
krAD—A059 763 LOCKHEED MISSILES AND SPACE CO INC PALO ALTO CALIF PA——ETC FIG U/Ifl’ Low—ENERGY PARTICLE EXPERIMENT. CU)
MAR 77 E 6 SHELLEY N000IU—72—C—023U

UNCLASSIFIED LMSC/D558252 NL

_ _

El_ 
_ __ _  

_ 
_

a __ __

I7J k 
___ 

___ 

__

I!1 1 _ 

: ;

END
DAl E

FILMED

6 -77

a -  _ _



-
~~~~~~~~ ‘f~~ --

u~sc/D558252

30 March 1977

AI~~~~L TEC1~~ICAL RJ: RT

(For period 1 April 1976 through 31 March 1977)

‘

Contract N000lI1.-72-C-02314. ~

‘

LOW-ENERGY PARTICLE EXPERIMENT

C~PT ~~~~ T~ ~~ !~ i~ ~~PERk~T ib;JY LE~L~LE~~~~J~
Prepared by

Space Sciences Laboratory ID ED C.
Lockheed Palo Alto Research Laboratory ~~~~~~~~~

Lockheed Missiles & Space Company, Inc.
APR 9c 19TT

Q~~~~~~~~L~UU

Reproduction in whole or in part is permitted for
any purpose of the United States Government.

>. This rescarch was sponsored by the Office of Naval
Research under Contract N0001l1.-72-C-02311., ONR Con-

tract Authority NB 323-01k.

•

~~~~ Li.... A erl ) n i 1

LOCKHEED PALO ALTO RESEARCH LABORATORY
L O C ~~~~I I I I O  M I S $ I t ! S  I S P A C I  C O M P A N Y . I N C

A lUll OF C O $ P O I A I I O N



uNcIAss~ ’mD •1

• 
SECURITY CL. A SS FICAT ION OF THIS ~~~ 3E (W~,e., Dee. Enlered.i

DEb
~~~~

1. 
~E~~TATh1 ~L~ DA t ~~ 

R EI’D INSTRUCTI ONS 
-

~~~~
“ ‘~~~-“~~ 1 ~~~~~~~~~~~~~~ ~~ ~~ •“ ‘“ BEFO1~C COMPLET ING FORM

I. REPORT NUIIOER 
— 

12 GOVT AC CESSION NO. 3 PECI F~~T S  C A T A . 0G NUMBER

_ _ _ _ _ _ _ _ _  _ _ _ _

. 4 T ~~~~~~~~~ SubUH.J 5. TVF E~ )F REPC.FST & PERIOD COVERED

/~ 
- . / - 

~ 
Annual Technical Report

L Annual technical Eepe~t .  ~
‘ ‘- -‘ ~~ 

— 
-‘ ‘

~~ 
‘
~~, “~ “p6 

~ 1-
Contrac~~N~~~I -C-Z523~ 

- - ‘  - . —--
~~~

___
~~~~ 

Tf .t./
‘
-

. . ~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~j t~ ~~~~~~
I7UI rGIEPORT NU M B E R

7. AUT B. COW1RAC T OR GRA NT NCMB ER( I )

Dr~~~~~~~~~
3

~~heJ ieY 
~~~?~fh ~oo?11 72.C..$2314. 7’ 

,.

~/ ) )~ £—

9. ~ t~~~ ORMIH G ORGANIZAT ION NAME AND ADDRESS ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ P R O J E C T . T ASK

~ r. P. W .~ RK UNIT NIJM BERS
Space Sciences Laboratory (52-12/205 ) ONR Contract AuthorityLockheed Palo Alto Research Laboratory 

~~ 323-0114325]. Hanover_Street,_Palo_Alto,_Calif._9143011. 
_______ ___________

It .  CONTROLLING OFFICE NAME AND ADD RESS U. REPORT DAT E

Department of the Navy -. 

~~~~~~ ~ 30 Mar~~~~~ 77 
- - —

Office of Naval Research 13. N.J MBEPCi F PAGES

14 . MONITORING AGENCY N A M E  & ADDRESS (iI differen t from Controflin4 Office) IS. SECURITY CLASS. (of thi, report) 
—

UNClASSIFIED
IS.. DECLASSIFICATION DOWNGRADING

S C H E D U L E

16. DISTRIBUTION S T A T E M E N T  (of thia Report)

~~~~~~ ,..a,r ~~a ~~~~h -~ ~r &wl h~-~A&~. .~ni,y wlL l i  ~ipee1Iic

~~~~~ & .~~A -....f LL ~~~~~~~~~~ L.u~eti t. ~ I 1.h~ ia.vy~ 8!! I~~ ~f Itc&v~~ . c~i-~ h ,
/ IiJt~~L~~L~ VI .~~L L  ~~_ ___

-

17. DIS TRI BUTION STATEMENT (of the abatracl entered In Block 20. II different from Report) ~~~. ~~

IS. SUPPLEMENTARY NOTES

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

19. KEY WORDS (Continue on teveree aide if nece.aary and identify b~ block number)

low-energy (key) plasmas S3-3 (STP 714-2) satelliGe \_ _.. —
ionospheric perturbations energetic oxygen ions - - .

ionospheric-magnetospheric coupling OV1-iS and STP 71-2 satellites
magnetospheric plasma composition modified instrument
low-energy_plasma_spectrometer 

________________

2~~ A BSTRACT (Continue on r.ve,ae aide If necee.ary and Identify by block numherl 
— _______________________ —

~~ This program is directed thward an improved understanding of the sources arid
the energization, transport and loss processes associated with the low-energy
(key) plasmas in the earth ’s magnetosphere . A low-energy particle experiment
was launched on the Air Force 53-3 satellite in July of 1976. The experiment
is operating completely successfully and has already made several major dis-
coveries about previously unknown ionospheric acceleration mechanisms and
the composition of the ring current .

DD , 
~~:~~3 1473 E D I T I O N  OF I N OV 63 I S OBSOL E T E 

— 

—

SECURITY C L A S S I f I C A T I . ~~~ OF THIS PAGE (Whan Data Fn te r ~ d

S -.‘: ~~~~~

~~~~
. / Li .L. 

/ 
y’.

- —- . -~ -— -- ~~~~~~~~~~~~



—  -—~~~~~~ — .- -

Iz.isc/D558252

ANNUAL TECHNICAL REPORT
(For period 1 April 1976 through 31 March 1977)

Contract N000114-72-C-02311.
LOW-ENERGY PARTICLE EXPERIMENT

This program is directed toward an improved understanding of the sources

and the energization, transport and loss processes associated with the

low-energy (key) plasmas in the earth’s magnetosphere, particularly as
they relate to ionospheric perturbations and. ionospheric-magnetospheric

coupling.

The experiment is operating completely successfully and has already mad e

several major discoveries about previously unknown ionospheric accelera-

tion mechanisms and the composition of the ring current.

The principal result has been the discovery of large fluxes of energized

ionospheric ions streaming up the magnetic field lines from the ionosphere.

This discovery establishes the existence of a major new ionospheric-niag-

netospheric coupling phenomenon. The characteristics of the phenomenon

point to parallel electric fields as the immediate cause of the acceler-

ated ions. These results and those of the ONE companion experiment on

53-3, which makes in situ measurements of the electric fields,put on a
firm basis the many recent speculations and inferences relating to large

electric potential differences parallel to the geomagnetic field lines

in the magn etosphere .

Another important result was the discovery of a second type of iono -

spheric acceleration niechanisni which preferentially ~..ccelerates the per-

pendicula.r component of the ion velocity .

A third important result was the first direct measurement of the compo-

sition of the storm-time ring current. In the energy range from 1-16
keV the main phase ring current has been found to be primarily composed
of H+ 

and 0
+ ions ,
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More detailed discussions of the results will be found in the appendix .

Our principal activities during the present reporting period were:

1. The provision of technical planning and liaison for the on-orbit

support of the ONR—118 payload .

2. The performance of surveys of ‘i pproximately 200 flight data tapes.

3. The detailed analysis of several events in order to establish the
principal characteristics of the newly discovered phenomena.

14. The publication and presentation of the initial results to the sci-

entific community.

Publications and Presentations

General reviews of these exciting new results and related earlier work

will be given in invited presentations at the Spring 1977 American Geo- t
physical Union Meeting in Washington, D. C. (by Dr. R. G. Johnson) and
at the Third General Assembly of IAGA in Seattle in August 1977 (by Dr.
E. G. Shelley). In addition to the invited reviews, nine contributed

papers la ve been submitted to these and other meetings and three writ-

ten papers have been or shortly will be published. A bibliography of

these publications follows and the relevant abstracts, preprints and
reprints are included in the appendix.

- - ~~~~~~~ 
(
~ .-E. G. Shelley, Pri4~1pal Investigator

Lockheed Palo Alto Research Laboratory
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Vol. 3, No. 11 Geophysical Resea rch Lett ers November 1976

SATELLITE OBSERVATIONS OF AN lONOSPUb~UC ••
~ 

- - . . - - - - - ,
‘

ACCELERATION MECHANISM --
~~~ ~~~- -

