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Variability of the Lower Thermosphere Determined
From Satellite Accelerometer Data

I .  INTROU LCTION

A c c u r~ te d e n s i t y  measu remen t s  have  been p rev ious l y ma de  v. i t a  e1 - I t r o s t lt i c

acce l e romet er s  on low al t i ta~~e satelli tes.  1, 2 The,e  in s i t u  da t a  p c r-~ n 1t t e

a n a ly s i s  of a tmospheric beh avio r compared to the o r bi t a l  deca ’  t e c h n i q u e  which

involves considerable  tempora l  and spa t i a l  a v e r a g i n g .  Because  these s lt e l l 1~~I - life-

t imes  re r e la t ive ly  short , however , only l imited a mou n t s  of t ao  a e c e l er ,m et l -r

dat a were  ava i l ab le .  This  repo rt describes an extensive neu t r .D  dens i t . j t. , base

generat e-I  using data from accelerometers  on four  b y  a l t i t  i t - I l i ~ es I ~~in os~~he re

Explorer  -C. -I) . and — E .  he rea f t e r  AL- C . -D , and C . .~nd A i r  F or c e  5, I t O l l i t I -

53 - 1) .  Data obtained f rom over 4000 orbi ts  (a total  of 115 , 951 - h i s  l I t - - v a l u e s )  at

a l t i tudes  fro m 2 0  km down to as low as 140 km d u r i n g  t h e  period J a n a a r -  1 9 74  0)

November  1976 , have been util ized . Ih i s  represent s the most  e~~t -n s i ’~ I- S t  of

neutral  density measurement s  in existence.

( Received for publication 25 May 1978)

1. Devr i c-s . L. L. ( 1 9 7 1 )  Experimental Evidence in Support of Joule Heating
Associated With Geomagnetic Act iv i ty ,  M a r s h a l l  Space Flig ht Center .
NASA TM X-64368.

2. Ma rcos, F .  A. • M cln er n er , H. • Corbin . J. • Fioret t i . B. • and Grossbard . \ .

( 1 9 7 2 )  Atmospher ic  Density Resul ts  l)erived i ro m the SPAI)ES S~.te11ite
Accelerometer  Data. AFCRL-72-0608 .
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Lno -;le l ge of n I ) s l n I I r - i c  d e n s i ty  and t 1  v a n  -t ions  is r e q u i r e d  f o r -  s a t i s f a c t o ry
Ia ‘ a1t i tud ~- ~- 1 t c - l l i te ‘i I : s i g r i , o p e r - I t i o r i , an orbit  p red ic t ion .  E x i s t i n g  mode l s  ~ f
th e  bo or th e r m o s p h e r e  I , ia - do f ic i -r i t  S ince t h e - - - ar e  p r i ma  r i !;  based on d t  ob ta ined
-t h i g r i -r  a lt it u de~~. This r r ~sor-t co mp ar e s  the acce lerometer  i e n si t ~ v a l u e s  to t o

com monly  used model~ , tha t  of Jacchia h e r e a f ter  J 7 1 , and  t h a t  of l i t - d i n  t t  ai , ~
h e r e a r t t - r -  ~. lm ~l5 . Compar i sons  ar e  m a d e  as a f u n c t i o n  of a l t it - r -Io , la t i t u l i e , geornag-
n t - t i c  a c t i v i ty . ‘a rid l ac a l  t im - . Frequency  d i s t r i bu t i ons  of these  co mp a r i s o ns  are
d e s c r ib e d  in t er m s  of t he i r  mean  va lue , s tandard  dev ia t ion , coeff ic ient  of sk e -~;ness
and kur tosi s .  Resu l t s  of this  s tudy p rov ide  a quan t i t a t i ve  I st i r ma l t e  of the improve-
men t s  r equ i red  in c u r r e n t  models of the thermosphere . Cor re la t ions  of the observed
var ia t ions  v i t h  solar and geop hysical  pa ramete r s  v i f l  be descr ibed  in for thcoming
reports.

2. EXP ERI~1E\T -t~~D DATA D~ SCRIVFJO ~

2.l Satellite Oiaractei- i~t ies

The At m o s p here Exp lorer  program involved three low-a l t i tude  satel l i tes  de-
sign l - i to permit  a coordinat ed stud y of the t h e r m o s phere.  Dalgarrio et 516 have
descr ibed ti e AL miss ion.  A K - C , -I) , and -E -y o r e  launched into low-per i gee ni gh-
eccen t r ic it - ;  orbit s - -~ ith d i f fe ren t  inclinations. A propulsion system was used to
main ta in  In e l l ip t ical  orbit for approximately 1 year  (A E - l )  data acquis i t ions  were
t t - r m in a t e d  a f te r  3 - 1/ 2  months .vh en  the Spacecraft  power system fai led . h owever .
data  were obtained on 81 percent of the orbits).  X E - C  and A E - E  were put into cir-
c - J I n X -  orbits near  250 km following their  elliptical orbit phase. Data in this  report
ar e  for  the el l ipt ical  orbit phase only. Data were  acquired in both a spinning (4 rpm)
and a I I ( . Sp u f l  mod - . S3- 1  was also launched into a low-per i gee h igh-eccent r ic i ty
orbit and was sp in - s t ab i l i zed  It 5 rpm. This satel l i te  had a l i fe t ime of nearl y seven
rz on th~~. l I b l e  1 provides  orbital c h a r a ct e r i s t i c s  and the lu t e s  of elli ptical orbit

3. Jacchia , L. G. ( 19 1 1)  Revised  Stat ic  Models  of the The rmosp here  and Exosphere
\‘~ ith Empir ica l  Tempera tu re  Prof i les .  Spec. Rept. 332. Smithsonian
\stroph ys. Ob serva tory ,  Cambrid ge, MA.

