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ABSTRACT
- 

:. • ~~riflg periods of geomagnetic disturbances , VI~ emissions and

- enhan:ements of low energy electrons are s imultaneously observed by

the e~~.atorial orbiting ± ‘-k/Explorer L~5~ satellite. These events

are characterized by the following feature~:: - (i )  The VLF emissions

occur outside the plasmasphere in the nightside of the magnetosphere.

- ( i i )  The VLF emissions consist of two frecuer~cy regimes. one below

• I - . the local electron gyrofrequency . f . ‘ ~e other ab~ ve f .

(iii) ~he VLF emissions below f~~~~ e~ relatively broadband whistler-

m~ :ie waves characteristic of chorus and frequently have a conspicuous

ban d of ~< .~ ssing emission?’ near f / ~
. (iv)  The emissions al ove f

a .
~~~~~~~~~

.

are electrostatic and typically have components near ~f
,g
/2/ 

5 Occasionally ,
— : higher frequency components are also oH serve - -i 

‘ (v )  ~he onset of the

emissions coincides with abrupt increases outside the plasmasphere
~

(L~~ I-i ) in 1 - 10 keV electrons to intensit ies of the order ~f 10 1~ ~~~
/ ~~, ~~ ~~~elect ron~~ cm ~sec /ster /IceV , Less pronounced ennancements sorneti~ es

occur for electrons with energies as high as 70 keV
7 ~vi)  The

• cessa1 ion of the emissions coincides with a drop in the electron

~~~~~~~~~ ir~te t i ~~i~~ies  ~ th~- ir pre-enhancement levels which are of the order
to 

~~~~ 

€ - t ~~

ol t ~ I ron /~ ~~~er~~~ ter’~~ ceV~~~ or less This drop in low

- 
- - e r I e r a Ty  electron intensi t ies  occurs e~ -mre or when the satellite crosses

- - - 
~~~~~ - t he p I a o r ~apa~~:e bac k into the plasmaspliere . These ~*served features

~~~~ - —
—---a.—- , - - ~~~~-~-a - — • -~ , . —
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• 
~~~~. ~ridjcate that the VLF emissions 

are produced by low energy

- 

(1 - 10 keV ) electrons which penetrate into the dusk-midnight sector

- of the magnetosphere from the geon~a~ rietic tail during magnetic storms

- and substorm s and drift eastwards ootside the plasmasphere. In this

- - paper . events observed during geomagnetically disturbed periods in

December , 1971, and January, 197~~. are discussed.
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I. INTRODUCTION

The f i rs t  h i - h  t i t  ~ie satellite VEF experiment (cx~o 1)

indicated that the source of whistler-mode emissions in the magneto-

sphere lies close to thc equatorial plane [Dunckel and Helliwell , 1969].

The equatorial enhancement of whistler-mode wave emissions has also

- een shown by Ts irutar~i ani Smith [19714] by investigating the ELF

da ta obtained by 070 5. These investigations were , however, limited

- 

I only to wa ve ~ata.  In this study, data fran both the plasma wave

experiment and the particle detector experiments on the equatorial

orbiting S3-A satellite are used to examine wave-particle interactions

in the magnet osphere .  The orbit of 73-A ( init ial  apogee is 5.214

perigee is 222 km , inclination is 3.’ and orbital period is 7 or. 149

a mm .) plus an •~~~-e nsive set of fiel-~ and nar t ici -  experiment s make the

satellite particularly favorable for studies of wave-particle inter- 1- -

actions in the ~o- -ne to saher e [r~ nganecker and Hoffman. 1973 ]. The

plasma wave experiment instrumentation consists of a 16-channel 
fr

• s~ ectrun analyzer which ccr . ers the fi-o ~oency ran~ze from 35 Hz tc

100 k~ z an - ’ a w~d’Th~tnd A G - ’ receiver with  -n hon dn -a ss  from 100 H~ t.o

10 kF{z [Anderson and Gurnett, 1973]. ;oth units are connected to a

5.08 r-~eter tip-to-tip electric dipole antenna. The electron detection

i t ru~aeiit ’~tion used in this analysis consists of a cylindrical elec-

trostatic analyzer-channel electron multiplier system measuring mean
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5

energies from 1.2 keV to 26 keV in eight energy intervals [ Longanecker

and Hoffman, 1973] and a solid state detector with four levels having

mean energies from 55 keV to 1400 keV [Williams ~-t al., 19714). Supple-

mentary data from the flux gate and search coil sn-n -
- re~ - r experi-

ments and tho static electric field experiment are ais: -ire~ .

Plasma waves in the ma gnetosphere , their chara~ter -~tics and

occurrence as a function of location and geomacnr -t ic ac t iv i t- ,- and their

interactions with energetic particles have been extensively s tudied

by past experiments. First we shall briefly reviea ,~ past investigations

of chorus and electrostatic (f > f~ emissions , the two typ es of emissions

with which th i s  study is most concerned . Chorus is an electromagnetic

emission with f < fg 
that consists of many randomly occurring discrete

tones lastin~ a few tenths of a second hat either rise or fall in

frequency . In a mor phological survey of VLF emissions observed with

the low -altitude Injun 3 satellite, Taylor and Gurnett [1968] found that - 
-

for VLF emissions (primarily ELF hiss , chorus and VLF h iss )  the region

of most intense emissions moved to lower latitudes (which correspond

to lower 1-shells at the equator ) during geomagnetically disturbed

t imes . The Injun 3 VLF experiment used a magnetic loop antenna as a

sensor. Similar results were obtained by 1arrini’ton et al. f l07l~ using

Alouette 2 data . The P.louette 2 data was obtained using an electric

dipole antenna as a sensor . Taylor and Gui nett [1968] also found that

often chorus was confined to lower latitudes than ELF hiss. Russell

et al. [l’,~Y)1 r’orI -;c :~ ed a morphological study of ELF noise using data

from the search coil magnetometer experiment on 000 3. They concluded

j
I ’

a - - . 
- - - - 
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that the source of burst-like noise was near the equator . Burtis and

Helliwell [i~n~)] reported observations of banded chorus in data from

experiments using magnetic 1oop antennas on 000 1 and 000 3. Banded

chorus is chorus that occurs in well defined frequency bands. The

banded chorus was usually observed at L shells of 14 or greater which

suggested that the noise was observed primarily outside the plasma -

sphere. Occurrence of the banded chorus was positively correlated with

magnetic activity . In a companion study of magnetospheric whistler-

mode emissions with the 000 1 satellite ]Dunckel and Helliwell [1969]

found that the upper-frequency limit of most of the observed emissions

was proportional to the minimum electron gyrofrequency along the mag-

netic field line passing through the satellite. This was interpreted

to mean that the source of the emissions lies close to the equatorial

plane. Using OGO 5 search coil magnetometer dnt a , Tsurutani and Smith

[19714] studied ELF electromagnetic emissions in the midni ght sector

of the outer magnetosphere. They detected chorus in conjunction with

mn -neto~ pheric substorms throughout the region from L = 5 to L 9 but

ori. - during postmidnight hours. This chorus occurred most frequently

at the ~eornagnetic equator and did not extend beyond ÷ 15
- ’ geomasietic

latitude. They found the distribution of chorus as a function of L

e n d  local time to be strikingly similar to the distribution of enhanced ,

trapped and precipitate-I substorm electrons with energies > 140 keV.

The postmidnight occurrence of the chorus was attributed to the eastward

curvature and gradient drift of the injected electrons.

_ _
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The first direct associations between noist ler-mode waves and

energetic particles were made at low altitudes. Oliven and Gurnett

[1~~ :-.1 observed that microbursts of E � 140 keV electrons detected by

the Injun 3 satellite were always accompanied by VLF chorus emissions .

Jsing hib}s altitude balloons launched from Siple station , Antarctica

(L = 14. 1) ioseLleerg et al. [ 1971] observed one-to-one correlations

between short bursts of E > 30 keY x-ray s and bursts of VLF emissions

at 2.5 kHz. The energy of the electrons contributing to the x-ray

bursts was estimated to be 30 to 100 k~e1. burton and Holzer [19714]

in a s tud y of chorus in the outer magnetosphere reported experimental

Gui; ! aort for the necessity of a critical pitch angle anisotropy for

whistler-mode wave generation as proposed by Kennel and Petschek [l~~E ] .

On ar ~ 000 5 pass through the nightside outer magnetosphere. Burton and

Holzer [.19714] observed that the region of maximum pitch angle aniso-

tros— ’; for 50 to 100 keV electrons coincided with the region of on imin

of chorus as identified by their wave normal analysis. Fredricks

[1975] reviews some of the recent theoretical and experimental research

regarding the association of chorus r ;n issions and wave-particle in t e r -

actions in the outer magnetosphere.

