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1. INTRODUCTIO N

The AEOLUS (Auroral Excitation of Atmospheric Layers and Under-

lying Species) program involved the launch of three sets of three rocket s

each in April 1975 at Ft. Churchill, Manitoba, Canada. The main purpose

of these launches was to study hi gh altitude wave phenomena generated by

aur or al and magnetic disturbances. Two rocket s in each set of three  re-

leased puffs and trails of trim ethylaluminum , which wer e illuminated by

the sun in the fir st two launch sets. Hi gh altitude waves wer e to be de-

tected by photographic study of the motion of the puff s and tr a ils, wit h

spectral data being used to attempt detection of thermal effects of these

waves.

A real-time electrojet analysis instrument was used to assist in

determining when conditions wer e suitabl e for the AEOLUS launches. This

instrum ent was developed earlier to help determine if conditions wer e suit-

able for launch of rocket payloads d e s igned to study the Auroral  Electrojet

(Refs .  1.1 , 1.2 and 1.3). For the AEOLUS program the electrojet  instru-

ment was used to calculat e approximat e Auroral  Electrojet  parameter s

and thus help decide if conditions wer e suitabl e for launch. The electroj et

parameter s wer e calculated using a flat - earth model and using only an ap-

proximat e correction for induced currents  in the earth , but the result s a re

sufficiently accurat e to aid in the Aurora l  Electroj et conditions befor e and

dur in g ~n AEOLUS launch. Data f rom th ree  axes magn etometer s at Ft.

Churchill and at O’Day Station about 130 km to the south wer e used to cal-

culate the electrojet parameters.

The fir st rocket launch set was on 10 April 1975 during magnetically

active conditions. Launch was during the morning twilight windc-v when the

hi gh altitude chemical re leases  wer e illuminated by the sun , but the low er

atmosph ere  was not and so R ay lei gh scat tered li i~ht did not obscur e th e  re-

leases. The electrojet ins t rument  calculations showed a modera t ely int ense

clectrojet some 1 00-200 km south of the  chemical  r e l ea se  area  for about •
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20 minutes before  launch of the f i rs t  rocket . This indicated that conditions

wer e reasonably good for  detection of electroj et-gener ated hig h altitude

waves,  and so contributed significantly to the launch decis ion.

The second rocket  launch set was on 2 1 April 1975 dur ing magnet-

ically quiet conditions , and dur in g the mornin g twilig ht window. For this

• launch set the electroj et instrum ent established rea sonab le  upp er limit s to

the electr oj et intensity , and so con tributed in a minor wa\  to the launch de-

cision . This launch set was primarily as a back ground check for the mag-

- netically active launch set , and the decision was based primari ly on minimal

activity of the magnetometer s for  some hour s b efor e launch.

The final rocket  launch set was on 25 April  1975 during active au ror a l

conditions with some associated magnetic  activity. The launch was during

the ni ght and so did not provide as complet e a set of data on the chemical

rel eases as the twilig ht launches. Since aurora l  conditions wer e r equir ed

for launch , the electroj et in strum ent contributed minimally to the  actual

laun ch decision , although the electrojet  calculations a re  useful subs id iary

data.

Subsequent to the  AEOLIJS launches additional magnetometer  data

for 22 stations within a few thousand km of Ft. Churchill  have been obtained.

These  data defin e the magnetic ,  and hence electroj et , cond itions in the  Ft.

Churchi l l  r e g ion mor e precisely. A brief d iscuss ion of t hese  dat a was given

• in R ef. 1.4. Her e a more  thoroug h discu ssion an d ana lys i s  of t h c s c  data is

g iven. E f f o r t  has been concent ra ted  on the  magnetical l y activ e launch of

10 Apri l , s ince that is the  launch set most likely to de tec t  hi gh altitude

- - waves.  The quiet launch of 2 1 Apr il r equir es  littl e ana lys i s,  other than

demonstration of th e  widespread  magnet ica l ly quiet conditions.  The aur-

• oral launch of 25 Apr i l , be ing a ni g ht t ime launch set . did not y ield as much

data as the twilig ht launches , and so is not h eavi l y emphas ized .  How ever ,

the associated magnetic  ac t iv i ty  is b r i e fl y d i scussed,  and some el ,~~~r oj e t

ana lysis  is also z i v ’  IL

2
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The magnetometer data a re  presented and discussed in Section 2.

This is an expansion of the pr eliminary p resen ta t ion  g iven in R ef. 1.4. The

electr oj et models used for the analys is , as well as more  advanced models

cu r ren t ly  being d i s cus sed  in the  l i teratur e , a r e  d e s c r i b e d  in Section 3.

The e lect rojet ins t rument  uses  a f l a t - e a r t h  model , and th is  model has been

modified to include a cy l i n d r i c a l - e a r t h  effect  for  the  mul t i - s ta t ion  l a r g e

ar ea ana lyses .  The e lec t ro jet calculation resu l t s  a r e  then p r e s e n t e d  in

Section 4 , and an overall summary of magn etic condi t ions  for  each of t he

t h r e e  AEOLUS launch set s is given in Section 5. Conclusions  and P ecom-

mendations a r e  given in Section 6.

2. M A G N E T O M E T E R  DATA

2.1 Location of Magnetometer  Stations

Data fr om 22 magnetometer  stations have been obtained for  the

April 1975 AEOLUS launch periods.  Not all stations have complete dat a

coverage .  The  World Data C enter A ( W D C -A )  for Solar Te r r e s t r i a l  Phys ics ,

Boulder , Colorado , supplied data for  16 stations l is ted in Table 2 .1 .  Ft.

Churchill data wer e also obtained fr om the  r ea l - t ime pr in t -ou ts of the  elec-

t ro j e t  ins t rument .  Data f rom a magnetometer  station at Ft. Smith ( f i r s t

entry in Tabl e 2. 2)  wer e obtained fr om Gordon R o s t o k er of t h e  Univer s ity

of A lbe r t a ,  while that f rom four additional s tat ions near  Ft. Churchi l l  wer e

obtained f rom John Walker of the Dept. of Ener gy , Mines ,  and R e s o u r c e s ,

of Canada (middl e entries in Tabl e 2 . 2 ) .  The last en t ry  in Tabl e 2 .2  is for

O’Day Station for  which partial  c o v e r a g e  was obtained fr om the  e lec t ro j et

instrument  p r in t -ou ts .

The  locat ions of the s tat ions a r e  shown in Fi g .2 . 1 , wi th each s-ta-

• t ion ident i f ied by its 2- or 3- let ter  code f r o m  Tab les  2.1 and 2 .2 .  The  sta-

t i o n  data c o v e r a g e  for  the  AEOLUS l a u n c he s  is g iven in Tab le  2.3.  Mos t

stat ions have complete c o v e r a g e  for  all t h r e e  ( 1-IDZ or X Y Z )  magn etometer

componen t s .  

- ... -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 2.1

List of WDC-A Magnetometer Stations for Which Data have been Received

Geographic Geomagnetic
Station Symbol Lat (deg N)/Long (deg W) Lat (deg N)/Longdeg E)

Fort Churchill CHR 58. 8/94. 1 68. 8/322.  5

Y ellowknife YK 62. 5/114. 5 69. 1/2 92.  6

Meanook ME 54. 6/113. 3 61.8/301.0

Sitka SI 57. 1/135. 3 60. 1/275. 9

Colleg e CO 64. 9/147. 8 64. 7/ 2 57 . 0

Cambrid ge Bay CB 69. 1/105. 0 76. 7/294.  0

Baker Lake BL 64. 3/96.  0 73. 9/314. 8 ,

Mould Bay MLB 76 .2/119. 4 79. 1/284. 7

Resolut e RB 74 . 7/94.  9 83. 1/2 87 . 7

Great Whale  GW 55 . 3/77. 8 66. 8/347. 2
R i v e r

St. John JO 47 . 6/ 52 .  7 58 . 7 / 2 1 . 4

Ottawa OT 45 . 4 / 7 5 .  6 57 . 0/351.  5

Newpor t  NPT 48. 3/ 117 . 0 55 . 2/ 300.  8

\rj ct o .fj a  VI 48. 5 / 1 2 3 . 4 54. 3/ 292 . 7

Narssarssuaq NQ 61. 2 / 4 5 . 4 71. 1/ 3 7 . 4

Lei rvogur  R Y  64. 2 / 2 1 . 7 70. 1/ 71 .  5

Tabl t  2. 2

Lis t  of Add i t i ona l  Magnctom ter Stat ions for  Which  Data have  bce~ Rece ived

Geograp hic Geomagnetic
t. Stat ion Symbol Lat (deg  N ) / Long (deg W) Lat (deg N ) / L o n g  (deg E)

Fo r t  Smi th  FSM ‘ 0 . 0 / 112. 2 67 . 3/ 299. 7

W in n i p e u  WPG 49. 6 / 9 7 . 1 59. 4 /3 23 .  8

Thompson T M I ~ 55 . 8/9 7 . 8 ~5. 4/ 319 .  3

Eskimo Point EP (1 . 1/ 9 4 .  1 71 . 1/ 32 1.  8

R a n k i n  Inl et R I  62. 8/9 2 .  3 72. 9/ 3 2 1.  9

0 ’Day Sta t ion  01) 57 . ( / ‘~1. 2 ~4. 4 / 3 2 2 .  3
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Table 2. 3

Listing of Magn etometer Station Dat a Coverage

Station Data for AEOLUS launches of 1975*
Symbol 10 April 21 April 25 Apr il

CHR N N N
YK N N N
ME N N N
SI N N N
CO N,S N,S N
CB N N N
BL (U) N N
MLB N N N
RB N N N
GW N N N
JO N N N

• OT N N N
NPT N N N
VI N N N
NQ N N N
RY N N N
FSM N N N
WPG N N N
TMP N N N
EP (PZ) (PZ) (PZ)
RI - (PD) (PD)
OD (P) (P) (P)

- ‘ N  normal , S = storm , (U) unusable ,
( P Z )  Z component missing, (PD) D compo-
nent missing, - = no dat a received ,
(F) partial coverage.

