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A three component ring core fluxgatc magnetometer was constructed to record
geomagnetic daily variations in the Brazilian Equatorial Electrojet Region during the
IEEY (International Equatorial Electrojet Year) period. The ring core sensor and
electronic circuits of the magnetometer arc accommodated in a PVC tube with a

diameter of 20 cm and height of 35 cm. The magnetometer has three analog outputs of
+ 5 volt or + 1000 nanoTesla corresponding to the H, D and Z components. It has a
precision better than 1.0 nanoTesla. The magnetometer showed an acceptable
performance in monitoring the daily variations in the H, D and Z components of the
geomagnetic field,
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UM MAGNETôMETRO FLUXGATE DE NÚCLEO SATURADO PARA O
PROGRAMA IEEY NO BRASIL: Um tnagnetômetro de três componentes do lipo
nticleo saturado em forma de anel þi construído para registrar as variações diurnas
geomagnéticas durante o período de IEEY (Ano Internacional do Eletrojato
Equatorial) na região brasileira do Eletrojato Equatorial.
O sensor de anel e os circuitos elelrônicos do magnetômetro þram acomodados num

tubo de PVC de diâmetro -20 cm e altura 35 cm O magnetômelro tem três saídas

analógicas de +5 volts equivalente a !1.000 nanotesla, correpondentes aos compo-
nentes Í1, D e Z. Ele tem precisão melhor que I nanotesla. O magnetômetro tem
mostrado funcionamento aceitável para monitorar as variações diurnas dos
componentes H, D e Z do campo magnético.

Palavras-chavc: Fluxgate de núcleo salurado; Programa IEEY; Magnetômetro

fluxgate.
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INTRODUCTION

Temporal changcs in thc intensity of thc Earth's
magnetic field with pcriods from fcrv scconds to lcss

than a year arc causcd by thc clcctric currcnts in thc
Earth's ionizcd atmosphcrc. Sincc thc gcomagnctic ficld
is a major controlling agent for thc transfcr of solar
particlc (plasma) cnergy to thc lowcr tcrrcstrial
atmosphcrc, a largc scalc intcrnational cffort is bcing
undertakcn to study solar tcrrcstrial rclationship undcr
projects likc STEP (Solar Terrestrial Encrgy Program)
and IEEY (Intcrnational Equatorial Elcctrojct Ycar).

At lolv latitudcs, +5 dcgrccs around the magnctic
cquator, anomalous clcctric currcnts, called Equatorial
Electrojets (EEJ), arc prescnt in thc E rcgion of thc
ionospherc giving risc to abnormally largc daily
variations in thc H componcnt of thc gcomagnctic hcld.
Abnormally largc daily variation rangc in H-componcnt
at thc magnetic cquator was first dctectcd at Huancayo,
Pcru, in 1922. Latcr, this largc rangc in Sq(H) r.vas

attributcd to intcnsc clcctric currcnts flowing in thc
cquatorial E-rcgion of the ionosphcrc. Thcsc currcnts
rvcrc named EEJ by Chapman (1951) and soon its
thcorctical cxplanations camc forward through thc
rvorks of Bakcr & Martyn (1953) and Hirono &
Kitamura (1956). A fair amount of knowlcdgc on thc
EEJ is accumulatcd and rcvicwcd by scvcral authors,
c.g. Forbcs (l9tll), Raghavarao ct al. (1989), Rastogi
(1989) and Reddy (l9tì9). Still much rcmains to bc donc
for a complctc undcrstanding of thc physical proccsscs

involved.
Thc magnctic cquator and hcncc thc EEJ pass

across thc Brazil in a way that thcrc is considcrablc land
on both thc North and South of thc EEJ. This is not
found in any othcr singlc country. This geophysical fact
makcs thc Brazilian participation in thc IEEY vcry
important. Thc scicntihc importancc of EEJ studics in
Brazil arc rcportcd by Kanc & Trivcdi (1980, 19t12,

l9tì5), Trivcdi ct al. (l9tì9) and Barrcto (1992). Thc
Brazilian Committec of IEEY has r.vrittcn dctailcd
description of tl-rc Brazilian IEEY Projcct, Abdu ct al.
(1991) and Abdu (1992). Extcnsivc gcomagnctic
obscrvations on prohlcs pcrpendicular to the EEJ in
Brazil wcrc planned sincc 1989. Hencc thc necd arosc to
construct several low cost and low powcr fluxgate
magnctometers. Hcrc wc prcsent dctails of thc
magnetometer constructcd in our laboratory for thc
IEEY program in Brazil.