Intense magnetospheric electric field emis s i azs  near ~f - 2

were first observed by Kennel et al. [1970] on the OGO 5 s-r,ellitf- . - 
-

These emissions were localized near the equator ani wer~ observed

from 2100 to 1200 LT for b < L < 1). Because of their ‘ii~Th I’rvou encv — -1

and hi~~ electric field amp1it-He~ (typically 1-10 mV ~~
1)~ bcon e i  

-
‘

- - 
~~~

.
‘ 

et a].. [1970] slo-g.;ste~ these emissions could be the : - ; l r r e  of ntron,~

I

— ~~-----—- - ---- - ‘ -
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pitch angle diffusion and energization of 1-10 key auroral zone elec-

trons. Scarf 
~~ ~~ [1973] showed that enhanced levels for I ~ 3f g/2

electric field emissions were associated with substorm expansions .

They found post-expansion f 311/2 waves to be intense enou~-ai to

provide strong diffusion for E -
-‘ ~o-8o keV e leot ron s  and chances in

the local pi tch angle d i s t r ib u t ion :  were correlated with -a n ’ - -. +~~~Qa - ;s

in wave a~~ lit ’sde levels . R lec t r os~ gneti r  ch orus u s i s s i o m .  - - ~~-re a ’~so

observed during to- - :ui storm ex~ar~~ion a: aGe , : n~ t na3y  occurred later

and with lower wave irc~~o;:ities tbno the f 3~ “ 2 wsa -?es. Fredr icks

and 2car~ [ 1973] using a more ex~~- I sot of 000 5 lata than Kennel

et al. [1970 ] found that  in t ’-ie local t ime region f r a n ;  1900 to 0700 LT

the oc~ w-r - :-r .oe of ersiss~ onr ten d e- -: to be concentrated in the 5 ~ L ~ 7

region . The emissions were also found to occur from +14o~ to -50 ° ceo-

magr ;- ;-tic latit:~ie . ~ owa;vC r t: 0 mos intense 3f /2 emissions were found

near the ceornagnet ic equator and near local s-i Inicot which is the

‘1 area at th e base of the n~~;. :maa 5h -~ a • - ;aw and bun ~ :t [1 -7~~ ] have

also obrerv— - (n + 1/2lf g e~ ectr :- - : - ~~ic ~~ ;es in t . e  c -~ter magnetosphere

in data acquired using the I on 5.- eIer~ n1c !lpule n r;tennas on I~dP 6.

Shaw and Gurnett [1975] sn - -es~ ed t hat the ele - tr o s t a tj c  noise bands

they observed near the plasrnapausc- -~,-er° r~ ~:-ted to the upper h::t-rid

resonance noise observed inside the plas;; :phenc- and the (n -
~ l/2~fg

waves observed in the outer magnetosphere.

— .---- --5—’ —.- —-. -- --—--~. ---~~~~~~~~~~ -—- —
~~~~~~~~~~~ 

— ~~~~~~~-~-._ — — — —



II. MA~iNET0SMj ER [C VLF EtIISSION EVENTS IN JA NUARY , 1972

The hourly values of equatorial Ost [Sug iura and Poros, 1973]

are plotted in Figur e 1 for the period frers -Ja r iunry 21 to 2E , 1972 .

Three shaded marks on the top of this figure indicate the duration of

the VLF emission events observed by the 2-~-A satellite during this

geomagn~~ ica lly-disturhed p er iod which are discussed in this paper. A

A.  1nrb it  222, Ju nuary 22, 1972

On orbit 211. the satellite exited the p lasmasphere at about

o5i14 UT (L = ~4.l9 and 18. - hr s .  Miff ) and re-ent ered the plasmasphereI
about 0903 UT (L  = 14.26 ~~~ 2i~. p r o .  MLT).  Jhe times of plasma pause

crossing s used in th i s  paper are n 11 -JeterrniLed by the sat uration of

the onboard static electric field instrument [~-~o:r;ar2 and dauffman, 1973].

The VLF emission event began near apogee , well outside the main body of

the plasmasphere. As showa in Figure 2, a whistler-mod e emission kno~m

as chorus was first observed at 07014 UT (L = 5.16 and 2).~ hi’s. YLT
’)

and continued , although sometimes intermittent ly , until 0831 UT (L =

14.71, MLT = 21. 3 hrs.). Figure 2 is a 0-10 kl-Jz spectrogram of the

electric field wideband datn . This record - ;iisrln :is the sharp bard of ‘
- 

-i i
“missing emissions” in the chorus near half the local eic-~ tn0 ‘0- —

frequency , fg/2~ Since tb’ orbit is close to the mavn a L i e  eq-~n t n t - i a 1  i f.:.
plane , can be regarded as being nearly equal to the em !ttor~a1

electron gyrofrequency . In this paper the values for f g ar c-  ( -~emp ited

- —‘-5— - ---__1s_ ____ ____ -—-- -- - - -~~~ .—- —- -— — -
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from the local u~-~metic field measured dy the on!oard f~ -ix~ote magneto-

meter [2. J. Cahill, Jr., private communication , l~l75]. Also evident

in Figure 2 are the V12 emissions above f . A hand of emissions whose
g

frequency range extends from ~ 1g to 1.50 fg 
is present f r a n

0710 UT to 0822 UT. It will be shown in cases i iscu sse-d loter  that

these emissions with frequencies ab ove f
g 
are electrast--~ c.

-2 -l -1 - -Electron intensities ~cm sec o-ter ke- . ) ~:r e~~ c~ r ‘: s

with mean energies from 1.2 keV up to bOO ReV ar~ sh:~~ in Fis - .re 3.

in which directional differential intensities for aitch angles 7Q ’

an ‘- 20° are platted against UT bg small x ’ s cmi by c.Lose i circles ,

respectively . From this figure we can see that the VLF en~ ssions are

clearly related with the high intensity of electrons in the fIve lowest

• energy channels observed by this satellite (1.2 keY to 6.0 ReV). The

onset of the 11LF emissions nearly ooir ie ides with the abrupt increase in

the 2 .2 ReV electron intensities about 0700 UT. - - -c th ~:iffea-sitiai

intensities are enhanced roughly 20 times from the pre-enh. ncement

. . 6 -2 -1 -1 ~-l . -intensity of 10 cm sec ster ke~ for small pitan angle

6 -2 -l -l -l -- • -electrons, and fran 5 x 10 cm sec ster keV for 9v -pitc~.

angle electrons, respectively . Successively higher energ’.- electrons

display somewhat later enhancements and lower overall intensities.

At 6 ,0  keV , the intensities for both 20° and 90~ pitch angles peak

: t  3 x i-f cm 2 sec~~ ster~~ keV~~ at about 0800 1. No enhancement

of electron intensities is observed above 6.0 ReV. Around 0-~3O ‘I’,

the intensities for all five ‘;nbanc -o- t low er er~- . electron channels

begin dropping rapid~~ toward their nre-enhan’-es~ent levels. This drop 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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in i:. t er i s i t ie :- coincides with t oe car c - -~~iu n  of the VLF emiss ions an d

occ o’s aupro:- :~ mat e lv  30 minut es before 1-he satellite re-enters the

plasmasphere .

The ener 2- of electrons in cl- cl aaron resonance with whistler-

malL- waves is

-: f _ _ f 3
E
~ 

= EB 
-

~~~ (~ - ~—) where
g

= . t i 5 .P !OTr gnet iC  enerco- rer n~trtic1e .

f is the wave f re  ~ie ncy , B is the ma -mi t-ale of the static magnetic

fi -
~i and 2 is th e  electron nun Lier e r i n i t 5 . - Hen nel and Petschek. l~~6] .

~~ between 0700 UT and o8oo UT , the stat - . :‘m -net ic  field remains wi th in

lO~ of l~~O~ [2 .  J. Cahill . Jr. . private comrunni cation . 1975]. In this

time period , elect r ic  f ie ld tu r~ -Jm ;-e  as soc iated wit) : ~ he plasma

fr equency appears in the 16.5 RJ-Jz and 31.1 kiiz - nels of t a  on- oar :

spectrum analyzer. This indicates the and ient Cr 
~eris t was n

the range of 14 to 10 electrons cm”3 [ ;urnett a n)  haw , l -)7~~] .  This

- I implies thai for whistler-mod e wave’- wit ) .  f -~~ f g C~ th e  resonant

energy ranges from 14.5 keV to 1.8 ReV. Thus the criers- es where t:v’

electron intensity enhanc”n; -nts occur are appropriate for the electrons

to be in cyclotron resonance with the observed whistler-mode emissions .

There are indications that near the hag inning of the emission j 
~event, the s~~el1ite jnrsse i throua lt ; several very narrow re- -ions of

plasma with densities comparable to the plasmasphere. From 0658 s-T
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to 07014 UT , 0705.5 UT to 0707.5 UT and 0718 UT to 071) UT , the static

electric field instrument briefly came out of saturation , indicating

the local number density exceeded 140 cm 3 [N. C. Maynard , private

cozm::un:ication , 1~’75]. VLF emissions associated with enhanced low

energy electron intensities were not present for these time periods.

Instead , a narrow electroo:acnetic band of hiss from 200 Hz to 500 Hz

was observed . This ELF hiss band is characteristic of “plasmaspheric

hiss ” [i~~ssell and Holzer , 1970; Carpenter . et al., l~~b9~ which fills

the plasmasphere hut is be l i eve - i  to C generated j:.ist inside the plas-

manause [Thorne et al., 1973]. In tiie low energy electron data, the

intensities dropped briefly an order of magnitude near 07o7 UT and

0718 UT. A diagram of the probable configuration -of the evening plas-

rnasphere for Orbit 211 is shown in Figure 14. Because of toe i—re s-~nce

of the c- Lasc;o:nheric hiss we celieve the high density cold plasma

encountered around 0700 UT soul) i-c a tail-like extension trorc the ::Llr,

body of the plasmasphere. This narrow high densit:. region shields the

reg ion outside the outbound plasmapause crossing from the enhanced low

energy elect s-nm . Possible tail-like extensions of the plasmasphere

have been observed -luring geomagnetically dist m’i:eci times by harfield

et al . [1)7 ] and - l a yn a r d  and Ch en 11)751. The location of the VLF

emission -~~-i’ it is indicated by t} i i -  hatched line.

• As sh~~~ in Figure 2, most of the wave energy from 0738 UT to

0801 UT s curicentrated in the emissions above fg which is b .) kHz.

— From 07140 UT to 0750 UT the emissions anpear in the spectrum analyzer

channels up to i6 .5 kflz.  This indicates emissions up to 7f /2. The