L

The t h r e e-h o u r l y indices a r e  listed in Table 2.4  for t h r ee  day

periods c entered on the  day of each rocket  launch set . The  bracketed K~
value is for the actual launch period.

—
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• Table 2 . 4

Kp Indices for AEOLUS Launch Periods

Date in Three-hour rang e indices , Kp
April1975 1 2 3 4 5 6 7 8

9 5- 6 5 4+ 4 6 5- 6-

10 5+ 5 4 [~+} 4 3* 4 5
11 5+ 5 4 5- 5 4 3- 3+

20 0+ 1- 2 2+ 3 5- 6- 5+

21 6 2+ 2 [3] 4 4- 3+ 1+

22 3+ 4 3+ 2 3- 2 3- 4-

24 4 3 3 4 2+ 3 3 3

25 3- [3-] 2+ 2-  2- 2- 1- 2-

26 4- 1-f- 1 2+ 2-  2+ 3- 2

Note: t h r e e - h o u r  period for each rocket  launch set is shown in
brackets .

2. 2 Discussion of Magnetometer Data for the  T h r ee  AFOLUS Rocke t
Launch Set s

2. 2. 1 Magnetically Act iv e Launches - 10 Apr i l  1975

The f i r s t  set of t h r e e  rocket s was  launched du r ing  t he  dawn  window

on 10 April  1975. The f i r s t  rock et was launched at 0954 UT , and s tar ted

the magnetically active launch set . The indices in Table 2.4 show that

was  4+ , and that had averaged near 5 for the p reced ing  24 hours.

A survey of the magn etometer data f rom the stations in Tables 2.1

ari d ~.2 shows periods of strong activit y for 0130 to 0500 U i , 0700 to 0830
• UT,  and 0930 to 1230 UT. The magn etometer  data f rom Ft. Churchi l l  for

0630 to 1400 UT a r e  shown in Fi g. 2 . 2. The X-component show s a moder-

ately sharp step at 0923  UT , and a s t ronger , sharper  step at 0~ 4 () UT,  and

the second at 1140 UT. A c t i v i ty  o ccu r r e d  in t w o  p e r i o d s .  t h e  f i r s t  p e ak i n g

~t 1003  t T T ,  and  the second at 1 1 4 0  tTT.
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The magnetometer dat a from Sitka a re  shown in Fig. 2.3 .  The

activity befor e 0909 UT is not as strong as at Ft. C hurchil l, but the peaks

at 0931 and 1214 in H are comparable in magnitude to the Ft. Churchil l  X

disturbance.  The College storm magnetometer data in Fi g. 2 .4  show a

similar variation , and together with Sitka show a s t rong  subs to rm f rom

0909 to 0949 centered  over Alaska and nor thwester n Canada.

The data f rom Meanook in Fi g. 2 .5  show the  same tr en d in the  H

c omponent , althoug h the  timin g is sli ghtly later than at College and Sitka.

This is even more  pronounced for the Ft. Smith data in Fi g. 2 . ~ • wher e
• the  H component peaks after 1000 UT , more  in agreement  with  Ft. Churchi l l .

The substorm thus appear s to have s tar ted over Alaska and no r thwes t e rn

• Canada and t raveled eastwar d toward  Ft. Churchill .  The  distu~ Lanc e did

not r e a c h  very  far  east of Ft. Churchill . since the magnetomet er data f rom

Gr eat W h a l e  R ive r  (Fi g.2.  7)  show no strong negative H d i s tu rbance  as at

Ft. Churchi l l,  althoug h ther e is som e activity p resen t .

An i n t e r e s t i ng  f e a t u r e  is the approximat ely f ive minut e per iodici ty ,

or pulsat ion , in the  X ( H )  c omponent at som e of the magn etometer stations.

This is most obvious in the  M eanook data (Fi g. 2 . 5 ) ,  and also in the Ft.

Churchi l l  data (Fi g. 2. .~~~~
.

The 10 Apr i l  dis turbanc e thus appear s to have s tar ted west  of Ft.

Churchill  at about 0900 UT , peaked in the  wes t  at 0930-0945 UT,  and

ended near  1000 UT . Nea r Ft. Churchil l  the d is turbance  star ted near

0920 UT , peaked at about 1005 UT, and ended near 1030 UT. A second

dis tu rbance  commenced almost immediat ely , peaked near  1145 UT ,  and

efl( led near  12 30 UT .

• The  d i s tu rbance  as it appeared in mor e polar stations is shown by

the  Cambrid ge Ba y da t a in Fig. 2 .8. The l a rge  posit ive Z compon ent shows

a s t rong w e s t w a rd  e lect roj et to the south , peakin g at about  0955 and 1 005

r UT.  The  event appears to have s tar ted at 0925 UT, with the major int en-

sif i ation beginning about 0940 UT.  Mould Bay show s s t ructur e similar
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to that at Cambridge Bay, while Resolute has a significantly weaker Z

response with most of the disturbance b eing in the Y component .

The southern region magnetom eter response is shown by the

Newport recor d in Fig. 2.9. A mild negative Z , peakin g nea r  0945 UT ,

• is present , and activity in the D component is som ewhat larger than in

the H component. The disturbance at Victoria is quite similar to that at

Newport, as is the disturbance at Winnipeg. The disturbances at Ottawa

• and St. John are weaker , with Ottawa showin g most of the disturbance in

the D component.

The remaining stations can he summariz ed as follows. Yellowkriife

is similar to Ft. Smith, while Baker Lake, although mostly unreadable,

appears similar to Ft. Churchill . Thompson is also similar to Ft. Churchil l

except for the sign of the Z component, which places the electrojet b e t we en

Thompson and Ft. Churchill. The H and D components at Eskimo point

(no Z was recorded) are similar to Ft. Churchill while no data w er e  ob-

tained for Rankin Inlet (see Tabl e 2 .3 )•  O’Day is also similar to Ft.

Churchill. The disturbances at Narssarssuaq and Leirvogur are both

similar, showing onl y minor , irregular variations , and  thus indicating no

electr ojet far to the cast of Ft. Churchill.

T h e  10 A pril disturbance can be broken down into three sections of

• minor activity, from about 0925-0940 UT, 0945-1000 U I ’, and 1005-1020 UT.

For th e first period the activity was  primarily from Ft. Sm ith “. estward to
Iy~ f College, with only weak activity near Ft. Churchill. The activity then moved

to t h . - Ft. Churchill to Ft. Sm it h reg ion for the second period , i th  little

activit y to the west. Finally the third p eriod showed strong activity from

Ft. Churchill (per haps also Gr eat Whale River ) all the  w a y  ~ est to C I I l I eg c .

These ~i i r , e period s will he analyzed in mor e detail in Section 4 wher e d cc-

tr oi ’t m ap s  will be given. After 1020 UT t h i s  event decayed . with a second

(‘vent i~tartin g near 1040 VT and peaking at 1100 1200 UT. This fecond

“VI nt is of only minor interest for  t h e  AEOLUS p r o g r a m , sinc e it could

h a v e  no influence on the m u c h  i’ar1i~ • r rocket launch data.

16
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2. 2. 2 Magneticall y Quiet L a u n c h e s  - 2 1 Apr il 1’~7~
The  second set of t h r e e  rock ’t s w a s  l aunched  dur ing re la t ive  mag-

netic calm on 2.1 April 1 °75 . T h e  f i r s t  r o ck et  ~~as launched at P407 UT

during the dawn window. From Tahle 2. 4 it can be seen  t P a f  w a s  3.

i th  the pr eedin •: three-hour index being 2. The L’~ . Chur . di l l  m agn et -

e n i et e r  records ar e  s :e . V ’  in Figs. 2.1 I and 2 . 1 1 .  V i e .  2 . 10  s1~ows t he

activit y hcfor an a t t e r  ~~~~~~~ r oe  ~ ia e w h i s .  w hi e  l ’ 1 . n . ~. 11 s h o v  s the

• act ivi ty for s e ve r a l  hour s I a I  l~ .. r .