4 . I l e d i n , A .  E. . $alah , J. K. , Evans . J. \ . . Fteber , C ewton , G. P.
Spencer , \ .  \~~~. , K a v s e r , 1) . C. , .- \ l c a v d e . U . , I t av e r . P. , Cogger . L. • and
M cC l u r e , J. P. ( 1 9 7 7 a )  A global  t h e r m o s ph e r i c  model based on mass
Sp e e t r o r m i e t e r  and incoherent  sca t te r  dat a . MSIS I l en s i t v  and t empera ture .
J. Geoph ys. I(es . ~ 2 : 2 1 3 9 .

5. lb - d i n . A.  C. , Heher , C. A . . Newton . G. P. , Spencer . N. W .  , Brinton , H. C.
an d \ f a v r . II .  G . ( I T I  T b )  A global  th e r m o s p h en i c  model based on mass
s p e c t rom e t e r ; .nh  incoheren t  scatter  data . :.isis 2 . Composit ion . J. Geophys.
I t es. 82:2 148 .
—

b . l )u lg ar n o , A . , h a n s o n . W .  B. , Spencer , N. W .  • and Schmerl ing,  E. H. ( 1973 )
The . \ tn i o sp hcr e  Exp lo re r  mission . Radio Sci. 8:263.
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h I i t I a c q u i s i t i o n  for  c-ac-h t e l  l i t e , 1he -dr u - ~c S  ~t ch i c -h  d a t a  ‘ c - r e  ~ -t I £ : 1-d I r e

she -ca i s l i a d e d  ar C a s )  u.s a Ia ~~i c l l O n  .~f t im e  in 1 - i ~~~~i- e 1. r he \ L — (  a n d  — E  9I : r i ge(y,

.ver -e o c c a s i o na l ly  lo-~;i-red to h I - l a , ’; 14 0 kr : . P e n - i l l e c -  of S3— 1 was  g I - rI l ~ ~1l-; ,I-t ,;, I - I - f l

160 and 180 k m . D a t a  obtained f rom  ~5O km ‘i~~:’n to 140 km . rc - i n c lu d e d  in the

da t b a n e .  Fi g ur e s  ~hl t h roug h 2h show the  I r i a t i o n  in l a t i tude  ( t e n  ( :u r - ;e)  and local

t im e  (bottom c u r v e)  fo r  each sate l l i te .

Table 1. Satellite O r b i t - l  C h a r a c t e r i s t i c s  and b -1t~ Acqu i s i t i on  Fenio :I s

Launch End El l ip t ical  In it ia l  In i t ia l
Sa t e l li t e  Data Data Acqu i s i t ion  Inc l ina t ion  Perigee -\ pogee

AL - C  Dec 73 Nov 74 68° 156 km 4000 km

S3-l  o c t  74  \ l a y  75 97 °  160 km 4000 km

X E - D  Uct 73 j an 76 900 156 km 3800 km

- X E — K  N o v  75 Nov 76 20 0 157 km 3000 km

: 7 )  I - - — 

250 f- - usa

~~I7(

I L Lf_ ~~1 L A k I I )~__ ‘ 130
50 01) 1 515 1(15 150 300 3SO

~ 
50 I1)o ISO 200 250 300 350~ 50 00 51) lOU ?515 ~~~ ~~ I

I I 74  975 976
Y E A R

F igure  1. I) is t r ibut ion of l)ensity l) u t a  in in  A l t i t u d e - T i m e  Coordinate Sys tem
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Figure  2a . I u i t j t l i ( l ( -  and Local l-’igure  2h . I u n t i t u d e  and I ‘ocal
Time I) isj r ihut ion for  A L — C  Time  l) i s tnj h u t i o n  for  A K — C
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Figure  2c. Lat i tude and Local F igure  2d . Lat i tude  and Local
Time Distribution for AE- D Time F) istribution for AL- I)
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2.2 1)rag Mea8urement

The accelerometer experiment provides extremel y accura te  measurements  of

orbital accelerations. Three single-axis ins t ruments  mounted orthogonally were

f lown on each AE satellite. Operating principles of this experiment have been given

by Champion and Marcos. 7 S3-l carried a single-axis sensor essentially identical

to the AE instrument. The sensitive axis was aligned to the flight direction. A

one- quarter sec sample-time was used for each instrument. Drag accelerations

were separated from noise accelerations by numerical  filtering techniques. 8 For

spinning orbit data the errors are estimated as follows: area-to-mass uncertainty

is ± 1%, at t i tude error is negligible (only ram point values are used), and filtering

error varies from negligible at perigee to ± 2% at 200 km to ± 5% at 250 km. For

despun orbit data (AE only) the sensors are at 45° ± 2° to the velocity vector and
the attitude uncertainty is ± 2%. For both spinning and despun data there may be

a ± 10% error in the assumed free molecular flow drag coefficient value of 2. 2.

The drag coefficient error and area-to-mass uncertainty constit ute systematic

errors. Hence the random error in measurement  of density variations on a spinning

satellite varies from negligible at perigee to ± 5% at 250 km. For the AE despun
mode dat a, due to the accelerometer alignment with respect to the velocity vector

and the accuracy of the attitude control system there is an additional ± 2% error.

