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Abstract : Tliis paper presents ihe physics of the magnetosphere in relation to geo- 
magnetic micropdsations and summarises the significant results of the studies conducted 
iuld work in progress on geomagnetic micropulsaGons in Sri Lanka. 

1. Introduction 

About twznty fivz years ago, it was gz~izrally thuugl~t that ~nterplanetary spacc was 
empty apart from sporaJic gmts of wind compxed of clouds of gas ejected from the 
sun and travell~ng oulward.i fro111 thc sun. Magnetic disturbances and auroral 
displays ohservcd on the earth were cxplainrd in terms of these gusls of wind. 

Ilowcver, i n .  the early 1950s, i t  carile to bc realised that the tails of comets 
could not be explained in  terms of the pressure of light radiatioll froln tlie sun as 
was the view then held. Calculations and certain e~~er i r i ien ta l  observations indi- 
cated th.at there must exist a continuous stream of ionised hydrogen atoms and 
electrons streaming out of the sun -- a sort oSsoIar wind. It  was this wind blowi~lg 
on the conicl.s which formed their tail. J t  also becamc apparent that this solar 
wind must b: c~ntinuo~lsly blowing on the-earth system with its at~nosphere and mag- 
netic field. The actualiJy of the solar wind w3.s directly veriiied In 19G2 through 
observations from space prob~s.  It  was also !>bserved that the earlh's magnetic field 
was distorted in a most remarltablc wa? by the solar w i d  (Figure 5) and that the 
earth's maglzctic field occupied a clear-cut cornet shaped region of space with the - 

solar wind flowing round it like a high spe.ed win11 flowing round an obstacle. 
The comet shaped regior; occupied 11y th.2 earth's magnetic field is called the 
mngt~efo.~phere (a ltliough it is not a spherej. 

The mag~ietosphere is shaken by irreg,ll:lrities and gust\ irl the solar wind 
and tllis gives rise to the sn~nli fluctuatiom 111 the earth'c magnetic field observed 
at  ground stations. These fluctuation.; whicll oifle~r llave a definite per~odicity are 
called geounapctie micr-opul~otionr . 



2. The plasma state 

Matter in space is largely in the state of ail ioniseif %as, callild t-he plilsllla stat:?. 
The plasma state of matter is very different fmm tile sijiicl, liquid atid %ns,eoils 
states that we are inore familiar with. An understanding of the plasma statc, 
especially its behaviour in a magnetic field, is a yrcrequisite for understanc!ing 
the magnetosphere. 

Ocle of tlae t>:~sic propartics of ionisrd gas is i tz  tenderli-y towitrds elec!rjcal 
neutrality.11 IF over a large volri~lle, thc number r!ensity crelcctrons dc~/iates appri:- 
cizbly from the number density of positive ioil~,  thcn co:n~aratively large clcctro- 
static forces result w11ich yielci a poteiltia~ eriergy per particle that is verq much larger- 
than the mein randoin thermal kinetic energy. :The principle of cquip:;rtition 
of energy does ncrt.a!Io\vs~ucl~ a iteviatioll to cxist and consequently snb ctei iat ion 
from electrical neutrality would usually die do~vn quickly. 

A sin~ble c a l c u l a b ~ ~ ~  helps to give a workirls clefinition ofa pi;~sma. Suppose the 
number density of electrons and positive ion.: in a gas aTi! l i e  and ni  resgectivcly, 
and tllat each ion carries a chagz c. The c!i.arge density in thc gas would be 
(ni - ne)e. For simplicity let it be assuillcd that the charge distribution givrrs an 
electric field cnly in the x -direction and that thc associated electrical potential 
q5 is given by Poisson's ecluation according to azQ/ax" -( oi - n,)  els, wirere thc 
usual notation of SP units has been. used. If the electric fieid (i.c. -a$lax) is con- 
sidered tcr he zero at a centre of sya!li..etry at x =: 0 and if we fix $ == 0 at x = 0, 
then assuming that ni and 11, d o  not vary wit11 dist:ancc, the expressioii. fcr 4 i s  : 
@ = ( ni - n., ) ex2/2e,,. This means that i T  a particle with charge e moves in  the x 
directioil through a d istancs: ti from th.c centre i l s  potcntiai energy will - C ~ I : I H ~ C  

by an amount AW - 1 ni- n, ed2/2~,. The value oi'd which nlakcd AW = - -  -;-kT, 
where T is the tempcrati~re of the gas in degrees Kelvin and k is Boltzma~m'~ 
constant would be cl - [kT/ j ni - 11, 1 e2p. Wher: the relevant values ofthe constants 
are put in, oneobtains cl = 6.9 (T/ 1 ni - n, I 1% cin where ni a:ld n, are t:upressed i ~ - 1  

particles per cm3. This value of d is called the " Debye shielding distance". 
Pllysically, d would be the dlstar~ce ovcr.ivhic!1 a given deviation from electrical 
neutrality can bz maintaii~ed. The ix-iilciplc 01' equi.,oartition of energy will 1;ot 
allow such a devia.tion. to exist over a greater distance wiMol~i it dying down 
almost immediatsly. Tf d i s  rmrch smaller than othcr clia~:actcristic lengths of 
l;he problem th.en the io!?Esed gas is caIled a. p!zsrna. 

3. Dishvbances in 3 plasm% Err the presence of a magnetic field 
From the definition of a plasma. it is cie;tr that for pltzno~nena valying slowly 
compared with the decay time of aoy cbargc dens~ty ti121 ]nay dzvclop in the 
m:dium, it can be stipulated that the ~Ilarge deasity i c  zero and hencc also the rate 
of change of charge density. Then, since in basic electromagnet~c rheory the 
displacement current d conles from a rate of cl~anpe cf charge density, it follows 



thrzt i r ?  s l o ~ ~ l y  varyi~~g pheaort~ena in a plasm::, D ciirl be neglected. When . . 
c;,nsidesina tile behavio~ir of a plasm. ir i  t! magnetic fic:d, iF  sticrlt~r-: 1:; limited to 
slow va.ria!i on.; x.vhei.- 6 can be ncgjccted, tlte mbject is c:il:ed tno2q:etol2~cl:.~~~1:nnn~ics 
*,r MI-TT). If &st variael~ns are considel-ec? wl-~crc canr,ot be ncgleci-ed, such as 
for radio\vayz!; pa.siI12 t ~ ~ r o ~ ) g l ~  the ionosphere, the subject is drilled mi?,y,g-neto-ionic 
jheoqJ. 

