326
Potgietersrust B 3043 2411 2901 1533 59 54 17232 1533 59 54 17224
Pretoria 3044 2545 2810 1650 61 04 16698 16 50 61 04 16691
Queenstown 192810 3157 2651 2115 6337 15358 21 10 63 52 15066
Salisbury A 30-50 17 50 31 03 9 00 — 19814 9 00 — 19814
Salisbury B 30-50 17 48 31 04 924 5445 20010 924 5445 20010
Salisbury C 30:50 17 50 31 04 10 57 54 04 20159 10 57 54 04 20159
Seeheim 2913 26 48 17 47 22 03 59 28 17047 22 00 59 41 = 16891
Springfontein 192809 30 17 2542 2055 6309 15529 20 50 63 26 15233
Swakopmund A 29056 2241 1433 2046 5516 18846 .20 43 55 30 18707
Swakopmund B 29-06 22 41 14 3¢ 2059 55 08 19026 20 56 55 22 18888
Tsumeb 29-01 1914 1743 1809 5307 19980 18 06 53 19 19849
Uitenhage 2816 33 47 2523 2218 6400 15102 2213 64 15 14814
Umtali 1930-49 1859 3242 1034 5507 20147 10 34 55 07 20146
Vanrhynsdorp 30-14 3138 18 44 23 51 — 15726 23 50 — 15681
Victoria Falls 3054 1756 2552 1312 5416 20123 1312 54 16 20126
Warrenton 30-56 28 07 2452 1950 6202 16002 19 50 62 02 16008
Willowmore 2816 3318 2328 2303 6346 15139 2258 64 03 14847
Windhoek A 192898 22 33 17 04 20 04 56 03 18617 20 01 56 17 18467
Windhoek B 2899 2233 1703 2000 56 00 - 18612 19 57 56 14 18462
Wolseley A 3015 3326 1912 24 21 62 47 15420 24 20 62 50 15375
Wolseley B 3307 3326 1912 2413 63 09 15093 — — —

minute of arc, but observations and computations were carried out to the nearest tenth
of a minute (see p. 271).

In the three final columns are shown the values of the three magnetic elements at the
epoch 1930-50, the corrections for secular variation having been made as described in
later paragraphs (see pp. 262, 265, 267).

The individual observations, and the corrections applied to them may be seen in the
Library of the University of Cape Town (E. N. Grindley, Thesis for Ph.D., Appendix B).

Descriptions of the observing stations will be published in due course by the Department
of Terrestrial Magnetism of the Carnegie Institution of Washington.

SECULAR VARIATION

The nature of the secular variation of the three magnetic elements has been investigated
by comparing the values observed during the present survey (corrected for diurnal varia-
tion) with the results of previous observations at the same stations.

Unfortunately, the descriptions of the stations of Beattie & Morrison were all somewhat
vague, and exact reoccupation of the sites at which their observations were made has
nowhere been possible. Seventeen of the stations occupied in the present survey arebelieved
to have been within 30 m. of the original stations; in many of the remainder there is an
uncertainty of several hundred metres, and in nine cases the new station may be more than
a kilometre from the old one.

VoL. 240. A. 33
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260 E. N. GRINDLEY ON THE EARTH’S MAGNETIC FIELD IN

The changes found in the values of the magnetic elements are therefore not entirely due
to secular variation, but partly to a change in the position of the observer. Where local
magnetic disturbance exists, the effect of this change of position may be considerable; in
several cases it has been found that the change due to a shift of less than 1 km. was equal
to that due to several years of secular variation (e.g. at Bethlehem A and B, Kalkfeld A
and B, and Salisbury A and C).

The merits of each reoccupation might be considered individually, but it is probably
safer to draw conclusions as to the presence of errors due to local disturbance by studying the
closeness of the agreement of the secular variation curves with those of neighbouring stations.

Graphs have been drawn of the secular variation of the three magnetic elements at all
the stations occupied in the present survey, the values for earlier dates being obtained from
the sources listed on p. 274. A number of these graphs are reproduced in figures 3 to 5.
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Ficure 3. Secular variation of declination. The absolute values for some of the stations
have been altered, to prevent confusion through curves overlapping.