- ~~~~~~~~~ 
- 
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- 
- e n - : cer r ~ - r : t in t h e  i rm t 4 -n s i i J e s  of electrons with mea n energies from

- 2.7 ReV to  6 . 0  ke\- r e g in s  ara ~73O UT and continues until at—out

0830 UT. The wave ermer~~’ s) iCt s to the whistler-mode emissions near

- f g/~2 at 0801 UT .  At - - e :t the  same time , as shown in Figure 3, the

- 

~O bitch angle intensities f~~ the 14. ReV electrons drop around a

half an order of -~o Ymit -de . Fun toe 6. ° KeY electrons the 20° pitch

angle intensities rise to a level slightly above )CU pitch angle in-

- tensities. ~‘ior ho this time , and for all lower energies, the 2O~

pit -n angles were usually a half an order of magnitude below the 90° . -

1 pitch angle intensities . At the termination of th i s emission -rvent

around 0831 UT, the 90° pitch angle intensities for all energies of

electrons were greater than the corresponding 20° ai to t  angle intensi-

ties. The peak chorus amplitude measured during tUe ocriod of the 
—

nearly isotropic pitch angle di o-tni : :tions was 250 ~~~~

F B. (Jrrit 2114, January 23, 1972

I : The VLF emission event and low energy electron enhancement for

L Orbit 2l~ e1 rin and end noarl7 coincident. witri the o:it o:,nd and in ound

bound plasmapause crossings . As determined by the sat:-~ration or the

- 
on-hoard static electric field instrument , the o:r t o:~r: ~1asmapause

crossing occurs ‘~t 014214 UT (L 14.17, PLT 17.8 lirs.) and the inboun d

crossing is at 0852 UT (L = 3.52 , ~CLT = 22.5 hrs.). A 0-10 kJ-fz

spectrogram of tie electric field wideband data from 01400 UT to

08149 UT is shown in Figure 5. The widehan d data end at 08149 UT -ecause

that is when the  srx~c-i - o1 r- n-;~~ce widehand t rano ’u i t ter  was turned off.

At :-‘~g’6 UT, just ou tside  the plasmapause , whist ler-mod e chorus emissions

- - I -
~~
-
~1

- —- - - --- --‘- - - —- --- - ~~ __-_ ____ - -- - - - -  -
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with the sharp missing han d at f g /2 b e g in .  These emissions are then

present most of the time ontil 05214 UT. The:,- reappear briefly at

06214 UT. From O’s-°l UT ~rmtil the end of ti e data at 08149 UT th ey  are

present , although somewhat intermittently . Electric field emissions

above f first appear in Figure 5 at 01431 UT and are evident until

0815 UT when they diranp ear because they are above the 10 kHz upper

frequency cut-off of the wideband receiver. The electric field erc is-

sions above 
~~~ T 

in the wideband -~is-ta have severe.l bands wh i sh are each

about 1 kl-{z wide. The most intense band appears near 3fg/2~ A t t imes

the emissions extend almost as 1 w  as f
g~ 

For example , near C700 UT

the lower cut-off of the emissions is at--out A .8  kHz and toe !- easarel

local electron g- ’r ofr -eauenc :.  is 14~ ’ ~O 
- - . .

The conf iguration of the p1asmas~here near ti1e evening quadrant

for Orbit 2114 is shown in Fi~---ure 6 . T)-
~e hatched lines indicate where

the VLF emissions are observed. The plasma nause etweer-i toe two orbit

crossings is simply interpolated . The contracted alasmasphere is a

result of the geomagnetic substorm indicated by the decreasing values

of ;st shown in Fi~~re 1.

Figure 7 is a plot of the digital output fr~~ the 16 channel on-

boa rd r.ectiLwl anal--zer for the entire Orbit 2114. The bot~ oa channel

covers the frequency range 100 Hz to 10 kHz . The next eleven channels ,

-ip to and includ i ng the 10 kHz channel, are connected to narrow-band

t es and have 1 an~1widthr ÷ 15% of their center frequencies. The top

four channels have bandwidths + 7. of their center frequencies. The

out~ at of each channel is approximately proportional to t i - i -  logarithm

~ 

- _ _
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-~ - of the measured a m p l i t u o c . The vertical lines represent ti~~ average

amplitude measure-i sver 61~ second intervals of t ime and the dots are

the peak am-niitui t- s over the same time period . The baseline for each

channel is about 2o~,’/m and :‘ull scale is about 20 mV/zn. The low

frequency signal aresent in the 35 Hz to 311 Hz channels from about

0300 UT to 01423 UT is alasauspheric hiss. It also appears in the

wiuebanci speetrogroc as trie intense noise band near the hotton of the

spectrogram . The ‘-J-r -spt terrr~irat ion of’ the plasmaspheric hiss at

1223 UT is also an indication of tie outbound plasnapause crossing and

is in good cgi’eemerc with the static electric fie1~ plasmapause deter -

- 

I mination . The narrow noise band which peaks in the 100 kHz channel

at 01420 UT and the 31. kHz channe l at 014143 UT is similar to the

plasma frequency noise band observed by Gurnett and boaw [L.)73 i .

In tue inboun d nortien of t he :ircit . t h i s  p lasma f~~~;-sencv noise hand

peaks in th e  ~51.1 kiis channel at O8~~ UT and in tee l-~C kHz channel

at 0855 UT. As the  upper h alt  for time plasma e:~noit , :~ t by the 4
sat- ir -ation of the hat i~ s-I --ct-n c field inotrur~- -nt is -‘ 0 ~ 20 ~~

[N. C. ~-Y~ r n - a r i .  privat e cor-rcar~iea t io n , 1975 ],  the ident if icat ion of

this noise han d as the plasma fre suency noise ban d is consistent with

t ee  plasmapauce crossing d -terrninat i’e .

10 the -ii’i ta l i - ’t~ ~n Figure 7, chorus is observed iron  01426

UT to Y b  UT and from -17b1 UT to 0852 UT. Because of its impulsive

nr m t .tr - , ‘ -0  r i m : -  ‘i s-pears in toe is ital d- - ta with peak values usually

_

~~~~~ 

. 

much higher than their corresponding average values. The emissions

above f are observed in the dL o f ml  data from 0429 UT to 0856 UT
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shortly after the int ound plasmapa1lse crossing . These emissions were

usually the ~‘t-rongest in the channel r ee se - st  3f~ /2. The digital data

also indicat es emissions were present at r1isher half-integral harmonics

of th ). . hetween 0610 UT a n :  0700 UT , the emissions appeared very strong

as high as 31.1 kHz which 501’ es;~~ ids to 11 f g !?~ The peak amplitudes

mea sured in th is  t is,e interval  r -an ce -i  f rom .3 ir rn -et 5.o- : kHz to

i.b mV/rn at 31.1 kHz .

The directional i if fe ren t ia l  i n ten s i t i e s  of OQ ’ anu 20° pi tch

ang le electrons for brt -it 2114 are p 1-ott- - i  against t ime in Fi gure 8.

Coincident with the outboun d pla sinapause crossing and the ons et of the • -
-

- 

I VLF emissions , the 90° pitch angle int ensities for 1.2 keV to  l.B- keV

electrons abruptly jump from 1.0 x 106 em 2 sec~~ ste r~~ ke7~~ to

about 14.0 x 10~ cm
2 sec~~

’ ster 1 ReV ’ at about 01425 UT. The inten-

sities for 20 ° pitch angle electrons, wh ich are near the loss cone . I
are ab out a half an order of magnitude lower . The 2.7 keV and 4• — ReV

electron intensities also increased as the emission event progressed .

but their enhancement was more gradual and somewhat less. Slight en-

hancements occurred later from 55 ReV to 1400 ReV .