4. S"i1enrr:nts of magneirtlrg.drody~~sniics (MHD) 
,,lly conilucting fluid 111 MZ-iD, t.1~: p)ztsmn hei:::ve:.. =.;sen-iially l ikk an electrir- 

. . 
&:ovlng I:: thy nrcsei?cc - <jC a i ~ : : ~ 2 ~ t i c  field. As r; i-esa!t uf tll: ~uo t i i ? !~~  electric 
c~lrrcfity; jndl.:crZ ill i.llc fluid t{lcsc electric c<rrt:nis proclL1cs mzg:v;.tic fieids 
of their- G\*JIJ~ w~ic.:; r-~todifi, the ambicnt field. Ai the sti;nc time, electric chargcs 
traveIIi~~g in ;i ;nagnetlc !ic!d are subjected to thc Lorcntz Force, and this modifies the 
ruotion of  the plasl:?:~. T11~i.s orle visri:)lis:.s ~onsi31it -i!rteraction between ficld and 
.motion. It wonld be c!ear tEi:it tilt interacdc!n rnusr Ixcon:e \inimportant f ~ r  very 
rapicl fi.-lcl variations because of inertia-, 2 ~ ~ 1  Jrcirce, once ;:gain, i t  a ~ u s i  be stressed 
tbst the sub,ject of hf13D is re:tri:;ietl to rclaliveiy slo~v!y val-yiilg ]>henome 112. 

- .. ! nc f'uil:-f::!:i::nt:,!! cqi~atic>ns governin!:! MHD zrc :- 
-. 

::..lxre F is mast; c.{i:i:t;icy sf the rnediuni, s tti..; vslvuity 01' ihe r:~eiiium, j tile 
uLfrrcilt ijcrisity, a L J ~ : :  eic&ricnj i .ondli~tl~itt .  nr!c! E, .H and i) are t i le  fiitld vectors 
whicll h;i-,re rjlcir us!<:li sig;;i.licanir:. 'Eq tta:io~! ( I )  -is merely llie is-w of' con.r;crva!ion 
of mass. Ecluatiutl (2) inc;,rgoratcs tiir Loreritz h c 6  011 charged pariiclcs r n o ~ f i ~ ~ g  . 

ill a magiletic fieid. Eqoaticus (3) tc: (6) arc Maxli.::'tl's equa:iorl.s rieglecting the 
displacen~lellt current. iCI:um'!,ining (2) and i4) 21:d then L ;~b~ i i t u t l ng  f ~ r  j !Potr, 
(3) it is easy tr, s~!;M, that :-- 

$i it; seen to b e  a sum or i\m part:;. Let, us zor?sidr:r iiiem separateiy. If 
h= Cur] (v !. B), th&: f ' r~nl  (4) anii c2) it f~!lo\vs rhai j = 0, which ,wou!d i n e m  
t;lat there j:; lli: :ela:ive n::.:tic~n bctwecs :he c.;md~*ctiag -. w~iilral m e d i ~ ~ n ~  and the 



magnetic lines of f ~ r c e .  In 0th-er words, 117.c magnetic lines of force are frozen. 
illto the meciioni and carried wit!l the medinm. If L is a typiraI !inear dl112ensioi1 
of the mcdiorn a typical re!axation time for thi: transport uf EI lir;es by this proccss 
would be Liv. On the other hand, if we consider the sseconc! part separately and 
put N = (ljp,~)v2H n7e have a. typical dialsioil equatizn witha di61sion. coefficient 
a = Ijho which tells us that any applied magnetic field ir!homogencity will !end. to 
become l~:?i~~.ogeneous by !incs cf force slippil~g tlhrougll the n?.edium with a tirxe 
constant of the order of L2p,p. fn  the genern! sil.uafion, both these cEects are 
present; that is, lines of force are parfially carried with t!ie niecli~r!~?., bill- &ere is 
also some slipping of the !incs of h rce  through-the mediu!:?. 

Tllere i s  an enaIogci!s situation j s  hydrodynaniics i!x the viscous fl.0j.i oi'l'luids. 
We distinguish between sireaw.l.ine fln~i! anc! turbulerit flow. hi :;tre;rl:l.line flow, the 
streamlines are stationary and the fluid slips throrrgh the sirenmlines easily. 111 
turbulent motion, the strcamlines tend to be carried wi t11 the fluid. A chara.cteristic 
number called Reynnlds lltlmber give:i by R = Lvpq--l deteml.i?lcs whcn turbulent 
motion is important. 

In MHD, there is a simif8.r nu~nbcr whicl~ co!.rlJ be c::!lcci the magnetic 
Reynolds number, given by RM == 'I,y~.,o ;.?bicli determine:: whether ttansgnrt 
of mag~~etic  lincs with the medium dominates or whether the slipping of tincs 
throilgll the nlzclium dominates. lf  RM> > I t  tlxn transport dominates a~lil  [:be 
magnetic Ii::es are effectivei) frozen into the ixcd i~~m ; if RM < < I then ~n:kj;n.etic 
lines diff~ise easily through the !nedin!n. The i-nnciition RM> > I is very rare 
under laboratory conditions. However, irk space, on a coslnic sca!c, L can be very 
large and the conditioil RM > > 1 is easily satisfied, an:! in fact tJ1.i~ is Ihe :;it!:ation 
that is usually met. 

The freezinz in of msgnetic line; of fo'ol-ce into a plns:i~a introduces stresses within 
the plasma .medi~rn.  Si~zce the ~ x a g ~ e t i c  euergy peI r.lrrit vok.~me ir? a magnetic 
field is po H2/2 (SI uaits), the priucipie ctf virtual work lea.c!s to tlxc result that a 

n~agnctic field subjects tSe plasma to ;i tensional :ires af ?,,/H2 i n  Lile c!irection of 
the lines of force and ~ciz~u!thneously to a !lydrr~static prcssur-e of p,,H2/2 in addition 
to the normal gas kinetic p ~ s s i i r e  produced by the r ~ n d o m  thermal m o t i o ~ ~  of the 
gas particles. In other words, one looks on the liazs cf magnetic force ns taut-strings 
embedded in the plasma rnediunl wllich subject the ~xedir!m to 3 teilsion, whilst at 
the same time, they also cause zn increase in the hydrostatic pressure of the 
medium. This picture is most helpful in unrlerstal~ding qualitatively the various 
types of low freqilency mechanical waves ths-t can travel through La ptr~sma ill a 
magnetic field. 
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5. Waves in a plasma in a uniform magnetic field 

When parts of a plasma medium are displaced, restoring forces of two types can 
come into play. There is the normal type of pressure force involved through 
cornpressions and rarefactions of the medium. If this is the only type of restoring 
force involved, then we have pure sonic waves. On the other hand, any movement 
of the plasma medium at right angles to a line of magnetic force will carry the line of 
force with it and cause a magnetic restoring force to act. If the restoring forces 
operating are purely magnetic in origin, they are called hydro-magnetic waves. Often, 
both types of restoring force are involved and the resulting wave is then called a 
magneto-sonic wave. 