When more stations than one have been occupied in any locality the observations from
the one believed to be most nearly a reoccupation of the original station have generally
been used in plotting the graphs. When neither was a close reoccupation the mean of the
values at the two stations has usually been used. In a few cases the obvious existence of
local disturbance in the closer reoccupation has led to the adoption of the values observed
at the other station.

Declination

The secular variation of the declination at a number of representative stations is shown
in figure 3.

‘The westerly declination is everywhere decreasing. At Cape Town, Matjesfontein, and
Hutchinson, in the western half of Cape Province the rate accelerated from between 5’
and 8’ per annum at the beginning of the century to between 10’ and 14’ per annum in
the second and third decades. After 1928-0 (the date of the first observations in the present
survey) the rate is much lower—of the order of 2’ per annum,
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FiGure 4. Secular variation of inclination. The absolute = Figure 5. Secular variation of horizontal intensity. The

2 values for some of the stations have been altered, to pre-  absolutevalues for some of the stations have been altered,
— E vent confusion through curves overlapping. to prevent confusion through curves overlapping.
2 - This reduced rate has been directly measured at four stations between 1928 and 1930.
QO After correcting for diurnal variation the changes are:*
E 8 Buffel’s Bay 1’-2 in 1-27 years, or 1’-0 per annum
Matjesfontein 4'-2 in 2-42 years, or 1'-7 per annum
Hutchinson 6'-2 in 2-54 years, or 2’4 per annum
Orange River 6’-6 in 2-51 years, or 2'-6 per annum

* No correction has been made for seasonal variation, i.e. periodic annual changes. The records of the
Cape Town Magnetic Observatory show that the seasonal changes are small, and differ considerably from year
to year. The total changes shown above are unlikely to be in error by more than 1-0’. Corrected for seasonal
variation on the basis of the mean monthly values at the Observatory during 1933 and 1934 the above rates
of change become 0’-8, 1”8, 2-8 and 3"-0 per annum respectively.
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262 E. N. GRINDLEY ON THE EARTH’S MAGNETIC FIELD IN

‘That this change in rate occurred rather abruptly, and not long prior to 1928, is in-
dicated by the curves for Matola and Boane (Portuguese East Africa) for which the 1924
values are known. , .

Further evidence for this is furnished by the curves for Durban and Gingindhlovu
(Natal) and five stations in South-West Africa (of which two are reproduced in figure 3).
The 1916 value is known for each of these stations, and each curve shows a slower mean rate
of change after 1916 than before. They may all be explained by assuming that the rate
found between 1908 and 1916 was maintained until nearly 1928, after which it diminished
to a very slow rate, as found at the stations in the Cape Province.

For correcting the results of the present survey to the epoch 1930-50 it was assumed that
the secular rate was 2’ per annum for the whole area surveyed, for although the four direct
determinations show a geographical regularity the differences involved are so small that
this may easily be fortuitous. A possible arrangement of the isopors (lines of equal rate of
change) for 1928 to 1930 is shown on map 2, from which one may estimate the probable
error in assuming a uniform rate of 2’ per annum for all stations.
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Map 2. A possible arrangement of declination isopors, 1928-30. (Rate
in minutes of arc per annum. Westerly declination decreasing.)

According to the map the correction of 5" which was applied to all stations surveyed
about 1928-0 should vary from 2% (at Gape Town) to about 10’ (between Bloemfontein and
East London). The correction for the Natal stations (occupied about 1928-5) should be
10’ instead of the 4" actually applied. In South-West Africa the correction should be zero or
negative instead of +3’. The difference for all other stations is so small as to be negligible.

Correction of other surveys to epoch 193050

The total change in declination between 1903-50 and 1930-50 has been plotted on map 3
for all those stations mentioned in Beattie’s Report (19og) which have been reoccupied in
the present survey, and lines of equal total change have been drawn. These represent the
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observed changes to within 10’, except at Bulawayo (discrepancy 29') and Pretoria
(discrepancy 12').

This map has been used for correcting to epoch 1930:50 all the remaining stations for
which the 1903:50 value of the declination is given in the Report, the correction to be
applied being read off by interpolation between the lines of equal total change.
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Mar 3. Change of declination between epochs 1903:50 and 1930-50. The numerals show the totai
decrease in westerly declination observed between these two epochs, in degrees and minutes.