• The  data in Fig . 2.1 0 show r • a ~on a b l y  quie t  cone  L t l ( f lS  b e f o r  l a u n c p

up to an hour a f te r  launch. ~~e1l I ’ acti’, ite - t a r t s  near 1030 UT , p e ak i n i i

near 12.30 and 1400 1’ r . i:~ Fig. 2 .11 i t is seen that r asonabl c’ quiet

pr c\ aile’. i f r o m  about 0400 UT to lairu 1 , wit h Ci • m ost r ~ en t st ong e is  —

turbance c en t e r e d  on 0200 UT. 1 h~~ . - • neral features are p r e s e n t  in t h e

records  of all t he  o t her  m a L n e t o~ l I te r  -.tation s.

Magnetom ‘tI r r ece’Hs f r o m  Go] gc and Gr eat Whale R iv er  are

shown in Figs. 2.1.2 and 2 .13.  Both  show a small (about 50)’ peak-to-peak

amplitude) oscillation cent r e d  on a b o u t  0850 UT , and this also shows up

in some of the polar and southern stations. At Pt. Churchill this shows

up as a 20Y neg ative step in t h e  X compon ent. ~ l o r e  in t e n s e  a c t i v i t y  is

absent from at least 0400 UT to 1000 UT at all station s in T a b le  2.3 whic!-

h a v e  data for 2.1 •
‘. pr ii.

Fror Tab l  2 . 4  it can  h I  s e~~p I  that for 6 hour s b e f o r e  to t h r e e  h e y — s

after l aunch  v. a:~ in the range 2. to ~~. This plus  the  data  f r om  t h e  ma

• 01 • I ~~ er ~ l afj0flS, illustrated by that in F i g s .  2.10 to 2. .~~ . show t h a t  me

m a g n e t  ii quiet ~‘as lot  Dr es enf  I I  • • the 21 A pr il l a un c h e s  I- low ‘Hr

ther e was comp lete abs eni t ’ of s ub s t e r n ’.s fo r a a r i u d  of ~ i C  i4i. S b ’ t o r  e

to 1—1/2. hour s aft~~ t b ’  first launch. This l a u n c h  I t t h u s  s a n ’~ d • :

up p e r  atti osp her e un d i s t i~r ed by I 1I’ t r I l rt  prod u r! ‘~~a r ’ s .
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2. 2. 3 Auroral Launches - 25 April 1975

The third set of th ree  rockets was launched into an active aur oral

display on 25 April 1975. The fir st rocket was launched at 0413 UT, about

• two hour s before local midnight. From Table 2.4 it is seen that conditions

• wer e only moderately active magnetically, with K~=3~ . The Ft. Churchill

magnetometer recor d for this period is shown in Fig. 2.14. The Ft. Churchill

• data show good magnetic activity befor e and after the rocket launches. Other

stations show general agreement in the timing, with the activity be ing broad-

ly centered near Ft. Churchill.

The ext ent of the activity in long itude is shown by the Leirvogur and

College data in Figs. 2.15 and 2.16. The Gr eat Whale River magnetometer

• data in Fig. 2.17, the Yellowknife data in Fig. 2.18, and the Ft. Smith data

in Fi g. 2.19 show that the most int ense activity was  at Ft. Churchill and

somewhat to the east.

The variat ions in the Ft. Churchill Z component in Fig. 2.14 show that

the elect roje t  started to the south and moved north over Ft. Churchill  about

10 minutes after launch of the f i r s t  rocket.  The X component show s a l a rge

amount of pulsation wit h a roug h 5 minut e period.  so upper atmospher e waves

may be present . The closeness of the gener ation reg ion  to Ft. Churchill

may, however , make the wav e motion near Ft. Churchil l  more  complex,

and a simple 5 or so minut e period sinusoid may not be present.

The magnetic activity for t he  aurora l launches was  not as intense

as that for the magnetically active launches of 10 April . nor was it as well

suited for possibl e upp er atmosp her e wave gener ation. The activit y was

c entered near Ft. Churchil l,  so some strong,  i r regular  w a v e  motion may

be observable in the chemical release observations.

3. ELECTROJET MODELS

The electrojet instrument wa s originally designed to aid in rocket

launches int ended to go near  the Aurora !  Electroj et . Thus it was of most

u se f or nea r by elec tro j et s , and t he  flat earth , inf ini te  line cur r ent model

~~~~~~~~~~

- •
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was sufficiently accurat e (Refs .  1.1 , 1.2 and 1.3) .  The r eal-time calcul a-

tion s made dur ing the AEOLUS progr am used this flat earth model . Since

the electroj et was generally not too far  f rom Ft. Churchill  (and 0’ Day) for

the active launches , the usefulness  of the calculations was  not si gnif icantly

affected.

The use of magnetometer data f rom many widel y separa ted  stations

r equires ca re  in interpretation of resul ts  f rom use  of a flat ea r th  electro-

jet  model. This is particularly t r ue  for stations fa r  to th n o r t h  or south of

a we stward flowing electroj et. For such s ta t ions  mos t  of t h e  d i s tu rbance  is

in the vertical component , and a flat ear th  model would g iv e  v e r y  l a rge  (pos-

sibl y infini te)  distances for  t he  e l ec t ro j  f . Some of t he  data  have thus Leen

analyzed us ing  a cy lindrical  ea r th  n~ oc i 1 ’~ . wh ich  ‘lin in a t e s  the  w o r s t  prob-

lem of the flat ea r th  model.

The flat earth and c y l i n d r i c a l  e a r t h  model s a r e  d i s c u s s e d  in m o r e

detail in t h e  follow ing Sec t ions  . A l s  a discussed a r e  some of t h e  mor e ad-

vanc ed e lec t ro j et model s u s ing  f i n d a l ign e d  c u r r e n t s,  and induced e a r t h

cur ren t  considerations. Th~ latter mod els are somewhat mor e complete

than the infinite, strai ght line current models, and t h u s  m o r e  difficult to

use in a real-time system , but may be us eful in mor e extended post-fl ight

analyses.

3. 1 Flat Edrth Model

The flat earth model was originally developed for the r eal-tim e

1’, electrojet instrum ent because of its comparative simplicity. This simplic-

ity is essential if magnetometer data f r o m  a numb er of stations are to be

- . 
used with a cycle period of less than one minut e on a relativel y simple,

easily transportable, mini-computer based system. Th e basi c  g e o m e tr y  N

of the electroj et is shown in Fig. 3.1. With an infinite line current the

field magnitude B can be calculated readi l y as

/10
1

13= — ( 3 . 1 )
27r r
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or ,  if B is calculated f rom the measured field B , th en the electroj et

current can be calculated as

I = 2~~rB/p~ (3.2)

Here = 4~~x10
7 
henry/rn if B is in webers/m

2, r in rn and I in amps.

For B in gammas ( l O s gauss = l O~~ web ersJm 2
), r in 1cm, and T i n

megamps this becomes

I KBr (3 .3)

where K = 5x 10 6 megamps ~ km
l
~~gamma l . The relat ionships b etween

B, B ,  B ,  h, / , r and ~~ ‘ a r e  stra ightf o r w a r d ,  an d a r e  given in B ef. 1.1.

Induced current effects  are  r epresented by i at depth h. The

measur ed f ields a r e

B = B  + b  (3 .4 )
ox x x

and

B = B  - h  ( 3 . 5 )
oz z z

The approximate correction for induced currents

B C B (3.
x h o x

and

B = C  B (3. 7)
z z oz

was found (Ref .  3 .1 )  for stations in Alaska to be C = 2 / 3 ,  C = 3 (see  alsoh
Ref. 3.2). For the Ft. Churchill ar ea it was  found (B ef. 1 . 1 )  that  a better

fit is C
h 

= 3/4 , C = 3/�, which g ives i = 1/3 in Fig. 3.1. Induced c u r r e n t

e f fec t s  a r e  discussed mor e full y in Section 3.4.

The flat earth model f i r s t  uses the measur ed X and Y magnetometer

components to derive a direction for the electroj et flow. The horizontal

32 



~~~~~~~~ TITIT .i—
~~~~1ii 

.- - - - . ‘ -

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

--—-—
~~~~~~~~

((X 2 
+ Y

2 )~
’2 ) and ver t ical  ( Z )  components a re  then co r rec t ed  for induction

ef fec t s  by (3. 6) and (3 .7 ) .  The cor rec ted  dis turbance f ie lds  a r e  then used

to calculate I and I in Fig. 3.1, assuming a fixed value (usuall y 120 km)

for h.