If the movements of ths medium are in the same direction as the lines of force, then 
there is no distortion of the magnetic field. Only gas kinetic pressure forces 
arising out of the compressions and rarefactions of the medium are involved and 
we have pure sonic waves propagated parallel to the lines of force with the usual 
velocity of sound, given by C,  = (7Plp)f where y, P and p have their usual 
significance. If the nlovements of the medium are at right angles to the lines of 
force, we can have two situations. 111 one, there are no pressure fluctuations invol- 
ved, for example, when there is a twist of a bundle of lines of force. The restoring 
forces involved are then purely magnetic in origin and are due to lines of force acting 
like stretched strings. The velocity of these twist waves travelling along lines of force 
would by analogy with the velocity of transverse waves along a stretched string, be 
given by VA = ( p.,H02/p) f where EI, is the strength of the ambient magnetic field. 
These are the pure hydromagnetic waves, which are also called AlfvBn waves, 
after Alfvkn who first visualised their existence. In the second situation, the 
rnove~nent of the medium at right angles to the lines of force causes pressure 
fluctuations in the ~lledium caused both by gas kinetic compressions and rare- 
factions and by magnetic field strength variations produced by lines of force 
moving towards and away from each other. I t  can be shown easily that tile velocity 
of such pure longitudinal magneto-sonic waves travelling at rigllt angles to the 
lines of force is (CS2+V,2)+. These are the simplest cases. When the direction 
of propagation is not along lines of force or at right angles, the situation is compli- 
cated but, as will be explained below, two basic modes could be distinguished. 

Three basic vectors characterise the type of wave that is propagated through the 
plasma. They are H, the ambient magnetic field vector ; k tlle propagation vector 
of the wave. which is in the direction of propagation of the wave ; and v the particle 
velocity in the medium associated with the wave. Now, any v can be resolved 
perpendicular to the plane (H, , Ic) and parallel to it, and this enables us to recog- 
nise two basic modes : (a) v perpendicular to the plane (H,, k) called the transverse 
mode and (b) v coplanar with (H,, k). Suppose the angle between the direction 
of prapagation of the wave front 6.e. k) and H, is +. The phase velocity in case (a) 
3-13346 



is V = VA cos q5 and the wave is essentially a transverse Alfv611 wave largely 
guided by tile field lines but with its wave front inclined to the field Iines. Tlle 
phase velocity V in case (b) can be shown to be the roots of the equation 
V4- Vz (VA2 + Csq + VAZ CS2 cos 2 $ = 0 which for a given Q, gives two real roots 
for Va which correspond to a fast wave and a slower wave. ln the magaetospherc, 
conditions are such1 that Vh>>Cs and the faster mode corresponds to tile magneto- 
c,onic wave described earlier, with V= (Tk2  -/- Cs2)L when rl, = 90' and which dcge- 
nerates into the pure Alfvbn mode with V = VA ~vlien pj ==- 0. For interrnediatc 
values of #, V takes on values ;>=tween these two extremes. Tlris mod2 is only 
wzakly guided by thz field lines when VA >) CS aud is Illore or less isotropic. The i *- 

slow wave correspmds to the pure sonic wave with phdse velocity V = Cs when # - 
0". In this mode, the phase velocity riipidly retluccs to 0 as pj increases Iroin 
0 to 90°. Ilcilcc the slow wave is strongly guided by tlre field lines. Tllus for a 
given 4, in general there avould be three types of waves : (1) the transverse Alfvkn *-?- 

~node (2) the fast magnetosonic mode and (3) the slow sonic mode. A polar diagram 
of the phase velocities of these three types of waves t:iliehtl~r. form ,I,own il: 

Figure 1. 

FIGURE 1.  .B polar diagram of the phase velocities of the three mrdes of propagation. 



T;rc (3) x~iaves are largely control?-d by gsls kii~etic pressure fluctuations and 
i ~ u l d  therefore be unimportant where ion collisions in  the plasnia are rare like 
in the magnetosphere. 'They- are likely to become irnportalit only it] the lower 
ionosphere. Hence ja the inain magnetosphere we need distiilgiiish only two 
main t.ypes of waves : the transverse rllfvt511 mode, guided along lielil lines and the 
i'a.st magnetosonic mode, which. is inore or less isotropic. In a uniform plasma 
which. is ~ la i fo~i i~ly  nagnetised, these ttvo modes a.re -independent. Rut non-unifor- 
~ n i t y  causeti coupling hat~x7ccn ths two modes and this gives rise to elliptically 
polarised waves, lrizcause in one mocle v.is- perpendicular to the planc (H, ,  k) and 
in tt3.c other illocle it is parallel t o  this planc. This elliptical polarisation of the 
wave could he left handed or right l~anded with respect to the field lines. The 
heavy bositive ions it1 the pla.sma would gyrate round the field lines in a !ell Ilanded 
sense, thus qr~alitatively one would. expect that the field lines woulcl exert a bigger 
control on the inode with a left handed polarisation. Hence since it is the transverse 
Alfv0n mode that is stroi~gly controllecl b y t l ~ e  field lines, in the ~nagnetosphere 
where the mag~letic field is not unifbnn, the coupling of the two modes would makc 
the Aiivi?n mode show left handed polarisation wit11 respect to the field lines 
\vh.ereas the magneto-sonic nlocle which is oidy weskly controlled by the field iines 
woilld show signs of right handed polarisation. 

6. A. plasma in a dipole field 
L;:t ~3.c3nsiilcr an  idznlised situa.tion where the earth is associated with a dipole 
ma.gnetic fieid ar1.d is surroimd.ed by a spherically syrnnletric plasma. Certain basic 
types of waves can be visualised in. such d plasma. Consider a magnetic shell, that 
is, a. Fajiiily of field lilies dropping ir~to a particular latitude and having a.11 longitudes. 
In the earth model, it c o a l  he considered that ihe lines of force are effectively 
ancho~ed to the base of the i~nosphere. One can visualise standing waves set 
on thesa field lines such, that the particle velocities are always on the serface of 
the shell (Figure 2); If all the fizld lines of a shell. move together, then tl~ese 
movements constitute 3 twisting of the entire sllell. The waves xvill be of the 
AlfvvBn typc and be c~nfined to a torroid. Hence Alfv6n type waves in a. dipole 
field are oRen called torroidal waves. As in the case of a stretched sonolneter wire, 
the j;eriad ofthe fi-lndrrn~ental 17ude of these torroidzil waves jn a m,gi~etic sllell 

: 
. wou!cl be twice the h v e i  time cf ail Alfv15n. wave ;cmovi;rng along the field 1in.e from 
the co~~jugatepoints A and B of n field line. The period oE tiiie seccnd harmonic 
~ o n l 3  b: !HIF this pariod. Tb.ese cigen per iods would dearly depend 011 the lerlgth 
of the fidd line and the actual plasma densty distribution alcng thc line, zrrd lzenc:: 
they ~ o u l d  vary with. the !ztitcde ofintersection ofthe shellwil-!1 the earth's surface. 