At 0500 UT where B was -
~~‘ 215~ , the resonant energy for whistler V

rno-J ~ waves near fg/2 is 2.--) ReV if N = 10 cm 3. Under  th e same

- 
- conditions , the resonant enerc~- for whist ler -mode wa ves near 0.2 f g

ane 0.14 fg is L . - ReV and (- .2 ReV , respective ly . :etter agreement

between the re m s - in ant  energ y required and t imc-  energy range where the

gr~otest -rd i rume -s~ent occur s requi res  N to 1— c -i-eater tha n 10 cm 3.

N could be ins- i am — eu by a s ~gni  ficant contr ibution from the very low

- ~~~~——-
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energy part of th e  enhanced electron spec~ m-- sm . It is worthy to note

that in the wideband sm’ect r sr irr in F is --ur e 5, the chorus emissions

above f g
t i are more intense tha u those below ç/2. This is consistent

with enhanced cyclotron resonant interactions at the observed l~~ ur

energies.

C.  —~~‘i - 1t  220 , January 25~ 1972

The VLF emission event for ~iYr s~ t 220 ie~an short ~~. af ter  apogee

well outside the plasmasphere and terminated just after tee satellite

reentered the pla srmm aspe er e .  The locations of the plasinapause and t~e

observed VLF emission event are shown in Figure ~~. The fina l outbound

plasmapause crossing occurred at 01436 liT (L = 5.2 14 , MLT = 19.6 i r s . )

near apogee. ~~ior to this  time, fr~~ 025 ? UT = 14 .141. r-ILT = 17.8

hr s . )  on , the outer plasmasphere was rat  °r tenucu s and t ime static

electric fir- i-I instrument was at or near saturation much of the time.

This detector came out of s-aturatis-s on the 1 nhoun I portion of the cr1 it

at C~’-~ 7 UT (1 = 14 . 5U , ~LT = 20 .(T- h r s . ) .  As shown in the wi~1°t--an d spectro-

gram in Figure 10, VLF emissions above f of moderat e intensity

(amplitu-les up to 1430 uV/m) began at - 1 7  UT (L  = 5.18 , hIT = 
- - f l . 2  hr s . )

well outside the r I a sm a p a n s e .  Just prior to this time , very weak

and barely ~1iccernao1e emissions above f were observed int e rai t ten t ly

from rL~A liT to 0518 117. However, their amp litudes never exceeded

140 u V/m . The VLF emissions above fg were present until the inbound

F~, . ~ lasrnap ause crossing at 0627 UT. However, a f te r  05148 UT their

amp li tudes l r epp ~- l  to 140 ~V/ m or less. 2~ rong chorus emissions having
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the distinctive missing gap at fg~
5 i-e~an at 0550 UT and ended at

L
~
T , five minut e-- aft - r the inboun d plasmapause cr e s m i n g .

For two inthrvals in this t ime period , 05 8- UT to 2552 UT and

0618 UT ot ~ - -b UT , the chorus emissions were absent while the

electrostatic mode emissions ahoy- f continued.g

As shown in Figure 11, the e1ec~ ron flux in the thre-~ lowest

energy channels ( i .o  ReV to 2. 7 keh ) increased abruptly begins- lag

about 0517 UT , coincident ly with the onset of’ th e  bLY e m i s s i - : r m r .  The

electron flux in these three cha nnels remained enhanced un t i l  the

inbound plasmapause c r - e s 1 n ~ . The presence of thr ’  VLF emissions appears

to be we ll correlated with  the tn er eas -  i n  flux of the low energy

electrons. There is no apDar~-rm t correlation l~~twe~ n th~ VLF emissions

and the electron flux above 14. 0 ReV for this orbit.

~

p 
-

-- -—--- ~ - -~~- -~~-
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III.  VLF El—IIU SION EVE~ 2 TURI NG [E CE) IEER , 1971,
- EOI- NETIC OTOR ’-i —

The VI~ ’ emission event for Orbit  101 occurred during the main

phase of a geomagnetic storm on December 17, 1 171, as shown in

Figure 12. A 0-10 k h z  sn~-ctro. -i-am of tee electric field wi~eband

anaico data from 1700 UT to 2200 71 and a 0-3 kHz spectrogram of the

magnetic f ield wideband data are presented in Figur e 13. VLF emission s

above f g ega n et 1717 UT (L = 14. . - . 1- 1LT = 19.3 h i ’s . )  coincident

with the outbound plasmapause crossin ’. Electromagnetic

chorus emissions with the missing ~aa at fg
/2 began 1)4 minutes

later at 1731 UT (L = b .  e , ULT = l9.~ r r s . ) .  20th chorus and the

emission s above f g wer e present until ~ i2 - UT , ust prior to the

inbound plasmapause crossing at 2155 UT (L = 3.00 , MLT = - .2 hi’s.).

Although the emissions above fg and the chorus emissions disappeared

from the wideband spectrograms at aEcut 2115 UT and Llbh 1T .

respectively , when they exceeded the 10 kHz upper cutoff frequency,

both sets of emissions were present in the onboard spectrum analyzer

data until about 2150 UT. The locations of the plasmapause and

the observed VLF emission events are shown in Figure 114. From

1800 UT (L = 14.98, MLT = 20.0 hi’s.) to 2005 UT ( L  = 5.00, MLT = 20.6

hi’s.) the chorus emissions only had wave ener~~ well below fg/2. For

example, at 1900 UT (L = ~~~~ MLT = 20.8 hrs.) near apogee , time

frequency range of the chorus emissions was b(0 Hz to 730 Hz, i.e., I ~
-~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~ -~~~

-
~~~~~~ - - ~~- -~~~~ - - --- -- --- — -~~
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0.12 to 0.18 fg~ It is evident from the wideband spectrograms in

Figure 13 near 1950 UT that the emissions above fg were Predominantly

electrostatic . In the electric field spectrogram, a narrow band of

emissions was present at around l150 UT just above 2.5 kHz, the meas-

ured local electron gyrofrequency . Even though these emissions

occurred below the 3 kHz upper cutoff frequency of the search coil

antennas, no emissions above f were observed in the r~~gaetic field

wid eband spectros-rai.. Thus we conclude that- t ee VLF emissions above

f
g 
are electrostatic mode waves , as i l scussed  previously [Maeda , l976~~.

The directional differential intensities for ~~ and 20 °

pitch angle electrons for r -it 101 are f-r ~-s~ r~ted in Figure 15.

Coincident with the onset of the VhF esissions at -- he outbound plasma-

pause crossing at 1717 7 ,  t ue i n t e r sit :  of 1.8 k~- - . electrons abruptly

increased over two orders of magnitu°- . ~hc rt~~. ~uereafter , simi lar

enhancements were observed up tbrougl. the 6.0 key electron channel.

All these low ener~ ,’ electron intensities remained enhanced until

about 2150 UT when the VLF emissions ceased . Less abrupt and less

intense enhancements occurred near the outbound plasmapause crossing

for electrons with mean energies up to 100 ReV. However , near the

inbound plasmapause crossing , when the low energy electron intensities

decreased and the VLF emissions ceased , the higher ouerr s electron

intensities remained enhanced . The VLF emissions thus appear to be

- - - most closely associated with the low energy electrons.

When the chorus emissions began near 1731 UT, the resonant

energy for waves near fg’2 was 1 .0 keV for 10 cn~~
3 and B = i80~.