Stations for which the declination at 1908-50 is given by Beattie (19144) have been
similarly corrected to epoch 1930:50 by means of map 4, which shows lines of equal change
between these two dates. Beattie and Morrison’s observations for stations in South-West
Africa (Beattie 19145) have been corrected for diurnal variation, and reduced to epoch
1908-50 at the rate of 9" per annum (taken from the secular variation curves for five stations
there which were reoccupied in 1916 (Brown 1921).

Later observations in South Africa (Beattie 1917) have been reduced to epoch 1908-50
at rates given by the slope of the secular variation curves for neighbouring stations.

Father Goetz’s observations of declination at stations in Rhodesia have been corrected
for diurnal variation, then reduced to epoch 191450 at the rate of 14’ per annum found for
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Bulawayo and Fort Usher. For the change between this epoch and 1930-50 a correction
of 3° 00" has been made (equal to that found at Bulawayo and Victoria Falls).

To determine the general trend of the isogonal lines to the north of the river Zambesi,
use has been made of observations taken by Beattie and Morrison in 1909 and by F. Brown
in 1920. To the former an arbitrary correction of 3° 30" has been applied, and to the latter
one of 1° 10"
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Map 4. Change of declination between the epochs 1908-50 and 1930-50. The numerals show the
total decrease in westerly declination observed between these two epochs, in degrees and minutes.

These corrections are based on the following data:
Four of the 1909 stations were reoccupied by Brown in 1920. The changes in declination

observed were:
Victoria Falls 2° 30 Mopea (Mapia) 2° 48’
Broken Hill 2° 18’ Chinde 2° 47’
Two of Brown’s stations were reoccupied in the present survey. The changes in declina-
tion observed were:

Victoria Falls 1° 26’ Beira B 1° 00’
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The observations of declination made by da Fonseca & Vaz (1925) at stations near
Lourengo Marques in 1924 and 1925 have been corrected for diurnal variation on the
basis of the Cape Town Observatory curves for the appropriate season of the year, and then
reduced to epoch 1925-00 at the rate of 14’ per annum. A correction of 40" was then made
to reduce them to epoch 1930-50.

Earlier observations by Chaves (19o8) and Metzner (in da Fonseca & Vaz 1925) in
Portuguese East Africa were similarly reduced to epoch 1907-00 and a correction of 4° 51
applied to reduce them to epoch 1930-50. (These corrections are based on the secular
variation curves for Boane and Matola.)

Observations at three stations in Angola (Brown 1921) were reduced to epoch 1908-50
at the rate of 8’ per annum, then corrected to 1930-50 by means of map 4. This rate is
the mean between those for Boma (to the north) and Swakopmund and Windhoek (to
the south). '

Inclination

Figure 4 shows the secular variation of the inclination at a number of stations. The
variation is almost linear everywhere except in the neighbourhood of Durban and Lourengo
Marques, where the secular rate appears to have decreased since 1916. That this decreased
rate does not extend far west is shown by the graph for Bloemfontein since 1916; it is
closely parallel to that for the neighbouring station of Karree, for which earlier values
are known.

It is unfortunate that three of the four stations occupied twice in the present survey
were reoccupied at a time when the inclination-inductor was not giving reliable results.
The direct determinations of the secular rate between 1928 and 1930 are 3’, —2' and —18’
per annum at Hutchinson, Orange River, and Matjesfontein respectively. This irregularity
naturally throws some doubt on the accuracy of the other observations of inclination
made during 1930.

It has been assumed that the secular variation is linear at all stations, and the secular
rate has been determined for stations occupied in the present survey by dividing the
difference between the new observations and those for an earlier date by the time (in years)
between the observations.

These rates have been plotted on map 5. They show great geographical regularity, and
the isopors drawn everywhere agree well with the observed values.

Reduction of the inclinations observed in this and earlier surveys to epoch 193050 has
been made by applying a correction equal to the secular rate (found by interpolation
between the isopors on map 5) multiplied by the appropriate number of years.

Horizontal intensity

At every station reoccupied in the present survey it is found that A has diminished at a
very high rate—often more than 100y units per year. (105y units=1 gauss.) At those
stations, 34 in all, where the value of H is known for two dates prior to the present survey,
its rate of change in the second interval is everywhere greater than in the first, though
the deviation from linearity is not very great.