This could be alleviated by aligning the accelerometer sensitive axis with the

velocity vector or by a higher accuracy attitude determination system.

7. Champion, K. S. W . ,  and Marcos . F. A. (1973) The t r iax ial  accelerometer
system on Atmosphere Explorer , Radio Sci. 8:263 .

8. Noonan. J.P. . Fioretti, R. W . ,  and Hass. ~~~. ( 1975) Digital Fi l ter ing Analysis
Applied to the Atmosphere Explorer-C Satellite MESA Accelerometer Data,
ArCRL-TR-75-o293.

14

---- 

~1 ~~~~~~~~ - ~~~ - ~~~~~~ 
-- - 

-



2.3 I)ata Base

I)ensity values  calculated at 5-km in tervals  were stored in the  data ha~~I - .

A ss o c i a t e d  with each point is the  corresponding J7 1  and .~IS1S mod -I v .1110- .

ephemeris  da ta , solar f l u x , and va lue .  A h is togram of the  data d i s t r i b u t i o n  as

a func t ion  of geographic l a t i t ud e  for each satell i te is given lf l  F i g u re s  3a t h r o u g h  3d .

These f igures  show the number  of data points obtained in i n c h  10° 1 .,t it u l i e  la nd .

The percentages of the total amount  of data (combining  the four  ~~-t~~) In  t he  l a t i t u d e

bands 0 ± 20° , 2 0 — 5 0 °  and 7 0 — 9 0 °  are 47~~ , 2 5%. and 1 l~ , r e speet t s  e ly .  The

large amount of near  equatorial  data is due to the low incl inat ion of A K - K  . I n i  t he

precession of perigee for  the other satellites as indicated by l igu re  I .  I’he data

above 170° I are providcd by A E - D  and S3-l .  Although r elat ively small  in per-

centage of total data , 12 , 822 points were  obtained at t iese  lat i tudes.  F igures 4a

t h r o u g h  4d show the data distribution as a function of local t ime , giving the n u m b e r

of Points wi th in  each I - h r  in terval .  The f igures  show excellent  local t ime

coverage provided by A L - C  and -E . The distribution of data wit h respect to ~~IaI-

magnetic activity is shown in Figures 5a th rough  5d . These plots give the number

of measurements  d u r i n g  which the 3-hour l y index (wi th  a 6 - h r  lag)  - JI

wi th in  specif ic  1-uni t  in terva ls .  A pprox imate l y 20% of all the I l i t a  occur  d u r i n g

conditions when the average is greater  or equal to 4 .  The re la t ive  f r e q u e n c y

distribution for K values is similar to that obtained f rom a s tudy  for  the period
9 p

1932_ l 1 171 .  In Figures  6a throug h 6d dis tr ibut ion of data wi th  solar  f lux  is shown.

These plots give the n u m b e r  of measurements dur ing  which  t i l e  ~ ~o. v a l u e  (wi th

a 1-day lag) fell  within specific five solar f lux unit i n t e rva l s .  It ean  he seen tha t

the dat: ,  base was  obtained mainl y dur ing  conditions of v er y  low solar f l u x .  Only

about 4% of the data occur on days with 
~~lO ~ > 100. An examp le of the oats base

is given liv showing resu lt s  obtained at the al t i tude of 180 km for  each satell i te.

F igures  7:i throug h 7 ’l show these density data , the lat i tude at which e:a-h data

point was obtained , the ratio of measured dens i ty  to the J7 I model , and the K

lfl( ICX.

9 . ( a g e, A. L. , and Z aw a lj c k , K. J. ( 1 9 7 2 >  A Di~~cu~ sj on of the G e o mag n e t i c  Indices
and A.~~ 1932 to 1971 , AF C RL - 7 2 -069 3 .
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3. KE SLL 1 S

3J Statistical Properties

The measured  densi ty  values have been s ta t is t ical ly anal yzed in relat ion to the

J7 I and ?dSIS models . The normal  distr ibution is completely determined by two

constants: the mean locates the center of the distr ibution, and the standard devia-

tion measures  the spread or variat ion of the individual  measurements .  Lxtreme

deviations from models are of par t icular  interest  to potential A i r  Force users ,

hence departures of f requency  distr ibutions of the data from a normal  distribution

have also been calculated . The fol lowing moments  of x , which represent the per-

cent departure of the data f rom the model values hav e been determined: 10

Mean value (~ )

N

?~ 
( 11

where  x . is the percent deviat ion of the ~th  d e n s i ty  measurement  f rom the model and

N is the total number  of data point s.

Standard ilevj atj on (S)

N 2 1/2
(x.-~~

~~~~~~ ~~~~ . (2)
- I,, 1

For a normal  dis tr ibut ion about 68. 3% of the data fal l  in the interval ~ ± S. 95 . 5%

are wi th in  ~ ± 2S, and 99. 73 % are within ~ ± 35,

Skewness or . t h i r d  moment  about the mean . ( Jr)
N 3

N

The skewness , a measure  of n o n — s y m m e t r y ,  wil l  be positive if the lower values

of x are closer to the mean than the hig her values , that is , if the distr ibution has

a large tall  to the  ri ght (positive side) of the mean . In this case , large positiv e

contr ibut ions ( x-~)3
. when x exceeds i, wi l l  dominate the smal ler  negative con-

tr ibutions obtained when x is less than ~~. Negative skewness indicates that the

lower tail  is the extended one. The factor —
~ç renders this measure independent

S
10. Snedecor , (,.W. • and Cochran , W. (;. (1967 ) Statistical Methods, Iowa State

Univers i ty  Press , Iowa.

24

--
~~~~~~ 

—

- -



of scale . If is zt - r o , the d i s t r ibu t ion  is s y m m e t r i c  with respect  to the mean.