~

I
-
~

,
-
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-
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Around 1950 UT , t E e  resonant ener~::; fo r the  ~bserve i waves near fg/6

was 7.0 ReV for N 10 em~~ u ni B = 
~~~~~~ ~4aves near f g/2 for similar

N and B near 2010 Ui~ wou ld .e in cyc lotron resonance with 500 eV

electrong . As the satellite continued in oun l . the resonance energy,

assiwiing N = 10 cm 3 , would have continued to climb to around 200 ReV

near L = 3. It appears that enhanced low energy electrons are required

for the VII’ emissions to occur . Near apogee where the ma gnetic field

is small , the low energy electrons are the electrons in cyclotron

resonance with chorus emissions . As the satellite moves inbound and

the magnetic field increa ses , higher energy electrons are in cyclotron

resonance with the chorus emissions. However , the low energy electrons

must cor.trol the interaction because the emissions cease when the

intensity of’ low energy electrons drops before the abrupt increase

in a-usher density at the plasmapause.

As shown in Figure 15, peculiar variations in the pitch angle

distributions of high energy electrons from 14oo ReV down to 55 ReV

occurred from about i8oo UT to 2100 UT. First in the highest energy

channel and later in successively lower channels, the 20 - pitch angle

intensities exce ied the 90° pit ch angle intensities. And about H

1-955 UT near apogee, the overall intensities of high energy electrons

abruatly n~ r c r - ~~, first in the ~400 keV channel and later in success-

ively lower -ner~~ channels . The electron intensities began to in-

crease ot 1~~) d  UT , 1~ 15 UT and 1920 UT for the 180 ReV , 100 keV and - 
-

55 keV channels, respectively. These time delays are consistent

with a localized injection of electrons earlier in local time than

~

- - - - --- --- --

~

-

~
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-A M ich dr i f t  eastward to the sat e ll i t e .  A substor m beginning

-~ out 1930 UT i~ indicated ~n the College magnetograms shown in

~ahil t  [1 7~ 1. he t i af- ~
- - Lays observed here are consistent with previous

— : - - r ~
- -

~~~ ions af ~iUiarn. , et al. [1T1.m . In the 1800 UT to 2000 UT

time ~ - - -r i a 1 , t u e  only not ieeshle  change in the VIY emissions was that

the cherus c7an~ ed f ron  U av i - rmg two i an-i s  near f g/? to a single

emission band near f / - . This lower wave frequency re iu ire s a hi ghe r

resonance energy , one at about 7 ke1- for the measured 3-field and

assumed number -lensity. Th- - unusual ~ i tch  angle d i n t r i b u m t i o n  and

abrua t increase in high -ri - rgy electron intensities do not appear to

affect the observe i i LF ern i sions.

~~t

. 

_ _-

~ 

--
~~~

---
~~~

- -
~ --~~~~~~~~~

- - - --
~~~



- 
~~~~~~~~~~~~~~~ ~~~~~~~~~ 

~~~~~~~ U~~~~~~~~~~— 
______ 

~~~~~~~

— 23

t v .  0I h0 H2 ION AND SUI-2t ~- R Y

This st u - i ; -  has shown that ur ione tospher i c  VI~ emissions with

the characteristics liste ~-:-lo-~ -re clearly associate-I with enhanced

intensities of low enirgy electrons which penetrate into tue dusk-

midnight sector of the sm.ene± osphere from the geomagnetic tail dur ing

geomagnetic storms and substo rms . Ihe charac te r i s t ics  of the emissions . -

are (i) the VLF emissions occur outside the plasmasphere in the

ni ghtside of the magnetosphere . (ii) The VLF emissions consist of two

frequency regimes, one below f~ and the other above fg~ (iii) The

VLF emissions below f’g are relatively broadband whistler-node waves d
characteristic of chorus and frequently have a conspicuous ban d of

‘ missing emissions ’ near fg/2~ (iv ) The emissions above 1g are

electrostatic and typically have components near 3fg/2• Occasionally .

higher frequency components are also observed. (v) The ar set of the

emissions coincides with abrupt increases outside the plasmasphere - 
-

(L ~ 14) in 1-10 ReV electron intensities to the order of l0~ electrons

-2 -1 -1 -1cm sec ster keV . Less pronounced enhancement s sometiac s

~ 
j occur for electrons with energies as high as 70 Re V . (v i )  The

cessation of the emissions coincides with a drop in the c- tcctron

intensities to their pre-enhancement levels which are of the order

of 106 electrons cm 2 sec~~ ster~~ keV~~ or less. This drop in low

- - energy electron Lnten sit ies occurs before or when the ustellite crosses

the plasmapause back into the plasmasphere.
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Calculations u: nri t i i e : ensu i ~ etatic rcognet ic  field and a

nic~.l-er density determined eit,i -- s by ob ser ve d  plasma frequenc~i noise

bane or urg er liri its set by the static electric field instrurent

showed that tie erthan~euents occurred ct energies appr opriate for

electrons ir . cyclotron retsnarLce with the observed whis t ler -mode wave

f r e u u e n - - i e s .  l ittle correlation was observed for electrons with

energies si ye 70 keV SOc the observe-il VT2’ emissions .

Ts~~ utan1 and Smit:: r 1 -~ h ]  s u - ~ es te- :  teat a possible e~~ lana-

tion for t e  missing emissions” near fg/2 miriht be landau damping.

For electrons in cyclotron resonance with waves at f = f g 2~ the

parallel velocity of the electrons equals the wave phase velocity

h-it the  electrons are moving the opposite direction . Assuming that

t a -  electrons are moving along the field not bunched and in both

-di - -~~t: uns , they note--1 that there would ~e electrons also moving in tue

same d i rect- ion as the wave and with a velocity equal to t u e  ~~~~ phase

velocity . These electrons will i r i  a - lar r- rO e  wave rr ovi-d e aLe: i:

on a nort ion of the particle d ist r ibut ion function that is - i ec r - eas -~~-~

wt u energy.

Another possible explanation for the missing emission band

that considers separate sources for the f f /2 and f > f/2 has

been proposed by haeda et ~l. [1976). They s iguest t e a t  the I > 1/2

emissions are generate 1 locally near the st ellite while the f ~a f
g/2

emissions are generated in a hailar way but sLi -ct J,’~- outside the

observing location where the local electron gyrofr~- -~~ency would he

lower. ~~~~ these lower frequency emissions ultLn~ ely t - .r opngate

-

~
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to to e ol-serv-in - location via the ducted mode , t h eir upper frt2-:ue:.c-

cu tof f  will be one i a L f  t he- - -~c-ua to rLa1  :-irofrequency of the ot servir i -,

l o C r i t l O f l .

0r~ a saci -o sc -oaic scale , -oth choru s and t i e  f > I electro-

static er i s s ions  ten led to occur coincioent wit :. the ere aneerr :ent of

t u C  aw er1cr~~- ew-c trw i~~ensities. ::owever , on a microscopic scale

tuc  :;res~~u-:c - of cue t :me of noise tended to q-uenct : tee -other type .

i- or - :usci Ic on ~rh i t 11-- f l -OS. 051) to 0525 rI in Fiourer 5 and ~ the

chorus b- L~~ S tS  oc-c~~-recl wner. th e  I > f nornui t . a - S  :ecreasec and Cka-rr ls  •

wns a senh when the strongest f > f~ :- iss  i ocr cu r s e r .  th i s- s

ef f e - -t was cvi ent in the wiii- .-ba.~ spe-ctrorga::,s in Ficures 2 and 10

also. However , some of the ap r a re n t  -ru ench in c  ~ould have been due to

th’~ if of the widehand receiver . The aup l itu  :ie at one freaceucy would

appear weaker if a ~t r oru~er s ir -ca l at a -lifferc ~t fr e e  eri c :- - occurred

and ..-ontrolled t h - receiver AGO . For b: ~ we -~er -: - able to v e r i f y

the ::enchino bern Ice it was also ev~ eri t E r  t I c  di~~~tal d at a .  This

cation is not usually possible or relianie ri- le s s  the quenchino

effects f - r e  present for severa l saninlin ’ r e n o I r  of the JiHtal lots .

The int eract~ -n i c tweei  +}ie chorus un -I t i  e lec t ros ta t i-  waves with f >

I will also b~ stujied in .~-itw-e research .

- - On a -riven orbit , t b -  do r is amplitudes ten -del to peak near

where the ma .’ Ii u: t nte -r s ito  of resonant - i c -ai~ r e- s oc - ir r e-I  . For

instance on - 1 0 - i L  220 the- chorus amplitudes per-~ked at al-out - 12.’~ ril - sr  I
about 0555 IT , appro;< i mr tel :, the same time that - the flux of 1.0 ReV

ric-etrons peaked at 7.0 x 10~ ~- -m~ Sec stcrY~ and the flux of 2.7 ReV

___________________________ — -- -~~~~~~~~~
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electrons peaked at ~.l ~ 1O
7 (cm 4 see ster)~~ . Timi larly on Orbit 2114

the chorus amplitudes peake d at about 160 CV / nl when the flux of 14 ReV

electrons peaked at about 1.0 x ~~~ (cni~ sec ster)* On Orbit 220 the

f > I , emissions had peak amplitudes of about 35) ~V
’m around 0530 brI

w e n  the t~ -e-st energy electrons (1.2 ReV) had a peak flux of 1.0 x

10
8 

(cm~ sec suer )
1. Thwever. for Orbit 2114 t u e  f > fg emissions had

nook amplibrules up to 1.14 mV/rn rt the low ener~ - - electrons had peak

f luxes of about 14.8 and 7.2 X lo~~ (cm 2 sec ster~~~
1 for the 1.2 ReV and

l.~ ReV Larinels , slightly less than for Orbit 220. Qui te  possibly

the 0 > 1g emission amplitudes s-right be controlled by the electron

SNI -t rum heloi~ the lowest energy that could be measured on S3-A.