An attempt was made to express the secular variation of H at these stations by an

equation of the form H—H,+ At+ B2
=H, ,
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where ¢ represents the date of the observation. The values obtained for the coefficient B
showed little geographical regularity, but seemed to depend chiefly on the date at which
the middle observation was taken (indicating that the deviation from linear would require
terms of a higher order than B# to express it).
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Marp 5. Inclination isopors, showing rate of increase of southerly inclination between 1903
and 1930, in minutes of arc per annum. (Rate assumed to be linear.)

‘This deviation was further investigated for stations at which the value of H was known
for a number of dates, including the epochs 1903-50 and 1930-50. The stations selected were:

Matjesfontein A Orange River A
Hutchinson A , Mafeking

From each of the observed values of H at these stations was subtracted the ‘linear
value’ (i.e. what its value would have been if it had varied in a linear manner from 1903-50
to 1930-50). This difference was called the ‘deviation’.

When this ‘deviation’ is plotted as a function of the date it is found that the values for all
four stations can be fairly well represented by a single smooth curve, as shown in figure 6.

Up to 1913 the points are numerous; after that date a long gap exists, but the slope of
the curve at the end is partly determined by three points for 1928-0.
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It was decided to assume that the ‘deviation’ at all stations was given by this smooth
curve. To determine the ‘linear value’ of H from any observed value, the ‘deviation’ at
the date of observation must be subtracted. The ‘linear rate of change’ at any station is
found by dividing the difference between the ‘linear values’ at any two dates by the
difference between the dates. This ‘linear rate’ should be equal to the mean secular rate
between 1903-50 and 1930-50. The actual secular rate at any date is found by adding the
slope of the ‘deviation curve’ at that date to the ‘linear rate’ for the station concerned.
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Ficure 6. ‘Deviation’ of H from linear value, i.e. amount by which the observed value exceeds
that found by linear interpolation between the values at the epochs 1903-50 and 1930-50. The data
for the four stations Matjesfontein A, Orange River A, Hutchinson A and Mafeking are shown by
separate symbols.

Map 6 shows the dependence of ‘linear rate’ on geographical position. For stations
for which the 1903:50 value is given in Beattie’s Report (19og) this has been computed
between that value and the ‘linear value’ found in the present survey. For other stations
the earliest available observation has been reduced to ‘linear value’ and the rate calculated
between that and the linear value found in the present survey.

The lines of equal linear rate drawn on map 6 are in fairly good agreement with the
observations. The worst misfits are:

Umtali Discrepancy 11y per annum. Location of previous station
unknown. Much local disturbance in district.

Kalkfeld Discrepancy 7 or 8y per annum. Local disturbance shown

Bethlehem by differences between stations A and B in present

Swakopmund survey.

Queenstown  Discrepancy of 5y per annum. Location of previous station
unknown.

Pessene Discrepancy of 4 or 5y per annum in spite of fairly accurate

Machadodorp . reoccupation of stations.

Vor. 240. A. 34
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Correction to epoch 1930-50

All the results in the present survey have been reduced to ‘linear value’ as described
above, and then corrected to 1930-50 at the ‘linear rate’ found for that station.

For the remainder of the stations in Beattie’s Report the 1903-50 values have been cor-
rected to 1930-50 at the ‘linear rates’ indicated by the isopors on map 6.

For other stations the observed value has been first reduced to linear, and then corrected
to 1930-50 at the rate indicated by these isopors.
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Mar 6. Horizontal intensity isopors, showing ‘linear value’ of rate of secular Variation, i.e. mean
rate between epochs 1903-50 and 1930-50, in y units per annum. (105y units=1 gauss.)

Observations for stations in South-West Africa were corrected for diurnal variation
then reduced to epoch 1908-50 at a rate 10y per annum less than that given by the ‘linear
rate’ isopors, as the deviation curve has an upward slope of about 10y per annum in this
region. These values were then reduced to linear and corrected to epoch 1930-50 at the
rate indicated by the isopors,
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ExXAMPLES OF THE METHODS USED IN REDUCING OBSERVATIONS
TO THE EPOCH 1930-50

The following examples illustrate the methods used in reducing the observed values of
the magnetic elements to their probable value at the epoch 1930-50.