Hi ’- cr i ter ion for 95% conf idence  th at  th e  non-zero  skewness  observed is not due

to samp ling error  is ~f~~ I > ( 1 .  96)~~~~. where  N is the number  of sampling points.

Kurtosis or fourth moment about the mean , (b 2 )

N — 4
1 

(x -x)
b2 = — T  

~~~ 
. (4)

F o r  a normal  d is t r ibut ion  b2 has a value  of 3. Va lue s  of h 2 greater  than  3
indicat - an excess of va lues  near  the mean and fa r  f rom the mean wi th  a corres-

pon lh ing depletion of i n t e r m e d i a t e  va lues  of the d is t r ibut ion  curve .  I -o r  va lues  of

< 3 the d i s t ribu t ion  cu rve  has a f la t ter  top than no rmal.  The cr i ter ion for  95%

conf idence  that the kurtosis  observed is in fact d i f f e ren t  f rom 3 and not due  to

samp ling error  is that

lb 2 - 3 I> (3 . 92)~
1
~~.

3.2 Frequency and Probability Distrib ution

Grap hical  representat ions of f r e q u e n cy  d is t r ibu t ions  of percent  d i f f e rences
f rem  morlels have been developed . These h is tograms are shown for each set of
sa t e l l it e  data . This separat ion by satel l i te  pe rmi t s  some in t e r compar i son  as a
func t ion  of the d i f fe ren t  geop hysical  condit ions appropr ia te  to each set of data .
Planned s tudies  of atmospher ic  v a r i a b i l i t y  re la ted to geomagnet ic  ac t iv i ty ,  la t i tude ,
long i tude , season, and the s e m i - a n n u a l  -~-ar i at i on  wi l l  use the d a t a  base in a uni f ied
format .

H i s tog rams  are shown in F i gures  8a th roug h 8d for  each set of sa te l l i te  lLC t a
( - I t  al l  C l t i t U C l i - S )  compared to the J7 1 model. The plots show the percentage of tie-
t et-~ l n u m b e r  C.! ‘l ;I t a  points fa l l ing  w i t h i n  each ~~ model dev ia t ion  in terval .
The tot al  n u m b e r  of points is given at the bottom of the box in the upper  r ight  hand
corner  ~ f -~.ch f i g u r e .  A n o r m a l  d i s t r ibu t ion  curve  is superimposed as a solid cu rve
on - - c h  h i s t ’~ ’r am.  Deviations f rom the normal  cu rve  are observed with each set
of sat e l l i t e  ‘ I - . t ~~. Va lue s  for the coeff ic ients  in Eqs. ( I )  to (4 > a re  provided in the
r ig ht hand corner  of each f i g u r e .  The mean va lues  fa l l  wi thin  the range 6. 9 ± 2 . 5’~~.
The st n d a rd  devia t ions  are  wi th in  the range 16. 1 ± 0. 6%. The skewness coe f f i c i en t

is po -otive for  all cases ind ica t ing  an excess of large posi t ive d e v i a t i o n s  r~- l ; t i v e  to
a n o r m a l  d i s t r i bu t ion .  The kur to s is  has  a va lue  g rea te r  than 3 for  each case . These
proper- t ies  of the th i rd  and four t h moments  are  stat ist ically conf i rmed since
I .  96~ ’~~~ar i d 3. f12 ar e  less than an d b2 -3 respect ivel y for ca C ti  case.
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l - i g u r l - s  da t h r o u g h Cd sh u w  C i l e  s ame (Li1 , as in F i g u r e s  ~I t h r o u g h  h ’l , hut

( - o t ( p; red to t h e  \ J SIS  r r I o r J l - J .  ‘l ’his model  g J v i - s  h et t -r  : g t - ( - ( - r r l C - o t  t ’ t i -  ; i v ( - l - gC-

r i C - - sCi r - I  a t ~so l I I t e  dens i ty  va lues  t h a n  J 7 1 .  J i l l -  r l I e ; I n  f a l l s  w i t h i n  2. ! ’ ± 3. h ’  f~~r

~~-t of d at a . S tandard  ‘ J i - v i a t i n i i ; s  i r e  Iso s l i g i l t i -  l o - - c i - , f a l l i l I t ’  w i t l u n  t lu -

r - ~n g ’-  1-I . I ± 1 .7!;  v i t h  the d a t a  in I - g~~r - s  Ba t h r o u g h lId , h I  - . i I I - .-~ .5

F i r e - n t  is ‘ l w ; ’ - 1-s pos i t ive  : ( f l ’ l  t h e  k ur t o s i s  is ~i i ’ ;  ‘ 1 -  g r l - a t - i  t h a n  3 . N n t r - - ri ’l .s

found  for -  1 h - s - ( - ‘n - f f i c : i c n t s  in  r omp a  r ing  t i e -  ‘l a t a  in I- i g l i  r - -s IL t h r - a u g l i  lid nd 4:

th r u i i g h C I  -

The ~I S IS r r i o d e l  p r e d i c t s  dens i ty  v a l u e s  w h i ch  I C  ia  u n  t i l l -  ~~~~~ 4 1 J o . ’. t h a n

t i m —a ( I f  the  - I l l  models .  S ince  the  d rag  t:r ,~- f f i u - e - r m t  r im ~~~ ’ i i i  f i t  -,w ., t ( - m t , : , t m , . ,  I I

its : , s . s u r i m ( - r I  v ; l u e  of 2. 2 hy ~h’ i i t  I o ’; , . it cannot  he ‘ h - t - i r r m l i u - l V I I i C h  f i l l ) ’ 6 1 i n o i l

a c c u r a t e l y  p r e d i ct s  the  :~ft—io1u t e ‘h - n : - i i t y .

An  c u r l i e r  stud y 1 I c om p ar i n g  O \ i —  I -~ Sa t e l l i l l -  l l ; ( - C - J r - r n ( r , l - U - r  , i ; , t : ,  to J7 I f ound

- i n  a ’.’) - r age  ‘ 1 ,- ~ :i r — t l m r l -  of ; i h ;u t  — / 7 - -. f r om t i e -  r m i ~~’ I ’ - I  . l ’h i - se  ( Ia t :i  w e r e  r , l , t - , i n l - ’ I  l u l l