To t~ rh her test the plausibility of the low energy electrons

interacting with ti e - chorus via cyclotron resonance interactions we

examined the relationship of tie upper cutoff f req uo r~c:.
- of the chorus

and anisotropy of the  enhanced low ereru~- - - Il-etroas. For cyclotron

1
resonance , the ar owt h rute is proportional to a tern \ A  -

f -Li

- - 

- 

[Kennel and I c -t s chek , i~ 0E- ] where A is a measure of the ~-itch angle

anisotropy . From this expression we see t eat the growt h rate goes to

zero at A = f - where f is the mr-’er cutoff frequency . For
g’~ c

-
~- C

the cases we have examined in this stu—~i. f 0 varied from out 0.55 fg

• to 0.00 fg~ This corresponds to anisotropies of 1.22 to 1.914. The

pit--h angle plots of the resonant low ene1 :- e J e - ~~r o-- r  hiring periods of

enhancement typ~cr IO -~ showed that the electron i n t ens i ty  varied from

about sin2 ~ to sin
14 

o’ where ~ is the p itch angle . This indicates A

ranges fran 1 to 2 riti cr for a pitch an~l~ distribution proportional to

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- 

~~~~~~~~~~~~~~~~~~~~
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sin

11

~~. A = m 
~~~. Occasionali : - t u e  low energy electrons displayed pitch

angle distrirrotions proportional to sin ~~~. The typical pitch angle

d i s t r i l -u t i ons for the higher energy electrons varied from

to sin ~ during the VLF emission eve nt s discussed in this study .

Kennel and Petsci ek 110(0] calculated tie max imum stab ly trapped

omn i I irectiorral flux, - - -
, for electrons ab ove the resonance energy , Ef.

in stead -state weak - illusion to be (within a factor of about 3)

- B 10 2 -l
~~~~ 

( >L~~) 
~~ 0 . ‘ 3 ~ 10 (cs see~

- - 
1g-i
f

where B is the equatorial field strenoti: in Gauss. For I = f g/2~

A = 3/2, B = .002 Gauss , L = 5 and N = 10 cm 3 , ER ~ 2.5 ReV and

- . ( > 2.5 key) 1.2 x lO~ (cm2 sec)~~ . The low crier : electron

f1~~-es we observe during the  P12’ emiss:i on events are well above this - 
-

level.  However , as A approach es 1, the staLl:- trappe l flux limit

increases dramatically . be-ar A = 1.1 the stai-l~; trapped flux limit is

comparable to the low crier - pr electron flux we have o i-serv ed . had the

fluxes been less or had the anisotropies been smaller , we probably

wou Ld not have observed chorus emissions .

Kennel et al. 11970 ] calculated that the pitch angle diffusion - 

-

coeff i~~ ent , P , associated with an - I - - r b r l r  field , H to be ~ (~~~) 2 
.

I my

where v is the part icle velocity and e and m are the charge and ness

of electron . For 2 ReV e lect rons  and a 1 mV/rn el~ct ri c field , -
~~~

~~ 
—

~~
-- . For processes localized near the equator , Ke nnel et al. 11970]

~-ntirnate
] ti nt the electron encountered tIe wave electric field about

—- -- ~~~~ —- - --—— — -~~~rn ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.~~~ ---——- - - --—rn---~~~~~~~~~~ -
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l~ of the time. Thus the over-all d i :  rusi or coefficiemu ‘or a 1 mV/rn 
- -

electric f ie ld  is ~~~~~~~~~~~ ~rad )
2 sec 1. iri t i e  examples we have 

- -

disc ussed , f g was t3~~ica1ly around 5 kJs . Thus the -diffusion coefficients

would be L iO~~ (sad )
2 sec 1 and 1.3 -\ t )~~ r n : ) 4 sec~~ for f /I-

and 3 fg/2 waves , respectively, with i m’I J n. l i tudes . ~~-orf et al.

11973] loosely define stron - i f fus ion  to be a: ove l0~~ (rad~
2 sec 1

.

biu calculatH: s s :--iow tr at the el serve 1 1 mV/rn - .-~uv e s  are around one

roll  to one or - icr -ui ma u u l t u d c  i-c-low ~uat level. Ther e calculations

a lmitte dl-! are fairi :- ’ er -u se because of the assumotior:s on w h i c h  they

are  r ose . }:-owea~ r , thc  weaker wa res w i t:  uinrriitudes of a few hundred

V u :  :o~ t cro a l l;  - r e  in the weak diffusion regime .

Fre ir i c k :  
- 

l’7 1] usi r e , a ~r L r g  - l i s t ribu t ion  si eved that elec—

‘ -o stat i c- I I  ~t :H i~3Ii5 in the rvionet osphere near (n — 2)o could I-e

produced by a i-- -~ k in the r e r t - e n - i i - -:L~r velocity d i s t r O  - ;-Hon of the

ambi -r t c-lect !Orr. - our~- et al. [1273] tucoreticaiL-: analysed the

- I - - -a sic-rut icr of elect r ests-tic waves in the ma -r1etosvi-era r s i r - a n~ re

re-s licti c distr ibut ion coruininint bot h a cold an—I warm species of

- , 
- 

electrons . They found the observed electrostatic spectra could be

produced if the warm component had a non-zero peak in t ee perpendicular

vel: it 1: d i n t - s i but ion , if tLe density of the cold component was greater

than a -oat l~ of r - - warm ~ nd for h igh  density regi ons if i-b e cold to

war:s t mperatui-e rat is was rot less than 0.1. Using a i f f er en t  ial energy

tJ- - - ~nta fr-eu -Ic I- or-~st an ~~~ T iw ain  [1971] from the -eostationary

ATU 5 cnhel1 it u~, : c - ~ric at  - I .  fl )7~ ] showed that a uon-: ’ero peak did

exist in t~ e : -  -icular ;- - : - - a i t : ~ - ? i s ~ riI-uLion for e lect rons  with

_______________________________ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ ~~~~~~~~~~~~~~~~~ 
iL ~ -.1’iá-~--- ~~~~~~~~~~~~~~~~~~~~~~~~
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energy asp r 1 100 eV. :/c h l c H  and F r - r o ~. [ i-~Tu] r owe d that at the

inner edge or i.e -L orna r oot aro ui-i local i r i d n u r h t  and near the

equator ther e exis te- i a peak in the s H f er e r t ial energy spectra for

elect sor e - wine error -:, of ar P i t  1 ReV . itnou ;tr we d i d  not observe a

peak in the low e erg: eleantron perpendicular velocity - i is t r i~ ~t ion

assoc i ated with t :o electrostatic waves , the previous observations in-

dicate ZS C 1:  a peak 1I’o aLl~,- exir:t e- : for  electrons less than tri e 1 keV

ainimum ones :; level t hat we eoul: -aet ec t .
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Fig:ec e 1 Hourly var -c - s  of t , e equa tor ia l  )st (in ~) for the

:‘ericl fron 1) - )  UT on - anuary 21. 1 ‘~ to 1200 UT

on janua ry 26 , lb7ir , {:-sii ire ‘~n -i Poros , 1:)7~~i .

The three shaded marks on nhe  ero-liac- indicete  the

duration of t he V~~i emissions as obc-- rv e : by tao S3-A 
- -

sat e llite du r in g  the orb-its i:- - i i c a te - I .

Figure 2 A 0-10 kHz electr ic field ~~deb and spectra- -rr~ of data

observed ly  th e  S3-A satelFite during Orbit 211 on

Januar y 22 , 1972 . The whist ler acO- emissions with the

conspicuous band of missing emissions near fJ2 le~-1t

about 07014 UT with fres-use -ies frov 2 to 3 icIiz on1

cease about 0831 ~~~~ . The higher fran - --nr:: eHac-trostatic - -
-

emissions (f > fg ) L-egin ahoat ~71’) ~~ -:- nn c- -u se el-out

0822 UT. Pie total duration of t I n  e r s n n c € - d  low crier -v

electron flax is indicate-: at - - e t f the r r re c t r oC-1- am. i -

F 1gnr -~ 3 H - r i  -r t ions of d i  r -us~ i ana l : ~~f- e r -  in I 1 - -cl ron iat c - r. r - i —

-2 ~~~1 1 1
- 

- 
tO ’- : :  (cm i-c-c :‘ t r’.r heV ) dur i m ~ - t a -  VIP-c- ission - - 

i ,  on - H - n a - 1-) 2P, 1-~7P . - rail i ’s and close-I c-i i-d es

L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -~~~~ —~~~~~ -- 
~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

J~~~~~~~~~
-

~~
-
~~ ~~~~~~~~~~~~~~~~~~~~~~

—,-- I - -

~~~~~~ 

— -

~~~~
— ~~~~~~~~ — 

- S

37

correrror d to the in ten s it ies wi th  pitch angles near 9Q0

(78-bu ° )  a nt  the smallest a ro r ue- i  p itch angles ( 2 2 _ 3b °) ,

respectively . The t ime intervals indicated by horizontal

hatched lines correspond to the periods when the VIP

emissions -re observed , and those of the shaded portions

correspond to t i e ins! Ie of t he plasruasphere . The rne ar

energies of the electrons corresponding to each curve

are from the mnottom n . I , 1.E- , 2 .7,  1 4. i .  6. -
. 9.2 , 13.5.