E. G. Shelley, R. D. Sharp, and R. G. Johnson

Lockheed Palo Alto Research Laboratory
Palo Alto, California 9I~3O14

Abstract. A satellite-borne energet!’- ion proved version of the one flown on satellite
mass spectrometer experiment has detected fluxes 197l-89A tShelley et al., 19721 and like that in-
of 0+ and t{~ ions flowing up out of the lono- strument consists of three individual mass spec-
sphere in the aurora] and polar regions. The trometers operating in different energy ranges.
observed ions have energies in the key range, Each spectrometer acquires a 30-channel mass-per-
narrow pitch-angle distributions aligned along unit-charge spectrum at a single energy-per-unit-
the magnetic field direction and ~eak flux in- charge every second . Every 16 seconds, this
tansitier of the order or lO~ (caz’---sec-sterad- energy-per-unit-charge setting is cycled through
keV)~~ . The observations were made at altitudes one of four values , allowing a 12-point energy
between 5000 and 8000 km on both the day and spectrum to be acquired every 04 seconds. (The
nightaides of the earth. 12 measured energy-per-unit-charge values are

0.50, o.68 , O.9It , ‘ .28 , 1.76 , 2. 11 , 3.3, 11.5, 6.2,
rntrodijction 8.5, ~.i.6 , and i6.o keV.) The satellite is spin-

ning about art axis perpendicular to the orbital
The existence of large fluxes of energized plane at about 3 R~ 1 and $he spectrometers are

ionospheric ions with energies of up to 12 keV t o oriented perpendicular to the spin axis so that
the magnetosphere was established by mass spec- an an~ulsr distribution measurement at three ener-
trometer observations on the satellite i97l.—~l9A gies over an angular range of about 2900 is ac-
IShelley et al., 1972]. This was a 3-axis St~bj- quired every t6 seconds. The experiment also
lized spacecraft and so no information on the contains four electron detectors operating in the
angular distributions of the ions was obtained . keV range similar to those described by Reed et
The measurements were in  the loss cone at altj- 8.1. 119691.
tudes of about 800 km and represented the precip- Scans of the mans spectrometer data from the
itating component of the ion fluxes. The exist- first few orbits for which data were available
ence of an ionospheric acceleration mechanism showed several examples of ions streaming up the
leading to the energization of the observed ions f i e ld  lines. Two examples , one on the dayside
was inferred from the m”asurements, but no dire~t at hi gh latitudes and one in the nightslde aur-
observations of the me~ hanism in operation were oral zone were selected tor this preliminary re-
obtained . )ther evidence implying the existence port. Roth examples occurred during comparative-
of slich a mechanism was ~.hta1ned from ‘lectrosta- ly quiet magnetic periods .
tic snalyzer exp’rimentc on ATS-6 and MP-7. Al-
though these ln strumetit r  could not directly let- tIgure 1 shows a segment of d~ tn from the low - -

‘
ermine the species of tb measured ions , their en~-rgy mass spectrometer aeq u ir ~~l i n  the north -rn
probable ionospheric r i~~in was inferred from polar region at a Ir,cal time of about l)I~~() .  The
their morphological char.-o-terjntjes. Field— relative responses of tb (1+ and If ’ Ions are
aligned s t ructureS of liw-energy ions referred plotted versus time and can bn compared with the
to as ‘source con” strurtures ” were reported by pitch angle deter,nin’~d from the on-board magneto-
Mauk and Mcilwalri ~1 97’~1 . flouncing ol~ sters of meter shown in the upper panel . The energy-per -
heavy ions ot’ probable iono~phnrie origin were 

unit-charge of the measured ionS is al so m di-
reported by W-tlwatn fl~76]. Ton fluxes inter- cated . One sees sharply peaked pitch-angle din-
preted as streaming (4 ’ were det~rted by the fl’W-’i 

tributions for both O~ and H4 corresponding to
experiment at geocentri- radial distances c~ 

ions streaming u p  the field l ines f rom the iono-
35 R~ in the magnet( tu1L1 ~Frnnk et al., lT (~ ]. sphere. A preliminary estimate of the absolute

___________ - flux Intensity corresponding to the peak proton
Observations response Illustrated % s ~~-. 1O8 (cm 2-sec-sterad -

keV)~~ at 1.28 keV. Tht• lowest panel of Figure 1
Thin 1ett~r presents preliminary resIlits f rom show s the response of t he  electro n detector which

a newly-’ rhit.ed ion m ass spectrometer experiment sampl.’d the energy range 0.17 < E • 1.28 keV .
on a spinning spacecr af t .  which for the first tim e rhe d e p  min ima  u c r r e s ~x u n d i n g  to the atmospheric
e l  lows det a i l ed  pi tch-angle d i st r i b u t i o n  measur e  loss cot~ are clearly ev ident  at the nam e loc8.-
ments of ions w i t h  f d r r i t i f t a b l e  m ans -p er - i i ru i L . t ion s  an the ion peaks.
cha rge . The spaceerelt . i s  In an e l l i p t l ’t l ~, iuir The mnca- p er - i in i t - c ) , a rg e  spectrum of the ions
orbit w i t h  ap,gee in the  pol ar  r eglorus a~. - ‘tooo measured et I .  21’ I “V p”r rharge dur ing  one i f  the

~m a l t i  tud~ and so i i  1ow~ a s’’i r~~h l or  new , a -  angu l r tr  scans throu~’ fu I f , ,  loss cone r , ~ion 1
ce le ratnd ions st r ea mi n g  u p  tb ’ t ’Io l r i  iii’ s Vr ’ m h -wi i i  Figure  - - . i i .  s’ ”n t hat thor ,  ‘iT.’ 5i~.-

the ir e usph .. r’. below . The 1 natrum ’nt . ~ u is i i  fi r an t . H ’ and ‘ I I n s ’  n b u t  no evi l r u ’  V l ii .

tI ’ I i,i,n i n n  whi t, f,rtv,• I u n  tu ’t ert , ’t on othu r
Copyr ight 197o by the Amo r i~~an t ca p hy so- ;d U n i o n . ‘ ‘un ions  w i t h  t b -  l ’ Y 1 I -  I’4A exp er imu rul .  ~~~~
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- this occasion was significantly narrower than cx-PITCH ANGLE pected from the response function of the inotru-
ment and than was observed in the ft r at  t ’yuin t

shown in Fi gure 2 . ThIS probably was du~ to
90~ temporal or spatial fluctuations during the four-.

second period of the measurement and is possibly
indicat ive of turbulence associated with the ac-

0 celeration mechanism. The value during the
period of these observations was 2- . The EKp for

101 oii~~ ~~ ~~ -4.- 094 ~aV -.4—- 128 k.V -4.- 0.68 I~W the entire day of July 13 was 9 .
Summary and Conclusions

I0 We can infer some characteristics of the iono-
spheric acceleration mechanism from these prelia-
friary observations . It is effective in both the
dayside and nightside lonospheres , over a wide
range of latitudes, even during magnetically quiet
times. It operates below ~ 6000 km. It has a
relatively high occurrence frequency. Individual
events have a latitudInal-width/temporal-duration~~~I00
corresponding to up to a minute of satellite tray-

Ui el with possible fine scale turbulent structureI-
z superimposed . The proc ess is not accompanied by

strong pitch-angle diffusion since the observed10
Ions are well collimated along the field line.
The process accelerates both H4 and 0~ in compar-I.) able intensit ies and to ronghly comparable ~~er-
gies with other species being as yet unobserved .
The peak d i f f e ren t i a l  flux inten sitie~ ob served
at about 1 key are of the order of 100 (ciu2-sec-
sterad-keV)~~ . A ll of the cases observed to th is
time occurred in regions of precipitating auroral
electrons. In the cases studied , field—aligned
ion fluxes were not observed returning from the

3000 

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

_

other hemisphere . It is not clear yet whether
the observations are taking place on open or
closed field lines or both. (The electron fluxes
in each of the examples shown here have indica-10

1 —______ 
tions of an additional loss cone at 1800 in some

UT 0710:00 0730 20 0710:40 spins and not in others.~
We can further conclude from these observations3. 24.5 242 239 0

ALT. lam 7664 7677 7691

Fig. 1 Data from Revolution 67 on July 17, 1976 . 150 -- JULY Il, 976
0710:40 - 07 10:44 UTThe upper panel shows the pitch angle of

the measured particles. The two center 1.28 key PER CHARGE
panels show data from the mass spectro-
meter at the Indicated energies , and the
lower panel shove electron fluxes In the
energy range f rom 0.37 to l. 2 R )coV . The
relative temporal precision of the plots 100
is about one second .

et al., l9Ttl; Sharp et al., 107111. During the
period Illustrated in Figure 1, the higher energy ~zmass spectrometer channels also showed evidence
of field-aligned fluxe s with ener gie s of up to 8
11.5 lceV for 0~ ions and up to 7 .11 keV for protons. 50 -
Those fluxes were substantially weaker t i - - t n  those
shown , at the lover energies , in Figure 1. The fC~ 

0 M5 He”
value for the period of these observations was 1 .
The entire day of July 17 was relatively in le t
wi th

The second example shown in Figure 1 Is from
• the northern *urorai zone at a local time c u t ’  _~~~-

About 21 hours on July 13. The forma t is similar 10 20 30 
—

to Figure 1. Again one sees both 0~ and I(~ f lux - CHANNEL NO.
es streaaing up the field lines . The mass-per-
unit-charge spectrum during the second of the two Fig . 2 Mutes-per-unit-charge spectrom on Revolu-
Ion peak s is shown In F igure l . The H~ peak on tlon 67.

