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ABSTRACT

Venious types of magnelometers, both absofute instruments and
varniometens, are used at geomagnetic obsenvatondies 4in the wonld. Aflen
briefly stating the differences, the distrnict advantages of the quanitz
sensons arne rneponted hene.

INTRODUCTION

Many of the neseanchens in the field of space physics and those
engaged 4n studies nelated 2o sofid eanth geomagnelism are using
Observatony daia extensively. As the numbern of permanent and
semi-penmanent Obsenvatories are <ncreasding, Lt 45 felt that propen
documentation of the installation procedures and cautious approaches fpor
accunate neconding of the geomagnetic giefd changes 4is highly essential
both fon the sclentific pensonnef wonking af the Obserwatony and the usen
community. An attempt Towands this (s made in this nofe.

A bried descrniption of the Obsernvatony nofe 4in the measurnements
is given in %the beginning and the specdifies of the widely used sensons in
the geomagnetic obsenvatony net wonk maintained by zthe Indian Institute
of Geomagnetism (1.1.G.) 4in the countrny are described in detalf fLater.

THE ROLE OF GEOMAGNETIC OBSERVATORY

A Geomagnetic Obsenvatory 4£s mandated with the negistnrnations of
the time changes of the geomagnetic {ield at thai place on continuous
basis uninternnuptedfy. Fon this, it is well known that thnee components
cithen the Honizontal (H), Ventical (Z) and Declinailion (D) or he
geoghaphicat Noath-Souzth (X}, Geographical East-West (V] and Z wile
sugfice to descrnibe the change 4in aff the parnamefens of the geomagneidic
4§ield. (Chapman and Bartles, 1940). Towands the end o4 1%th centunry,
continuous monitoning of the geomagnetic field was carnried out by the
photognaphic negistration, which, conveniently replaced the panstaking
eye-neading procedune adopted earnfieh.

Neanfy 90 pencent of the existing geomagneiic observatonies 4in
the wonld (about 350 pemmanent stations) ane necording H, Z and D
components of the geomagneiic gielfd.
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The nreconding unit along with the sensons, a magnelograph, L&
the back bone of a Magnetic Obsenvatory. In analogue mode o4
negistration, which +is »s1ifL zhe prnactice 4in many of Lhe develop4ing
countrnies, consists of a photogrnaphic neconden, field variaiion sensons,
sounce Lamps and Time manking units. A skeifch map of the scheme o0f
wonrking 48 gdven 4in Fig.T.

VARTOMETERS

In the year 1845 Chanfes Brook devised a self-neconding magnedo-
meten with a Light sounce, a minnon fon amplifying the magnelic movement
and a dnum wrapped with a photosensitive papern. In India AL was
intrnoduced at Cofaba, Bombay in the yean 1871.

A complete sel of vaniomedens (H, D, Z) similan o LThose Ain use
at the Kew Obsenvatony and made by Cambridge Scientigic Instrumenis
Company were 45 use ait Alibag [(Geographic £Lat. 18 deg 38§ min N and
geographic Long 72 deg 52 min E) sdince X8 nception L.e. grom 1904. 1In
August 1927 Watson Varniometen system was installed at Alibag. Frnom Augus
1944, anothen new set, known as La-cour and from 1977, state of the ant,
stable Quanitz Sensons IIMIRAN (Institute of Teanesinial Magnelism,
Ionosphene and Radio urve propagaiion Academy of Science enrnstwhife USSR,
afso known as Bobnrnov sensons) are in openaifion.

The main differnences between the Izminan and La-Courn variomelens

are stated befow :

Type of difderence La-Coun Izminan
1. Suspension of the Long Quaniz Clamped from both ends
Sensons in H £ D ALlbnes o4 Quarniz fibnre
zZ/ Pivoted on z - -Do--
knife edge
2 Sensitivity Through chodce 0§ Auxiliarny extemwmnal
controfl the suspension gibne magnets of zero

tempenaiturne coefficient

35 Damping Takes considenabfe Few seconds by
time (3 1o 4 min) provision of a

meitaf £Lc covern on
Asensing magne .