FLUXGATE MAGNETOMETER

Thc usc of fluxgatc magnctomctcr is widcsprcad,
both at gcomagnctic obscrvatories and tcmporary
magnctic stations, duc to casc of its installation, and
fairly good rcliability. Thc clcctric analog output of a
fluxgatc magnctometer facilitates automatic digital data

acquisition. Thc developmcnt of fluxgatc magnetomcter
is duc to Scrson & Hannaford (195(r), Trigg ct al.
(1911), Primdahl (1979) and Acuña (1974) among
scvcral others. Onc of the earlicst papcr on thc subjcct
by Aschenbrcnncr and Goubau publishcd in 1936 r.vas

summarized and rcportcd by Chapman & Bartels
(1940). Our mcrit is in making thc magnctometer as

simplc as possiblc, using commonly availablc clcctronic
componcnts and bcing ablc to makc as many
magnctomctcrs as nccdcd at a very rcasonablc cost.

Thc Fluxgatc Princi¡llc

Thc principlc of fluxgatc magnctomcter is
illustratcd by a schcmatic block diagram of onc axis
fluxgatc magnctomctcr in Fig. l. A fluxgatc scnsor
consist of a high pcrmcability fcrromagnctic corc on
r.vhich primary and sccondary coils arc wound. An
cxcitation currcnt of frcqucncy f is imprcsscd on thc
primary coil which drivcs thc scnsor corc into saturation
twicc cvcry cyclc of thc cxcitation signal. Thus, thc
scnsor corc loscs most of its permcability trvicc for cach
cyclc of thc cxcitation signal. Thc sccondary winding
r.vound around thc samc corc picks up an altcrnating
voltagc signal at thc sccond and highcr cvcn harmonics
of thc cxcitaLion frcqucncy duc to cxternal magnctic
Iicld and thc pcriodically varying corc pcrmeability. In
gcncral, cfforts arc madc to isolatc thc primary
cxcitation signal from thc arriving secondary and higher
cvcn harmonic signals at thc secondary winding.
Howcvcr, in practicc somc cxcitation signal lcaks to thc
sccondary winding. Thc amplif.ude and phasc of cach of
thc harmonics prcscnt at thc sccondary rvinding arc
proportional to thc magnitudc and polarity of thc
cxternal magnctic hcld prcscnt along thc axis of thc
sccondary winding. Holvcvcr, thc sccond harmonic
signal rcprcscnts best thc varying amplitudc and phasc
of thc cxtcrnal magnctic ficld. Thcrcforc, fluxgatc
magnetomctcrs dctcct thc amplitudc of sccond harmonic
by a synchronous phasc dctcction tcchniquc to monitor
thc variations in thc thrcc orthogonal componcnts of thc
Earth's magnctic hcld.

EXPERIMENTAL DETAILS

A typical fluxgatc magnctomctcr consists of a

scnsor, amplificr, phasc scnsitivc dctcctor, integrator,
oscillator and a calibratcd biasing currcnt sourcc. A low
distortion oscillator providcs thc cxcitation currcnt for
thc thrcc primary windings of orthogonally mountcd
fluxgatc clcmcnts. Thc sccond harmonic signal from
cach sccondary winding is amplilied and fcd into phasc
scnsitivc dctcctor togcthcr wif.h a refcrcncc signal that is
twicc thc cxcitation frcquency. Thc D.C. output from thc
phasc dctcctor is proportional to thc hcld componcnt
dircctcd along thc axis of thc corresponding fluxgatc
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clcment. Each clcmcnt ls opcratcd in ncar null ficld
obtained by manually prcsctting thc bias currcnt to thc
sccondary u,inding of the fluxgatc clenent. An additio-
nâl cnrrcnt proportional to tltc mcasurcd n-ragnctic lìcld
is also directcd into thc sccondary s'inding, providiug
negativc fccdback, rvhicl-r furthcr cnsurcs that the ele-
ment is opcratcd in ncar null licld cor-rdition. The
scnsitivity of thc fluxgate is dctcrmincd by tltc fccdback
rcsistors valuc controlling thc magnitudc of thc currcnt
in this fccdback path.

Each of thc componcnts of a fluxgatc Inagnc-
tomcter constructcd at INPE for thc IEEY gcomagnctic
program arc dcscribcd bclou,.