L . . -— ~~~~~~~~~~~~~~~~~~~~~ - --~~-- --
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- PITCH ANGLE
30 - o JULY 13 . 976

:~~ 

~28 keV PER CHARGE

300 - - 4 ’  0.94 k.V -
~~~~~~ 

- 3.28 key ~4 - - 0.68 k.V 20
0.5kw He He H

~ 

o~~~~~~~~~~~~~~~~~ 

CHANNEL NO.

11 Mass -pe r -un i t - cha rge  spectrum on R~~v o1 : ;-

400 ::rr i c r  hi .~ ass i s tance  wi th  the data r eduot !0 ELECTRONS - -\~ >i 1 :’~ - r u t - l u i I .y ack nowledge the Coopera t ion  ~.-1

Mr .  1. B. Hazard of the Navy Space Systems A :-t i ~-

- -B- ’~, F~b. 1. -4 ío (submit ted  to J . Geophy s . Hi-s .
Johnson , H.  . ,  H. P . Sharp,  and E . >~~ . Shel ley .

I The d iscovery  of energetic He 4 ions in the
10 ________

~

_ . .

~~

. ___L..._ - -  — - -  - magnetosphere . J. Geophys . Res., ~~~. 3l3’~,
UT 0735 20 0735:40 0716 00 19711.
1. 7,67 7.89 8. 11 Hank , B. H . ,  and C. E. M el iw a in , ATS-6 UCSD aur-
ALT . km 5408 5447 5485 oral particles experiment , IEEE Trans.  on

\ercs~ace and Flt’ctronic Systems , Vol ._ AES- li .
Fig. 3 Date from Revolution 3~ on July 13 , i’Y~c~. 1125, 1975 .

The :lua n t 1t I ’~ p1:- ~ t.~ d are th e  same as in M c I lwa in , C. F . ,  Bouncing clusters of ions at
Fig . 1. seven earth radii , ~~S , ~~~~~, 307, 1976 (ab-

s t rac t) .
that the ionosphere Is a sign i f ic a n t sour ce ~ f iloed , R. D., E . G. shelley, J. C. Bakke , T. C.
magnetosphertc proton fluxes utS Well utS en e rg et i c  Sander s , a n-! 1 • P.  McDa nIe l , tl low-energy ciit~ i-

O~ tons and that further accelerstion to h l . h - - r  I i nu lt ip i  1cr spoctrometer  for AT S—E. IEEE
energies than is observed here i~ needed to a t t a i n  Trans. Nucl._ Set., NS-16, 3’~~, 19~9.
the ion ‘nergies seen In the precipi tati ng popula- :Th~rp, R . P., B. G. Johnson , nod E. >1. Shelley,
tion during storms [Sharp c i  ml . • • i ~’ 1. 11- - morphology of energetic ~~ ions dur ing tw o

In conclus ion , we have made d i r - c t  oi ’-~ - - r - - i t . i o c i ~ magnetic storms : latitudinal var Iations , J.
of the products of an ionospheric acceleration Geophy~~. R e s . ,  > 1 . 3292, l~)7t~.
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()}i3 l’~J~VAT fON >1 1 ’  AN l (  N( -I~}1ll ’ l~ IC I\ ( l-1J ~RAT l ()N
I4ECIIAN l~~M PW >l ) IIC i N >  :NER0~ :’PliC ( i~ I ’\I ) IONS

PEIMAR lI LY N R M P . l ,  To TJ I I-~ I i ) M A ( ~N k’f jC 1 I-~IJ) D TR~:CTI ON

H. D. I~harp, R. G . ,J u I j I n so rt , 1~ • Shel l ey
T - ic } i . - o  I I — i l -  A l t o  F I er - e ar c h  F,aborat;i ry

P~11(- A l  to . a I i  f o r u m  ( i ’~~ OiI

A Ii ~ TR A CT

io ns with energies of approximate ly 1 k eV hay-c been observed

flowing upward out of the i.orto~ p huurn  w i tIu a p i tch- angle  dis t r ibut ion

havinC a minimum along the magnetic field direction and maxima in

about the 130
0
_l.140

0 r ang i - . Tue mc>as;urements were obtained wit h art  ener-

getic ion mass spectrometer experiment. n the  n at e ll it e  l97(~-( 5B at an

altitude of about 7f 0 ()  km in the nor thern  dayside polar cusp. The data

are interpreted as resul t ing from a mechanism which accelerates ambient

iono spheric ions in a d i rec t ion  perpendicular to the geomagnetic field .

I

INTRODUCTION

In a previous publication rsheu.ey et al., l(
~7o1 we reported the

observation of inten le fluxes ot’ upward-fTowiri,-~ ions with energies in

the lceV range and narrowly coll imated pitch-ant’ie distributions aligned

along the magnetic field d i r ec t i on .  Such pi tch-angle d i s t r i bu t ions  are-

su~~~est ive of an ac celer a t ion  mechanism pr imari ly : i r t in ~ f l f l  the compon-

ent of the ion’s velocity parallel to the magnetic field , such as field-

aligned DC electric f i e lds .  In this br ief report , we show an example of

a di f ferent  class of phenomena , i .e . ,  an ionospheric acceleration mech-

anism which acts on the perpendicular component of the ion ’s velocity. Our

prel iminary analysis m d  I cr i L es t h n t  t i >  I ~ process i observed much less fre-

!u1!’ntl’r thin t.h’ pro - . • so  which no tn primarily ( f l  the ion velocity component.

—~~~~ -‘ —- - - . -.—~~-- — . . ~—- _ p__ __~~ - .  -— ,—- - - —
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paralle l to the magnetic field .

The measurements to be described were obtained from an experimen t on

the satellite 1976-65B which is in an elliptical polar orbit with apogee

• at about 8000 km a l t i tude.  The satellite is spinning at 3 RW with its spin

axis perpendicular to the orbi tal plane. The particle spectrometers are

mounted with their  v iew direction s perpendicular to the spin axis . The

experiment consists ol’ 3 ion mass spectrometers and I i electron spectro-

me ters d m 1  Far i n  design to tho~~ described previously [Shelley ct al .,

1972 ; Reed et al ., 1969] . The energy ranges and geometric fac tors of

the electron spectrometers are listed in Table 1. The ion mass spectro-

meters each acquire a 30-channel mass-per-unit-charge spectrum at a s ingle

energy-per-unit-charge every second . The energy-per-unit-charge setting

is cycled through 14 va lues  every 6~4 seconds , remaining on each step for 16

seconds . Thus , a 12-point energy spectrum is acquired from the 3 spectro-

meters every 614 secon ds. These 12 measured energy-per-charge values are

also listed in Table 1.

The data to he described here were aequ-i red dur ing  a traversal of the

dayside cu sp on July 29 , 1976 at a magnetic local time close to noon and an

altitude of about 7600 km. Large fluxes of upward f lowing 0~ io ns were ob- —

served during several satellite spins over the interval from 714 •7
0 to

in invar i ant latitude . The fluxes had a characteristic pitch-angle distribu-

tion with a minimum along the magnetic field direction. The data from the low-

est energy mass spectrometer (UxA1) plotted against universal time are shown

in ~‘igur r’ 1 . The arrows indicate those times (once per sp in)  when the instru-

ment was or i e n t e d  rte arly para l lel  to the magnetic field and pointing downward .

The rd i nate i counts per 3/I (—s econ d counting in  I I ’ r v u t  I I ron l.lie rn / I l

16 portion of the mass-per-charge spec t rum .  The 0) f l u x  1.eve.I (‘orres-

.~
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po r chng t I I  the peak r espon se  eq u a ls  nppr ox i mat.’-i l y ~ x io6 (en{’— n i > c — s t e r a d —

• ke V ) 1 
. The occasionu l  gaps u r e  due to loss of (latH . The swi tehinig of

the energy-per-charge se t t ing  of the spectrometer every 16 seconds is in-

dicated in the figure. The observed 0° fluxes were quite soft being gen-

erally below the sensitivity threshold level of the higher energy spectro-

meters. The fact that no 0~ fluxes were detected during that portion of

the spin cycle when tbe instrument was pointing upwards shows that the ob-

served particles were not trapped ions mirroring at lower altitudes but

were injected from some source region below the sa te l l i t e .

The relat ionship of the upward f lowing  0~ to the polar cusp ion m d

electron fluxes is illustrated in Fi g u r e  2~ The abscissa shows universal

time on July 28, 1916; geographic longitude and la t i tude ; al titude in k i l o -

• meters; invariant latitude in degrees and magnetic local time. The four

1owe~t panels show the logarithm of the counts per half-second counting

1
interval for the electron spectrometers. The next panel indicates the I
pitch angle of the measure d particles (180° pitch angle corresponds to

particles moving upward out of the ionosphere antiparallel to B). The

-

t 

two upper panels show the logarithm of the counts from ions with m/q 1

or 16 as indicated , summed once per second from the three mass spectro-

meters, giving an approximate relative measure of the total flux o~’ the

relevant species.

A possibly significant feature which can he seen in ~‘iguro 2 is that

incoming fluxes of both electrons and protons maximize in the latitudinal

region of the O~ acceleration . In searching for a causative agent for

this acceleration therefore, it is tempting to look to these part icles

for some evidence of interactions , or the lack thereof, below the satell ite
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in the region of the ionospheric acceleration process. In examining the

data in Figure 2 we see that the proton fluxes in this region generally

show a welt-defined loss cone while the electrons show significant evidence

of loss cone tilling . This probably indicates that the electron .~ are exper-

iencing substantial pitch-angle diffusion and that the range of pitch angles

depleted of’ electron t iuxes by atmospheric interactions is par t ia l ly  filled

