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A MAGNETIC SURVEY OF TREGLAND IOR EPOCH 1959.5

Introduction

A detailed magnetice survey of a country, even as small as Ireland, is
a major operation, involving considerable organisation, time and expense.
Tho rosult is that such surveys are not mnde as Irequently as is desirable.
To overcome this difficulty, the Irish Meteorological Service docided to
sot up a limited numbor of Magnetic Survoy stations, which would provide an
obgervation neiwerk, conforming clesoly to that recommended by the IAGA
Committeo No., 5 on World Magnotio Survey, and at which magnetio survey

obgsorvationa could be convenienltly made at frequent intervala.

Advantago was taken of the fact that the Neteoorolopical Sorvieca
alroady had under itse control a network of synoptie reporting stations which
are well situated for tho purpose in mind, and that an officer of the
Service on inspection duty vigits these atations at rogular intervals,
Avcordingly, during an inspection tour of the reporting stations in 19358,
one of us (Mr, J. Byme) selected sites for tho Magnetic Survey
cbgervationa clogo to or within the grounds of cach of the eleven synoptie
stations, and those together with Valentia Observatory form tho survey
network of twelve siations, which aro listed in Table 1.

During the next inepection tour of synoptic stations in 1959 the
neoersary nagnotic equipment (see para. 4 below) was carried and the

survey completed.

Salontion and Marking of Sites

The coxact siie of each obacrving station wae chosen so ag to be [ree
from all possible disturbing magnetie influonces, could be cxpectod to
remain free from such influences in the foreseeable future and at which
a suitablo permancnt roference objeet or "azimuth mark" was availablo for
thko Doclination observations. Figs. 7 - 17 show the positions of the

6itos with refercnce to thelr surroundings and the metcorological station.

The chosen site was marked by means of a concrete slab, buried about

18 in. below the surface of the ground. A small hole in the contre of the
slab was ueed to provide an exaet location,

A full deseription of tho looation of this conerete slab, including
megsured distances from well defined refersnce points, was prepared so as (o
facilitate discovery on all future occasions. Discovory was also
facilitated by meana of a wooden pep driven into the ground se that its top

wag lovel with the surface and vertically over the hole in the slab,

Procodirse

Tho survey was completed during the period June 2nd to July 2nd, 1959,
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The tour began at the control station - Valentia Qbservaltory - whero
control observations were made with each of thoe instrumentis. All oleven
outstations were then vigitod and tlheo tour ended at the starting point,
whore control observations woroe again made with cach of the instrumenie,
This schedule allowod about two days at each stacion, during whieh time at
least two and generally three or four sets of obsgervations wore couwploted

with each Iinstrument.

Instrumenta used

Tho instruments used for the magnetic observations were au

followvs:

(a) Declination and Ilorizontel Intensity ......... QM Ne, 186
(b) VYortical IntenBily ....ocescecesesrnvaassssese IIMZ No. 112

A second QIM (No, 184) was also carriod, but tho suspensioen of this
ingtrument broke ocarly in tho survey, so the tour was completod with ono
QGl only. Howeveor, this did not affect the survey aa the two (§IM's werc

carried mainly to provide for such a contingeney,

A full description of the QIN instrument and its use for Horizontal
intenslty moasuroments is given in [1]. A deseription of the wethod used

for meapuring Declination with this instrument is given in [2].

A full degeription of the RMZ ipstrument and its use for Vertical
intonsity observations is given in [J].

Othor eyuipment, earriod on tho survey, consisted of a Wild survoeyor's
thoodolite (kindly lent to the Meteorologleal Servieo by the Irish Ordnanco
Survey) for azimth doterminations, two acourately ratod pocket watches and
two stop watohes, and finally a rectangular tent, specially dosignoed for
magnetic field work,

Azimuth Measuroments

To define the azizsuth for Deelination obgervations, reference objects
wore chosen which i{ was oonsidered would remain permanent and in olear view
from the sito for magnetie obsecrvations in the foreseeable futlure. The
method used for tho determination of azimuths was a variation of that
described in pages 56 - 59 of [4]. The Wild theodolite lent by Irish
Or<dnanco Survey was used for the ehservations. At some stations Lhe
azimuths of the rofercnce objecta wore not determined during tho =zoturl
survey tour, due to the sun not being visible, In such cases the necessary

observations were carried out during a subsequent visit to the stations
concernod,




Control Centre

Tho control centre, to which all the survey observationas wera
referred and at which continuous recurds wore available to provide
instantancous deviations from the mean values at each particular time of

observation, wae Valentia Observatory.