When two or more stat ions a re  u sed th e da t a gene rally can not be

fit exa ctl y by a single lin e cur r ent and an rms  fit is made.  The p r e c i s e

procedur e is given in R ef. 1.1. In gen eral, the stations must not be too

far  apart , in order to avoid problem s with earth curvatur e. This gener-

ally means they must lie within a cir cle of less than 1000 km diameter , N

and the electrojet should pass through this reg ion. For an electr ojet at

120 km . it will lie on the horizon of a station on a spherical earth

(R = 6370 km) when r ~ 1250 km. Under these conditions B 0 in

Fig. 3.1, and the flat earth model would give r ~~~~~~~~~ The flat earth model

is thus seen to have sever e problems for stations at a large distance

(more than several hundred km) from the electroj et.

3. 2 Cylindrical Earth Model

The flat earth m odel in Fig. 3.1 can be readily modified for a cylin-

drical earth as shown in Fig. 3. 2. For simplification, the induced earth

curr ent is not shown. Her e we use only the corrected horizontal (Bh
) and

vertical (B) compon ents, with th e values being corrected by (3.6) and (3.7).

From Fig. 3.2 it is seen that (B is the earth radius ~ 6370 km)
1: ‘~ C

- 1= tan (n
h / B )  ( 3 . 8 )

r ,

(3 9)
4 e

r = (R
e 

f h ) s i na / c o sç~ ( 3 . 1 0 )

and

F . I KBr ( 3 . 1 1 )

w h e r e  B (B 
2 

+ B 
2 ) 1/2 and K is g iven after ( 3 . 3 ) .  II w e  set ? = R  / ( R  + h ) ,

h z e c

then
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± 
h/’l~~a

2 + tan 2
~~ - a t a n~~srn~~ 2 

(3.12)
• 1+tan~~

From ( 3.8) to (3.12) the corrected values B and B allow the cal-

culation of I, r and I. The negativ e sign in (3 .12)  is used for a current

which lies below the horizon In Fig. 3. 2, if r is extended through th e

(cylindrical) earth it will come to a second point at altitude h, wher e a
• curr ent I’, flow ing in the opposite direction of I, could equally well exist.

• The data alone cannot distinguish betw een I and I’ , but this must be

done on the basis of consistency with other stations.

The cylindrical earth model el iminates the difficulty of infinite

distances in the flat earth model. However, at large (more than several

hundred km) distances the infinit e strai ght line current assumption of the

model becomes increasingly bad, since the Auroral  Electr oj et is finit e

and even has non-ionospheric portions to the current  path. The cylind-.

rical earth model is nevertheless an improvement which avoids excessive

complexity or long calculation times. It is best applied to single station

dat a (assuming h ~ 120 km or so), since the use of multiple stations r e -  
• I

quires gr eater complexity, especially if the curvatur e of the electrojet

itself becomes significant over the array of stations used. Results using

this single station approach are given in Section 4.

3. 3 More General Electrojet Models

The actual configuration of the Aur oral Electroj et is more  a seg-

ment of current along a portion of the Auroral Zone, with field-aligned

currents  at each end , and closur e near the equatorial plane. Calculations

• for currents of this configuration have been made by Kisabeth (Ref. 3.3),

wher e results are presented for various curr ent configurations. The

models used in R ef. 3. 3 are  based on earlier models by Birkeland,

Bostr~~m , and other s , and R ef. 3. 3 should be consulted for r efer ences to

this earlier work. The models have been used in mor e recent calculations
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(Ref . 3.4), and mechanisms for driving the  current  system hav e been

investigat ed (R ef. 3.5).

The results  presented in Refs .  3. 3 and 3. 4 show that the Auroral

Electrojet can be quit e complex. Wes tward  flowing electroj et s a re  g en-

erally a few to several degrees (latitude) in width, and a few tens of de-

• grees in long itudinal ext ent. Eastwar d electroj ets tend to predominate

in the evening s ector ( R e f s . 3. 3 and 3.6) ,  and may coexist with w e s t w a r d

electrojets North-south electrojet segments also seem to exist in folded

auroral structures , such as westward traveling surges and north-south

aligned arc  s egments.

The unfolding of the electrojet structur e from ground station

magnetometer data is a complex process . Data from many stations are

requir ed, and substantial computational capability would be r equired if

a real-time analysis wer e to be attempted. Much of the data used in

R e f s .  3. 3, 3.4 and 3.6 have com e f r o m  a line of magnetometer stations

in Canada , and all the anal ysis  has been done after  the fac t .  The com-

plexity and cost of doin g r eal-tim e electrojet analysis  using these  more

• r ealistic models may not be feasible at this time.

The electrojet models presented her e have not been used in t he

analysis  of the AEOLUS program magnetic activity data. The f ield-

aligned current models have been used only as a guide in interpr eting

some of the data. At this time it is felt that more  effor t  using these

models on this p rogram is not warranted.

3. 4 Induced Ear th  Current  Considerations

The measur ed ground station disturbance magnetic fields are

Y composed of the direct field due to the electroj et , and the fiel d f rom in-

duced current s in the conductin g portion of the  earth. One of the earliest

methods used for correc t ing  the  measured  disturbance fields for induced -

cur ren t  effects w a s  to multiply t h e  measured  horizontal d is turbance  by

2 / 3  and the vert ical  d is turbance by 3 ( R e f s .  3.1 and 3.2 ) .  These  values

3 ~)
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wer e found to give reasonable resul t s  for the electrojet location when

used for Alaskan magnetometer stations. For two nearby (~~100 km

N-S separation) stations at Ft. Churchill it was found that b etter factor s

a re  Ch = 3/4 and C = 3/2  (R ef. 1. l ) ( s e e  discussion for eqs. ( 3 .6 )  and (3. 7) ) .

The actual correction factor s C
h and C depend on the location of

the electroj et r elative to the magnetometer  station , as w ell as on local

earth conductivity profiles.  Because of the complexity of making a mor e

) exact correction , the simple factor method of (3 .6 )  and (3 .7 )  has been

used frequently in the past . and is the most easily used with a r eal-time

electrojet instrument.

A better induced current correction can be made by using a con-

ducting earth model which assumes a perfect  conductor (sup erconductor )

beginning at some depth H0 be low the earth’s sur face.  This method allow s

the induc ed currents  to be calculated mor e readily. A detailed discussion

in R ef. 3.3 suggests  that H~~~ 250 km for this sup erconducting layer , and

most of the electrojet analyses were made using this depth to calculate

the induced current  effects. For a spherical earth the superconducting

shell can be exactly accounted for , wit h any external cur r ent conf igura-

t ion , by a method presented in R ef. 3.7. This method r equir es num erical

• integration , and was used in Ref .  3.3 with the f ield-aligned current  models.

The induced currents  can be readily calculated for  cer ta in  simple

L cases. The infinite cylindrical earth model discussed earlier can have the

field readily calculated f rom cur r ent s induced in a smaller superconducting

cylinder , using the method of image currents .  The appropriat e geometry

is shown in Fi g. 3.3. In the  method of image cur r ents , i = I . and the  super-

conducting boundary conditions r equir e B0~ = 0 (no normal  field) at the

superconducting boundary. This can be used to obtain

h’ = R - ( R - H ) 2
/ ( R + h )  3 . 1 3 )
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The magnetic field components can be written as

B = B  + b  ( 3 . 1 4 )ox x x

wher e

p I R
B = - 

Z~~(R + h )  tcoSa - 

R
:
+ h l / D  (3.15)