in by pitch-angle scattering below the satellite . The proton data, on the

other hand , are indicative of’ a lack of such strong pitch-angle scattering .

In order to make a more detailed examination of the ion pitch-angle

distributions in the latitudinal region of the acceleration process we

have selected for further analysis the data from the three consecutive

spins of the satellite where the fluxes Were most intense . These are

indicated as spi n s 1 , 2 , and 3 in Fi gure 1 . The upper

panel of Figure 3 shows the O~ data from ~XAl dur ing  this period plotted

versus pitch angle. Time varies from lef t  to right along each curve , ar~

the times at which the instrument cycles from one energy step to another

are indicated . There are occasional missing points due to gaps in the

acquired data. The pitch-angle distributions maximize in the range of

about l30°_1 140°. This is consistent with a mechanism operating below the

satellite which primarily accelerates the perpendicular component of the

velocity of the ambient ionospheric 0~ , produc ing energetic ions with

essentially 900 pitch angle . These ions would then mirror and move up-

ward obeying the first adiabatic invariant , Sc) thnt the maximum in their

pi tch-angle d i s t r i bu t i on  folds  outward Into the character is t ic  ( l i s t r ibu—

tion observed at the satellite a l t i tu de .  If th i s  simpl e model is valid ,

the accelerat ion process had its maximum intens ity at an altitude of I~0()çJ

to 5000 1cm.

-__
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The two lower panels in Figure  3 show the m/q  
- 1 data for the two

lowest energy spectrometers during this same period . One sees that ions

are observed coming from the upper hemisphere as well as from below the

satellite. Thus the upward-moving could result from ions incident

from the cusp and mirroring below the spacecraft. Since temporal and spa-

tial fluctuations in the ion flux levels can occur on a scale comniensur-

ate with the spin rates one cannot rule out the possibility that some

component of the observed fluxes is newly-accelerated of ionospheric

origin.

In order to investigate this question fur ther  and to search for

minor ionic species , we examined the mass-per-unit-charge spectrums of

the observed ions summed over two d i f fe ren t  ranges of pitch angle dur ing

this same period. One range was set to include the newly-accelerated 0
+

-: ions and any other ions which might have originated or mirrored in that

same altitude region. The second range included all ions incident from

the upper hemisphere plus those mirroring below the satellite at altitudes

above the acceleration region. These spectrums for the three spectrometers

are illustrated in Figure -1 . The most dramatic difference between the two

sets of spectrums is, of course , the presence of the 0
+ 
in th e accelerat ion

region in cXA-1. One seesin the incident flux region in all 3 spectrometers

the He~~ ions which are the clear signature of the solar wind origin of the

cusp particles. There is very little l1e~~ apparent in the acceleration

region. This might be taken to imply that some fraction of the protons

in this region were accelerated from the ionosphere, since in that case

they would be unaccompanied by He
fl
. Unfortunately, however, the differ-

ence in the He~~/H+ ratios between the’ ;wo regions is not definitively 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LÀ
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statistically significant. In the incident flux region the He~~/H~ count

ratio summed over the three mass-per-unit-charge spectrums equals 0.052 +

0.011 while in the acceleration region the same ratio equals 0.0214 + 0.013.

No significant evidence is apparent for He~ which could be either newly

accelerated or result from charge exchange of the incident He~~ .

One additional test which can be made for evidence of newly acceler-

ated H+ ions in the acceleration region , or for evidence of some interac-

tion and energy loss of the incident H
+ 

ions , is to examine the 1-f’ energy

spectrums averaged over the two regions. Since the spectrometers cycle

through energies only about once per spin it is not possible to obtain a

full twelve-point spectrum simultaneously, and in a region of structured

fluxeB such as we have here it was felt that such a spectrum would not be

significant. In any one spin , however , a three-point spectrum is obtained

from the three spectrometers simultaneously and these spectrums, averaged

over adjacent port ions of’ the “acceleration” and “incident flux” regions of

pitch angle are illustrated in Figure 5.

One sees that thereis no significant evidence for sources or inter-

actions of the ions in the 0~ region.

SIM4ARY AND CONCLUSIONS -
*

We have examined some characteristics of an ionospheric acceleration

mechanism which operates on the component of the ion velocity perpendicular

to the magnetic field. The process was found to occur in a region of strong

incident proton and electron fluxes from the polar cusp. It had a maximum

~

-

~

— -
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intensity at an estimated altitude of ~ 
1l.OOO~5OOO 1cm . The cusp protons did

not exhibit evidence 01’ a strong interaction in the acceleration region while

the cusp electrons had significantly filled loss cones which we have tenta-

tively interpreted as the result of pitch-angle diffusion. An alternative

explanation could be the existence of a parallel electric field below the

spacecraft which could raise the mirror altitude of the measured electrons

above the atmospheric interaction region. If~ such a field exists then

the altitude at which the mechanism shows its maximum intensity may be lower

than the above estimate indicates. If the mechanism is triggered by some

threshold level of electron fluxes , that level is of the ordei of ~~~ e7
2

cm -sec.
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Table 1

DETECTOR CHARACTERISTICS

Energy (E, in key) or 2
Detector Particle Energy-Per-Unit-Charge G~E (cm -sec-str-keV)

ot.c~~ 
Electrons 0.07 — 0.214 1.2 x ~o

6

CMEB Electrons 0.35 -, 1.1 6.5 x io
_6

C?€C Electrons 1.6 -. 5.0 1.9 x lO~~

Electrons 7.3 -. 214 6.5 x lO~~

OXA1 Ions 0.50, o.68, 0.914, 1.28 r
~ 

Depends on
CXA2 Ions 1.76, 2) 4 , 3.3, 14.5 ion species

7xlO 5E

CXA3 Ions 6.2, 8.5, 11.6, i6.o
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FIGURE CAPTIONS

Fig. I 0~ data from the lowest energy mass spectrometer (CXA1) at the

times indicated , on July 29, 1976. The arrows indicate those

times (once per spin) when the instrument was oriented nearly

parallel to the magnetic field and pointing downward . The

numbers above the panels are the energy-per-unit-charge setting

of the spectrometer (in key).

~ig. 2 survey plots  showing the i on  and ele c tr o n  data d u ri n g  the

traversal of the polar cusp on July 29, 1976.

Fig. 3 Ion data showing detailed pitch-angle dependence of the low-

energy 0~ and fluxes during the three spins indicated in

Figure 1.

Fig. 14 Mass-per-unit-charge spectrums averaged over two different

ranges of pitch angle (see text for det~ i1s) .

Fig. 5 Energy-per-unit-charge spectrums averaged over two different

ranges of pitch angle (see text for details).
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S ATELLITE 0P~0 F-IRV AT I0NS OF AN IONOSPHERIC AC- 1. 0’T1O63SHELLEY
CEL~~ATION MEC 1LANISM

2. 1976 Fall Annual Mect .in(L
3. “C ! 1 0 c . l  ‘Icy
P . ii • !‘Ic-i op 3. Sc i  or P1.anetary Eel at,ionnshi 1- cc
R.  • Johnson ( ;t l . l a t :  Space l l eic ’n cus  Labora— (M 1c.gn’)etosph-tri e Phy sicz)

tory, Lockheed Palo Alto P,csearch Laboratory ,
Palo Alto , California 9I.t3OI~) i~. No

A satel l i t e—born e energet ic ion mass spectro- 5. No
me t ’’r ex pe r lrr c ’’r u C has IICIT.CI CC ’ICI f lux ec ;  of ()I nint h
11+ loriS  f low i c ’ i:~ up out of  the ionosphere in the C’ . No
‘iur nral .  ~nc - I p01 OX’ ~ O l l  ( b I t S - T ine ccbs ’:’rveci j OOS
ha’,o erI’ :ru Ic;: in the 1:-n ’! range , narrow pitch— ‘ f.  :Y ,0~,
oriole d icct ;s - ’ihl:t ,iofls a] ‘1 10 (111 .0lcnll~ the magne t ic
f i e ld dir’ ’t ic - i s  -c ad ~ci”ik f’l lix : i i i t i ’ nm nc i ties c-f 10 . 1i1.I, to:
th’’ or-Icr of 10d ( ‘-m ” _ s e r_ s t e r r c d — k e V ) — ] - . The
ob ::-~r ’ z at : i o c i c  Weo- ;  ‘:nal- ’, at n i t i  Cudecc b e tw e en 5000 Teilhinica]. I n f clr m a t io n i  Center
~,nj  8000 knn on i,oth the lay 11:111 u I  ght sides of I)tI I’t ; . 52— 50 , P1 clg . 201
the earth. It ‘C 1’~ jEE1) R)nISEPcRCII LAbORATO RY

3251 Hanover Street
In Ic -c Al t;o , ~~~ 1 tur i n  I ct 111

A t . ho : M;; • • h t I t I y I 0 c ’ n t l t h u : I I I