The magnetic recording equipment available at this station

consists of:

{(a) a standard La Cour 15 mm recorder, with a set of La Cour
H, D, and Z Yariometers.
(b) a La Cour 180 mm (Quick-Run) recorder with a seccnd set of

La Cour H, D and Z variomctors,

A full description of these instruments and the reeorders will be
found in [5], [6] and [7], while a description of the site and the absolute

and variometur huts will be found in [8].

The instruments used for base line detomminations during 1959

werog

Deelination and lorizontal Intemsity....Ruska Obs. Magnotometor No.5917
Vcl"l.icﬂ.l IntODSit)’.................................mz NO. 66-

Calibration of the Survey Instruments

The magnetic instruments used durinz the survey (para. 4 above),
forn part of tho equiprent, which is used regularly at ¥alentia Qbservatory,
in addition to tho baso line instruments, reforred to in para. 6 above,
A regular comparison is therofore available, showing the agreement between
the data as observed by tho survey instruments and the Valentia base line
instruments. The following table shows the error in the survey ingtrumenta
with roferemce to the corresponding Variometer base line instrument at the

beginning and at the end of the survey tour,

Corroction to reduce to the

Element Survey value, siven by base line instrument
Instrument At beginning of At end of
Survey Tour Survey Tour
Declination QM No.186 + 3.0 0.0
Horizontal Intensity QIIM No.186 + 2.2y + 3.0y

Yortical Intensity NZ No,112 + 1.0v - 3.0y
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The Valentia base line instrumonts have also been compared with othor
obgorvatory standards as followa;

MZ Ro,66: This instrument has beoa cemparod annually with the Dye Coil,
originally installed at Abinger ond now ingialled at
Hartland Kagnetic Station. Ian Jamuary, 1959, the rosult of
this comparisea showed that the IIZ Ne.66 was giving results,
which wore 5,4y higher than the Jiartland Dye Coil, The
congtant of INMZ No,.66 waa therafor» adjusted to bring the
results into agrooment with the Dye Goil valuea.

In February, 1960, INZ No.G6 was again compare? it Jhe
Hlartland Dye Coil eznd tho result showed that tho [MZ was
reading only 0.5y higier than the Dye Coil, Thus, during

the poeriod of the survey, the Valentia base line stendard for

Z may be taken as being in agreement with the Hartland standard,

Rusgka Obsorvatory MaTnetomotor:

During the period 19/6/359 to 2/10/59, thias instrumont was
eompared with threo QM inatrumentis, reeeived from Copenhagen
and uged as travelling stagdards by the Commitiee on
Conparison of Magnetie Standards of the IAGA.

The mean differenee botween the results obtained with the
Ruska Magnetometer and those obtained by the three QIM
travelling standards were as follows:

Rugka - QIM No, 90 = 4+ 1.2 Gaoma
" QM Ko. 91 = + 0.6 -
" QI¥ Ko. 92 = + 0.9 "

As these three QIl's wero ealibrated at Rude Skov Observatory,
immediately prior to dispateh to Valentia, the valuos obtained
with them may be taken as representing the Rude Skov Jtandar..

Roduation of the Qbgervationa

The values, obtained by tho survey instruments, were first of all
corrected to agree with tho Valentia bage lins instrunents, using the
woan of the differences as found at the beginning and at the end of the
survey tour, (See para. 7 above), For eash individual time of
ebgervation at the survey station, the value of the instantanoous
deviation of the magnotic element from the base line value was computed
from the Valentia magrnetegrama for the corresponding loecal time,
Combining this inatantaneous deviation with the base line value, gave

thoe Yalentia value (E'] for the same leosal time as the survey value IEB.
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The Annual Mcan Value (for all days) fer 1959 (Em) was computed

from the hourly means values, tabulated from the magnetograns,

The value for the survey station reduced to epach 1939.5 w.us then
obtainod from the equation:

Elemont for Survey Station at 1959.5 = B, - E_ + B .