One can aiso visualise oscillations where the particle movements are at right 
angles to the surface of a :;:.leli (Figure 3). Here, the magnetic lines move in the 
meridian plane atld move closer or a-gay Cram lir~cs in neighboaring shells, giving 
rise to magneto-sonic type i\r2vcs. are also called poloidal waves because the 



particle movemeats are esseotially toward3 or  away from 3 pole. Tl~es: poloidal 
waves move across the field lines and spread to fill the cntirc plasin:~ rather lllan 
bsing selectively guided by the field lines as in t l ~ e  torroidal mode. The It~nditment;?l 
period I'or standing waver of this type in the idealised earth model mould bc like tb:ii 
of a resonance tuhe closed at one end ; tllzt is, forlr times the time taken h r  the 
magneto-sonic wave in the fast mode to travs-I froni the ionosphere to the upper 
boundary of the plasma. 

It will be ap~reciated that in  the poloidal modc, file enti1.c pl:ismn r.cso!tsics an'! 
tile same period sliould be seen at  all points. Oscillations in this J;IOC{C should 
therefore not bt 1nl:itude dependellt. 

Fanda~~~ei~tal 2nd I-Iarmonic 
Torroidal Modc 

Frome 2. Standiug wavezpatterns in the torror'dal mode. 

Fundamental 2nd EI:~rn~onic 
Poloidal Mode 

F X P J I ~ E  3. Standing wave patterns in rhe poloidal made. 



The Magnetosphere arrd Geo~nagnetic Mcropulsations 21 

These are the simplest modes. More complicated types of standing wave  nodes 
can be visualised where, for example, waves cozild be guided along field lines and 
yet be localised in longitude giving rise to what are called guided poloidal type 
oscillations. Obviously. very complex situations could arise. However, the 
simple picture presented above su6ces to obtain a basic understanding of some of 
the oscillations that occur in the actual earth's ~nxgnetosphere. 

7. The atmosphere a b o ~  the earth's surf- 

Up to an altitude of about :t 100 knl, the atmosphere could be regarded as an 
unionised gas. From I00 km upwards, the atmo~phere is appreciably ionised and 
we enter the rcgion called the ionosphere. Collisiorls of ions with neutral molec~~les 
is frequent in the lower region of the ionospl~ere, but are less frequent in the upper 
regions. Beyond an altitudc of about 600 km, the nluan collision interval is larger 
than 600 s and the medium begins to behave like a pIasma with geomag~letic field 
lines frozen into it and supporting h~rdromagnetic and magneto-sonic waves of the 
type dcscribcci in the foregoing sections. 

A anifonn atmosphere settling r~nder gravity does 30 with its mass density p 
ctccreasing exponentially with height. On the otlcr hand, the earth's dipole field 
H, decreases with altitude as the inverse third power of the distance from the earth's 
centre. Under such circu~i~stances, the AlfvBn wave velocity VA = ( ~c,H,,2/p)* 
woulcl decrease with altitude. 

In  the actcral atmosphere, however, there are two regions 1v1icre p decreases xnuch 
tnore rapidly rllan expotientially, causing VA to increase with altitude. The first 
of thesc regions is betweell an altitudt: of 1.500 krrt and 3,000 km. In this region 
there is a very rapid decrease in p because t!le proportion of heavy ions compared 
wit11 hydrogen decreases rapidly with height clue to differential settling under gravity. 
At a height of about 3,000 km the plasma virtually consists entirely of hydrogen 
and there is again an exponential decrease in p, causing VA to decrease with altitude 
again. 

The second region begins at an altitude of about 12,000 km, which is about 2 
earth radii above the earth's surface and extends u p  to an altitude of about 5 
earth radii above the earth's surface. In this region, collisions are so rare that ions 
spiralling round lines of force and mirroring between coiljugate points begin to build 
up the great radiation belts called the Van Allen radiation belts. As these particles 
spiral and mirror along lines of force, they also drift laterally because the earth's 
magnetic field decreases with altitude. Tkis g ive  rise to an effective " ring c~irrent" 
which flows round the earth. The centre of gravity of this ring current is at an 
altitude of about 20,000 k n ~  which is abuur 3 earth radii above the surface of 
the earth. By Lenz's law, this ring current flows in a direction which would pro- 
duce a magnetic field which opposes the cause that gave rise to it, namely the 



tlecrzasz in W, witit aftitude. Hence, : 3 ~  magiretic fidd of tllc ring crtrrent would 
tiecrease thc 'ear~h's ficld within it and enhance t i le earth's field outside it. Thc 
total pressure iil the pbsrna is, as was showr earlier, P+y9J,Bo2/2. This means that  
for pressure balance, an incrca.sc: in IJ, car1 occur only :it the expense of P and 
hence af p the density of the plasma. T31r!s, as one crosses tbe re~ion c,T the radiation 
belts tlncre is a sudden drop in p. I'his boundary region is cal!cc! the p!u~'~nnprrii.re. 
Typicaliy, the dertsitfiwithin the pksmapairsr i sOJDi5 20 tii::es high.c~- than t!lc 
density outside. Hence there is :in increase ir: tllc Allir6ii wave ve1ocii:y Va with 
altitrrde in this region. 'Tile region within the pplasm2pausc is sonietirner, calleiI tl~i: 
plasmasphere, and the plaslnapa.use marks the outerhotr:\dary of the relatively derlse 
plasma wiuch rotates with tF~e earth. 

The Aifv6n wave \icIoeitj: VA val-ic5 -:vitfi_ ;tJtitudc rougllly as ilidiCsfc<{ ~n 
Figure 4. 
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F I G ~ B  4. Variation of A_lfv&n wave velocity with a lhde .  

8. The actsa1 alizgeetic field of the ~artlh 
. . 

'Fhs &pole magnt2tic of the earth ha.; an intcri~af Grlgrfi. It i s  distc:-l-ed by 
three external sourms lvh:cb are : (1) ionospheric ci irr~~its ,  (2) ring current:, 
and (3) the solar wind. 

At the earth's silrface, ionospheric c1rrrenr.s are much doser than the other 
disturbing sources, and vasiations in the earth's magnetic field detected at the 
earth's surface are ultimately to ionosplleric currents. Outside the io~losphere 
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In the region of the plasmapause, ring currents dominate. Beyond the plasmapaise. 
rocket and satellite observations have revzalecl that the earth's Geld js distorted in a 
nwat remarkable way. due to the intei-action of the solar wind with the eartll's 
mngnetospllerc. 