Angular values in the data used (latitude, longitude, declination and inclination) have
been corrected to the nearest minute of arc.

Where possible the geographical co-ordinates have been confirmed from the 1:500,000
topographical maps of the Union of South Africa recently published by the Irrigation
Department. When either the latitude or the longitude was found to be in error by more

A A

OF

) §

SOCIETY

OF

than 2’ the value scaled from the map has been substltuted
A. Method used for stations in Beattie’s Report (190g)
Station: GRAAF REINET
Latitude 32°17’S. Confirmed from map
Longitude 24° 36’ E. Corrected from map to 24° 32’ E
Declination
Value given for 1903-50 ... 26° 58' W
From map 3, change in D 4° 56" E
Value deduced for 1930-50 ... e 22° 02' W
Inclination .
Value given for 1903-50 . 60° 35’ S
From map 5, change in (27 years at 6’ 95 per annum) 3° 08’ S
7 Value deduced for 1930-50 ... 63° 43’ S
Horizontal intensity
Value given for 1903-50 . 17,931
From map 6, change in H (27 years at 107 2')/ per annum) —2,896
Value deduced for 1930-50 ... 15,035
B. Method used for stations in South Africa for which the 1908-50 values are given (Beattie 19145)
Station: LEEuw KoLK
| Latitude 30° 25’ S. Confirmed from map
{ Longitude 21° 17’ E. Confirmed from map
Declination
Value given for 1908-50 ... 25° 54’ W
From map 4, change in D 3°43'E
Value deduced for 1930-50 ... 22°11' W
Inclination
Value given for 1908:50 . e e 59° 02’ S
From map 5, change in [ (22 years at 8’ 15 per annum) 2°59'S
Value deduced for 1930-50 ... e e 62° 01’ S
Horizontal intensity '
Value given for 1908-50 . . 18,219
Correction to ‘linear value (figure 6) . . - 115
From map 6, ‘linear change’ in H (22 years at 106- 67 per annum) —2,345
Value deduced for 1930-50 ... 15,759

34-2
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C. Method used for stations in South-West Africa (Beattie & Morrison 1912)

Station: GRUNDOORN
Latitude 27°26’S. Confirmed from map
Longitude 18° 15" E. Corrected from map to 18° 11’ E

Declination
Observed value, 1909-10 25° 10' W
Correction for diurnal variation . 1'E
Correction to epoch 1908-50 (0-6 year at 9 per annum) 5 W
From map 5, change in D - 3°15'E
Value deduced for 1930-50 ... ... .. .. .. .. .. 21° 59’ W
Inclination
Observed value, 1909-10 56° 32’ S
Correction for diurnal variation . . I'N
Clorrection to epoch 1908:50 (map 5) (0 6 year at 9" 35 per annum) 6’ N
Correction to epoch 1930-50 (22 years at 9"-35 per annum) .. 3°26'S
Value deduced for 1930-50 ... 59° 51’ S
Horizontal intensity -
Observed value, 1909-10 18,836
Correction for diurnal variation ° e - 20
Correction to epoch 1908:50 (0-6 year at 897 per annum) 53
Correction to ‘linear value’ (figure 6) . .. — 115
From map 6, ‘linear change’ in A (22 years at 99- 47 per annum) - —2,187
Value deduced for 1930-50 ... 16,567

D. Method used for stations in South Africa for which the 1908-50 values are not given (Beattie 19177)

Station: JACOBSDAL

Latitude 29°09’S. Confirmed from map
Longitude 24° 46’ E. Confirmed from map

Declination
Observed value, 1914-51 . 23°10' W
Correction to epoch 1908-50 (6-01 years at 12’ per annum) 1°12" W
From map 5, change in D . . 4°12'E
Value deduced for 1930-50 ... m
Inclination
Observed value, 1914-51 60° 17’ S
From map 5, change in I (15-99 years at 7’ 4 per annum) 1°58'S
Value deduced for 1930-50 ... ... .. . . L. 62° 15’ S
Horizontal intensity
Observed value, 1914-51 17,599
Correction to ‘linear value’ (ﬁgure 6) . .. — 141
From map 6, ‘linear change’ in H (15 99 years at 105 2y per annum) —1,682
Value deduced for 1930-50 ... 15,776