4. Tempe naiune Optically carnnied By cho4ce
out.
Compensation by the help of bima- malerniakl g4 densing
: taklic stnip magneXs with near zeno
: temp.coef gicient.
5. Take oven (when the Through making the Additional sounce

f4eld exceed the nange LAght path passing L Llumina ti Lamp .
0§ photopapen widt El%ﬂuﬁl iple RS P
known as nesenve specks prisms positioning
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GENERAL DESCRIPTION OF TIZMIRAN SENSING DEVICE

_ The magnet system and minrnons are housed in a airntignt nound
chaﬁbem 04 10cm diametern and 4cm thickness. Inside the chamben a quartz
nod 7em Long and of 4cm diamefen is gixed. The nod 48 fixed Lo ZLhe £4id o4
the chambern. The sensing magnet which 45 attached with a minron of about
4mm Length and 2Zmm width {5 f4ixed from a gquanilz f4ibre. The quanilz {ibre,
when fixed at two ends of the nod, the sensing magnet with the minron L8
being hanged at the centen of the red. The magnel with zThe mithon L5
§Loating on the §ibre when balanced by wsing an auxiliary magnel kepi
peapendiculan with the axis of the sensing magnet at one end of zhe
§ibre. The auxiliany magnet 45 used Lo cancel the main pant of Zhe
component o4 the eanth's field ai the place whenre the senson 45 nequinred
to be instafled. Using khnown amount of curnent through a hefmhoftz codl,
an envinomment 45 created fon wsing auxiliary magneil L.e. the area whene
the senson 45 o be used fon makding the fleld intensdily measuwrement. [fox
eg.at Alibag H fleld <5 about 38000nT, Z s 17000nF and D L5 nearly
0Deg) . The auxilfiarny magnet is fixed pemmanenitly at one end 0§ The quartz
nod. Fon different Latitudinal stations, zZhe sensorns arne made exclusively
and that <8 the neason why the same sensons cannot be uwsed away fgrom the
Latitude 4orn which they ane bafanced. At the othen end of the quaniz nrod
anothen auxi{fiany magnet 158 fg4ixed in parnallel with the sensing magneil. It
is meant Lo JLncrnease on decnease the sensltivity of zLthe sensdons. The
sensing magnet 44 covened by a bracket fo avodld any violent oscilfations
duning 4instalfation ZXime. From Zhe gquaniz nrod, a minrwn of Lhe same
dimension as that of sensing magnetl mirthon 48 fixed just at zhe ZLop of
the bracket inside the case which £5 at the fLeft side of sensing mlrwon.
This 48 a 4ixed minnon 4on base Line trace oven which the vardiation of

the field intensities ane monifoned.

Once things arne Zaken cane of and fixed properly, Fhe Lid 4Ls
§ixed nound zthe chamben and made ain tight. Just oppostle Lo the sensing
minnon, a round Lense L5 fixed o4 about Zem diameZern. The focal Length of
this Pens is chosen as pern the nequinement of =the distance o4 Lhe
position 04 the heconding unit from the magnetic sensons. The sensors are
veny handy, easy 2o carny and have very nate chances for any ILype 04
aceident on s€ippage. Nowadays, alf the obsenvatornies (In India 11
obsenvatonies at present arte functioning unden 1.1.G.) are nstalled with
this type o4 quaniz sensons from IZMIRAN.

Special type o4 bulbs, single sthraight gilament having unifonm
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diameter thrwoughout, anre wused asd souwrce Lamps. Reconding drwum, having a
clrcumfrence Little more than 50 cms, 48 uwsed s0 as o get Zem/houn
necond. To geid a sharp Amage of zthe sounce Lamp f{lament neflected bozth
frnom sensing and fixed minnons, the rneconden drum is placed at the §ocal
Length of zhe projection Lens. (see sketch «n Fig.Z2) Some Limes, zhe
focal Length o4 a projection Lens has Lo be changed, depending upon Zhe
Logistics at zthe instalfation site. Inexpensive £Lenses of neasonable
quality arne avadilable 4in ithe shapes of spectacle glasdses. Forn Izminan
senson, about 2 cm diameten of Lenses arne required which can be grinded
by any opiician. The focal 4Lengih of zLhe system can be changed by
mounting a convex oh concave £Lensd Ln the sensorn, asd requined. Opticdans
gnade Lenses acconding Lo dioptern, defined by

d = 1/4 whene d = diopten, £ = focal Length of £ens in metens.

14 two £Lenses o4 diopten dl and dZ arne jodined, <zhe diopten of the
nesulting Lens wilf be

dx = dil + d2 and §x = 1/dx

The fenses of LAnterestr Lo a geomagnetlicdan, among the opticdan's wsual
stock, are + 0.75, + _ 0.50, + 0.25 deopten. When investigating a baifch
of Lenses, one will faind apprecdabfe deparifunes of Aindividual €enses from
thein nomiral values, sc that almosti any gocal Lengih (8 avalfable in The

range of Lnterest.

INSTALLATION DETAILS AND PRECAUTICONS

In this section the TIMIRAN vaniomefen (nstallfaition procedure L5
stated brdiedly.