1

FIELD COMPONET{Í

TO BE MEASUREÞ

39

Sensor

In our first lnagnetomcter nc havc uscd lincar bar
scusors (LFG-Al3) as shotvrr in Fig. l, manulhcturcd by
Kclvin Hughcs, U. K.. Nou, \ye usc ring. corc scnsors.
Wc buy thc ring corc nucleus (S62-5C31) from
Infinctics, Inc., U. S. A. and build fluxgatc sensors. The
fluxgatc ring corc scnsor is shorvn in Fig. 2. Thc drive
l,inding is dircctly rvound on thc ring corc about 100
turns of standard SWG 36 copper u,irc. Thc ring corc
thcn is hxcd in a squarc casc of tcflon. Thc sccondary
rvinding o[ about 400 turns is rvound on this sqrÌarc
casc, Thc prinary rvinding is conncctcd througl-r a l¡Lf
capacitor to an excitation oscillator of 9kHz. Thc output
Io(t) of the sccondary rvinding is fcd to an amplificr.
Thc sccondary rvinding also rcccivcs thc cxternal
rcfcrcncc currcnt Icx for basclinc conrpcnsation.

Oscillator and excitation

A crystal oscillator of appropriatc frcquency around
lMHz frcqucncy is uscd so as to dcrivc an cxcitation
signal signal of 9kHz and thc rcfcrcncc signal at trvicc
thc frcqucncy of cxcitation signal as slìo$,n. Thc
cxcitation signal is takcn to a po\yer anplifier (a pair of
BD23-5 and BD23(r transistors) bcforc scnding it ou tltc
priman'l'inding . (Fig. 3).

Amplifier and phase detection

Thc most important part of thc fluxgate
m¿tgnetonetcr is its amplifìcr shorvn in Fig. 4. The first
stagc of this circuit is â current amplifier short
circuiting thc sccondary coil as recommcnded by
Primdahl ct al. (1991). This proccdurc provides stability
to thc magnctometer and also rcduces demands on the
band pass filter circuit placcd just before the
synchronous phasc detcction stagc. Thc sccond stage is
lor ad.justing thc phasc of thc inconing signal. One
nccds to corrcct thc phasc of the incoming signal from
thc secondary rvinding of thc scnsor as thc phase of thc
cxcitation signal undcrgoes changes in the printary
rvindings The third stagc is a buffer and lorv pass hlter
attcnuating signal at cxcitation frequcncy. Thc fourth
opcrational amplihcr is a bandpass lilter centered at 2f
i.c. trvicc the cxcitation frcquency. The fifth operational
amplifier inverts thc bandpass filtercd signal for sending
sccorrd harmouic signal at phasc angles zcro and 180
dcgrees to thc synchronous phasc detector 4053. Here
thc second harmonic signal is comparcd rvith the
original refcrcncc signal from rvhich tl-rc cxcitation
signal is dcrivcd. The diffcrencc in phasc bctrvccn thc
two signals appcar as a quasi dircct currcnt at the output
of thc intcgratcd circuit 4053. This quasi dircct current
is subscqucntly intcgratcd and fcdback to thc secondary
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coil tlìrough a right fcedback resistor to kcep the
corresponding sensor clencnt ¿ìt lìear null ficld
condition. An unknorvn referee has pointed out that thc
current amplifier used at l"he first stage of this circuit is
unable to restrict tl-re lirst harrnonic component of thc
excitation signal entering the amplihcr and thc
subsequent phase detection part of Lhe circuit. Probably
that could be a reason that rvc tvcrc forccd to introducc a

lorv pass frlter circt¡it attenuating thc signal near thc
excitation frequencyjust beforc thc bandpass filter stage.
Ho\r'ever, rvc chose to use the currcnt amplificr at the
Iìrst instead of an amplifier tuned at thc sccond
harmonic signal for providing bettcr terrrpcraLurc
protection to our scnsor and the magnctomctcr.

Figurc 3 - Circuit diagram of oscillator and referencc
voltagc

Fíguru 3 - Diagrama clo circuito de o,scilaclor a
vo I tagem cle re. ferê n ci a.