; ,n n w - r i g ’ -  so l ar  f l u x  of 145 u n i t s .  I l o w e v c - r , it , a i m n o t  64 - ‘h- t ~- r r n i n e d  .-j m - t I m ( - r  l i i i

j 7  I r r , o ’I t - l  has I I  s-~s t , -T i u t i c -  er ror  -, vi t } m r - i - s ; ,~-c t to soI l  r f l u x  h I - u n i l i s e  of ‘ f r - ; ’ ~t u - ’ , ~- l —

f i ci - r m t  m n c r r t : ( i n t i ( - s . o v i —  15 had an I . / J L 2  r - o i m m p : r - ’ I  to - \ I - _ w h i ch  }i , ’l in  l / I ) ~ I .

For  the  h i g h e r  L u )  the t h e o r l - t i c u l  v a l u e  ( I F C j )  I s  h i g h e r -  hv : l h n I m t l O ’ , .

u m u l : , t i v ~- f r e qu e n cy  d i st r i b u t i o n  cu r v e s  - ‘ r e  i l r m ( , t I m E - r  u s e f u l  r r m ( - : r m s  of l~s~,l ; i -.- i ng

t i , -  ‘h - v j u t i ’ , r m s  i . f  t h e  r r u - ; , s u r e d  da t a  fr ~orn a n o r m al  ‘h st r i h u t i on .  I - i g i m r - -s I ha t l m r - n i i g h

On show t ie -  t a - su i t s  of I - i g ’ m r - e s  Ba t h r o u g h 161 p lotte ’I in  t h i s  ; I t - r n - , t e  o r - i n : , t .  3 6’-

‘,r ’ I i r m : t~- of a Viir it  on t i l l -  c u r Ve  g ives  the  [iC: r r l - n t  of the  to ta l  ‘% t ;’ w h i c h  ‘ I ’ - .’ i . ’ t ’ - ~
f r -n m the  rr io ’l i - l  6- ; : i  p 4 ( r ) -  n t  l ess  t l i ; - n  or -  ( - h i l l  to t h e  v a l u e  u I f  t f i ~ I l I S I - i s s a . t i l l -

o r d i r l l t i -  s u : - i  I -  i t  the r i g ht g i ve s  t i l l -  c u m u l ; t i - .-~- I n t l - I - n t  j r -i t a - r r n s  ‘,f s t : n ’ f ; i r ’ I

‘l - v i ; , t i o r i s .  1 i i I - s - ( I l i r v e — , ( - a n  1~ - USC ’l to - s t m m n i . i t ’ -  t i e -  mou nt ( i f  . - x ~ n - c - t i - ’ I l . , t ~ ’’
dev i at i ons  f r o m  a r i I o ’ l I - l  . I o r l x i  r i l p I l -  • I [)~) T O X I m , t ~i -I  \ - ~~. :)  , ~ a l l  the  -\ I - — (  - a l  -

‘hiL t - fro m the  .17 I m odel b y h e tvj i , rm — 110’ - i n n  — 2 1 ) ’ , m d  ; ip ~~rn ~x i ) ’ , t ( - l _  2 of t l u - ~
s I r r I l -  ‘l i t :  d i f f e r  f rom  the mode l  b y m o r e  t h a n  - 17 ” . l i i ’ -  n o r n i m i l  ‘ I i  -d i i t , i m t i ~~n sh o w s

a h i r e r - ‘lcp ~- n i ’h -n i c ’ ’  in t h i s  ty p e  p lot n i l  is  shown as a solid l i n e - .

11 .  \ la r -r o s , I- - . A. , nd Ch a m p i o n , K . S. t t .  ( 1 9 1 2 )  ‘~;i r i it i o n s  of t i e -  u - i t  i d  , t i n ’ u s —
ph er i c  dens i ty  at low s a t e l l i t e  : i l t i t u ’ f i - s . P roc. in t e r -n a t i o n a l  Conf. on . \ l i ’ , ~
spa Ce ant i  Ac ron~ ut ic ;-  I 711 ( - t I - u r o l o g y .  W I )  shi  ngt on , ft ( - .

12 . K ; r - r - . G. ,\. • and Smi th , Ii. I -; . ( 1 97 2 )  I n f l u e n c e  of s:~L - l l m t ~- o- r o ’ l v r u : , u n i i e s  ‘ r i
t r n u o s p F~cr i r  ( I ( - n s i t y  d e t e r m i n at i o n , P r -nc .  l n t e r r i , i t j o n u ; i J  ( a n t .  ‘ , r m  A C - n - is p- C--

and  A i - r - ’, n : u t i c ; l 711 i - t i - or - o lo gy ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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:33 l)at a an . a hini ’tio ,i nI Ceoniagrietic ‘t i - i i ~ it ~ an d I.a t it ude

1- i - ( - 9 U c nr v  ‘ i i s t i i h u t i o n s ’Ve r -  n w n l n -  fo i -  ‘I : , t . ,  o t , t , i n . ’ l t - ; i f l - r - n t  l i - -; -ls  01 g e o —

n l a g n l u ’ t i l  :.cti~~i t c  an d  - t  d i f f e r - c - n t  g - o g r i p i i i r  t m t u d -—i . -l i _ i -  !-, 2 — l  - I  h a  : - i e

s i t u - . -  i t  u . s  the best ‘i i s t r - i h u t i o n  i - ; i t i m  rc~~p -ct to l~ - m n - i  I 1 m t - i n - . I i , -  - la t~ a r - c f i r s t

‘i i s p l a v m - ’ I  :~s a j u n c t i o n  of g i - o n n a g i l e t i c  a c t i - . i t - , ‘ inu l ,  . l h u - .’e g roups ’ d ‘lat :  

l o u - r n , - 1 a cco rd ing  to the  K ( index ( w i t h  a 6 — h r  l a g l . ( i u 0 l p  .71 i n c - l u - h - - I  n i , e a s u r - m e n t s

n , h t . m i u p - ’ I  -~.i th t i m .  i :un ’ l i t i on  K � 3 .  G r o up s  H and  C ( ‘ i c -  f o r  i t . ’ -i; i th  K -1

‘nd K p - The r a nge 4 -~~ K � 3_ A as  O IYml t t e ’ l  t o  pr - o i - i d i ~ a 1— i n ’g. .-r

‘ l i f f ’ - r ’ - n c i -  i s-t A c-en ( ;roup s H and ( -
- Next  the ‘f : ta w I - i - I ’  sep r I i ~ n - - 1  i n t o 300 l a t i t u - f e

b ins .  I h e  mean and r r , o r r , n - n t s  about t i l e  mean  were  ca lcu la t ed  for Group -71 ann l  H.

R e s u l t s  ohtn in c - - f  when  t i e -  ‘lata are  sc -pa  r -a t l ’ ’ l  by K u n i v  arc-  shown in F i g u r e - s