~i i ( R  +h) R (R 4-h)
0 e e e /b = - - cosa ,D (3 .16 )x 

~~~~~~ CI~~ H ) (R - He 0 e 0

D = sin
2a + 

~R + h  
- cosal

2 
(3.17)

and

B B - b ( 3 . 1 8 )oz z z

wher e• ~j I  sin ci
B = 

27r(R -~-h) D ( 3 . 1 9 )

/1 i (R -1-h)sin ci
b = ° e ( 3 . 2 0 )
‘

~ 2~ r (R -H  )
2

D
e 0

For the present  case = I, althoug h the  above equations have been g iven

in the mor e general form.

The above resul ts can be used to derive C and C as func t i ons  ofI

” h z
for this particular model, with

C = B / (B  4-b ) (3.21)
h x x x

and

C B / ( 13  - b ) ( 3 . 22 )z z z z
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Using h = 120 1cm, H0 = 250 km, and R
e 

= 6370 1cm , the results ( 3 . 2 1 )

and (3 .22 )  a re  plotted in Fig. 3.4. The top axi s g ives I = R e
ci (ci in rad ius ) ,

the horizontal distance to the sub-current position as m e a s u r e d  along the

(cy lindrical)  earth’s sur f ace ( see Fig. 3.2).  From Fi g. 3.4 it can be seen

that beyond 1 000 km (ci .~~10° ) the correct ions become quite l a r ge , and

for Ch~ 
even change sign. At t hese  distances the cy lindrical ear th  model

is no longer realistic , since the ionospheric portion of the electrojet is

typically only a couple thousand km long, and thus the f ie ld-a l i gned cur -

r ent s become very important.

Near the electrojet the cy lindrical earth model is a rather  good

approximation. Table 3.1 compares values of induced (b) to external

(B) field ratios calculated directly under the electrojet for  the  cy lindr ica l

earth model, and the more exact results of Ref. 3.3 using a field-aligned

cu r ren t  model. Re su l t s  a re  shown for the superconducting layer at d epths

of 100, 200 and 300 km. The two model s give identical result s at 200 1cm,

and agree to about ±20% between 100 and 300 km.

Tabl e 3.1

Comparison of Induced Current Effects  in the Cylindrical Ear th  Model
and the Field-Aligned Current Model

H b /B ratio
Dept h of x x Rat io

super conducting Cylindrical Field-Aligned 
~ 
Cylindrical

shell (1cm ) Earth Currents~ \Field-Aligned

100 0 . 3 8 3  0 .452  0.85

200 0 .2 3 8  0 .2 3 8  1 . 0 0

300 0 . 1 7 4  0. 14 2  1 . 2 3

• ‘:‘From R ef. 3.3, Table 2.1. p. 53.
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From Fig. 3.4 the difference in Ch~ 
C found for Alaska (Ref. 3.1)

and Ft. Chur chill (Ref .  1.1) can be understood. The Ft. Churchill values

of 0.75, 1.5 are for two stations 100 km apart,  and nearby electroj ets.

The Alaska values of 0.67, 3.0 a re  for station s which may be a few hun-

dred km from the  electroj et , and tend in the directions expected from

Fi~ 3 The corrections used in the electrojet calculations have been

the Alaska values for all stations, except that the Ft. Churchill values

have been used for the Ft. Churchill, O’Day (wher e used), and Thompson

data.

One final comment on induced currents is in order. Some regions

of the earth have anomalous conductivity profiles, and disturbanc e data

f rom such stations may need additional corrections. Of the stations used

in the present study, only Mould Bay has a known anomally. The vert ical

variations at Mould Bay are attenuated by an unusually la rge  conductivity

of the surrounding crust (Refs. 3.8 and 3.9),  and so dat a from Mould Bay

should be considered somewhat uncertain, since no correction for this

effect has been made in the analysis .  How ever , since Cambridge Bay

and Resolut e are  nearby,  ther e shoul d be no difficulty in recogniz ing any

unusual effects at Mould Bay.

42

• • • ,— •—~~~~~~
--- • --. • .~~~~~- • -.~~~~~ 



rT”Tli ~~~~~~~~~~I TTIIlTT~~~~~~~~~~~~

4 . ELECTROJET CALCULATIONS FOR THE AEOLUS LAUNCHES

Two types of electrojet calculations have been done for the AEOLUS

launches. The real- t ime calculations using the Ft. Churchill and O’Day

(when available) magnetometer data, and individual station calculations

made f rom data obtained lat er (Tabl e 2.3) .  The real- t ime calculations

have in some cases been redone using corrected baseline values. All

r eal-time type calculations use the flat earth model , and Eqs. (3 .6)  and

(3 .7)  to correct for induced currents  (C h = 0.75 ,  C = 1.5) .  The individual

station calculations use the cylindrical earth model , and correct  for in-

duced currents with (3.6) and (3.7) .  Ft. Churchill, O’Day, and Thompson

had C = 0.75 , C = 1.5, while all other stations had C = 0.67 , C = 3.0.h z h z
The magn etically active launch set of 10 April  1975 is that most

likely to yield evidence of high altitude wave phenomena. Thus most

effort has been put into electrojet analysis of this event. For the magn et-

ically quiet launches of 21 April , little electrojet analyb~s is possible,

other than placing some limits to current intensities. The auroral launches

of 25 April wer e not as well suited for wave phenomena detection , and wer e

thu s not as ext ensively analyz ed as the 10 April event.

4. 1 Magnetically Activ e Launches - 10 April 1975

The night of 10 April 1975 was quite active magnetically at Ft.

Churchill. From Fig. 2 .2  it can be seen that one substorm started shortly

b efor e 0700 UT , and the magnetometer s wer e just recover ing their base-

line values when another substorm began somewhat after 0900 UT. This

substorm began to the west of Ft. Churchill somewhat earlier , and moder-

ate activity did not start at Ft. Churchill until about 0925 UT.

Magnetometer data from O’Day wer e available until just before

launch of the f i r s t  rocket at 0954 UT. Thus two station electroj et calcula-

tions wer e made from about 0925 UT to 0954 UT. The c lect roj et calcula-

tions for Ft. Churchill and O’Day (wher e available) a re  shown in Fig. 4.1.

The two stati on data agree reasonably well,  and indicate that  t h e  clectrojet
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might be some tens of km wide. The strong motion and intensif icat ion

c entered about 0940 UT appear promising for the generation of upper

atmo sphere waves.

The activity at Ft. Churchill can be roughly divided int o three

periods.  The  f i ” s t  is 0925-0940 UT, and consis ts  primarily of a negat ive

• s t t p  in the  X co mponent , with the  Y and Z components showin g much less

acti vity . The second pen d is roughly 0945-1000 UT, and consi sts of a

• 
1ar~~er n / ~ z a t i v e  st ep in X . a negative step in Y, and a positive step in Z.

This p riod shows significant substructure, particularly in the X compo-

nent. The t h i r d  per iod f rom 1005-1020 UT is to a l a rge  extent a decay

period, with \ going less negative, Y holding steady, and Z holding s tead y

at a moderately s t rong  positive value. Ther eafter the activity cont inues

to decay befor e another disturbance begins at about 1040 L

The rough three period structur e show s up at most other stations

listed in Table 2 .2 ,  and this has been used as the basis for  c on s tru c t i n g

electrojet  maps for each period. These maps are  g iv en in Fi gs. 4 . 2 , 4. 3

and 4. 4 , and wer e calculated for the average d is turbance  during each per-

iod, using the cylindrical earth model. In Fi g. 4.1, for the  0925-0940  UT
• per iod,  the el e c t r c j e t  is clearly centered to the west of Ft. Chur c !uill ,

with the most intense portion being between College and Meanook . Elec-
. . .t roj et int en s ity appears to be about 10 A. Ft. Churchill may not yet be

under the the electroj et at this  t ime, but is at the eastern end of a west-

ward  e lec t ro je t  with some inf luence f rom the fi eld-ali gned current  at this

• end.

The  second per iod, shown in Fig. 4 .3 ,  show s the  electr oj et having

shifted to the  Ft. Smith-Ft. Churchil l  ar ea, wit h activity at College and

Sitka being comparatively weak.  The calculated cu r r en t s for  these  latter

tw o stat ions a rc  shown in pa ren theses , s ince they a r e  based on small dis-

turbances  and can be changed  si gnif icantly by small adjus tm ents to the

b a s e l i n e values.  The baseline values for all stations were  taken to be
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the values existing shortly after 0900 UT , just befor e the disturbanc e

• 
• began.

The th i rd  period is shown in Fig. 4.4 , and her e the  electrojet has

expanded, going from Ft. Churchill to at lea st College. Some w eakening

in the c enter , near Ft. Smith and Y ellowknife, is evident , with the elec-

trojet being well north of Meanook at this time.

A few gener al ob s ervations are  in order . The data f rom Baker Lake

are  ta ken f rom a very poor r eco rd ,  and so are  questionable. They appear

to fit with the  Ft. Churchill , Thompson and Cambrid ge Bay calculations,

and so have been included in the electr.ojet maps. The magnetometer  data

fr om Narssa r ssuaq  and Leirvogur are  weak and i r regu la r , being far to the