Base |ine and reference voltage

The secondary coil of thc sensor, bcsides thc second
harmonic signal, is superposed by a quasi D. C. ficld
proportional to carl.h's magnctic held present along its
Revista ßrasileira de Geoftsica, Vol. I 3(l), 1995
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20K

asis. In ordcr to kecp thc output analog signal
proportional to thc cartl-r's magnetic field rvithin the
rncasurablc limit of +5 volts, onc needs to supply basc
line rcfcrcncc voltagc Lo conÌpcrìsatc thc quasi D. C.
ficld of thc carl"h magnctic ficld component prescnt
along thc axis ofthc sccondary bobbin. Fig. 3 shorvs thc
basc linc rcfcrcncc voltage used in this magnetometer.
An IC Cy''723 providcs thc rcfcrencc voltagc in thc
circuit uscd here. Thc compcnsation currcnt is sent to
l"he rcspcctivc sccondary rvinding for components H and
Z through a buffer amplihcr as shown in thc lorvcr half
of Fig. 3. Thc pin numbcr 5 (for H conponcnt) and pin
rrunrber 9 (lor Z courponcnt) in Fig. 3 arc connccted to
thc point shorvn as E in Fig. 4 for providing colnpensa-
tion currcnt to thc rcspcctivc sccondary bobbins for H
and Z componcnts. Whcn thc North - South scnsor is

aligncd in thc magnctic mcridian thc output voltagc
from thc East - Wcst scnsor (D component) is supposcd
to bc zcro. This fact rvaivcs thc nccd of thc currcnt
compcnsation circuit for thc D component.
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Performance

Thc ring corc scnsors and thc complctc
nlagnctometer clecl.ronics arc houscd in a PVC tubc of
about 20 cm in diamctcr and 35 cm in hcight. Normally.
Lhc magnctomcter/PVC tubc is buricd at a dcptlì of
about a metcr nndcrncath thc ground and connectcd by a

mulf.istrcnd shiclded cablc to a Data Loggcr and porvcr
supply placcd in a building or a hut 30 to 50 netcrs
arvay from thc scnsor. Thc multistrcnd cablc takcs tl5
volts D. C, to thc magnetontcter asscmbly and brings
back thrcc analog signals corrcsponding to gcomagnctic
ficld variations in il"s thrcc orthogonal componcnts. As
shorvn in thc diagrams ccrtain basclinc vahrc is
cancelled from thc analog voltagcs usiug thc refcrcucc
voltagc derivcd from dc integratcd circuit C4723. Tht¡s,
only thc r¡ariations in H, D and Z as bipolar analog
signals arc fcd to thc data loggcr, Wc do not monitor thc
cnLirc ficld valuc of cach of thc thrcc vcctor coutponcnts
sincc our datalogger uscs an ADC of only l2 bits instcad
of thc rcquircd 16 bits to monitor thc cntirc valuc of thc
vcctor licld. Thc proccss of data acquisition is controllcd
by 280 CPU and thc data arc rccordcd on a onc
megabytc mcurory card (EPROM). Pcriodically, rvhcn
thc mcmory card is ncarly full rvith thc data I'c visit thc
station to rcad thc data from EPROM mcmorics.

The magnctolncters constructcd at INPE rvork
satisfactorih, for thc purposc of monitoring gcomagnctic
daily variations in thc H, D and Z componcnts. Eight
rnagnotolnetcrs \\1crc constructcd to opcratc along a

prolìlc bet$,ccl-r Porto Vclho (8.4(r" S, (13.-54'W) at dip
anglc (r.4 dcgrccs and Cuiabá (15.57' S. 5(r.12" W) at
dip anglc -11.0. Thc locations of thc cight rnagnctic
stations on both North and South o[ thc magnctic
equator arc shonrì iu Fig. 5. Scvcral lnagnetolrrcters
wcre operatcd simultaneously for tcsting at INPE's
facilities in Cachoeira Paulista (22.7' 5,45.0" W). Thc
rccordcd daily variation from thc scvcn rïìagt.tctonleters
on July 26, 1992, is shorvn in Fig. (¡. Thc simultancous
record from all se\/eu mâguctolnctcrs look almost
idcntical conlìrming cxactly the saurc pcrformancc of
thc magnctol.ncters. In Fig. 7 an cxamplc of smoothcd
rnagnctograms rccordcd at various fìcld stations in thc
EEJ rcgion confirm succcssful construction and
operatior-r of thc magnctolnctcrs. Thc station Pimcnta
Bucno (ll.(rn S, 61.2" W) is closcst to thc ccntcr of thc
EEJ uücrc, as cxpectcd. thc rangc of daily variation in
H component of thc gcomagnetic ficld is found largcst.
During a magnctic storm on 5th. Junc 199 l, thc
magnctic rccord obtaincd at Pimcnta Bueno was
comparcd rvith thc rccord obtained at a nsarby magnctic
obscrvatory of Huancayo, Pcru, also vcry closc to thc
cenLcr of thc EEJ. Thc geomagnctic obscrvations at both
the stations arc idcntical as shol,n in Fig. ti.