The sola1 wind is a ~trearn of plasm3 which Rscr.5 rvdially out of the sun through 
the solar system. Tts existence was directly verified in 1962 by the Mariner 2 
probe to Venus, and was shown to consist of protons arid zlectrons. It has a quies- 
cent bulk vzlocity of about 275 km!s mar the earth's orbit. The sonic vclocity in 
the solar wind is orllg about 20 l;m/s, %%hi& rnealls that the solar wind is highly 
supersoxkiz with a msch number of over 10. This s u p e r ~ o ~ i i ~  wind hits the earth 
systerll. 

As described earlier, the earth's mag~~etic  field Ir;ps s plasmaround i t  in the great 
radiation belts. If there was no solar wind, the earth's ~nagnetic field would be 
largely dipolar, with a small distortion d~re to the ring currents of the radiation belts. 
By Lenz's Law, the supersotiic highly conducting solar wind cannot penetrate into 
l h i 4  earth plasma which cmtains the earth's iriagnetie field. I t  ntitst flow round 
it. In other words, the solar \kind sees the ertrth plasma as an obstacle in it\ path. 

When ii supersonic wind llieets itri obstacle, a shock pressure front must ile~tclop. 
Such a shock li-ornt does exist wl~ere the solar wind meets the magnetosphere. 
It was disco~lered by the IMP-I satellite in 1963164. The outer boundary of the 

-niagnetofphere is called the rttclgnetopuuse. Satellite observations have. revealed 
thst there is a turbulent region between tile shock front and the magnetopause to 
which the nanie rnagtretosheatlr has been given. 

The total pressure in a plasma is P + bH2/2- Just outside the ~~agnetopause, 
conditions are such that P > > p.,W2/2 anti the magnetic field has little control 
aver the niechaiiical lnotion of tllr solar wiild. However, within the magneto- 
pause p,,H2;'2 > r P end the motion of the plasma is cornl>letely controlled by 
the nlagnetic fielcl.t2 

Satellite observaticrns have also revealed a most extraordinary situation, 
behind. thc earth, in a direction away from the sun. It was found that the 
geomagnetic field stretches to for111 a long comet-like tail which extends well 
beyond the orbit of the  noon.^ The existence of the tail indicates that the 
solar wiud catchcs geomagnetic lines uf f ~ r c e  at the m;ignetopause and blows 
them out behind the earth. This stretching of the lines viould be resiSted by the 
tensional stress p.,,HZ in thein. In the tail, the field is clirccted towarcls the sun 
in the northern half and away from the sun in the soutl~cm 11alf-. Xi has also beer? 
found that there is a well defined neutral sheet between the two halves, where 
as expccted from tlie requirements of the P+bH2/2 pressure balancc, the plasma 
density is relatively larse. 

A scllematic drawing or the magxreic.sp3rere is shitixr, in Figure 5. 



FIGURE 5 A schematic drawing of the magnetosphere. 

9- I~ydromaguetic waves in the magnetosphere 
observations from interplanetary space probes and satellites have revealed that 
there are variations io the qolar wind velocity and particle density. These varia- 
tions must give r i ~ e  to fluctuations in pressure s t  tile rnagnctopause. Also, j r l t  
as much as waves are generated on the surface of a sheet of water when a wind 
plays on it, due to a process arising out of a pheno.menon called the Kelvin-Helm- 
holtz instability. there is an analagous instability at the magl~etopause dtle to the 
solar wind flowing round it, which should generate surface hydromagnetic waves 
at the magnetopause. Processes such as these cause thc magnetospllere to vibrate 
like a jelly. Complicated modes of standing waves can be set up, and these 
are only being gradually understood. After about ten years of research. a basic 
understanding is emerging although a lot more work remains to be done. This 
article presents only a qualitative description of some of the basic modes that 
could occur. 

Let us first consider the surface waves generated on the nlagnetopause by the 
solar wind playing on it. From the stagnation point at the nose of the magneto- 
sphere. the solar wind branches out towards the dawn and dusk meridians. Due 
to the earth's orbital velocity relative to the radial solar wind, the axis of sym- 
metry of the magnetosphere is on an average tilted about 10 to 23" from t b  earth- 
sun line (Figure 6).9 
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FIGGUV. 6. The so1;lr wind playing on the surface of the magnetosphere. 

The turbuleat 1nag:l:tic field in the magnetosphere carried by the solar wind, 
is preferentially dirccted towards the dawn and dusk meridians. Surface waver 
on the magnetopause will, like waves on the sea, have an approximately elliptical 
motion. the rotation being in the opposite sense on the dawn side and the dusk 
side from the stagnation poiat. The earth's magnetic field lines, which would 
come out of the plane of the paper in the diagram of Figure 6, being frozen into 
the magnetosplieric plasma, will participate in this elliptical motion of the plasma 
on the magnetopause, and hence generate elliptically polarised Alfv6n waves along 
the field lines which are near the magnetopause. Looking in the direction of the 
magnetic lines, the polarisation would be left handed on the dawn side and right 
handed on the dusk side, with the line of change being at about the 11.00 h 
meridian. 0b:;ervations made from the Explorer 33 satellite in 1970 support 
this picture. The fizld lines excited by this inechanism are on the outernlost 
magnetic shell. The eigen period of the funda~nental mode for standing waves 
(Figurz 2) on these lines is about 10 to 15 min. These field lines dip into the 
carth at high latitudes and large, long pzriod oscillations of the earih's magnetic 
field (called Pc 5 type micro~~llsationsj obsessred at ground stations in high 
latitudes (68 to 700) would appear to correspond to these oscillations. 

The variations in prsssure on the magnetopause caused by variations in velo- 
city and density in the solar wind, shouid generate poloidal oscillations especially 
in the central regions of the sunlit magwtopause. The Alfv6n wave velocity 
6 1 3 3 4 6  
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variation with altitude show two maxima (Figure 4). In these regions, the 
gradient of the refractive index for these waves change rapidly. Such regions 
form boundaries for hydromagnetic waves, where a fraction of any incident 
energy will be reflected. Thus, for hydromagnetic waves the magnetosphere gets 
dlvided up into a number of cavities in which the waves could form standing 
watre pxtterns. For example, the region between the plasmapa~~sc and the mag- 
nstopnsse woilld bahave like a resonance tube closed at one end. The region 
between the AlfvBn velocity maxim~m at about 2,000 km and the plasmapause 
would behave like a resonance tube with nodes at both ends. Eigen periods 
correspondi~lg to standing waves in these work out to be between 20 and 150 r; 

and these would appear to correspond to Pc2, Pc3 and Pc4 typi: geomagnetic 
micropulsdions which are observed at ground station:, mostly during day-liglit 
hours (Section 10). 

This is a very simplifiecl picture. There is strong coupling betwccn the poloidal 
and torroidal modes in tile iiahomogeneous fielcl of the earth in the  xnagnetos- 
phere and hence osci!lations of cne type \.yili gener2te the other and vice versa. T11e 
actual situation is therefore complicatecl . 