E. Method used for Father Goetz’s stations (Goetz 1920)
Station: EMPANDENI
Latitude 20° 42'S

Longitude 27° 53" E} No map available for verifying these
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Declination
Observed value, 1916-54 16° 31’ W
Correction for diurnal variation . -0
Correction to epoch 1914-50 (2-04 years at 14 per annum) 29' W
Correction to epoch 1930-50 (see p. 263) 3°00'E
Value deduced for 1930-50 ... v 14° 00' W

Inclination and horizontal intensity
As in example D

F. Method used for stations north of the Zambesi (Beattie & Morrison 1912, Brown 1921)

Declination
For Beattie & Morrison’s stations, occupied in 1909, a correction of 3° 50’ has been sub-
tracted from the observed values of the westerly declination.
For Brown’s stations, occupied in 1920, a correction of 1° 10" has been subtracted (see p. 264).

Inclination and horizontal intensity
As in example D

G. Method used for stations near Lourengo Marques (da Fonseca & Vaz, 1925)

Station: XEFINA GRANDE

Latitude 25° 55’ S

Longitude 32° 41’ E} No map available for verifying these

Declination
Observed value, 1924-76 15° 06’ W
Correction for diurnal variation (Cape Town Observatory curve for October) 6'E
Correction to epoch 1925-00 (0-24 year at 14’ per annum) . 3'E
Correction to epoch 1930-50 (see p. 265) 40’ E
Value deduced for 1930-50 ... 14° 17" W

Inclination and horizontal intensity
As in example D

P. Method used for stations occupied in the present survey

Station: GINGINDHLOVU

Latitude 29° 04’S. Corrected from map to 29° 02’ S
Longitude 31° 35’ E. Confirmed from map

Declination _
Summary of observations
local observed diurnal corrected
date mean time value variation value
13 July 1928 150 57m 17° 312 W 3 0E 17° 342 W
14 July 1928 10 32 17 401 41 W 17 36-0
14 July 1928 12 38 17 40-0 06 W 17 394
Mean declination at 1928-54 ... . . 17° 36”5 W
Correction to epoch 1930-50 (1-96 years at 2’ per annum) 4 E

Value deduced for 1930-50 ... 17° 32" W
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Inclination
Summary of observations
local observed diurnal corrected
date mean time value variation value
13 July 1928 13t 30m™ 63° 07°-0 S 06 S 63° 06"-4 S
13 July 1928 13 52 63 06-2 0-8 63 05-4
14 July 1928 16 53 63 050 26 63 024
15 July 1928 9 18 (d.v. curve maximum) 62 599
15 July 1928 14 50 (d.v. curve minimum) 63 07-8
Mean inclination at 1928-54 ... .. 63° 044 S
Correction to epoch 1930-50 (map 5) (1 96 years at 4' 9 per annum) 968
Value deduced for 1930-50 ... 63° 14" S

Horizontal intensity
Summary of observations

local observed diurnal corrected

date mean time value variation value

13 July 1928 162 25m 15808 —13 15821

14 July 1928 11 02 15834 +5 15829

14 July 1928 12 11 15823 + 2 15821
Mean horizontal intensity at 1928-54 ... 15,824
Correction to ‘linear value’ - 34
Correction to epoch 1930-50 (map 6) (1 96 years at 99 57 per annum) —195
Value deduced for 1930-50 ... 15,595

In table 2 (at the end of the paper) are collected the data for 729 stations occupied in the
various magnetic surveys since 1900. The stations are listed and renumbered in alphabetical
order. In column 3 is the number (if any) allotted to this station in the source from which
the original data were obtained. This source is indicated by the numeral in column 4, and
explained in the footnote to the table. The letter in this column indicates the method adopted
in correcting the data to epoch 1930-50, as described in pp. 269-72. The latitude and
longitude are next shown, and the next four columns give the original magnetic data used.
The three final columns show the values of the three magnetic elements at the epoch 1930-50.

These corrected data have been used in the preparation of magnetic maps on which
isomagnetic lines have been drawn.