~~~~~~~~~~~~~~~ lknrt - h:nn- e Order Nc’ .:
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1~ECEW1 HESULT S OF ENERGETIC ION COMPOSITIO N
MI”CASURI”CMRNTS IN TIlE MAGNIn’CTOSI’HERE

R - P . ‘Cha r p, IL 0. Johuso ti , and h- . ]. S h e  Iley
Lockheed Palo Alto Re search Laboratory

3251 Hanover Street (52- 12/205 )
Palo Alt o , California 9IL3O~

A newly- launch ed  sat el l i te  exper iment employing an: energetic ion mass s pec-

trometer has detected lnrge fluxes ‘of energetic O~ and II’~ ions being accel- 
‘ 

-
erated up ,  out of t;he ionQsphere , i.n the auroral and pola r regions . Ion
f l uxes of the order of 100 (cnn 2-sec-st e rad-keV) 1 have been measurt .’-.! wi th
~‘n’srg’ics in the keV range . The measurements  w or e  obtained in the northerni
he misphere over an a l t i t u d e  range from about 5000 to 8000 km. Examples of ’
two types c f  events wi th  s ign i f ican t ly  d i f f e r e n t  pi tch-angle  d i s t ribu t ions
will  be presented.  In one , the upward -fl ,owirng Ions w”re observed with a
peak in the anngi nlar  d ist r i bu t ion  of about 10° to 20° FW1ll~i an t ipara ’l1,el t o
the m a gn e t i c  field direct ion . In the other , th ’  pitch-ang le d i st r i b u t i o n
had d ual maxima at about 120° to l~40° f rom the ma~-~netic  field d i rec t ion
with a min imum antiparal lel to II. :

1

Recent rt’oults of the further analysis of an ear l i e r  hot ly of data from a -~

low-altitu l” polar-orbiting satellite will, also be described. M- ’asureuicrnts
during th ’~ 5 August  lO’I U magnetic storm showed pronounced peaks in  th~- on-
er~~r sp ectrums of p rec ip i ta t ing H’~’ . hI ~~’ , and O’~ io ns.  The -n : I’ r- ’oy of the
peak increased with increasing magnetic la t i tude.  Wi th in  t ine re so lution
of the measurements the spectral peak occurred at the same velocity m d c—
penc lent of ion species .

Fo l lowi ng  recent  in fe rences  that hel ium ions might  have dominated t h , ’  r i ng
current  d u r i n g  the recovery phase of the December 171 magne t i c  storm , a
search was made for precipitating helium ions at that time wi Lb nc”gat ive
results. Thìe implications of these results to the question of the corapo-
sition of the r ing current  will be discussed .
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IL ‘C . ~1ohrn so n ~. Pola n-  ‘1 ‘ ii : - ,L’ t rv  1~- - l : : t . u - ncsh i  I p.;
X .  I). Sharp çll - gr:-. ’t.c -;; pice r ;c i l c y : ;  ~c- 5 )
E. ‘ ‘C . She] ley ( a t ]  ‘I t ’ , :  : ‘‘1- i S’. I en ’iees  L-j b o r a—

tory . Lockhe- ”i l ’ate A l I.e - b . S ’aX ’ b:h Laboratory, 5 . No
Palo Alto , Cali l o o n  I a  ()); 

~ b ’11t )
5. No

1i pward~~icw ’t n c ’ - ‘ l I ’ ’ri ’O - t i- .’ lono c-f i o n c - o p i;- ~ric
c n o b  w- r -  ob ‘ - - i ’ ’.- - ’ I  d i n r i n g  a m ’i ’- t i - ~ai] . y— 6. No k
:tistsrbe-1 ~‘ ‘ric - l ca :  A- . ’-o t 1 t ; , ~~~~~ w i th  -1

sat~~ I j t - ’ — D r ’r~;’i • - : - - r 1 ’ ’ , l - - i-  n - r o s s  ~- - c ’ ~rc ’ - ;- ~~ Ler  7.
coverin~’ tI:’ ‘ - I - ’ ’ r ’ V  ‘ ‘l - , ’ ’- t ons ; ( .5  ‘01 1 -  k - .- ’. .
Oxygen Ii no: a n t  ;e’ . - :5 ‘

~ . ‘ r ’t’ on’” r v - ; - l  w i t h  car — ~~. Bill to:
row p1 t/’I - — Or:, 1 1 ‘‘ I l  0 1: - i: ti ens arc- I w i ‘;,c I
intensit i - -; - c ’ f ~~ i - ’  o r ’  r i f  1,1) ’ ( , ‘ — se - — rt ,- - r’ t— l’- .’ - ’1:~’i’i~~~’I I n cl ’c ’rio’:ti. cn n P
k ’- ’J ) ~~ - . The 1’ - ; ‘ ‘o r - i ’s - - :.it- - o’t t~~ or ’ ,- - - r t 1 P . ’ ’ . P 11 :1 . 5~ — ’ O , 1g . 0 1
and sp a t i a l  /t--o :’- .r ’ c ‘ o n - -s i n :  ‘; c” -~~ .n’Ii ;-; ‘ o r ’  r.OC KIIFi F’2 ) I SEA RCh J~~P(~EA’~t ’Pi
‘ nnirnc,- n:  ‘ni l ‘ 1 0 ;  to 1 - - r I -  - [ ‘h- n ex ’ j  ‘1- ni  i -  ;: s p c - i - t .rc ìnn:; ~‘‘ ,1 hia nn ov -r :~ Ln’ i’o t’,
fr-: ,;Iv ’r;tly - - x t - - ’ : l to high ‘ ‘ r e n i - ’ n ’ ,~~i - o o th in P ha lo Al to . ( 1 ’ : l i fo rn i a  ‘ t 1c ~~O3
pro C c - n  is . The in W O O -  I — 1’] (‘W I tIp (-115 W - n c- n - : ’ - - X ’  ‘; il Attn : Es . Judy Conahan

a la t I s - r l i ual  ext--n it  of several huni~1r’ ;- I
Lo ’1’;ti ’d i’tnrs [~’:s-o Or,Ier No .:
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plg1l, ;~;TIc (k~ V) 1011 COMPOSITiON O1tSERVA- 1. O03l86Jo}E’~S0N
t’101V 1 LII  TI lE 53 ni .~ATELLITE

2 . 1977 S p r i n g  Meeting
. rc -i on (Loc ’.ht ’:- - l  Palo Al to Research

Lot un ’ iFcrv , Palo A l t i , , (2 rt t i f o r n : i u  ,~L30 L~) 3. Magne to spheric  Physics
R . 1). Sharo
E. 1. Cht ’lI° ,v (botin at: LocKheed Palo Al to 14 Special session on

Re ,, -~~rcli Laboratui’ i, Palo Alto , Cal ifo rn i a  the S3-3 satellite results
- ‘Pi 30P)

5. No
Ion compnn; ‘~tj,ofl no-: as i i r- ’ ’n ni - ’o ts on ’. tP’; 3 ‘3— 3

s:.ct ’~1ljte are 1,-c isp made over C u e  eni ;1’py 6. No
i’;~ ; ’ o  Pro:: 0 .5 to t(. K - V  w i t h  a rc  1 c c  t o a s t ;
spe~~crornc~ - tar  corns i st i  ri g -f ’  oc W .; en Ve l o C i t y  7. 5~
filter fol1~.-v-.ai bo o: ; el,e n ti- c-s ’,a t i o  anai’izer.