25.6 , 55. 1 - 1 0. 180 , and 1400 keV . rerceotively . Tire

measurements from 1.7 - 25. 6 keV are made by a cylindrical

electrostatic analyzer-channel electron multiplier system

and the measurements from 55 - 1400 keV are made with a

solid state electron detector .

— Figure 14 1l~-5i t 211 of the f3-P satellite . The hat -c } ed sec t i on

along the erhit corresIc-ne r to ti c- location where the

VIP emissions a cc observed . The domain sh aded in mr av

indicates the prob ab le  -onfiguration of tI- -c - eveninc  rias-

masphere. The satellite exited the plasmasphere at

05114 UT (L = h .l9 api  18.b hrc. MLT) and re-entore the

- . plasmasphere -t 0903 JT (L = 1 4.±  an~ 21.9 hrs. MLT I ~~~~

determined -y the sat-iration of the onboard static elec—

t n — - field i s : : t r ’ i m n e n t ,  • From 0(~~H to 0718 UT f - a satellite

passed th r o r :~ r severa l vc-r :- narrow re-ions of plasma with

J ’n s i t i e s comparable to t ’ ’~ p ia s m a s :  : Va- .

- - -—-~~~ —- --- ~ m—-—~~~~ -- -
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Figure 5 A 0-10 kHz s oc-utr ogram of the electric ftc-OF -c t :ei- - a : c

P t a  fcc - Hrbit 2114 on - ra :nrl : 23. 1-172 . The wh istler-

no Ie cr )rns emissions w i t h  the  sHar ~ e i s s i n ~ t-and be - in

just out Ic rae ci :tboirnu :-lasmna a- a-c- ‘rossi ng at 014214 TJT

I ~-c~ in for - -  oat one hour . Them begin again about

0761 Ui  en d  as-c- :c - e s c - t P  most of the  time until the ineound

p1a smncr u -~ cross in ~ at 0552 UT. The w i d e~~~ n-n data end

at i~ 6 17 seen ise teat  is vs -en the special purpose

wi icL-aa  I Scan .  f t c - c  was loris-ed o f f .  The electrostatic

oir,i ~~5i u i i 5  a: o-;e I fi~ n t  ‘ ic-ar at 014F1 UT ant  are
g -

evide nt u nt i l  3615 UT when t hey -disappear because they

are above th e  10 kHz upper cut-off Fr ecmuency of the wide-

F u nd recei — ’er . On t t u i s  record , the most i nt e n s e  band s

are near 3f~ / l hut c om e of the electrostatic emissions

exten : almost as 1c~ as f g~ Par examp le , near 0700 UT 
~

- I
• the lower cut --of f -of f r i  -m i ss i o n s  is about 14 ,3 kJ-lz and

the measured local electrea p rofrequency is 14.7 kHz.

F i c i re  6 Orbit 215 of the S3--H sa tel l i te.  The I a ~ a a I area along

the orbit shows the locat i n of th e VUF enissions and

the shaded - l ana - in  indicates t h e  a - y e a h : -  ptracma sphere .

The plasmapause between the two c-n it crc-a si n - s  is simp ly

interpolated . VhF em i s s  ion s begin sh o r t ly  af ter  the

outbound p lus—s n -ci rc e crossing at - H i - 5  UT (L  = ~ 17 , -
- = -

17
ç~ hrs . I - n -  r e m a i n  anti 1 the inbound t - r - s m ’ r ~~~ use

- 

~: I crossing at 085U UT (L = 3.52 . MLT 22.5 ar s . ) .

-- - ---
~~~~~~~
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Figure 7 A slot of t i:-? digital  u-co at from the 16 channel onboard

st -e c t r c u s  : -s : : - l y r e r  for Orbit p ib . The l ot-tom charsnel

is wideband ~irr-c c overs the frequency ran ge from 0.1 to

10.0 kHz and the remaining 15 ra m -ow -a nd ceannels have

center f r ecuenc ies  from 35 Hz to 100 kHz. The c-ut s-ct of

each channel is - oorox i- -etels : Ic - u :c-e l lI; proportional

to tIC a r c - - c o r e l umol i t : - ie .  The vertical lines represent

the Icc-I-ru , -a amplit a- t r e a s ur e d  c-c-er- 614 second ~r1 e r v a i s

at t ime  - r d  the lot s n r a  :-c -~~~ ampli t : -cas  over the s~~ e

time -er i n .  The basel ~ne for each a -arc -~i is cd-out

2 uV hs - -n c fu l l  scale is s- :iout 20 mV/rn . PP it  t i cat e s

the - 1acn -- ~ Pau l e locations. The :asi~e-c lines labeled

f cr0 F f  in - icatc the location of the f i r s t  and secondg
- - } :r i~:onics of S l a -  e l e et ’- o n ly r u f r en - o en c v .  The- da sh ed line

laHel- -i f in- : - - f ec -  S c -  loca l-on -of the  electron plasma

t V - - P i e  t i c ? .  hut - - - :0 n - am - - - o - ~ c , t h e  ~~~~ -trestatic noise

- I-xF-- r - 1s as M 1. us 3 1 .1 k I - i z  w c i i e h  C - t i - c - s p a - n o r  to -
~~ 11 f~~ 2.

Fi gur e 6 1 I r e -t i onal d i - I - - i - I - - t i e  1 elects ci .  Lrteflsit Icr

- I 
~~~~~~~ k’ -; 1) tu- ing t i  IY - c - -  i c - Si -Ol r

on . - r r r ’ c r,- 3 , 1 °‘J. r ot-~tions -ap i  ‘ - n c r - i a - s  of each

cur;c ore the - c - ’ -  as t IOSC in Figure 3. The VIP—emission -

-

event and t I e  low energy alectro t : enjianc - - c t  b egin and

end near i ,’ co inc l - : en t  w . I - the - i t  u i -  a r t -  inb ound

plasmapause c r o c c c  n~a • r e c p~- t ive ly .

L —- —
~~~~~~~~~~~~~~~~~
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rhit 220 of the 2~~-A sa tell i t e .  The h a t c c :a - d  area along

the orbit shows the tac--tion of the VIP emissions . The

shaded ore:? i n ci c a t e s  the equatorial c ross - sect ion  of

t i e  3-- c~c c r 1 n ~I 5lasccaa’ncier e .  The final outlc oon-I hlas’s~a-

pause c ro ssi n  o cc ur s  at -2-6:16 UT (L 5 . 5 6 .  l ILT =

F i r s. ) .  cm to this f - -Ore , from 025? UT (L =

-iT = 1[.6 I r s . ) cc i , the  - - fec- plasmasohe---- : is rather

tc-n : c- S. I- : e  ini- -ccnri F-Iasc : apacrse crosSil :- - I S  at

- ? - ~~~~
-
~~ UT (L  = ~ .52 . :-tLT = 

- o6 h r s .) .  V LF em ssi-ons

ac- c 0 :-eca ~’- - lion 05~~ 1 unt il 3(11 UT.

F i gure 10 A -~ l-2 KIS sp e c f r o~~ra’r of the electric field w I-Id an-I

lat a  for Crc it 720 on - arinar:: 25, l I T . lO-lerately

intense electrostat ic ‘c-- issions al-ove t’ : a-cu : atg -

0517 UT. troop a- i ai~cs emiss ions  h~ v i u p  t h e  d i s t in c t  i-- c

gap a~ f/ be -Ic - : at 05:3 UT and en d a 0-~~2 UT. As

sho~~ at t i — c  top of the spe ctro gc ~~~
- 

- t h e  e i : a a n c - e l

low energy ela--c-tron flux occurrence is nearly

coinci- l- -nt with the presence of the VU - en iss ions .

ThE location of th a -  apogee and t I t ’  outhocui l - c o t  inbound

-J - - s r c - neus c- ero s- i  ngs are i n - i c e c t - - - . -y arrow s at the

bottom of the - - - - --o1-~r jr

-

~

~~~~~

L - ~~~~~~ 
-
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— Fly c - -c 11 1’ . c c  t i e r i a i  d i P c c e ut i a l  - ~ectrot intensitie s

- -l -1 -1 - - - - - - .(-a :: c c - c - - :  c- a-’ : ke - ) S c r i n g  toc u- - efl :IE SiOfl  event

on -
- so ~a ”;: ~5 , lE T . Potat ions  ~~ d energ ies of each 

-cc- ac-c the  sac ’- ~s - c-se is, i jaure ~t ar:c 8. No te

t c ~at t~ a pt increase in low energy (1.2-2 .7 keV)

elec tri c: fi x a: i toe coincident  onset of VLF emissions

cc-o ur ~ : o, t  140 minutes after- t i €  out sound plasmapause

-cc :- s s iu p .