L. Initially, dnaw a magnetic meridian Line with the hefp o4
magnetic compass on the pillan where sensons will be nsstalled and then
dhaw peapendicularn Line Lo Lt, which {4 The E-W Line wherne H vaniomelen
senson wi€f be plLaced. Keep H varniometlen senson facing N-S direction on
the mounting pAillarn depending 4in which direction ZLhe sensding magnel
minnon 45 Lo be balanced. Paedenably, sensorn shoulfd afways be in the
nonth o4 the nreconding unit.

LA On the opposdite side of H senson, nornth on south pilfan about Im
apant (assuming Im 45 the 4ocal <Length of senson Lens) keep a single
§{Lament sounrce Lamp (Lamp-1) exactly 4in the same fine of H. Jusi behind
the sounce fLamp, keep neconden with cylindnical Lens in gront. Height of
the source Lamps may be s0 adjusted that (& 48 jusi below the cylindrical
Lens of the neconding drum. ([See sketch in Fig.l). Focal Lengih of zthe
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cylindnical Lens may be checked and Lits point image may be made 2o fafl
exactly on the photo-ghraphic papeh which 48 whrapped on the nreconden drum.

Ll See the H base speck {h@ﬁﬂeat@on grom the minnon attached Zo the
bracket) propenfy 4ocused and falls exactly at the centen o4 Lhe
cylindrical Lens. This speck can be adusfed by vanying Tthe H vaniomeilen
height/neconden hedight. Fulf {L{Lament of sounce Lamp-1 may be made <o
fall on the necoxrden fens.

Lu. Make H vaniometen base plates finm. (finm contact with the pillan)
Since the sense 0§ the diunrnal varniation at afmost all the Indian stations
ane in The same directfion, L2 can be checked for all Lthe sensonsd b-y
bringing a nornth pofe of some smalf external magnel near Lo the sensons
individualfy. Forn Z, when a nonth pole of an extennal magnet L5 moved <£s
moved down ZLowands the I senson, the I trace should go away {grom Zthe 2
base [(4nom ithe §ixed minnorn neffection). Fon H - zthe same point when
bainging 4rom south o nonth H trace should move away fgrom the H base

and for D , D Zrace has o come nearen tc D base.

V. Remove the H varndiomeien and draw magnetic menlidian Line Lo the
East o4 vandiometen L4 H vaniomelen was on nonth pillan on to the West o4

variometer £§ H vaniomeiern was on south pi€larn. Bring D varndiometen
without shaft and auxLliarny magnets nean H vaxrdiometen base plates.

v Make sune on check wp zthat zthe D senson and zLhe prdism ane
panaflel. This can be made by adjusting the screws.

vLdL. Keeping nonth {Leg of D vancomedten sensorn on Lhe magnefdc
mendidian £ine gixed, go on tunning the senson LiLE the senson mirnon and
the fixed minron ane 4in one pfane. Fix aff zthree fLegs finumly.

vlLL. Adfust D senson prism screws {in such a way that that base £Line
speck (neflection 4from 4ixed mirnnon) and vandiation speck 4alls con the

cylindnical Lewns.

€x . Having satisfied that both the D specks on the hecorden drum ane
in phropen posdltion, bnrning zthe H vandiometen on Lo 4+Ls ondiginal base

plates.

X. Fix the shagt on H vandiomeZen and pult Wwoe auxdflarny
magnet-hofden.

xi. On the H shaft, an auxiliany magnet in the dinection of N-S is
now put 4on thrace movement (position changing o4 recording) .
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XL, Adjust N-S magnet to bring H varnialion speck to desined Levef of
neconding.
XALAL. Having brought H vardiomefern nean DU variomeler , U variometen

speck gets distunbed, which can be brought back o 4«is ondginal position
using an auxifiarny magnet Ain The E-W dirnection on the shaft of D. If L%
is nequired to move both fhe specks of D (on Z) simultaneously, Lt can be
made by adjusting prism screws (up and down scnews forn up and down
movement of the specks and centen screw fon Latenaf movement of spechks) .

XLV . Bring the I Vandiometen having shaft with L) vernitical magnel
gdon tnace contrnol L&) E-W fon sensitivity contrnof. Check Z vandiailion
magnet minnon bafanced properly othenwise balance Lt by using veniical
magnet on zhe shagt. Fix Z base speck [(reglection from fixed mirrorn)
befow H base speck. Usually the ornder wilf be Z base (IB), Z Trace (z1),
HB, HT, DB and DT. Like D senson, phism should be in parallef posltion Lo

Z senson by ftightening aff three screws.