east of the electrojet, and so no calculations have been made for these two

stations. Finally ,  the calculations for Mould Bay appear to be in reason-

able agreement  with the Resolut e and Cambridge Bay results , so the ef-

fect  of conductivity anomaly (R e f s .  3.8 and 3 .9 )  is not very  evident in this

event .

The current  int ensity calculated fr om the disturbanc e at each sta-

tion is shown by th e length of the arrow, with the scale bein g given in

• Fig . 4.2. Ther e is a general tr end for the current to i nc rease  with distance

f rom the  station. This is most  noticeable in the Y ellowkn.i.f e , Ft. Sm ith,

and Sitka calculations in Fig. 4.2, when they are compared to the Meanook

resul ts .  This effect would he even la rger  if the C
h

. C vs. d i stance  curves

‘I.

, 
in Fig. 3.4 wer e used, since th i s  woul d i n c r e a s e  the co r rec t ed  d i s tu rbance

at large distances where the disturbance is mostly in th e Z component.

The above effect  is most likel y due to the f ie ld-a l ign ed cur r ents at

the eastern and w e s t e r n  ends of the  elect roj et. Directly under the  c enter

of the  elcctroj et t he  d i s t u r b a n c e  is mostly horizontal , wi th  the  two field-

ali gned compon ents adding  together , and both reducing  the  d i s tu rbance

from the  ionospheri c c u r r e n t  segment .  From calculation s in Ref . 3.3

(Fig. 2.4, p. 30). the fie1d-alii~ned cur r ents contribute about 
+300 1y to H
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while  the ionospheric  cur r ent gives - 800’Y , and these  add to the total mea-

• sur ed disturbance of -500~~. About 10° north of the electrojet the contribu-

tions to Z are -l 0y , +70~~, and a total Z disturbance of +60y . Moving

north (or south) of the electrojet causes the disturbances from the field-

* ali gned currents  to cancel and so increases  the fract ion of the  net ob s erv ed

disturbance due to the ionospheric current  leading to the effect  mentioned
• above. A rough correction for this effect could he made , but in viev 1’ of oth-

er neglected factor s it is not likely to make much of an improvem ent in

the usefulness of Figs. 4.2 , 4.3 and 4.4. The major usefulness of these

electrojet maps is in giving a general  view of the electrojet configuration ,

and som e error in int ensity, location,  and direction will not signif icantly

affect  this purpose.

The structur e of the disturbanc e at Meanook (Fi g. 2 .5 )  sugges t s  that ,

• at least befor e 1000 UT , the electroj et was c entered over M eanook (Fi gs .

4. 2 and 4. 3) , and consisted of sever al pulsations or “ar cs ’. The t imes

and dis turbance ranges  at Meanook for nine of these  a rcs  a re  given in

Tabl e 4.1. All disturbance values a re  re fe r enced to the 0900 baselin e

values, so successive arc disturbance values may be somewhat influenced

by the pr eceding arc. The disturbance values a re  thus the total disturb-

ance during each arc period , and only partially that due to each individual

arc.  Note that the  word “arc ” as used her e r efer s to the  pulsations ob-

served in the H co..nponent , and may or may not be correlated with actual

auroral  a rcs .

The electroj et paramete rs  for the  Meanook a r c s  a r e  given in Table

4. 2. These  a re  calculated fr om the d i s turbance  values in Table 4 .1 usin g

th e cylindrical earth model and Ch~ 
C 0.67 , 3.0. The resul t s show that

the electroj et s tar ted  about 200 km south of Meanook, and ended about 200

km north of Meanook. The e’lcctrojets generall y flowed at an angle of ~~ 00

to north, i. e., 300 north of due west. Variations wer e generally about +100,

with the extreme being ‘15°.
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• Table 4.1

Magnetic Disturbance Values for Several “ A r c s ”
at Meanook for the 10 April 1975 Event

Time of Time width Time interval  H d i s tu rb-  D dis turb-  Z disturb-
arc (average)e of arc betweenarcs ance ance** anc e~~
( UT-hr s m m )  (mm ) (mm ) (

~ 
) (~ 

) (~y

0912. 2 2. 7 - 165 - 15 +60, +80
8.1

(0920. 3) 5. 4 -285 ( - 5 5 )  +55 , +25
5 . 9

0926.2 5.4 -465 -85 +70, +10
4 . 9

0931. 1 2. 7 - 585 -15 , -65 +25, +50
4 . 6

0935.7 4.1 -610 -10, -100 +15 ,+80
7 . 0

0942. 7 2 . 7  -490 +5 , - l40  -25 , +40
5 . 4

0948. 1 3 . 2  -410 -165, -65 -15 , -50 , +15
1 7 .3

0955 .4  3. 2 -185 -50 , -5 +25, -35
} 5 .1

• 1000. 5 5. 4  -155 0,+15 -40,-90

*0920. 3 arc may be two , at 0918. 9 and 0920. 5.
**D value in parentheses may be composed of two subarcs. Two or more
values give the  r a n g e  over the duration of the  arc  time.
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Table 4. 2

Electrojet Param et er s for the Meanook “Arcs ”
• for the 10 April  1975 Event

Tim e of ~/ I  ~ is perpendicular distance to sub-a rc
arc (average) * position (km),  I is cur ren t  intensity in I 06A .
(UT-hr s m m )  start middle end

0912. 2 - 191/0. 24 -250/0. 36

• (0920. 3) -102/0.20 -46/0. 13

0926. 2 -80/ 0 . 2 7  -11/ 0 .  19

0931.1 - 2 3 /0 . 2 4  -46/ 0 . 27

0935. 7 -13/ 0. 2 5  -7 0/0 .  33

0942. 7 +28/ 0 . 2 1 - 42/ 0 .  23

0948. 1 + 18/ 0. 18 +6 0/0. 22 - 2 0/ 0 .  17

0955. 4 - 7 0/ 0 . 10 +101/ 0 .  13

1000. 5 +138/0. 14 42~ 5/0. 46

*0920. 3 arc  may be two , at 0918- 9 and 0920. 5.
*I :ICurrent s a re  generally flowing at an ang le of _ 60 0 ( + 100) ,  t owards

west -nor th -wes t .  Negative ~ is south of Meanook.

I

I
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A rc  structur e is also observabl e to som e degree  at most  other

stations. The Ft . Churchill and Thompson data show several  such arcs

which can be correlated with the Meanook arcs. A comparison of the prin-

cipal arc times at Meanook, Ft. Churchill , and Thompson is g iven in T abl e

4 .3.

From Fi gs. 4.2 and 4.3 it is seen that prior to 0945 UT the  activity

was all west of Ft. Churchill, apparently terminating just to the east of

Meanook. This  suggest s that most  of the  Meanook a rcs  wer e e lec t roje ts

te rmina t ing  in a f ie ld-al i gned cur r ent near Meanook. U sing th is  assurnp-

tion and fu r the r  assuming that each a rc  at Meanook gen er ates a hi g h alti-

tude “wave ” , the  arr ival  times of t he se  waves at i-he Ft. Churchi l l  a rea

can be calculated for any assum ed wave velocity. Using a w a v e  velocity

of 700 r n/ s e c  then gives the “wave ” a r r ival t imes at Ft. Churchi l l  l isted

in Table 4. 4. The vary ing times to reach  Ft. Churchil l  a r e  because  the

nor th-south  shift  of the electrojet re la t ive  to Meanook , as given by the

average.! values fr om Table 4.2, wer e used to correct the distanc e the

“wave ” has to travel to reach Ft. Churchill .

The  final column in Tabl e 4 .4 gives  the t ime interval between wave

c res t s  at Ft. Churchill .  A f ive minut e period p redomina tes,  as it does in

the Meanook a rcs  alon e as shown in Tabl e 4.1. For t imes af ter  1000 UT

the Ft. Churchill  area may have a mor e complex wave  pat tern than sug-

geste •d by Tabl e 4.4 alone. The s t rong c lec t ro j et activity near Ft. Churchill

after  0945 UT may l ead to wave  phenomena at Ft. Churchill due primarily

to nearby generation. How ever , the arc times for Ft. Churchil l  and Thomp-
I

- 
son in Table 4. 3 suggest  that a stron g five minut e per iodici ty  is the  most

likely to be presen t .  Whether such hi gh altitud e waves  wer e in fac t  gener-

ated, and mor e importantly, whether  t h ey  can be ob s erved in the  AEOLUS

chemical r e l ea se  experiment s , ca n not be a n s w e r ed by t he  magne tomete r

data or clectroj et calculations . The  r e s u l t s  p resen ted  h e re  can onl y sug-

gest  possible e f f e c t s  to look for in the analysis of the chemical rel ease data.
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Tabl e 4. 3

Comparison of “Arc ” Times at Meanook , Ft. Churchill ,
and Thompson , for the  10 April  1975 Event

Times in UT h r s -min  for a r c s  at:

Meanook Ft. Churchill * Thompson*

0912. 2

0920. 3

0926. 2 0926. 5 0926. 4

0931. 1 0930. 3 0932. 3

0935. 7 0935. 1 0934. 4

0937. 8

0942. 7 0941. 4 0942. 8

0948. 1 0949. 2 0947. 0

0955. 4 0955. 4 0955. 8

1000. 5 (1000. 0) (1000. 0 1

1002 .7 1004 . 1

10 10. 8 1010. 2

• 1015 .4 1015. 5

1022. 4 1022. 4

1028. 1 l O 2 ’~. 0

1033. 5

-The  a rcs  at 1000. 0 at Ft. Churchill  and Thompson a r c
wea k and thus questionable.
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Table 4. 4

• Calculated Arrival Times of Meariook “Waves” at Ft. Churchill
for the April 10 1975 Event

Meanook Time to reach Ft. Churchil l  Tim e interval
arc tim e* Ft. Churchill wave peak time between waves

( U T -h r s m m )  
— 

(min) ** (U T -h r s miri ) (mm )

0912.  2 35. 0 0947. 2 , 
~

( O ~~20 3) 32. 0 0952. 3 
-

5 . 3
~~~~~~~~~~~ 2 31. 4 0957. 6 -