4l

A dozcn of thrcc colìlpolìcnt ring corc fluxgate
magnctomcters wcrc constructcd at INPE. Thcy shorv a
prccision bcttcr than 0.5 nT. Wc found vcry difficult to
opcratc scvcral magnctic stations simultancously and
obtain rcliablc rcsults. Thc rangc of Sq.(H) variations
may havc diffcrcnt amplitudcs dcpcnding on thc
distancc of thc station from thc ccnter of thc EEJ
currcnts but thc gconetry of thc variations secn at all
thc stations should bc idcntical. Wc took sotnc tine to
Iind out that l'c nccd to usc a bctter Lcmperaturc
stabilizcd prccision voltagc refcrcncc intcgrated circuit
than CA723 or just 723. Thc tcrrlpcraturc cocfficient of
C4723 is 0.003%/ccntigrade. Wc rcplaccd 723 bv
LM399A tvhich has a tclnperaturc cocflicicnt of
0.0000-5% per dcgrcc ccntigradc. Also u,c had to rcplacc
fcrv multiturn carborr potcrìtiomctcrs by rvirc rvound
potcntiometcrs. If 'u,c havc to start this project again rvc
rvould completely climinatc colnpcrìsation circuits cither
using C4723 or LM399A. Wc rvould rather operatc
magnctolnctcrs at a lou,cr scnsitivity st¡ch that I volt of
onlput u'ould corrcspoud to 12000 nT and usc a l8 bits
Analog to Digital Convcrtcr in thc Data Loggcr.
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I.'igurc 6 - Sintultancous rccord of scvcn mâglìctonìc-

tcrs opcratcd at Cachocira Patllista on 2(r Julv 1992.

Fìgura 6 - Ilcgi,stro sitttultânco dc ,vete mognclôrttelros
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Fìgura 8 - l,'ariação t:ttt [l tluronte unra !anrpes!acle ,

09:00 o l3:00 hora,s locois nr¡ elia 5 clciutrho dc 199 I
t:ttt I)intenla Bttr:no ¿: [[uancow¡.

ACKNOWLEDGMENTS

Sinccrc thanks are duc to llumcrous persons rvho

hclpcd to makc this pro.icct a rcality. Thc difficult task

ol hnding thc spots for thc opcration of magnetic
stations and also installing thcm rvould uot havc rnet

succcss u'ithout thc participation of Mr. Ronaldo Marins
dc Can,alho and Mr. Carlos Robcrto Gcrmano. botlt of
thc obscn,atório Nacional, Rio dc Janciro. Wc l"hank thc
o\\,ncrs and thc manâgcrs of thc privatc aud govcrnment
propcrtics rdro allorved us to install our instntmcnts.
Most of thc statious arc at thc prcmiscs of EMBRAPA
or Airports. Thc authors arc gratcful to Dr. Mario
Acuña (NASA/GSFC) and Dr. Fritz. Primdahl (Danislt

LOCA

0.00

U)

TIME IN MINUTES

Figurc 7 - Daily variation in H. D aud Z on 25 oct.

1992 aL Porto Vcllto. Pimcnta Bttcno. Villtcna and

Cuiab¿i.

Fi¡4ura 7 - I"ariação rliurna I[, I) e Z nr¡ rlio 25 d<:

oulul:¡ro tlc 1992 cnt l)orlo I'i:lho, I)itttt:tt!a lJuctto,

l;ilhcna c Cuiaha.
llet'¡sta ßrdsile¡ru de('icolisictt. I'bl. 13(l), 1995

v r

lrl/



N. Iì. 'l'rivcdi, F. X. K. Ogura, J. C. dc ,A,nclradc, J. M. da Costa & L. M. llarrcto

Spacc Rcscarch Institutc) for thc advicc and dctailcd
cxplanations on construction of a lluxgatc mâgneto-
metcr. Thc \.vork tvas supporLcd by thc grants rcccivcd
from FAPESP, CNPq and INPE.