11 , 11- ” , Jie’1’
~
’ an-I O~ j on~ ha ve  1,-se:, obs ’-ro’ud. t~. Lockheed Palo A l t o

0+ ~is,I H~ icon :: a l- c - :‘ r’---p:iont ly , - l - : ,, ’s ”-jr,n c I  S ureann— Research Laboratory
i t,, - up’war ‘ , ~,p’ ’ ~~~~~ 

I , c; P I c )  - i  dl , re ct j - o r . Technical Inforcnation Cer tc’r
The i c r ,  ~: ; - n r -i .es are t’, i I - c [ I , ’ in t h e  few keV D e p t .  52-52 , Bldg. 20 1
ran ’- - [‘5,, i ;T ’c v t i  i-- n, e l : - ;s - j - ; - .: up t o  16 lo oT .  3251 Hanover Street
lJ [’::~trc1 :;‘,,n - :arri Fl it- ”~ ions are also observed Palo Alto , Ca. 9143014
big,, less 1’re- .l’ .’ :n t , i y ’In d w 1 tIc I ov- - r  fluxes than
t i :~ 0 or 11+ ions. 0’~’ fluxes  comparable to
the h ’ t inixco:  ~ er-s - I,~~c~ ’vc .’d in the ring cur—
root .  nici ar 5000 km no t: L = 3 to 14 during the
s,oc i,n, pIa :;’. of the 28 Lc~cember 1976 magnetic

t i  1~5 ; .
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ANGULAR D1 STIF I.UUI1ON CIIA RAC’1’ ERI S’I ’ICS 01’ UP— I . Ott - I I  - S

S T I I P A M I N O  h - N P R L I , t ’ I C  ( 1’:eV) 0+ AN t) 11+ ‘ION S
, .P”’( ~; - - - Ic ’  ii

A. Ch ic n r e t t  i~ ( v  i I . I n:~ ti c I cn t i . aL  Space  Sci  -
00cc--: [,.cI )or .itor\- , I , ’- cI ,ln t ’e d Rooc - ;mr cli Labctratory , O’:t n- I’ , ‘ ; ,1 c;~’ ‘ H : - , ‘ H - . ;

Pa Ic- AL  t o , (Ii h I c ’ ,c c c  ~~‘c ‘104 )
i~. C. ~r - i ~~~~~ 

, - 
~~ 

:
‘
~~ - ‘ e l ’ : : , , , 1- ‘i

(‘C . SIcc 1 1t ’~’
R .  U .  S ic ; c I ’ i) ( n i l  o t  Space  Sc i enc e : ;  L a b o r a t o r y , 5.

,oclotc -ed l~i ’Se :c rc i i  oh c’ :i t c c ry ,  hO le A l t o , Call  t - —

urn ia t ) ’  ‘ 0 ’ )
(S p on so r :  Dr . Ii  cha rd D. S ha r p )

-i . 0

>lca sur -m -nt:n of L i i --  p i t c t i - ; n i n t ; I c i  d i s t r i b u t i o n s  -
of cr l i ’rg et ic  ( 1 eV ) c l i ’ and I[~ i onn ;  h a v e  h ecu  o b — ’ ‘ ‘

~~ i - - ’ ’ .  - ‘.t .i , ; c  , n - . 
: 0 - 1

La in i ~’d t i l L ,  a n ion si;t~~~~’ s pt ’ c t ro t - i - ’ t - ’ r  aboard  tOo ‘ °
‘ . 

-
- .S t . ‘ 

‘ . 0
S i — i  ( J t - i c - - 5 1 1 ) ‘ -a ce- cn ’ ct  1 , Ilostream i nig O~ and ; , - - ( - -~~s’c ’ i “ - .: no ;’c ’h I, . .. ‘ L  c ’ :; n \

I ’~ ur i c c r -  : r - - q ine nt ly - - h - t e n’ v c - d  in t h e  NoV c-n- o rgy ‘ ~~ -
‘ 

, 1 :- c L

raucle t i l t t  i n n ’ - i n ;  I t - ‘ - ‘ f l  to at~out . ~ :~ o~ c _ i t s  / ‘0 1 ,c / , I - . ,, 1 n , L - 
-
‘

e c : — t : t ’ r — L t ’ F ’ . ‘Htc ’  (1~ sci~ t 11 + s - i -ni (‘cr d i s t r i l  
- n :  - I . ;  I :; “ h :  :- c

t t c n  ‘~~~c c :. i n  f t  ~- q c ’ ; t  r ’ t - .: ’ 0 n c~ c ’ ’ , ’ o f l t  s ln ;n ’’c’ ‘,- ‘ n  
‘ -

.:n:c ly:a’d i i  d~’t;; i 1 no I c - , ’~~o t  I g a L e  Lh ~~’ dcucndence c ,

of t [ c O  (II t,t r i b t c t  i - - n c ’ ;  e n -  h o -  nnlass and ~.‘uc -rgy of
the  i o n- ’; . S o r t . ’ - - , -, - n n  S h a ve  i i i  ; - l i l  y i’i e I d — ; i l i p i c c ’ d
di s tr il - cc t it - cn;; w c t h  w dthn ; I o ,~’ nH: i n  t b 1  I n s t r t i c r n c n t
LIflt~u V - r rent ’  I -:  ion i’ I a 0~ - ~~° t ’V I t N  I’~ r both O~
and !I~ i on, : . Iii ict l ic- t - ‘ ‘ ‘ s t  s , t i n : c n t I ç - c  I ‘c r d ‘ i s —

r i b t i t iuc i . ;  arc ‘i.tS S n- pt ,’ndcn t 0111 n I - . i t ” d i ot r ’i —
h u t i e~~s ni . iw l  t o  S ing wHI r t h an  t h e  lh ~ diotribu -
t i o t ~,’ , . Soon c u c n n ; t c a c  m i s  on t Ile p no - c c s s r s  c t ’ c ” l n n c —

in g  t i c e  - 1 ; t ~r v e c l  i o n i ] n i x -c ar c  i n f e r re d  ironic th e
s-a r n ;n t io n- ;  o f  the ton i  rc - e con- ’  Wi ch Lb w i tin mass and
i_ f l ( ’ r g v

P c- rnn anc ’n t  ad d r c .-:s: Pinvoikal i o : c l c c -s  h n s t  i. t u t ,
Un i  wee - ; : t~n L h e r n i , (III- 30 1 2 her r : , Swi  t z er l a n d
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I I , I). SI t ; nj ’ p ~b~~t ;‘cts SS. Ci ’ S~ ; - . ‘ n necn: ;  I,- ’ : ho n ’ a t c rv ,

Loc i.;I ; c c , I  I t :  c ic  r u b  [,:i -o ;‘ :c - ‘ n  ‘,- , tO lo  A l to ,  Ca LI I — ii~~ ; 
~~
— .- j : ,  I ( ‘a : :  I a

urn ) I a C) ’i :0 i )
5. ‘ : - -

I - n ; ’ c’ , o t ; ni , i :  I t  a n t i  (~ Ht ni . l It  t i n e  lo t’
1-an t I c- , C l onel y c i  i ,, t i n c- d - ‘ i  i t t  the ,i;ng n n t ,-t tI i,- I d , ‘ ‘ .

to. sc ob co-s at  1 w ‘ H t ic - - / n  — ( ) I i  , p0 I i  1 orb i L ci
sat , ’ l i i t , a t  l c i I - ~ i t t  i - o n  S- : ’ n , ’ b t ’~ 15 , 1 1 7 ’ -  iL IS
h R  I ’ ’ C L I ’ , 71, ;’ - iv ,  I n ’ a nt I a n  I e d t -  , :cf l ( l  at an ;n I, t I t inch -
of ’ 7I~ihi I ” nnc . ‘Iii- ’ 1’ 11t4 W~~~tO t~h’ :c ’ rv ~ d e ’ n r i n t ~ tIcrec ~ P. 1’ .:ui.n ; i’- :o1 M O - - f ’ . ; ’1 i~, -

- . 1 -

op in  p~ n ’ : od s (d I n . , n : c ’ t ’ f M  ;s t ) i’.’ I- j Ii -  i i i ,  ea te l  — ; c: :i ;- .- - . - I I , . a . - a - ‘  - - - -,‘~~ H ‘ - ‘ ,
‘

fiL e w a s  110 :- i n - - , N- c ’ ,c rd 1 1 1 1 : 1 ’  t a t  it ‘ e s .  !~~ c t r o —  ~‘ e ’~~n - t ’ ”  n ,l ‘ :, ~~~:c) . :n il,- l l : n  ‘ P.
s t a t i c  t - o t c - n n t ’ i , c t  d i i  f - i ’ i ’ ; i c t ,’ ’ :  j l t~rig n Ice i n i ’ t g i i t -L c c ’  ‘ I, II:.:ic ‘ ‘ ;

field , ;cbo~- - - an7 hI- l ot; liii’ s , t t - ,’ l l i (  t o . si re u t —  IY,O idLe . ,,‘OH,:, , c n n ’ I . - i -

I c’rr~-d t rot’’ p 1 t’ c h i — : - n g  I ~~‘ and ._ ncr;. 0’ n t ’  ;i ’;f~ - ‘roots it : - ‘ a ~
‘ - - no - L u :- - I c i  uCI C’ -OS (7 ’  ‘ — - - I: -Hf ) c i sc - I - ‘ p rio ; it’ ‘ c n n - I

h -n i l  Iii; t ic , ’ t n’u i :”  : 01:- I t - n i  oh ; r ,’ :i t i nor . ‘Fhic i i i —  ‘5. - H-

- ‘cOCCI ci  i C  t e l  i~ I i - -I c : en s  d i r e r  L c d  upt ’ :tr d . I ic e
- - n  ‘c n,i al d n n f ’ r -  nc ’ t, !‘‘. ‘ l - - s -  t I n t ’  n , ’ n L c ’ 1 1 ~~t c ’ t’~ . i~~

Lu ri : in cH i ” - ’ . 1 n i t , - w i - I c - t i  ‘ ng n I. t Ii -: lo ss
i f ’ t h e  - ‘lu ct r en i ’ ; . ca d (ii) c ik’cpc’iiirc g of t i c - ’
I c n ’~ c of l o ’~ (I . e. , LId’ d”p i - . s 0 .1 . ‘ n i  c - I  t h e  t - a - :k s  ca I ’ —

i - r i  ‘ lu’-:) . ‘Li,’ noit ii ’ - nc t lt’ - i n ’ ;1 ’ I  c’rcii i n:c t : - - i i  s , (
and  ( i i c , a r c  ci t o- ’h , , s t ’t ’ i ’oni t c’,’itb c;cc[i oili er
S t  i t )  L s i t  I 1’ c - 