At night-time, especially towards midnight, sharp pulses of damped oscillatio~~s 
called Pi2 type micropulsations are observed in the geomagnetic field. These 
oscillations wauld appear to be connected with an impulsive typc of phenome- 
non in the geomagnetic tail. A possibility that has been suggested is the reconnection 
of opyxitely directed field lines across the neutral sheet. This forms a situation like 
that of a stretched catapult. The reconnected lines snap back like the strings of a 
catapnlt and in tioing so cstaplpult the plasma in the neutral sheet between them 
towards the earth giving rise to, amongst other things, an impulsive slinlulatiui~ 
of the resonating cavities on the night side of  the magnetospl~ere. 

So far, only standing waves in the magnetosphere have bcen considered. These 
have slow periods and wavelengths of the order of the linear dinlensions of the 
magnetosphere. When the wavelength of hydromagnetic waves is very small 
compared with magnetospheric dimensions there is the possibility of travelling 
hydromagnetic waves in the rnagaetosph,-re. T11ese waver have periodicities of 
the order of 0.2 to 5 s. Such periodicities are detected in geomagnetic micropul- 
sations and are called Pcl type oscillations. It is interesting to note that in the outer - 
magnetosphere the magnetic field strengths are such that the period 01' gyration of ./ 

protons in these fields is also of the same order of magnitude as the5e oscillations. 
One cat1 tllen imagine a resonance interaction between Alf~Bn waves with these 
periods travelling along the outermost field lines and showing a left handed ellipticnl 
polarisation, as explained earlier, and the gyrating prctons. By a process called T 

" Landaa Damping " the hydromagnetic wave can lose cnergy to the resonant 
particles, and the reverse can also happen through a mechanism called the cyclotron 
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resonance mechanism. These processes could cause pulses of oscillations to run 
u p  and down the field lines after being repeatedl? reflected at conjugate points (e.g. 
A and B in Figures 2 and 3), w5ere a field line dips into the ionosphere. At each 
reflectioa, a part of the wave will get reflected and a part will get transmitted to the 
earth. Pcl microp~lsaticns are indeed observed at conjugate points at high latitudes 
where the outermost field lines dip into the ionosphere. Further, the repetitive time 
of pnlses of oscillations corresponds to t5e expected time taken for an Alfvkn type 
oscillation to trave: ilp and down the appropriate field linc. These Pcl oscillations 
are also obscrved at other latitudes bccanse a part GC the energy gets conducted to 
these latitudes by rnezas of current patterns induced in the ionosphere by the 
oscillation of the field lines. 

10. GteoGagnetic micropulsations observed at the earth's surface 

Geomagnetic rnicropulsations are small fluctuations with periods between about 0.2 s 
and 600 s that are observed to occLlr in the ,earth's magnetic field recorded at the 
earth's surf8,ce. The amplitude of these fluctuations vary from a fraction of a y to 
about 10 y where a y is equivalent to oersted. The quiescent strength of the 
earth's magnetic field in equatorial regions like Sri Lanka is about 0.4 oersted or 
40,000 y. Hence it will be realised that these fluctuations are relatively small and 
that special sensitive techniques have to be used to record them. 

These geomagnetic inicrop~llsations are sometimes contil~uous in character and 
are called PC type oscillations (P lor pulsation, c for continuous). Pc type oscilla- 
tions occur largely during day-time. Night-time micropulsations are, more often 
than not, impulsive in character and are like heavily damped oscillations. Such 
oscillalions are called Pi type oscillations (i for impulsive). By international 
agreement, geomagnetic rnicropulsations are classified according to period as 
follows :- 

Type of oscillation Period range seconds 

Pcl 
PC2 
Pc3 
Pc4 
PC5 

The need for electrical neutrality in a plasma requires that, for slowly varying 
phenomena like geomagnetic nicropulsations, the electrical charge density in a 
plasma be taken as zero. As pointed out earlier, this also requires that the dis- 
+cement c~irrent d ia the piasma be taken as zero, and the f~indamentalequations 



governing plasma oscillations would be as stated in equations (1) to (6) in Section 4. 
It will be seen from equation (3) of Section 4 that the magnetic field variations in a 
plasma corresponding to the periodr considered here must originate through fluc- 
tuating current densities only. and not through changes in the displacement curr.=nt 
i) as well, as is the case in tlle usual electromagnetic wave theory. 

In the magnetospheric plasma, four main regions where current densities are 
likely to be generated can be identified. They are : (1) thc ~nagnetopausc wherc 
srlrface cnrrents would be induced due to interaction with the solar wind, (2) tlie 
plasmapause wl~icll is the region of tbr. ring current prod~~ced by tllc great radi- 
ation belts. (3) t l~e  neutral shect in the geomagnetic tail af ills magneto~pltcre a d  3 
('1) the ionorpherc. The magnetic effects of these currents ~ ~ o u l d  drop off roughly 
in inverse proportion to the distance from the current sheet. The ncarest current 
skeet to the earth's surface is the ionospllere which is at least a few llrlndred times 
rlearer than the next nearest current sheet at  the plasmapause. + 

I ~ G U R E  7. lonospheric current pattern giving rise to gconlagnetic micropulsations. 

1-Iydromagrietic waves in thc magnetosphere irnpingi~lg on the ioizcsphcre musf 
produce fluctuating current systems in tlle ionosp;~erc like the wall cwrents in a 
wave guide. In equatorial regions and mid-latitudes at Icacl. i t  shoulcl bc tllc 
induction effects of tliese current systellls in the ~onosplicre, togcthcr with the 3 

jtnage currents they illduce in the earth. that arc obszrvetl a? gomagnetic micro- 
p~ilsations. It can be concluded, therefore, thz t  hyciro~ilngnetic waves with thc 
same periodicjties as observed in geomagnetic nticrop~~lsatioris rncst be present in 
the magnetosphere. It is, I~owever, not easy to infer the nature of thc hydromag- &1' 
netic waves inciclent on the ioi~osphese from a study of the gecrnagnetic nlicropul- 
sationc rccorded at the earllfs surface. Various utten~pts have bee11 m:trle ~ v i ~ l ~  
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model ionosphere. to t ~ a l u a i e  transmis-ion coeEcien~< !.or ilydromagnetic waves 
falling on thern. These calculatioils are, ac yet, IIC,~ very convincing. Furthern;ore, 
the induced earth currents could vary drastically depending on the locallty where 
observations are being made, and these earth current\ could serlorlslp distort tire 
observed ~nicropulsatio~~s. especially their pd!arisatiori. These Sactcirs indicate 
that geon~agnetic micropuisations m u s ~  be inteqiretcd with caution. 

By analysing thc distribution pattern OF s im~~l l~ lnea~ls  signal\ from recorders 
distributed at  various point5 on the exth':. surfax, J ~ L O ~ S  tind Si!ll1o4 sug'qe~lcd as 
early as 1960 that an ionospheric; current pattern of the type indicated in Figure 7 
szelned to be the agency responsible for at Icasr the lo11g pcrioci ~i~icropulsatlons 
observed at  the earth's wrface. 