Thia method of reduction doesa not allow for the changog in tho diurnal
variation with latitude, but in a small country like Ireland, the orivor so
invelved is small, A check on the magnitude of this error was obtainocd by
making at least two observations and genorally three or four far aach
element, on different days and at differont times. The rozult of this
chock showed that even though the instantanecus deviatioas in the olements,
as recorded at Valentia, varied ovor quite a wide range, the uweszn errors in

the reduced values for the survey statisns were quito small, The actual
values were as follows:-

(a) For tho four stations in the Northern half of the country
(Malin Head, Belmullet, Clones and Claremorris)

Declination - mean error =% 1,0

L3y
J.Oy

Horizontal Intensity n " =

[ b

Yertical Intensity n " -

(b) For the seven stations in tho Southorn half of tho country

Declination - wean error =% 0'9
Horizontal Intensity " " =t 35y
Vertical Intensity " " =t 5.3y

9. Normal Yaluoa of the Elements s

For the purpose of cowparison with a more dotailod aurvey ‘iade for
cpoch 1950.5 [9], the equation for each of the elomonts, as a funstion
of tho latitude and longitude of the atation, was eomputed, Bach of the

elements may be represented by an equation in the form:
E = A(@=-5) + B(A=-9)4+c¢C

where ). 18 the longitude West and ¢ the latitude North in dogroes and
A, B and G aro constants.

Using the mothod of loast squaros, tha equations obtained were:

D" = 0.343 (¢ - 50) + 0.584 (A = 5) + 9776 vevvunnn.. (1)
= =459.6 (0 - 50) - 10,5 (A = 5) & 19118 v.uvennn.n.(2)
2V m 472.5 (& - 50) + 62.8 (A= 5) + 42950 uvunrnnrnn(3)

o
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In the case of Doclination, which ia measured positive towarde the West,
the valuo obtained for Birr was obviocusly muech too low in ecrparigon with

the four stations Shannon Airport, Claremorris, Mullingar wad Zilkeany,

.which form aa area of whioh Birr is the approximate centre. The value

obtained for Birr, therofore, was not used in the cowputation of the
normal equation for Declination, nor in drawing the true isogonals in
Flg. 1.

These threo equations giveo tho unormal values of tle magnoties
volunenta and tho isogonals and isodynanic lines, dorived from them are

shown on Figs. 1 - 3.

3imilar equations for the 1350 Survey given in [9] wore:-

Q

D° = 0.248 (@ - 50) + 0.535 (A = 5) ¢ 11.21 vvevnnnvns(4)
W o= <472 (V= 50) = 47.8 (A =5) 4 19011 vurnnennnn..(5)
27 = 448 (F - 50) + 65 (A= 5) % 42909 teiririrnnnnnn.(6)

For comparison purpopeasa, the i{sogonal and isodynamie lines, derived

from both sets of equations have b2on drawn in Figs. 4 - 6,

Ia the caeo of all threo elewontu, the sgrecmont is os elose as
could be oxpeeted, vonsidering that the form of the equations 1s so
dopendent on the values oblained at tho individual statlons, where local
anomalies are likely to exiat, and in no case was a station, used in the

1950 survey, ro-occupied during tho 1959 survoy.

Avonnlien

The valuos of the elemonts, observed at oach of the statlons, are
givon in Table 2, Alpoa, given In this table, are tho normal values for
cach station, as eomputed from equations (1) ~ (3)abova, The differcnces
Lotween tho ebeerved and calculated fiormal) values are given in the third
column of the table, These differencea are generally eonsidered as
peasures of the "anomaliocs™ at tho aetations, lut this is only in a very

gereral way, as they depend sa much on the fit of the equaticens,

The values of these so called "enomalies" have boen plotted in
Figa. 1 - 3, the value appropriate to oach atation having been plotted to
tho rifght of the atation eircle, auzd the obeorved value to the loft of the
station cirele, The true inolinea, whieh take mccount of these anomsalies,
kave beon drawn on Figse. 1 - 3.