1 
4. 7

0931. 1 3 1 . 2  1 002. 3
4 . 7

O~~35. 7 31. 3 1007. 0
I ‘~~ -~~~~

~~~~~~ 7 30. 6 1013. 3
1 5 . 3

~~~~~ 1 30. 5 1018. 6
7 . 0

0955 . 4 30. 2 1025. 6

1000. 5 26. 0 1 026. 5 0. 9

‘0 920. 3 a rc  may be two , at 09l~~. 9 and 0920. 5.
S t e  text  for explanation of calculation method.
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The el ect ro jet  calculat ions suggest  that the  possibil i ty of o b s e r v i n g

hig h a lt it ude waves  in th l..- magnetically act ive launches of 10 Apri l  1975 is

excellent. Pulsation activity is strongly p r es e n t  at t imes that can readily

lead to waves in the  Ft. Churchill  area  during t he  optimum obse rva t ion

tim e. Since T0 0954 UT for the fir st rocket , th e optimum observa t ion

tim e b eg ins shortly before 1000 Ut, and lasts perhaps 10 to 15 minutes.

The magnetically active launch thus app ear s to have  had xc client magnetic

activity when referred to the AEOLUS program objectives.

4. 2 Magnetical l y Quiet Launches - 21 Apri l  1 975

Little electroj et analysis  can be p e r f o r me d  for  the  magnetical ly

quiet launches of 21 April  1975. since t h e r e  ~\ a s  no notic eabl e electroj et

present. From the Ft. Churchill record in Fig. ~~~. 10,  the most noticeable

activity within an hour of launch was an approximat ely -20 i jump in X at

about 0845 UT. This corresponds to an overhead wes tward  electrojet  of

about 0.01 MA intensity , a very weak electrojet which is within the noise

level typically obs erved with the electrojet instrum ent. This step at 0845

in the Ft. Chur c hill r e c or d  shows up as a small oscil lat ion at most other

stations ( s e e .  e. ~~~
. , Figs. 2.12 and 2.1 3) .

The launches of 21 April thus took plac e with no significant electro-

je t  activity present during, or for some hour s before . the rocket launches.

Possible cl etroj .- t intensities are less than a few times 0.01 MA, t h r o u~~h

th auroral tone from Coll ege to Leirvogur . This set of launches is thus

an exc ellent one for back ground m easur em ent to ensur e that any motion

observed in the 10 April set is r eal and no~ due to statistical fluctuations

in th e data .

4. 3 A urora1 Launches - 25 April  I~~75

The auroral launches of 25 Apr il 1975 occur red about two hour s

befor e local midnight, T0 for the 
first rocket being at 0413 (T. ih e

launches  wer e into an active a u r o r a,  accompanied by si gn i f i c ant magnet ic

activity. The event was moderately complex, as can be seen in 
t h e 5
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Ft. Churchill magnetometer  r ecord  in Fig.2. 14 .  Since the launch occur red

dur ing darkness for the upper atmosphere, the information obtained from

the chemical releases is not as gr eat, so an extensive electrojet analy s i s

for this event has not been made.

The magnetometer data from Ft. Churchill and 0’ Day we r e  ana l y z ed

for t-l ectroj et par~t i nt- ~ c’r s, using th e flat earth model of the electroj c t  in-

strument . Tb ’-  results are shown in Fig. 4.5, with the tuo station calcula-

tions b e i n g  possible only for about a 15 minute period before launch. At

about 0430 LT the Ft. Churchill Z component became very negative, while

the  X and Y c omponent s becam e small , indicating a large curr ent to the

north . At this tim e the electrojet calculations become quite uncertain be-

cause of the large distance of t h e  ~1ectrojet from Ft. Churc hill , and so

the points arc- enclosed in par e~~t h e s t s -  It is questionable whether i-he

electr ojtt actually did make a large northward excursion , as the strong

motion shown in Fig. 4.5 is quit e likely the result of fittin g a complex

curr ent syst em with too simple a model.

The electroj c-t activit y is very pronounced , with  si gnificant excur-

sions north and south over the Ft. Churchill area. The Iwo station calcu-

lations ar gen erally in exc el1’ ot agr  -~ -rn r~it wi th  t i m  sin gle station calcu—

lations, as shown b the small spr ead in d~~ shu\\ n in 1-’i c .  4.5. The in-

tensity of the t ’1ec t r o~ ,.t cu r r -n t  is less than that for the 1 0 .-\pr i l  v t -nt

( F i g . 4 . 1 ) .

T h e  large a mount  of l I t r e  ,-t m otion over th e  Ft .  Churchi l l  ar ea

is likel y t o  m a ke  the  obs (-rvation of high altitude w a v  S d i f f icul t .  The

• s up erpu ~ i t i  •~~ of w a v e s  ~~-n~ raft- i at d i f f e r  ent lot . a f i o n s  can result in can—

ce l i nc  of larce n o t e ~ s. with short-per iod motion p re d o m i n a t i n g .  The

lesser (~~ , O f l Cr  1 obs ~~~~~ in c  wave motion in this event. compar ed with t h e

10 April - - -t , h as  r~ ,~ i m 1 t e d  in mo st emp hasis b ein g placed on th e 10 A pr il

- n t .  T he  ous si~J ii i t \ ’  of sorn e u- a ve 0 of2~~n b e i n g  pr ,.~~ ent  f o r  t h e  ~ 5 April

cv I f l f  j S  n -e d  -r ,
~ - I v  ~~~ n c ~, ho~ ever  . so further analysis might be dcsir -

ali l ,- . should ft’ analv si s of t h e  chemical r el ,~~~ ~~~(‘ data show s in n i f i c a n t  r e s u l t s .
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5. SUMMAR Y OF MAGNETIC A N D  ELECTROJET CONDIT IONS
FOR THE AEOLUS LA UNCHES

5. 1 Magnet ical ly Act ive  Launches  - 10 April 1975

The magnetically active launches of 10Apr11 1975 took place dur-

ing a magne t ic  substorm that appears very promising for the generation

of hi gh a l t i tude  w a v e s .  The f i r s t  rocke t  was  launched at 0954 UT , whil e

the  sub storm star ted shortly af te r  0900 UT.

The magnet ic  activity can be s eparated int o three rough pe r iods .

The f i r s t , fr om about 0925 to 0940 UT , had the  e lec t ro je t  and magne t i c

a c t i v i t y  occu r r ing  main ly fr om Meanook  w e s t  to at least  Collec~’ - . Durin~
t h i s  p e r i o d  M e a n o o k  was most l ikely near t h e  e a s t e r n  end of t h e  w e s t w a r d

electrojet . n ea r  t he  f i e l d - al i en e d  cu r r  er-f at th i s  end of t h e  ionosp h e r i c

e l ec t r o j et . St r o n g .  roughl y f l v  m i nu t e pulsat ions  at M e a n o o k  appear

pr omising fo r  tb ’  g e n e r at ion of w a v e s  w h i c h  mi~~ht be o b s e r v a b l e  at Ft.

Chu r c h ill soni c h a l f  hour  or so l a t e r ,  d -p t -n c i i n c  on w a ve  v, - J o c i f v .

• I 
T h e  s e c o n d  p~ n od ,  f r o m  abou t  0 4 5  to 1000  UT. had  t he  ma in

a~ t l \  j f v  sh i r t  to f lu -  Ft - S m i t h  ~ I t .  C h u r c h i l l  r e g ion. P u l s a t i o n s  v i s i b l e

r 
at }~~. Ch m r c h i l l  and  T h o m p s o n  a g a i n  look p ro m i s i n g fo r  wave  g e n e r a t i o n .

T he  t i v it ’~ in N at I - f  1. l i u r c h i l l  pea l-~ s at about  1005 U T.

• Th e  t h i r d  period, f r o m  about 1005 to 1020 U T .  had  t h e  a c t i v i t y  C eO-

f e r ed  t e ar  Ft. C h u r c h i l l  as it d e c a y e d .  Pulsations a r c -  st i l l  ev ident  in t he

Ft. C h u r c h i l l  X c o mp o n e n t ,  h n t  th i s  p e r i o d  is too lat e to influence the chern-

ical  r e l e as e  d a f - ’ .