XV. 1t 44 Jimpontant o hnow properfy the I ZLrace showding the
expected sense o0f diurnal varndiation-brning a nonith pofle of an external
magnet, as stated eardfien, strnalight down towands Lthe 2 senson, Lthe I
trnace should move away from 4Lits base speck. Othefwdise, Lunn the senson
180 deghee, then adjust the pnism accorndingly.

XL Predenence should be made <fo face Lhe prism of D towands H
senson. Having brought I vaniometen nean the D & H sensons Thedin tnaces
wifl get distunbed. Adjust D,H and 7 Znaces suitably by auxifiarny magnel
which arne f4ixed penpendicufar to each senson's sensing magned.

XL . The height of the Sounce famp should be adjusied such that (£ i3
just befow the cylindrnical Lens o4 2Lhe neconden drum o give mdndlmum
angle o4 neflection (Refen sketch 4in Fig.7). Care should be Laken that
the stand of the sounce Lamp shoufd not obstruct the neffected Light.

XL AL The f{ilament of the sounce Lamp should be exactly veniical. The
cylindnical £Lens o4 zthe drnum should be exactly parnallel with drum.
Intensity of the source should always be constant.

XA, ALP the sensons are wounded by a calib-nation coif (Helmholitz
coil) which has only one 2urn. The well known goamufa gjon  fLedd
generation at the centen of the coil is

~r7
47 10" H/M in S.I.Unit
feska
cunrent 4in ampe’res

B = (M I/20c) T whenels,
-
I
a = hadiuws <n mefen

it
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XX. Catibration of sensons may be carnnied out by passing known
amount o4 curnent in the senson colf. Adjusl thedin sensitivifies using
all panatfef magnets on the shaft as pen nequinement. Fon Low and mdid
Latitudes, hkeep sensitivity 15-20 nT pen cm fon D and about 20-25 nl pen
em for H & Z.

5 o 1> Sounce <Lamp-1 (4in {gront of H) - gives madin speck of H and
nesenve fon D & Z. Sounce Lamp-? (in front of Z) - gdves main speck of Z
£ D and nreserve fon H efement. Lamp-1 and Lamp-2 arne 50 separated that
they should not exceed <the wdidth of zhe photo-papen L.e. 20 om.
Annangement may be made %o have a Lime maxking Lamp. This Lamp wi€f glow
exactly al everny hour o recond the Lime mark on the photo-papen for 1 on
? seconds. Hournly Fime manks ane very ALimpornitant %o hknow the particulan
phenomena on the magnetogram with respect to that time. Duning ghreal on
napid magnetic distunbance, Loss of phoiographlic trhace may ocourn forn Awo
neasons. The spot o4 £4ght may move so fast that no Lrhace, on only a
confused fragmentany trace, {5 Left; on the spot may go beyond the Limils
04 the photographic paper. To provdde againsi zthe £Laten addditional
Light-spots willf appearn on the photographic paper grnom the £Lamp-7. Thdis
Lamp-2, however, does not obliate <the Loss of Lrnace caused by rnapdd
motion of the €ight-spots. This additional Light-spots neconded on the

magnetogham L4 hknown as nesenve speck. (See Fig.3)

X XA A. Keep xime manking Lamp behdind the sensorns suitably and <15 full
honizontal §gL€ament Light should {atl on zthe cylindnical Lens of =Lhe
necorden.

e oV i 1 L A bit o4 rnecond may be obtained on photo-papen forn checking Zhe

ghost on traces, zthein sensi{tivity, <Lime manking £ine, <thickness of

trhaces, Asenses of diunnal vandaiion elc.

XL Some times necorded Lrnaces becomes thick due o bad quality o4
minnons. In such cases sensons may be covered by a suitabe smalf piece of
papen forn neducding the amount of £ight faffing on mirrons.

XXV, Fon desired sensitivity, some Limes high wlue auxLliary magnels
may be nequired. To achieve this, a magnet may be {ixed with clay on the
senson body parafielf to the parnticulan sending magnet.

XXVUAL. Make doubfy sure zthat zthe nocom 45 fghee from any extesmnal
magneiic efements and also gnee from efectro-magnedic nodse [(man made on
ctherwise) .

In the above note, the details on the vaniograph |§ielfd variation
necondings) only arne stated. To give a meaning fon the fixed minnon trace
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calfed " BASE LINE ", L% {8 necessary to calibrate with anothen set of

absofute measurements. These aspects are not dealit in here and the detailfs
willf be pubfished efsewhene subsequently.
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