I Li th r oug h I I c and I 2a t h roug h 1 2 c.  Tie -se  f i g u r e s  .-~hn -; th e f r e q u l - n c v  d ist r i b u t i o n s

for’  d at a  compared t i  il I in ’I  .\ lS lS  r e sp e c t iv e ly . The re sul t s  Sire su m m ~ r i / l I d as

I o l l o A  5:

( 1 )  71 le an  v a l u e :  The a c t u a l  a v e r ’a g t -  n m e . i s i m r e d  i n c r e a s e  in - l en s it v  b r -  Gr o u p  B

r i - l a t i n to Group  A is  I B ’ ,. F o r  Group C r e l a t i v e  to Group  -71 it is ~~~ - . T I m e  .17

G r o u p  B - n i  C ratios a r e  about  1 . 5’ , l ess  t h a n  t ho s e  of Group  . 71 . TIe -  711515 G r o u p

H and C i- a t i O ~ a rc  about s-’; , greater-  tha n thos , -  of G r o up  -71 . I l - r i , - - t i i -  .J 7 l  n ; n l ’ - l

p rovides  a m or e  a c c u r a te  representa t ion  of the geomagnet ic  ‘ n  t i ’  i t - , i - f f u - c t .  I l l ) -

71L$lS n- m o d e l  unde res t ima te s  it liv about 57 ~ p r - o h a h l -  hec .  .;se th i s  r 1 1 0 ’ l I - I  I C .  a

d a i l y  a v e r : i g e  K~ value  to es t imate  t h e  ‘Iensitv enhancement  u s -i t , - - : to geomagne t i c

a cti~’i t v .
( 2 )  St an d a r d  ‘f - v i a t i o n :  I -o r  :-ill s ix cases  S is w i th in  15. 3 ± 1 - - . I’he l a r g e s t

-.-a lu e s  of S occur wi th  the  C i -oup C data for  both n m o n ] e l s .

( 3)  Skewness :  An incr - ease  in b 1 w i t h  incr ’ - I i s i n g  K is ohsc-rve ’I  in 1- igu re n i

H a  t h roug h l i e  and I 2:m t h r o u g h  1 2c.  This is ind ica t ive  of a r c - l a t i v e  ;n c r t - a  se in

the n u m b e r  of pos i t iv i -  dev ia t ions  from the mean  wi th  inc reas ing  K~~.

I- fl Kur tos is:  ‘t im. -  va lue  of 1) , ‘fecrease s  as K i n c r ea s e s .  F o r -  both Group  -71
2 p

sets h 2 = 5. 3 . I - o r  Groups  B and C 3. 4 � h~ 3. 9 . tt i th increas ing  K the  peak of

the  d i s t r ibu t ion  f la t tens  out whi le  the n u m b e r  of i n t e r m ed i , t e  v a l u e s  l n , - r u - : , s , - ~~.

The Group A and Group 13 data  were (e xt separa ted  into 30° I l t I t u l e  b in s .  Gr oup
- ‘t a t ; ,  wer i -  r i o t  i nc l u ’i , - ’I  in t h i s  s t u d y  because  ; i  r’ el i t j v - l y  sma l l  n um b . -r  (if points

‘i. i- re  OhtII it i i ”l ;.t hig h southern lat i t u d e s .  ( a l  r - u l a t . ’ ’ l  v ; . lue s  of the u rn - n u I  m o m —
i -n t s  about the mean  have b c - i - n  t abula ted  for  t h i s  s t u d y  and are  shown in Table 2 .
‘J ’ ah l . -  2 ~~~~~~~ ‘ f l i t ;  fo r  Groups  A and B (low : i u i ’ f  b i ght  K ( - o n l i t t o n s , i’ . - sp -- c t i v -I
u - i - I ; i t t v i ’  to both t i e-  .J I in ’] 711515 mode l s .  I - o r  low K~ condi t ions  l Gr ’ r . up  - 71 ) t he  711515

r n m r , ’ l i ’ I  ;.pp .- - i r-s to p rov id i -  a unor ’ .’ i c - c u r a t e  dep iction of the ! , i t i t u , I i n m a  I -it r - m ~ t. n i  r - i - ;  X

is w i t h i n  —4 . :s ± 2 . II’!;, for 711515 and 8. 3 ± 1 . 9 7  for  . 17 1. In g i - n i - r - a l . 17 1  ‘ , v i - r i - s t i -

m i t i ’ s t he -  a v e r - ge g i - - . n n i ; i g n e t i c  a c t i v i t y  i ’ f f , - r t  l ) V mbo Ut  4”1 f rom _ 6 0 0  to - - 30 ’- . . f ld ac —

cu r at e l y depicts  it f rom ÷3 0 °  to — 90° . 711515 v;  lo i s are about 67, io~ f r o m  ~:so0 to — 6 0 °  i n ’t

32
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a i m i , n t  3’7, low in t f i t ,  I ;u t i t n d - m u l t , - i - \ - , Is — 6 0 °  to + :100 :.o’I .41 0 ”  to ÷ ‘ ‘ C) ’ . l i i i -  In

st . n m ’ I ; i u ’ ’ I  deviat ion u n - cu t -s  - t  — 3 0 ’ ~ to — 11 0 fI l l  Immi t h m i n i m - I — ,. I l i m c m - - . - u . , r m - l : ’ t  i c - I ’ , 1’,’,’,

v a lue s  occur- it  +300 to ÷60 . ,‘i s  ‘, ‘, as  f o u n n i in I- i g m m i - i - s  t i n  t h r o u g h I I ’ -  1 ,0 11  12- i

t h r o u g h 1 2 u - . s kc -wn , - s s  i u i u : i - , - a s e s  ‘A u t h  i u m  - u n - s l u m p  K ni ’t k i i u - l mms; .— ‘ l m - ’ - u - m-

‘l ah le 2.  7 1 1 , - ui m i n i  S t ; , i m ’ h ; i r - d  i ) , - v i ; , t j o r i  us H r - u ’ , -  ut I ) , - -, i n t i on  fr ’ , u r r i  17 1 , r m ’ l  711515
\ t o ’t , - i s  for - 5 3 — I  l . m, ic  m u d  LE i g h K l i t ; ,  Gr ’~m m i p  vs l~a t i t n m ’ h ’

Moments r-or -5 3 — 1  A l !  Data (J 11 Me l - i l

I . ; i t u t n i n l i ’  K 0 N uu,,h.-r S t ; , , m ’ f ; , u - ,f Sk , - w , , i ’na -
\ l in  Max  7 1 1 1 , ,  Max  of l’ ts  A v g .  71 a l a - -  l)c-v iat iou i  I ’ , , e  71 . j a n m r t n , — i n i

— ‘~0 -
~~~~ 0 . 0 : 5  1188 t , 7! • .m 1 4 . 1)53 ’ — . 0 1 2