‘ ‘ i t  - t :t u i - t i n t  C Ici r t 1w- one n’ ’, i c,’~ of
LIce ., -n i’ . lii ,’ ~~i c f t  Ia! di f1~~n’ - - n t i , ’ c’ , : t - t i ~~e Lu,’ sa t—

oil s c o t - r i o t  I n’ ” (if i t s  i f  I’~ ct  on t lc t ’

-‘ I t ’ c n t r , - ’ i c l i s t r i b t i t i o n c  wh ic h :  t I m - u s -
c n n - s d to he  t n t e  - - i n - - - ‘ t ’a :’: u r c - , . t JO ? c ’ q ’ i s t o rw rd c i ’
t l i c ’  oil;: , ant.I ( i i )  ohs ,’n ’ ’’jt n o - i n ,  cii i - l t C t r ’~~t i .~
t r a p t - - h hctt -~- c- n n I ce  i’ c~~ a’ t c n i l  r r c r I~~- t ow t n~ - it -

i - l i  i ci ;cnd [ n c ’  t-I oC ii ’ i t  ‘i l  c - n o - V  sHov e  , For - c i i i

o l ’ t h e  ‘ p i n  p r ’ - S r i  ins whi ich n t h e  i on s  n r io
o r - ’ ~ n t  , t I c c ’ ; ’ - - t  - a t  i a t . d i i  Ic ’ rc- c c c i ’ ; ,  I - ~. - ] o w  h i t ’ ‘ - f  —

c i i  i t o  n - t n  I un nn d t - -  5 - -  1 . 5 Ic , ’ , 3 .  7 H , and I .
:V rcsp ’c n n -  - I ’ ,- “ t i n’ ‘- ;c t ’ ’ I l i t t ’ , On -, o t t e r c —

on I d i ft c “ , nic  c- i ’  r e t ’  - ~t ! wi tic  t a t  i I c u l t -  , - ‘  ~c 

t 0.5 l :V ~n H - ’  _ c - d’ c ” l - ! ’ p a f l  p e n  i , i .
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‘it j ~’ i-H) i ’IitiCPk ’ ,, iY OF Ifk’ — ,Hi ’,~ ‘-
ifi’JFRGETIC ILL i°i,AfXE~3

A. AI ;t - I ,ln:ie- tL ,L” ( n o a o e dsj - .-:;a - :’ s HP . r’:tH;ry , i~~- :n k—
i:a-~;I iPosctarci i  Lonbc- r t. r ,  , P- nI ,a A ;, t,~,, I”,I ’ i t ’ o- i ’nc j :n
91,c.3°Li. USA )

I’
P. 0. Shelley (b rac e  - -o le ;;’, -a ; L-a~ ‘ :- ‘d, . ,n- , , , H: oH-
T :.’cd Research T;Wcrat--r ,’1’, i’:tiu- Alto ) Coo . -J , 3(J I ~ )
B. G. h e h f l I m a f l  ( :pace I c i e r i c ’o ’s L:;i~~i-aL. n y ,  Lock—

~~e--J Research lather ‘ot- r f , Palo Alto , Ca. ~ I~3ij t~)
1’ . D. ‘harp (ip ace Sciences fit,- ir afu:’, ,
hesearch  Lusor a tory ,  I’r ; li:. Alto , Cail,~ . 91~3tht)

Tue ,int’err-o’i si,on atnres of n’u-no -,ntico ic-i-H - 1. hr. Arthur  Ghielrnietti
a~ L,1 ; - 0H electr:static potential -,iiff-a ’renices ‘in dp~ c-c Sciences Laboratory
H f -, ’ o- ,voral kj lovo ,I . t r:0nc 1.o,’ have h- . t i ; t i  c . : ao i - ~ ’v - . I - ]  in Dept . 5: :-12 , Bldg. 205
t i e  Ps-ta fr-a n arc c t n ; c n r ; -s’;t ic: ,L-jfl ‘C l o t  it . : - ‘ ‘Lia r; u ptc— LOCi~ iE EI) RESEARCH LABORATORY
t r o n - ~ter on the  S~~-3 (i-~7.:-65v) uace ,Lj,i H f .  Large 325], Hanover Street
~lw-: c~-s of ii~ arid ;~+ ~~~~~ Ire ~‘ c- -a-oic- n ;t iy  fes ta l  Palo Alto , Calif . 9~ 3O14 USA
a t rear i inp  -.np out of the ioi~os ph - re wiLl ; c n i e r f ic ’n
up to 16 l o T  in it r - ;~;ion n b c t w - i - ’ r: invar iant  lati. - 2. JLi ’R , Divi sion III
t - : ’ ies rof LD0 _5,Li C TI and above 5000 km in altitude.
T I :r ,n .l at l tu d i ; ’sil on i . dLh  of t 1iu~~in aostrearnir . p ion
e -eats 1; t~~ acer: obser ’,-c J  C ,‘ - ,‘ ;ry f rom ic-a :; than a
~l’~ ”rci e to 10 -i ’ ’ ’; r e- ’ : :  . ‘iL-n p i t ch—an g le  -ii:; f r i . h I n —
tIo ril ; are peaa ’:,i aio::~ t i ;  ; .~~ r : ’ ‘tic: f ie . I :,l -a ,L i ’ec —
tion w i t h  s car ce  Cs non ’,- wjd C i : ; ;  c-: tn ;p ;ulp t rena a i’CW

• i’i-oproe a up ton , n/H ( fu l l. :: ‘C a L i i ) .  Ti ;-; event;:
have 0 c - -.o; : - ir;.l in: about, “i; ‘ of all thc c;i ’i . 1, 1 , :;
fa r  “ ;i ;ich t’ oL: ,  Ic ’no - -o t)eSi, ‘;-t - ~ I,:ir- 3i .I exuer ,o ,;,n ;

~ ov en -
a b — I / a  month nne r .i - , I e r -V s -r i n g  Li -- ma lnietic local
1,1 na-on interval in- - : : ,  a--500 to 2300 and t I c- na t ;b no ’I t i c

t~ r’ trioe l’ n’ -o- ::, 0 t- P in c H1,. ;- irat m’eni nl ts
a ;’ l ico :i te that Cii-; I l0 ,L ; i ’ - n n i i fn i - ; i I  f luxes  out at ’ tie.-
io n c a a p : - : r t t  a re  a 

~- - n’ . ’i , st er n t 1.1 :’ , n n ; i c  I i Ip l ’ il ,y v:ii’j. ’,c—
ble jinc (’ni’ :-- n ; ’; - bc-ner O ] ,‘,o i ’ c c n n c r r i : c ; ’  inn ‘t rc:cb ’cen:

n-ta r  t i:- ob s tn r ’z - : - ,l p--1 - ‘ ‘w ’  o t t  i’ - i ,
~~e i t ’ the aun’ - ’ - n o r —

getic (—‘ 10 P, cn V)  -t l ’ ’n ,r’ :. pie -Si p.1 L i t  i, nc r tnO’i , i , n ;  .-

: t i r n p  s c i -n i c t i s t  f r - - n a  L in t i,-niv- ’ n’ s .;. 7 of ‘ ‘ ‘ c i i ,

d’wi t a ’, - n r  i t t  ;

- w
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ObF -EP ’J ;’~’fION OF IONS OF IONOSPHERIC ORIGIN R. G. Johnson , Lockheed Pa lo
IL TIlE STORM-TIME RING CURRENT Alto  Research Laboratory ,