Y Th~ - l a u n c h  • t -Htv  w a s  pr e e & - d e d  by a s ma l l e r  e v ent  f r o m  about  0700

to ft-~30 UT.  a n d  fo l lowed t a t  Ft .  C h u r c h i l l )  by s t r o n g e r  act i v it  f r o m  a i o ’ i t

1030 t o  ; 230 I t T .  r h . - en t ir , l a u n c h  pe r iod  was  q u i t e  ac t i ve .  ‘.~ i f h  N 4 4 -

Tb ’  \ - i r o r : , l  E l e c t n oj  f near Ft. C h u r c h i l l  r e a c h e d  a r n o d e rat ~ i n —

tens if’.- at al l ,  nt 0 !  ~5 t ~T . and  v~ as  cen t e r e d  abou t  100 km south  of i-bc- Ia i n c h

a r e a . Sh a r p  mot ions  oc-curr cd at a i to n t  O ’ 4 0  U F and  t h i s  t y p e  a~ t i \ - i t v  i s

v e r y  p r o m i s i n g  for  hig h a l t i t u d e  u .tve gent-rati on. The (-l ectrojet calculat ions

-•
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fo r  Ft. Churchill and 0’ Day a r e  in r e a s o n a b l e  ag reer c i~ -nt , m d i .  a t i n ~ at

t h e  p r i m a r y  a c t i v i t y was  as  so e i a te d  w i t h  a s i n g l e  e l e c t r o j , t .  Th e  e - t  —

wa rd elec t ro jet  c u r r en t  was  about  0. 5 MA dur ing  most  of th ~ p - n  l O r :  f r om

about  0940 to 1040 UT.

5 2 M a g n t - t i c a l l ~ Q i  • t  L a n n c h , - s  - 21 Apr i l  1 !75

T h e  ~i a ~~:i t i ca l 1y q i t L t t  l a u n c h e s  of 2. 1 A p r i l  1975 t o ok  plac - d ur i n n

a p e r i o d  w i t h  K — 3, pr eced -d lv: 2. and 2+ . Di~ f u i b a n c , -s f r o m  Cell  < - g e

to L - i r v o g ur  show l e s s  t h a i  a f e u  t e n s  of can ~ioa  s amp l i t ude  for  S I r n c  l i \

hours  b , - f o r c -  t h e  l a u n c h es .  T h e  f i r s t  rocket  w a s  l a u n c h e d  at T O~~07 UT.
0

and m o der a t e  m a c n  t i c  i c t i v i t , b - c a n  u i t t -n 1030  U T , w i t h  a peak ing  flc’ar

1 230 and  1400 FT .  The  ear l i -~ t pr c — l a u n c h  act 1v~t y \1. as ce - t e r  , - . n t  aheu ~

02.00 UT , ~ Ith  r e c o v & - r y  comp let e by 0400 (IT .  1 h~~se lo o m  h e5  t h u s  t t  ok

place  w it h  m agn e t i c  condi t ion s  eo n s i dc -r a b l y d i f f e r  ent f r om  th c - 1 0 .\ p r i l

l aunches , and it is un l ike l  tha t  c - l e c t r o j e t — g n e r a t c d  h i g h  a l t i t n o c  w a v e s

wer e p r e s e n t .

W hil e r r i aci i -tic cond i t ions  can he more quiet , t i i~ 2 1 A p r i l  la t n c h , -s

took place (luring a pe r iod  of no si gn i f i can t  .-\ u ror a l  E l c u t r ’ . i ’  F a~ t i ~ tv for

mor e  tha n f i v e  hours  r i - c e d i n g ,  and m o r e  than  one  hour  fo l low i ng ,  t he

launch of t i  • ~ir st rock et. T h e  d e c  t r oj et  cur r ent w a s  l e s s  a few  x 0. ~~

MA  d u r in g  t h i s  , - ‘i f i i u -  p e r i o d .

5. 3 A u r o r a l  L a u n c h e s  — 25 A p r i l  075

T h e  aur ora l  l au n c h  s I t  b c - c a n  wi th  he l a u nc h  of ft, f i r s t  r o c k e t  at

0413 Uf co 25 .-\pril 1075- T h e  : t s ’ r t - ’ i  m ac o l ie a t i v i t : b - c o n  a t  5 h o - ~+

0330 UT, and ~eas quit t - u i d e : - p r ’ - a d .  c o v e r i n g  t h -  Au r  o r a l  Zen - fr om of

l e a st  Co l l c g t -  on t he  u- i -st  t o  L i r \ o c u r  on the  ~~~~~~~ A ’ Ft t h u r c h i l l  4 he -

, - l t - c t r o j -t s t a rt e d  to thc ’ ~- ith  and mov -d n o r t h  n e ar  04 ~fl c N~ n ch  s t - m -

F i r t  is p r e s e n t  in i- h.  ma izne tonu- t  r t r a c e s .

T h e  au r or a l  l a u n c he s  w e r e  d u r in g  a p r n  d \‘. ) t n  K ~~ — . so  tb  - m a g —

fl I  t i c  act i v i t y  u a s  not  as i n t t - n s ~ as  fo r  t h e  10 Apr i l  l a u n c h es . Th i s  is  pa m - -

t i c ul a r l y sh o w n  b y t h e  , - l ~- 1  r oj  t c ur r e n t  i n te n s i t y  ca l  c ~l ;t t i o n ~ fo r  Ft. Churchill

—-  -~~~~~~~- -- - - — -
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and C’ Day, which a v e r a g e  about half of the intensity for the 10 April event.

The electrojet was , however , locat ed closer to the launch ar ea , and showed

more motion than the 10 April  event. The 25 April electrojet is more near -

ly a s ingle,  n a r r o w  line cur ren t , as shown by the si gn ificantl y be tter a g r e e -
• m ent of the Ft. Churchill and O’Day calculations.

u. CONCLUSIONS A N D  R E C O M M E N D A T I O NS

- • The s tud y of the magnetic  conditions for each of the t h r e e  s i t s  of

rocket launches in t h c  AEOLUS p r o g r a m  shows that the o b j e c t i v e s  fo r  mag-

• netic condi t ions w e r e  met. Specificall y:

1) The magnetically activ e launch set of 10 April 1975 was d u r i ng  a

per iod of si gnif icantl y ac t ive  magnet ic  condi t ions .  K was 4 -- ,
p

the dis tu rbance  at Ft. Church i l l  ~~as abou t -500~ in I-I , an d the

electrojet cur r ent was about 0.5 MA. Signif ican t e lec t ro j et

movement 15 to 20 minutes before launch of the first rocket

makes the existence of hi gh al t i tude w a v e s  m o r e  l ikely. The

ma gnetomet er pulsat ions obse rved  at Ft. Church i l l  and  Me anook

a r e  a lso good ind ica tors  that  this launch set mi g ht allow t h e  ob-

servat ion of high altitude w a v e s .

ii l The m agnetically quic.t launch set of 21 April l97~’ w a s  d u r i nc  a

per iod ~f moderate magnetic quid for five hour s befor e to one

hour a f t e r  l a u n c h  of the f i r s t rocke t .  Whil e t h e  s u c cee d i n g  Kp
v a l ue s  wer e 2 * , 2. and 3, the maximum m a g n e t o met er  v a r i a t i o n s

ohs erved d u r i n g  th is  per iod wer e ’ a few ten s of gammas. The

i ’ l i - c t r o j -t in t e n s i t y  w a s  gene ra l l y l ess  than a few x 0 .01 M A .

This  l aunch  s i t  t h u s  w a s  for  m a g n e t i c  condi t ions  sign i f i c an t l y

d i f f e r ent f rom th c- 10 A p r i l  launch si-f , and should provide a

s u i t a b le back gro und m e a s u r e m ent for t h e  ch e~nii al r i - I  ease  da ta.

i i i )  T h e  au r o r a l  l a u n c h  set of 2 5 A pril  1075 ~~as also accompanied

b y si g n i f i c a n t  m a gn e t i c  a c t i v i ty  - The  d i s t u r b a n ce -  was  h-s s than

t h e  10 Apr i l  c ’vent ,  bu t  t he  e - le c tr o j et  c a l c u l a t i o n s  showed m o r e
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movem ent of the  cu r r e n t  s y s tem .  The  c-l ect ro j et was  l o c a t e d

be tween  Launch (Ft .  C h u r c h i ll )  and 0’ Day f o r  most of the  event.

The fo l lowing r e c o m men d a t i o ns  a re  made:

i) Should high alt i tude w ave s  be de tec ted,  p a r t i c u l a r l y for  fh ~ mag-

netical ly activ e launch set of 10 Apri l , t h e n  it may  b~ d e s i r a b l e

to anal yz e t h e ’’ vent in small t ime step s us in g the-  in or e  r ea li s  -

t ic f ie l d - a l i gned c u rr e n t  models .  S ince  t h i s  is l ikel y to  be tim e

consuming, it should be cons ide red  onl y af ter  po s i t ive  cu -f ection

• of high altitude w a v e s .

l it  The- r e a l - t i me I I ’  - t r o j et in s t r u m e n t  should be used in conjunc-

t i o n  wit h any possibl e futur e p r o g r a m s  for the  de tec t ion  of p hen-

omena g en e r a t e d  by.  or a s so c i a t e d  wi th , the  A u r o r a l  E l e c t r o j t t .

The  in-  t r um cn t  m i s  shown that  it can provide  u s ef u l  a d d i t i o n a l

calcu lat ions wh ich  can help in m a k i n g  l aunch  decisions,
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