-6 0  — 30 0. 0 2. 5 17 17  ii . 51, 2 4  IS . 06 ’ - ’? — . 11,16 6 .8 126
i ; u - ~,,ip — 3 0 0 0 . 0 2 . 7 1 7 ,2 ’ ’ I 4 .  11110 l i t . 6 1 16  — . i nl ; - (  6. 12 6 ’ -

o ~0 ~~Ø ~ 5 J~~Q4 10. ‘,4 6 7 (i 55~ :) - . ‘7 : 11 1 7 . 72 6 2
30 60 0 .0  2 . 5 2 1 7 7  2 -11163 I -1  3 6 6 - 1  — . 40 114 5 . 2 4 1 : 1
60 ‘*0 0.0  2 . 5 3697 3. 31 1 3 1 1 . 2 2 1 ”  . 2 1 6 ’  4 . 137”

-“ 0 - 61 )  4 0  “ 1  i’ ll ~~. 71;;; 7 . 1 1 1 0 3  21111  1 . 60) 13
— 6 0  —30 4 . 0 ‘ ‘ . I 1163 I . T i - I l ,  18 . 69113 — . 1  1 4 ( 1 4. 03) 1 4

( a n , , —30 0 -i i) ‘‘. 1 1180 10 . 11- 1:1 1 14~~i 1i6F ,  — . 52 113
It ‘I i l l  - 1 . 0 ‘ . 1 1424 6. l15:1- ~ l l _ ’ ’i 125 ‘ ‘ I - I , 2 - 1 1 2

30 60 4 . 0 ‘ ‘ . I I - I , 2 . m u - -c -i 1:1 . 1,12:,  . 33:15 1 . 1,517
‘° - ‘Ii - l — 0 - ‘ _ 1 21 61  1 _ 1) , , ‘ i 16 . 1 ,3- I  - 7 5 , 1  I - :101:’ ’

- h - I  ‘i n n  l i - i  of I — c l  — 1’ ’ , 585

711-~ n~~ i-  it - ‘ n t  S t — I  A l l  Data  I 7 1 I — ~~S 711 , - l . a

t a m  I i -  F 1, ‘ i ’ m , l , i - m  ‘— -t : , m , - I . m r - l  — k i - ~ 
i i  Max Mm , i l x  of 1 t- . 