REFERENCES

ABDU, M. A.¡ 1992 - Thc Intcrnational Equatorial
Elcctrojet Ycar, EOS 73 (5): 49-54.

ABDU, M.4., TRIVEDI, N. B. & BARRETO, L. M.
- l99l - Brazilian participation in the IEEY
Program., INPE, Intcrnal Rcport.

ACUNA, Nl. - 1974 - Fluxgatc magnetomef.crs for outcr
plancts cxploration. IEEE Trans., May, MAG-10:
519-523.

BAKER, W. G. & MARTYN, D. F.- 1953 - Electric
currcnts in thc ionosphcrc, Philos. Trans. R. Soc.
London, Scr. A, 246 2tll-294.

BARRETO, L. M.- 1992 - Thc Equatorial Electrojct.
Gcofísica Intcrnacional, Mcxico, 3l: I l5-120.

CHAPMAN, S. - 1951 - Thc Equatorial Elcctrojct as
dctectcd from thc abnormal clectric current
distribution about Huancayo, Pcru and clscrvhcrc.
Arch. Mcteorol. Gcophys, Bioklimctal, Scr. A, 4:
36fì.

CHAPMAN, S. & BARTELS, J. - 1940
Gcomagnetism, Vol. 1: 59-(10.

FORBES, J. M. -1981 - Thc Equatorial Elcctrojct. J.

Gcophys. Rcs., 3: 4(r9
IIIRONO, M. & KITAMURA, T. - 1956 - A dynamo

thcory in thc ionosphcrc. J. Gcomagn., Gcoclcctr. fl:
9-23.

KANE, R P. & TRIVEDI, N. B. - 19t10 - Influcncc of
northcrn and southcrn, hcmisphcrc Sq currcnt
systcms on cquatorial magnctic variations. J. Atmos.
Tcrr. Phys., 42: 303-305.

43

KANE, R P. & TRfVEDI, N. B. - 1982 - Comparison
of Equatorial Elcctrojct charactcristics at Huancayo
and Eusébio (Fortaleza) in the South American
Region. J. Atmos. Tcrr. Phys., 44:785-792.

KANE, R P. & TRMDI, N. B. -1985 - Equatorial
Elcctrojct movemcnts at Huancayo and Eusébio
(Fortaleza) on sclectcd Quict Days. J. Geomag.
Gcoclcctr,, 3: l-9.

PRIMDAHL, ß. - 1979 - Thc fluxgatc magnctometcr.
J. Phys. E: Sci. Instrum., 12:241-253.

PRIMDAHL, tr'., RIPKA, p., PETERSEN, J. R &
NIELSEN, O. V. -1991 - Thc scnsitivity parameters
of thc short-circuitcd fluxgatc. Mcans. Sci. Tcchnol.,
2:1039-1045.

RAGHAVARAO, R, SRIDHARAN, R., SASTRI, J.,
II., AGASHE, V. V., RAO, B. C. N., c RAO, P. B.
& SOMAYAZULU, V. V. - 19t19 - Thc Equatorial
Ionosphcrc. WITS Handbook.

RASTOGI, R. G. - 1989 - Thc Equatorial Elcctrojcr.:
magnctic and ionosphcric cffccts. Gcomagnctism,
Vol. 3 (J, A. Jacobs, ed.), Academic Press Limited.

REDDY, C. A. - 19f19 - Thc Equatorial Elcctrojct.
PAGEOPH, 131 (3):4tì5.

SERSON, p. H. & HANNAFORD, W.L.W. - 1956-
A portablc clcctrical magnctometcr. Can. J.

Tcchnol., 34 232-243.
TRIGG, D. F. SERSON, p. H. & CAMFIELD, p. A.

- 1971 - A solid statc elcctrical rccording
magnctomctcr. Earth Phys. Branch, Dcpt. Encrgy
Mincs and Rcsourccs, 41 :66-tì0.

TRIVEDI, N. 8., KANE, R. p., PADILHA, A. L. &
COSTA, J. M. - 1989 - Gcomagnctic daily
variations in H at Alcântara and Eusébio in
Brazilian Equatorial Rcgion. J. Atmos. Tcrr, Phys.,
51: 155-158.

Submctido cm 2ll0ll94
Rcvisado pclo(s) autor(cs)cm: 28/ 12/94

Accito cm 30/12/94.

Revista lJrasileira de ()eolìsica, Vol. I 3(l), I 995


	doi: 