igar - a- 12 Hourly vaIue~ of t-}:e e-:- ia torial  Dst (in ~) for tire
period Cc- c-- c-cc-cd er ic- to Decent -er l , l-~~ l . [Ougi r-a

arc -i I-ur ns . i I o ]. The shaded mark on the re --c - Li crc

I- c - 
- - a c e s  - - e  t ic-ce of the i’LF-en i ss i- --n es- t o t - oc serve-i

I-

by th e  ~a _A sa te l l i te  ocr or : II 1-Il dur i ng c c - a l : .

c d u se of tie 5-ece:c-sa- 17, i c i  eon c - f I c  ‘ a : .

i :h i ~ 1r l~ 11a nie-t ic a: I e te c - t r i c  ~ Ie I : w .  Ic: &!-i -sec c - - c- c - :  f rc- .

i700 u’r t u  -200 1JT on Tec -- - - c e - - 1 , l t l .  lie tsr- : - c - - c r~

of c- i-c -h sc-- cc t i t a - i c  She 3—~ k !is, -- a-~ - tc ic fie l- I  wideband

-‘ 
data Cram h a - seara-h coil -~xpe rime nt . The lower ~e-~or

fl ~~~~ i - E L  ( O I ~~~ s, ins t1: ’ -1-10 kHz electric f iel :

w i - l e b and data. 1-bic-efrostatic VIP emissions above fg

ec r i .n at the ont c-oun -d  a ia : -ennai :sr c -  - cr o s s i n g  at lTl~ PT

and la s-- b unti l  I i - - c -  excec I the 10 Ic-l Iz -cc-per cuto f f

f requency of 11- ’  electric Cield wideband data ci t  out

:~
- 

-

-

~

-—-- - ~~~~~~~~~ -- - -----. ~~ - --~~ --- -~~~ ---- - -- ---
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5 115 iT.  That t~~a-se emiss ion: :  are e l e - c-t r - - -o - t ic can

• he seen in t I -: P t :  a ro~~a - I  1 5 2 -  JT wher ’- f is 2 . 5  kHz.

:sr- i s . - : i  ns  i - - t a - c - en  2.5 cc : 1 3.0 k -ia - c-- c -c - - I - s er ved in the

electric fiel] - -: 5- -si-ant J- - f 0 at 0-or e - - c-h :r es-~r t  in

the :- - ;na-t -- f i eld  wida -ban i  . Ftc -ct  rOraagnet ic 
—

chorus  c c c i : t i o r a - :  ~.- i t h  t he  c c T si r~ ca t — a t  f / 2  i - c -g i n

-0 1731 UT -~ c r i  c - c - er -- ct  cc-- ~1 t h e y  — -x c e e i toe upper

c- cLo th  cr -  : en c i er  of to w i i i e ~~-~n i  r -a :-ei-; -r s  . I c  the

onboard sc-c - f r - c c  ana ty a- : inS -c~ of a toe --s i s - s i on: above 
- -

un it  below f c r-’ r - r e s -e i -~ u n t i l  2150 ‘
~~~

‘ . Tie VhF -- issions
g

were cc-oincOent 4 i t n  t - - : : : ’ ? t c ( c l c  of  the  low en erg -~-

electron f lax  fr an lUl l  UT f :  2 150 hI T.

Figure ili - i r l i t  101 of the P c_A satrO Ut e .  The c a t - c - i . e I cr- ~u 0 1000 1 ~the orbit coccus the loc-stion of toe STY --ni sri-ass. The

- 
. shaded - -ceo c o d — c - a c e s  the c-a - -tor i-a l :-c-css-section of the

evening pias~~sphere. The final sharp o— tti—oun-i plasmapause - 
-

crossing is at 1717 lIT , c o i n c l -h - nt with t ~e onset of the

V h F  ‘anissions - n - I  the enhancement of the -ow energy

- :iectron f1~cr . The ~~~s , iI O l tf li  p lasmapause crossing at

2155 UT occurs just after the VIP emissions cease - n d

tia c- low erc-:rc~p e 1-~ f r an  enhancement stops . The P l: sn :~c-

sphere is severely c - o ’t c n c f e - t  as a result of the str ong

tr ear n agr ie t i cc storm occurring.

- ---~~~~~~~-
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Figure 151 I ) i r e s ti o nal t i f f - c s  i t  m l  electron S i t t  n s i  t I e s  ( cr ~~
2 sec~~

:ter ~~ keV~~ ) -c - :r c’ ir n - the :~~~~~~~~
_ C ? t  I s -~~~i or: c-ve: .t on

ec-eo::-~:-r l~~, IsV ’l. Uot --:t I -s, : are tse c--J: - as ci ose

C- c - -c c -c- ~~~. ~~~, and 11. Tic-c- c-o~ € t  u~~t toe f a t  of t oe

law C: c - I c ’ elect c- os, enhasc-c:::ent s-sinc i :e - c - c t - : t -c-

ac -i c-cc- i of t a -  S-iF e ’c i s s i - ’os. Pi :e - 
- c- c- crc -c -r I: :-acb I:~~o:

injected to- ~i :icig at sO l~ 55 VS c e to: o - a t  pit  Co

a.n - i  i - b c t r i b  f t  ‘no f-o r th e  oig :er en ec--c:abc -ic -c f ro m

Leo-I to JOtu -i::c c-ar to ha ;e l i t t l e  - ‘c- c-L ion  i c -  t h e  - -

observe VLF - - -rOss i -os,5. £ can coeroica of the  e 1 e Or - -c~

cal-cc -c-c -- c-n It - to each - - rrve are fro--: I c e  : ~t S c : : :  1.5 .

~~~~7 L i)  ~~ 0 55 la - °  :0 ~r I ~~400 r c ’ r

-
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A -6 7 6-6 0 0

S3 -A SATELLITE IEXPI ORER 45) ORBIT NO 211 22 JANUARY 1972
I t ~~~~~~I~~~~~~ 1 l l T* t tt I T t ~~~ ”T

:::~ 
~~ c~~~~~~~00 ReV

:::t: ~~~~ - S5 keV ~-_

,o s~ ~~~~~~~~~~~~ I
-: 13 5 k e V

1O 6~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

9 2 k e V
io :~ ~ c ’  ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ : i ~~~ ~

10 6 O k e V

~~

- 1o 6j~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4.O ke d

::4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l 8 k e V  ~~~~~~~~~~~~~ J~

106

l 2 k eV

1 ~~4 L . 2 L A 1 A 1 2 , &  1 1 1 1 1 1 1 i I - ~~~. 4 , t I t . i S I L I , L IL S t t 1

35 40  4 5 50 55 60 65 70 75  80 85  90 95  100 10,5
UT—

Figure 3 :; 
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A- G76 - 50-2

~
3-A ORBIT 2 11 12 h

JAN. 22 , 19 72 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~

f~ = 5.1 1 kHz / ~~~~~ ~~~~~~~~~~
c- 

//

h i.. / )c. ,—‘

20 -~~ UT 8” / ~~~~~
—

~~~~~~~~~~~~~_~~~~~~
---

~~f g :4 .93 kHz /
/

U T 9 h
f~~z 7.67 kHz - .  p

21 h 

MLT 
22h 

23h

Figure ~
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A - G 7 6- 5~

S3 - A  ORB IT 214
JAN. 23, 1972

_

18 r
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ I

f g 4.69~~~~)~~~).,~~~
; /

u-r 7h 
)~~~~~~~~~~~ ._____ ~~~~ —

I,

f g~ 4.57 ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

U T 8 h
~~~~~~~~~~~~~~~~~~~

f g 7.32 
- -

1 4

/ 
- -

-
~~ 

22 h

MLT /
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A - G7 6 -6 0 1

S3 A SATELLITE (EXPLORER 45) ORBIT NO 214 23 JANUARY 1972

~~~~~~~~~~
c c  :~, lBO keV

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

io
i , i

~~~~~~~~~~~~~
55

~~
v :==:1: ]
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- 

~ ~~~~~n11 : ~~~‘~~-LL S1L i~~~ :-~~ ]
13.5 keV

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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l 8 k e V
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.A-G76-52-~

s3-~ : RBIT 220
JAN. 25 , 1972

/  - - N

L 5 7
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/
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_ _ _

19h 
f~~ 4.33 kHz

U T G h

fg :: 5.37 kHz
sc h~~

~i6
h 40m

fg~~7.58 kHZ

21h “ 
23h

M [T  / 0

Figure 9
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A - ~~~76 - 6O2

S3 A SAT ELLITE (EXPL ORER 45) ORBiT NO 220 25 JAM JAR Y 1972 
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S3- A ORBIT 101
DEC. 17 , 1971

17 h 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ :

2

f g 3.53 kHz 
~19h — 

\!.

T h

f =4.08 kHz /
20h 

~~ T 19h

f g _4 .O2 kHz -UT 22h
UT 20~

1 f =32.69 kHz
f = 3.07 kHz UT 21h - - g

S / f g 5.99 kHz 
-
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/ h

MLT /
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A-G76-605

S~ A SATELLITE (EXPLORER 45) ORBIT NO. 101 17 O€CEMBER 1971
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