The current pattern induced in tlle iono\pl~ure due t o  tlre tidal nlotior of the 
:thosphere, called the Sq. current pattern is ~ l s o  simil~ir.~ This sort of pattern, 
lvherc there are big loops of current on tither s ~ d e  of the geolilagnettc equator 
which join up over the equator to produce ~i 5ort of cquatosial jet current seerns to 
be a natural pattern for the i~rlc>\~>here In tllc casz of the Sq. currelll pattern 
causer! by ttdal motion, the current jet over the ecl~~atur is very n1;trht:d :!t nliclday 
longitucles, and 1s callecl the cquatvl.ic!l electrojet. 

11. Research on gcomagrretic micropuIsations in Sri I,nnka 

Geomagnetic lnicropulsations can bi: studied by ~neasuring the snlnli currents or 
clectromotivc ii~rces induccd 11:; ~ ! ~ C I T I  in s~iitably designed coifs, or by measuring the 
current4 i~itli~cecl by t l ~ e t i ~  in the earth's crust Tiear :he surface (telluric currents). 

Investig2tiions on g:omagnetic micropulsatiorrs tising the firs!: technique were initi- 
:~.ted at  tlle Pi~ysics Dcpa r to~e~~ t  of the University of Ceylon, Colombo in 1963 (on 
the :~uthor's suggestion) by P. C. .B. Fcrx~a!rdn ancl the Measure~nents of 
telluric currents were initiated at the Vidyodaya Uni\;ersiiy of Ceylon by P. C .  B. 
Ferlianclo and A. Perera in 1 !368.3 

Experimental detailr arc given in the re!erant papers this pal-rr briefly iudicate:, 
the significant results of investigations conducted in Sri Lanka. When th.ese 
investigations were beg.i~n in 1963, the magnctospl.ters was little understood. The 
snlarwind had only beenrecently discovered and there was virtually no informa tion 
on geomagtletic micropulsations froin equarcl-ia? regions. Recortls fro111 high and 
middle latitudes had indiczted that the iiuinlnnnt period of micropuisat!ons j:: high 
(aurofa.lj latitude: was about 55 to 60 s arid tltrtt this i';ominant pcriod di:creasecl 
as the latitude decreased. 



Fernando and Kannangaraa showed that the main characteristics of Pc3 and Pc4 
type micropukations recorried in Colcnlbo during the period 20 April to 23 Mzy 
1964 were :- 

) The total lnicropcisation activity has a nlean diurnal variation that builds 
up to a maxim~m just before Iocal noon. Therc also occurs a slight 
enhancement of activity .?round local midnight. 

(ii) The total activity shows a strong pocitive corre!i;tion with l i p  (a world 
wide lnagnetic disturbalacc index). 

(iii) The observed activity in the Pc3 anrl Pc4 band n;lcropulsations is mainly 
con6ned to periods lying between 30 and 60 s with peak activities ar 
(38 + 5 )  s at;b i60 & 5) s. 

(iv) The 60 s peak is the dominant one and is highly stable, occurring both in 
day and night signals. It is also composed of the larger amplitude signals. 

(v) The 38 s peak is constituted from smaller amplitude signals and is 
enhanced under day-tirne conditionsand particularly under magnetic storm 
conditions. 

(vi) The midnight pulsations form a rather broad spectrum with. no pronoun- 
ced peaks at 38 or 60 s b ~ t t  a broad peak at (55 & 10) s. These are found 
to consist mainly of damped oscillations of the Pi type. 

(vii) Apart from perhaps some sporadic bursts of activity, there is no indica- 
tion of a general resonance at a period of the order of 20 s as had becn 
reported by many inid-latitude stations. 

The dominant period and some other cliaracteristics of the micropulsations 
recorded by Fernando 2nd Kannangara were in fact aore  similar to the micropul- 
sations found in auroral latitudes rather than in middle latitudes. This observation 
lent support to the view put forward by Jacobs and Sinno described previously 
(Section 10). The ionospheric current loop which flows over equatorial regions 
would continue round tc auroral latitudes and hence similar lnicropulsations 
should be seen both at equatorla1 and auroral latitudes. 

Kannangara and fern and^,^ made a detailed analysis of night-time Pi2 micro- 
pulsations from continuous records of micropulsatior~s taken over a whole year in 
Colombo from 17 October 1964 to 16 October 1965. The main characteristics of 7- " 

these night-time Pi2 pulsations w- &re :- 

(i) Pi2 events ate most ;~rominznt, especially about midnight, during the 
equinoxes. 

(ii) The rate of occurrence of Pi2 event$ increases almost lineerly with Kp up 
to a Kp level of at least 5. 
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(iii) The dominant periodicity of Pi2 events show3 adefinite Kp dependence, 
the median shifting smoothly from a value of about 100 s at the Kp = 0 
level to about 45 s at the Kp = 5 level. 

(iv) Pi2 oscillations tend to have longer periods wl~en they occur at, or 
immediately before, midnight 311d to have shorter periods when they 
occur at predawn. 

Perhzps tlte most interesting result of this analysis ~vas the spectacular increase 
shown in Pi2 activity at the equinoxes. It was pointed out that the ileutral sheet 
of the maglietosphere points directly at thc earth only at the equinoxes. This 
can be deduced easily if it is realised-that the sd~ematic picture of the inag- 
netosphere shown in Figure 5 corresponds to wnmer in the northern hemisphere. 
A convincing mechanism which would case an enhanced Pi2 activity at thc 
equinoxes has not yet been'worked out. 

Polarisation studies of micropulsations were made by the author in Colombo 
from records taken during the period April to December 1971m6 The following 
polarisation characteristics were observxl:- 

(i) The magnetic vector of the rnicrolmlsations lies allnost entirely in the 
plane of the magnetic meridian. 

(ii) Thc magnetic wctor is almost horizontal for signals with perions <60 s 
at all times. 

(iii) As the period increases, the magnetic vector becomes more inclined to 
the horizontal. This incresse in inclination as the period increases 
is very gradual at night-tiine and AYAH is stilI - 0.2 at a period of 
600 s. During the day-time, AZ/AH increases much more as the period 
increases and has a vdue of about 0.6 at a period of 600 s. (AZ = ver- 
tical compodent, AH = horizontal component)- 

(iv) The b~~ilding of ,AZ/AH for long period signals during day-time seems 
to follow thz build-up and decay of the E region of ionisation in the 
ionosphere. 

(v) The equatorial electrojet current dues not have a first-ordzr effect on 
the polarisation of micropulsations, 

(vi) The polarisation charttcteristics do not show a firsli-order seasonal 
dependence, 

(vii) In a periodic signal with both H and Z co~mponents, when H increases 
in a S+N sense, Z increases in a vertically downward sense and vice versa. 