Cocnarinon of Norwmal VYalues for 1939 and 1950

In Teble 3 are given the normal values of the throo elemouts for
the 1950 earvey, aB coxputod from equntions(4)-(6)for enoh of tho stationa
uged during the 1959 garvey. The changes in tho normal valueoa for eaih
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elemont, during the nine years, havo alse been tabulated {n Teble J.

(a)

(b)

(o)

. From Lhage changes, the followiny uay be dodneod;

Doelination has desreascd b7 &1 average of 59.'3 ovor thLa
whole country., Tke rate of decrosss was greatast In the
South snd dcereasod to the Nerth and West., The equation
for the change ern be obtaired by subtracting equationa
Q)eaad ), giving a rosult:

Diyso = F095(7 - 50) + F.049(A- 5) = 1.44heen. (D)

P19s9 -
For Valontia Observalory, the cowpated charge for thia i.ca

yeara glvea a desrvaso of 60!2, The actual chsays, besed on

the annual momn valueas at thia station, was a draranse of
6216,

llorizontal Intensity inorvascd Yy cn average of 260y gver the
wholo country, the rate of inoreace beiny greateat in the

VWost and North and least in tle Baat and Bouth, The equation
for the change can be obtainod from equations @)and 6),giving:

Hyg59 = g5 = 124 (F = 50) + 37.3 (A =5)+ 107 ......(8)

For Valeutia Obgorvatory, thte ceopated ohange for the nine years
gives an insrvase of 327 gasaa, The matual change, based on
the anrual wean valuvs for the station shows an increase of
30ly.

Yortical Intensity inoreased by an average ¢f 11Jy over the
whole country., The rate of ohange inoreased from South to
North, The equation for the change can bLe obtained from
oquations 6 )end @ }and glvea:~

Z1059 ~ F1950 = He3 O = 50) = 2.2 (A = 5) + 41 cevriiii(9)

For Yalentia Obgervatory, the carputed change for the ninoe
years gives zn {nervase of 76y, The actual change, based an
tho annual mozn valuss at the atatios, shows an inorease of
10y, The agreement in thia czze {a not as geod as for tha
other two elexonts, probsadly in part dus to the fast that
prior to 1954 the only Vortieal Intenmity data available for
Yalentia wan ecxputed from Horizontal Intexzaity amd thae Dip

as weagured by mozns of a dip virole,

It wast be romembered, however, thut cquations (7},8)and(9)are unlikely to

prove very reliasble, if spplied outside the survey area, sa in a survey of

this type, confimed to & vory narrow range ef ¢ and A s, the ecefficients

of ¢ wud A depend very mueh ou tho form of the equation used and the lecal

gaozalios at the individual atatious, and as previously stated, in no ecase

wag zuy ntatiom of tho 1950 curvey re-occupied for the 1959 survey.
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Location of Stations used during the Survey

Station

Goographie Co-ordinates

Geomagnetic Co-ordinates

Latitude (N)

Longitude (W)

Latitudo (N)

Longitude (L)

Malin llead
Dolmullet
Clones
Claremorris
Nullipgar
Baldonnel
Birr
Shannon Alrport
Kilkenny
Rosslare
Yalentia

Rochos Peoint

22°
14"
11°
43"
3
18°
05’
42
40"
15*
56'
48"

07°

10°

07°

09°

07°
06°

07°

20!
0o’
14!
00"
21°
26"
24"
56"
16"
20"
15*
15

5923
5678

58%2

5821
57%6
57°2
5773
57°1
5628
5692
5696
5621

7877
7501
78%0
7599
7795
78°3
7626
7573
77%0
77°8
73°5
7545




Table 2 Observed and eomputed values of the Magnetic Elerente

DECLINATION HORIZONTAL INTENSITY VERTICAL INTENSITY

Station Observed  Calculated (0) - (C) Observed  Calculated  (0) - (C) Cbserved  Calculated  (0) - (C)