Map 7 shows the positions of the stations in table 2, the stations being distinguished by
the number allotted to them in that table. Maps 8, 9 and 10 show respectively the iso-
magnetic lines for declination, inclination, and horizontal intensity.

As suggested by Ljungdahl (1936, 1937), the observed values of these elements at each
station are not shown on the maps; instead a symbol is used, indicating how closely the
observed value at each station agrees with the value found by interpolation between the
isomagnetic lines. These lines are highly smoothed, and arranged so that the spacings
between them increase or decrease gradually. They are drawn sufficiently close together
to justify linear interpolation between adjacent lines.

Thus the isomagnetic lines drawn make no attempt to conform to local magnetic dis-
turbances, even when large anomalies are found at a number of neighbouring stations.
For most purposes the lines are more useful if they indicate the average conditions. Even
if this were not the case, the intervals between the points of observation on the present maps
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are so large that even if the isomagnetic lines conformed exactly to every observed value,
it is improbable that they would represent the true values of the elements at points where
no observations are available any more accurately than the smoothed lines do. For the
occurrence of anomalies is apparently accidental, as the term is understood in the theory of
errors, and agreement of still unobserved values with any prearranged system of lines would
be accidental also. Close representation of all the observed values does not improve the
map as a means of estimating values at points where no observations have been made
(McFarland 1930).

On the other hand, with a highly smoothed system of lines such as those on the present
maps, the relation of the lines to observed and unobserved values can be expected to be
about the same. The actual observations may be regarded as a random sample of all
possible observations. Thus in the region within about 200 miles of Cape Town the symbols
on maps 7, 8 and 9 show that nearly all the observations are in close agreement with the
values indicated by the isomagnetic lines. It seems reasonable to suppose that at the
majority of other places in this region the agreement would be equally good. On the other
hand, to the north-west of Lourengo Marques considerable anomalies occur at a large
proportion of the stations, and anomalies of the same order of magnitude would be liable
to occur at other points in this region.

An isolated anomaly of unusual size shows the existence of a magnetlc dlsturbance, but
gives no indication of its form or extent. Its representation by a special symbol on the map
serves as a warning that as one anomalous value has been found others are to be expected.

The main practical advantages of this type of magnetic map have been summarized by
Ljungdahl (1936, 1937) as follows: v

The map shows clearly to what extent the values given by the isomagnetic lines have
been ascertained by observation, each observation being indicated by a symbol. Where no
symbols are shown observations are lacking (as on a mariner’s chart in parts w1thout
soundings).

Within the surveyed areas disturbed and undlsturbed regions are clearly distinguished,
and the average amplitudes of the irregularities may be estimated easily. The symbols at
the points of observation are chosen so that by their magnitude they show at a glance the
magnitude of the local disturbance at these points.

Within unsurveyed areas the most probable value of the magnetic element is given.

Even on small-scale charts most of the details of importance may be indicated.

It is possible to add values from new stations without altering the details already
given.

When suitable data of secular variation is available, the epoch of the map may be changed
by simply changing the position of the isomagnetic lines.

In concluding, I wish to express my thanks to the following:

The South African Government’s Research Grant Board, for a grant covering about
one-third of the expenses.

The Department of Terrestrial Magnetism of the Carnegie Institution of Washlngton,
for grants covering the remainder of the expenses, and for the loan of most of the apparatus
used.


http://rsta.royalsocietypublishing.org/

A\

/ y

A

a
{ B
L 2

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

yA \
V. \
AL A

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

274 E. N. GRINDLEY ON THE EARTH’S MAGNETIC FIELD IN

The Physics Department of the University of Cape Town, for the loan of further
apparatus.

Professor Ogg, now Director of the Cape Town Magnetic Observatory, for much help
and advice, and for supplying the Observatory data used in this paper.

Professor Schonland, Director of the Johannesburg Geo-Physical Laboratory, and the
Astronomers Royal, the late Sir Frank Dyson, and Dr H. Spencer Jones, for much help,
advice, and encouragement.

Mr J. P. T. Viljoen, for assistance in making some of the observations.

Thanks are also due to a large number of persons with whom the work brought me in
contact at the various places visited, in particular Director Peres and Assistant-Director
Soares of the Lourenco Marques Observatory. The large amount of friendly assistance
received everywhere contributed greatly to the success of the survey.
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