The author has shown that rill tlazsz p!asisitti.,>n ci1aractcristics observed in 
Colombo could bz explained in terms of a curier!.t pzttcrn in the ioilospiler;: of the type 
shown in Figure 7 as b-ing thc agency rispoilsible for the n~icropulsntions obscrvcd 
at the c~rth's surface. For cqnatcrial stations like Colombo, tile ionospl~eric currents 
inducing thc ~nicroguIsat.ictns would hz currents flowing in the E + W dircction. 
over the region of the geomagnetic equator. During day-lin~c time currents wouid 
he in tlie E region and at  night-time when. the E rcgion disnppcars tly~ cllrrent would 
risc to the F region. The magnetic dis~:urbancerecordec! n t  the earth's surfa.ce woirld 
be the resultant magn~t;ic eR'ect of  this ionosp?~:ric ctrrrcnt and it:< in1:tg; current in 

,f.. 
the conduc'iii~g earth. If t ! ~  earth JN~.- ,  a perfect coitductor, tht: imagc currxit woultl 'i 

he a currcnt OF the same stl.ei?gth as the ionospheric current and situi;tcrl i !s  fsr beI~\v 
the surFace of the earth as the ionospb.eric current is ~ib~vve it. Rowe-ver, th.r: earth is 
not a per.'ect conductor, zrld cram comidcrations of skin depih o f  p.-netratinn of  
electrom.agneic sigilnls into n surface -vvitl~ finite conductivity, il was deduced Chs t Iht: i, 

tffective image current yo~i1:"ixsitua';ed deeper in the earth than the ruirror i~xagz 
position, and also thg depth <of the image in the earth \voulrf ii~crease a.s the 
periodic tinle of the signal incrsrses. A suri'ac.c ob.;e~ve~- thsn i>ccoincs asymmetri- 
cally placed with respect to the ionospheric current and its ijn.zg~, :and 11enci: 
depending on the degree of asymmetry, a Z con~ponent ~llust appear in the 
~nicropnlsation signal when. t l ~ c  observing station is not directly on ih.2 gzomagnztic 
equator. 'The bigger the asymmetr;], t l~e  bigger would be the Z component. Thus, 
the increase .in AZ/AH as the period increases and the reason for the iucreasc 
being not so nlatked at night-timi: is understandable, bccaure iI shift of the 
ionospheric currc~st to the much higher altitudes of the J? region would reduce the 
asymmetry. Hence a very satisft~ctory explanation oi' th: polarisiltion cllltracteristics 
observed in Coloillbo could p~ssibiy b-. made. Inciclentaly, the sensc of polarisation 
of t11.e signals indicated that the icnospheric current sheet was north of Color:~bo, 
and indeed the g~om~g~gnetic equator pasxs t l ~ o u g h  Sri 'Lanka in tlle region 
Vavuniya, wllich is about 150 miles north oT Colombo. 

An obvious cl~eck on tiiese results would be to make polarisatiur~ studi:-::; north of 
tlle geomagnetic equator and on it. This is being donz prcsent!y by K. Kunaratilalu 
of the University of Sri Lanka, Cojo:?-zbo Ca:nptis. He is taking recordings in 
Jafi'na and Vavuniya; the former is loca,ted ~riorth of the geo~nagnctic equator, and 
the latter is mc?re or less on the geolnagnetic equator. Prz!irninary reslllts reported 
by Kunaratnam give striki:;g co~~firl~l:.,tion of the i:lterpreta i-icn givcn above. Tile. 
sznsr: of po!ar.isaticn of thz  signals rccordec? in Jafha  is opp~site to that of 5' 
the signals r-corded in Celol?-zba, an4 the si<-na!..: o rsmrde~i is Vawniya h.avtvc IW 
vertical component at ail. Matkmatical suppsrt for !:be model used by the at!thc.r 
has been given by Park.10 

'it was ngt possible to record the fsst PC 1 micropu!:;ations at the Colomnbo t -  

Campus. However, the tctefric current sec~rdzr s?r up at tl~: Vidyocilaya University, 
Nugcgoda was capable of recording these signals. Fzrgandol pre:;enteO an 
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analysis of 117 PC 1 events recorded a t  Nugegoda. Pcl oscillations often appear as 
short enlissioas which repcat themselves at regular intervals, giving the appearance 
of a string of pearls on the recorder chart. Hence these events are often called 
pe arl events. The main features of the pearl events observed by Fernando were: 

(i) Pearls occur in the day-time with peak occurrences between 1030 and 
1100, 1230 and 1300 and 1530 and 1630 h local time. 

(ii) The nlost probable: (a] duration of a pearl event is about 10 min, 
(b) number of emissions (bursts) per event is between 5 and 10, (c) dura- 
tion of an emission is between 40 and 50 s, (d) time interval between 
two successive events is 10 min to I h. 

(iii) During the day-light hours the mean wave period t,, remains substan- 
tially constant 6hile the mean repetition period between successive 
emissions T, reaches a lllininluln at 1230.1ocal time. 

(iv) The most probable mean wave pxiod tm is between 1.0 and 1.5 s. 

(v) The most probable T,/t, ratio is 40 rt 10 For all events, 50 + 10 for 
events with tm < 2 s and 35 rt 10 for events with t, 2 2 s. The T,/t, 
ratio of noon signals is almost half that of the afternoon and morning 
signals. 

Fernando interprets this last observation of the halving of T,, (t, is substantially 
constant) for noon signals as being due to the feeding in of energy from Pcl signals 
to both the northern and southern loops of the equatorial electrojet current system 
in the ionosphere through conjugate points in the northern and southern zones. 

Normally, the repetition period Tm between two successive Pcl en~issions would 
correspond to the time taken for a packet of hydromagnetic waves to travel along 
the outer field lines of the lnagnetospherc from one conjugate point to the other 
and back again. When the equatorial electroject current system which is cleated 
by the tidal motion of the ionosphere is fully dcveloped. Fernando considers that 
at each "bounce" of the hydromagnetic wave packet at a conjugate point in the 
northern hemisphere and in the southern henlisphere respectively, energy is fed into 
the appropriate current loop in the ionosphere and gets carried into the equatorial 
regions. Hence in equatorial regions T, becomes halved at noon when the 
equatorial electroject current system is fully developed. The Vidyodaya results thus 
appesr lo be another pcinter to the important role played by ionospheric current 

systems in the generation and propagation of geomagnetic micropulsations of all 
periods from Pcl pulsations to Pc5 pulsations observed at the earth's surface. 

This account reveals that with very modest equipment and very meagre resources, 
Sri Lanka has made a small bxi significant contribution to this fascinating field of 
research. 



M .  L. T. Kannangara 
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