(0) (c) (0) (c) (0) ()

o o !/ ' y Y Y y Y y
Malin Head 12 40.8 12 58.1 - 17.3 16661 16626 35 45687 45633 54
Belmullet 14 25.4 1, 08.2 17.2 17019 17122 -103 45209 45262 -53
Clones 12 38.3 12 30.1 08.2 17148 17174 ~26 44944, 45065 -121
Cl. . morris 13 12.6 13 22,7 - 10,1 17359 17366 -7 45072 44959 113
Mullingar 12 28,1 12 20,7 07.4 17529 17476 53 44764 44761 3
Baldonnel 11 49.3 11 44,0 05.3 17644 17587 57 44550 44599 -49 '
Birr 12 06.8 12 31.0 - 24,2 17643 17672 -29 44632 44587 45 o
Shannon Airport 12 54.7 12 59.2 - 04.5 17873 17836 37 44452 L4472 -20 '
Kilkenny 12 03,8 12 00.5 03.3 17892 176867 25 44310 443545 44
Resslare 11 15.4 11 18,9 - 03.5 17976 18070 -9 44204 44056 108
Yalentia 13 22.9 13 29.6 - 06,7 18252 18176 76 44215 44191 24

Roches Point 12 18,1 12 16,9 01,2 18232 18257 -25 43929 44,004 -75




Takle ) Computed valuck of thn Elenonts for 1559 and 1950 Surveys

DIL.CLINATION HORIZONTAL IKTENSITY VERTICAL INTENSITY
Station 1959 1950 Change 1959 1950 Change 1959 1950 Change
1959-1950 1959-1950 1959-1952
0 " 0 0 ) y 7 Y y ¥ Y
Malin Head 12° 58,1 13° 47.3 =49.2 16626 16365 261 45633 45456 167
Balmullet 1, 08.2 14 956.0 -47.8 17122 16775 347 45262 45129 133
Clones 12 30,1 13 26.4 -56.3 17174 16931 243 45065 44927 138
Claremorris 13 22,7 1, 16,4 -33.7 17366 17064 2 44959 44836 123
Mullingar 12 20.7 13 20.4 -59.7 17476 17237 239 44761 44639 122
Baldonnel 11 44.0 12 47.4 -1 03,4 17587 17385 202 44599 44480 119
Birr 12 31.0 13 31.6 -1 00,6 17672 17419 233 44587 44477 110
Shannon Airport 12 59.2 13 58,9 -39.7 17836 17549 287 L4472 44374 098
Kilkenny 12 00.5 13 05.2 ~1 04.7 17867 17642 225 44354 44253 101
Rcsslare 11 18.9 12 28,8 -1 09,9 18070 17685 185 44096 44003 093
Yalentia 13 29.6 14 29.8 -1 00,2 18176 17849 327 44191 44115 076

Roches Point 12 16,9 13 23.8 -1 06.9 18257 18006 251 £4004 43927 077

—‘I—
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Fig. 8. Clones and surroundings

{heights are given in feet obove Irish Ordnance Datum)

A indicates site of Meteoroclogical Station.
B indicates site of Magnetic Station,
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Fig. 10 Claremorris and surroundings.
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A indicates site of Meteoroclogical Station.
- B indicotes site of Magnetic Station.
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Fig. 11 Mulingar and surroundings,
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A indicates site of Meteorological Station.
B indicates site of Magnetic Station,
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Fig. 12 Baldonnel and surroundings.
(heights are given In feet obove Irish Ordnance Datum)

A Indicates site of Meteorclogical Instrument Enclosure,
B indicates site of Magnetic Station,



Scale | 0 ! 2 Mites

Scale 100 e 100 200 300 400 500 Fget
Lol 1 | | l |

Fig. 13 Birr and surroundings.

(heights are given in feet above Irish Ordncnce Datum)

A indicates site of Meteorological Station.
B indicates site of Magnetic Statien,
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Fig. 14 Shannon Airport and surroundings

(heights are glven in feet cbcve lcish Ordnance Datum)

A Indicotes site of Meteorolojzical Instrument Enclosure,
B indicates site of Magnetic Statlon.
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Fig. 15 Kilkenny and surroundings.

(heights are given in feet above irish Ordnance Dotum)

A indicutes site of Metecrological Station.
B indicates site ot Magnetic Station.
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Fig. 16 Rosslare and surroundings.

(helghts are

A indicates
B indicates

given n feet above Irish Ordnance Datum)

site of Meteorological Office,

site

of Magnetic Station,
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Fig. 177 Roches Point and surroundings.

{heights are given in feet qgbove Irish Ordnance Datum)

A indicates site of Meteorological Station.
B indicates site of Magnetic Stetion.