Dept . 52-10 , Building 205
R .  P .  J o h n - s a n  (Lockh eed Palo Altc - Research 3251 Hanover Street
Lui’orn ’c - r~~, Palo Alto , Californiia ) Palo Alto , California 9143O~

~~~ . D. Fharp SIll lb
E. C. fici],e ,’ (bc-tI; at Lockheed Palo Alto
Reseat- -h Lnl f.uratorbl , Palo Alto , Californ ia

Data at the con; ; -a: ;  . t, jorn of plo anna in  l I t .
i- a rt : ; ’ :; nca b n e tosp hc ’r i ’ III the e n - ’ r ’ H j  ra
o .5 to 1 io keV I ;; ho i r i p  a cqu i  rca: w 1. Cr; ar c ior c
mass  s p -octr c-ro ’  oc - : ’  ab. ‘- a r , t the i

~’ 
;o— 005B

;;atelli.tc-. The sate I ,~, i t e  is ~ i c a:; 82° ‘C r;-

: : lj cn atj on  c’i’:it . with an irii , t i al 0500 ,°Se oi ’
2~:O km ar d  apogee of sOW k s .  a n , , i is - ; p t i . -
ro i . n e~ such tha t  p i t ch  angle dat a  a :°‘ aLas In c a
n o r  tb: ’ ior;s - Our ;r i p the m a i n ’: r il ase of ’ t h e

::Irc b r e t i c  st r . - i’ :’; on 29 Decem i -er  lP(o , r~’ 1a—
t i v e~~

- ,- icc r~” f l , :~es a t ’ t r a p a - ’ii 0+ an,i tO
l aO’S s’ l o’: i , ;-o :en ’v i ’ - l  in the re b ic - n ’i L 3 1,-a
L . i at adi tudea near  5000 cu. O~ a: a f
I a s s  o s -f e  01 ~‘Ser o- - ‘ ‘H a ~er C he IAn ii - : c r ; b - ,- r an ~ ’e
of’ ~he in s t ruj n e rc t with the H4 srs c’tru :ri ::

‘. ;p L c a L l - ,’ l ’e tn i ~ ha rder t ’nnt no the ~~ 4’ :opectru,nnis .
On l,l~~’ first pa:a: tI iou h t ,li ” L = 3 to L
re5 i t~n the C ~ aus cnhE ’ r Ic- ri:: it -y  ,~ n:. ml 5(’i:;i ’,

i, wj i ’ - ’  t i u c t ,  of ’  1l~ and the en ’cer’’y ‘i e n : ; i  Ci i -::
0-I - ri .- -c: u ;fl , c-I sa I w i t h i n :  Ll~t,’ i: :; ’,ruwc- tit t n ;e t’ i y
rn . nn s- . lie 4 f”C ’ ix es w’i’ - also ofo;erve-I dur jticb
t I t us in pha~;- - - bu t  the i t n t e n s i t  es i~,-e r  ‘ :;cnial l
‘o’-aninjr ,’d C c ’  the 0+ !‘lwcea. Trapped 3~ I ;  u a e a
Sic -i n :.c lso been o i : ’ i- r ’teil dun , , o ther ea 11 :i- ” t i c
, :t ,r’i ’ ;:;: a n - f  ;ct pit ;.n ’ti an : O”-a corre :;pond i. r c b  to
equatorial pitch arclbJ,es up t - ,’ about 145 0.
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DI S’I’R! BE J ’t ’ {O’ - 01-’ i-: i t - : ’ t ’ t t n ’c~; ’ i ’~v i ’ i r . J i ) t [L  [ ‘ l A S  A h u N c i
2AI ;~~E- F E C  !“ il -~LD l ’ H I ’ l , f t i t t I I c  1- ’ t ) t  O R St J : ’.’ A i ’ l O b b S  ; i ”
E L b ; H ’J’!i (~~N AId) 11ff t i t A n ; : ;  

‘ I )  I,ockic~ s’d I alo Alto keas’arclc
t afcor;itory 32 5 1 Hanove r St r ee lJ - IL Clad is 
1’;i 10 A l t : o , Ca I ifercii;i 94304

k - I) - S ha r p  ( b o t h  ; iL f p :cc s ’ bA~- i. e ace a L ;n b o r : n t  o ry
Locki’ns ’e~I i1t ,- ons ’ .~~’c- li I - H - r ; c b o n r y ,  2 m b  A 1a~.- , (bAn SIll 3d
C a l i f o r c i i~ Q !’,3N 4 )

t a c r - on - — ; ; c c l s ’ 5’l t ’c’ L’r i e ’  f i t - I d a , d i r - d i d  U 1 0 ’.’ , nI’ i t

: i l o O n l  L in t -  ma cc s - i ‘ic f i t  I i i , i c a v e  s ’ s - c l  i . m n f ’i ’ r c a’si
f r - n n c n a - s e r i f  o s - t n ;  of 2 la et c  L I c e  i d

and  ‘nt  n’ H’ ’o ii i ,:: I r I Sn I i s - n - n :  of el s-c t . c a - m i s  a ad L -nm , ;

ol~ I ; no d -- L ii i ~l ; 0 v ar  I . - mm I . - L I Lode a ( ‘ ( i5 °)  an d
, iit i ttcd ’;; (-~ 

c a i ( i () k nn O w i t h  Lice pi -L :.nr- -i -ttn L
Hf 7- ’— ~Y~g s , i t e l  I l i e .  ‘lice ;cn :: c lys L S  uti llzs’d dais
t :n I;5 ’n wh i l e  h F and  ions .in i t i n t ,; be-V L’ , i i nge  ‘h -re
oh~ crv- ’ ; i  to nnnov- . rn bis ~a rc i , c i t - a - - i c -  al i gned w i t h
Lhi - .~ nn;i;;net Ic l i e Id. ‘ Ite s - Icc  ir s - s t a t i c  p o t e nt  l a l
differences be i - - a- L i n t -  : ; : c t 5 - I l ite s er c  dc- t s -rm :ii ned

I ’ not onl y fronu t i m e  i - n c r ; ’  tt -s of t h e  S L r e ; n n n n i n g  1055

b itt also  freon coL d Lhs and dep tics ~ 1 Li c e s; lcn c i r s - n c
loss CLne S . i’o t c nn tj a  i n ;  t o  ab o u t  4 kV vs-ri- conn—

p u t e d  i n n  t h i s  m a n n e r .  ‘i’he ci n . s t r i b utj o n s  of L i c e
p o t e n t  L a l s  a l o ng  t i -  n:i:i ;n i 5 - t i c  l i t ;  Id w ere  s - ; L L —
mated from the  c c u a s i — n e u t r a l i t y  cond I L  i 5 -u ,
e qua t i n ’ co l  a le s ;-  t h e  f i J I ’ n i L  Ic fi t- Id t in s ;  ion and
o 1y ~ t r o n  nunc h er  ifs’ ~~ I I ii . ’ :  i - I a  ::,ined b y i O t t ’ ; -  r ; i  t t a n ’,
over L i n t ’  veloc i Ly  d i  , t ’ r I l n u t  l e n t ;  if  L i n t -  e h s er v t - ’ i

- - c e L l  c i t - : ’;
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OBSERVATIOLL CF lOi s ’ OF SOLAR WILl ’) ORIGIN E. G. Shelley , Lockheed Pala
IN TF~ INNE R WIGN })TO-3PHERE A l t o  Research  Laboratory ,

Dept  - 52-12 , B u i l d i ng  205
E. o. b’)l:-?ll-.’y (Lc:n i’;-ocJ Palo A ito Research 3251 Hanov er  Street
L ab o r a t o r - , Palo A lt o , Ca l I f o rn i a )  Palo Al to , C a l ifo rn i a  94304

R. 0. h L O r p  I~b R-III
R. C. Johr;sor ( b o t h  - a t :  T ,o ckbee-i Pa lo Al to
Research  L ;t L u r a t c ~:”. ,  l a b  Al to , C a l it ’o r r , i a )

I ota or, the hot p.i , o:n :na :-s ’m pn - : ; i . t i : - ; ;  it ;  the
- s mapn r-L us:’-her ’’, I : .  * a- ; en s - r’ -‘ani)e 0.5

to Ia Kt;’)r I;; ineIr ’n p  ;in ~ ; 1 ; I i  r-’i will : a: ion m a’S:;
srns; c tr t - :; ’ ’ ’’r aLt- a r’: She 1 - ‘.-“,—C ’ -5B ~‘t ”. .:ibi, ’.e.
TI: : ; a ’, t ; l I te is in - an h’2~ b n , ’ ,’1i :na~..iorn s-rhO

‘:-, ~~~~~~ ~~ , e near I ‘ - hi: :e .1 -‘,r;; - ) ~~ ‘ -ill S SiAn 0
-cc,. a n , - ; is ‘Sp ;. I f l o n - a n n ’ : :  I : o a t .  n , i t a n :  an -ic
lata are I n L C a  m o d  An :‘ the :01:5 . ~jb en ,
os’- rc n,r ’An ’, I - . m , ‘t-o’br ’ p ae],ect- ’d m a
(‘Cu l e t - L i c !  :-~- n’O,-dc (~~~ < 3s-~ I : ’: I ’; , - n t - ’i’ ‘) ,~‘,

eCn in’ s ipate- ’I in  f,l c - f C O j ; 0 1  s-2
n- Ann ;, L’a- ’ rin ~ - c;s’:’-!nt at altitudes below
5000 en, in the m i : f mn i - ‘ht sc- s  La’:- - Het~’ , .~ - II ’ S

‘.4 i”r ( ’ o:- servc ’ - .I in  n ev - ;r a l  passes oral In; (-n.e
rose the;c o’:e:’c.- found as low as L 5 .5 wh A t;
was s- : ;-cr the low l at i t rn d e  e d p e  oh’ the  plasrrat
:; I ; t . et eii ’ ’C ,r i , r ;: . These c-Ls- ;r - . a t i c s show
th’i ’ n - ’l;i: ’ ;;in .1 ion: ;; O tt  ;. r , ,e:~~~:,

,” abe ‘a
r~~~ .u: : 1 , --re ric: t : ’ ~~’ t-.- i n g  t:’:’int:p s-’.t’U- ”d 1. -c :‘‘-la—
t ve l - - . ‘ ‘u L—: i ’;-;Ilrn in St;-: n !:tualet;osl’ih -o m’o
dur i; 1 ç rrIa 1n s ’~*, - ‘rally -‘~ui- :- t f.. jones -

t