— 
A v g .  5 . l n m ’ -  H i - i ,  I i - , , ,  (~~~ - 1 i ,

— a fl  ~~ ~ • ~~~~~ ~(j 50’’ I ’  87 *11; — - 0 1 (21  ‘ 1 . 6 1 ) 2 1
— 6 0  - -O (1 . 1) 1fl5 17 1 :1 —3 . 7)135 13 . 07 ,75  — . 1) 4 1 /  7 . (1:1 7,::

f l r - ” i t ’  30 ‘1 0 . 0 2 . 5 1 7,30 - 1 . 6 7 1”  16 . 6 4 52 ~. I :T, :
‘I ~ ‘ 4 . I) 2 .  7 I l l ) - ;  —3 . ‘ ‘ ‘ 12th I- i . 7 : 1  — . 30 l1  7 . ‘ ‘ 11)

111 60 Ii . (1 2 . 5 2 177 6 ”570  14 . 5 4 - 2  — . , , 1  10 0. 157 1
‘ ‘ I .  ‘i _ O 2 . 5 ‘1*1 7 2 . 8 7 2  1 1 . 1 7 , 1 ( 7  . 1 61111 1 ‘Il - c)

‘1) 60 1 . 0 ‘~~1 ‘ 1 - l i 1. i - 1 3 i  i ’ , . , l ’ -  - 11 71; :1 .00 1 1
3) 1( 1 1. 0 ‘ ‘ . 1 11 67 , 0. 0:111:1 I , - i l , , -l — . ( I l l - i  4 . ‘14( 17

f l t~~m ( i ( )  1(1 0 4 . 0 a _ I 1180 - I . 6 1 6 1  1 3 . ‘ n ’ ) :: — . 3 711 -1 . 11011 5
(1 0 30 L O  ‘* . I 1424 1 . 24 - 1 4 I i ~ -L3i ) 3 . 1157 2. 6777

30 60 4 . 0 ‘ 4 . 1 i -Il, - 0 . 1- 1 - - i  l l _ . ’’3~, . 2 2 2 1 2. 7 1 : 1
60 ‘ iO 4 .0 1 2165 I .  ‘- 1 ) ,  2 i 6 . i ’ n-H , I l l S  1~ 2 6 7 1

1 ‘i ra !  N ’n n n t i , - r  ‘ i f  I ’oints  I’ ’ ,

3 .1
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3. I -\I! iii I( I e l)e 1wiidenee

SiIn ,n i  and st : ,r : - I ar - I  - e - - .- : : m t  ion - , - s l u ’ -ni  w e r l -  c a L - m t ] : m t r - - i  o r  t h e  n - a t m  of - J a t a — t o —

r n - , i- I , ,n d  the II- ,- e r - a 5 e  p e r - n i - n t  - I c - v I ; , t i ’ m f l  I r o n :  I I ’ -  - - m i c - I  - .‘:a~ p I n ,t t e~ as a f u n n : t  ion

of a l t i t u d e . V a l ue s  - - e r ’ ’  n- ~~r r pu te ’l  it 5 km rmt e -- ; :, ls  u s u r s 2 a l l  - I - t a  l ’ nr — n i i : s a t e l l ; e .

Fi gures  13a t hrough Hid , r m - l  1 4 o  t h roug h 14 3  shoa r - c - s u l t .  t orn -p a r e d  to 171 an - I

71ISI S rp i - a ) e , - t i ’,’e lv . 71le an v a l u e s  are r - e pr e s r - n t e - I  bc c rosses : stan ’la rnJ  - : ev ra t i o r : .-i

are shown as so l in i  l i ne s . The mean  values  wi th  r e s p . -n - t  10 .17 1 a r e  h . - twe c- i :  -

( A K — I ) )  and ÷15’7 ( S 3 — 1)  at 160 km.  Compar i son  is m a - f e  at (h i s  a l t i t u d e  s i n e , -

below 160 kin the number  of data points  ‘ler :reases and  -.‘ar ies  s i g n i f ic a n t l y f rom

satel l i te  to sa te l l i t e  (see Fi gure 1) . At 240 km ~ i s  be tween  -2 ’~ ( S 3 - l I  an - I  ~~~

‘A h - ~— E ) .  Wi th  respect to 711S15 ~ is between i. 4 ”S, ( , A E — D )  and - 1071. ( n \E C)  at  160 kr :

and -9~~ ( S3 - l )  and -2~ - ( A E - E )  at 240 km .  711515 p rov ides  a p a r t ic u l a r ly  ac c u r a t e

representa t ion  of the A E - I -  data . The J7 I sc-ale he i t zh t s  are in  general  i0~ . too hi g h

below about 170 kra . Above th is  a l t i t n i - f e  t h e y  are about 107 I n , wer  t h a n  the n - -cas ur en i

data . The 71?SI S scale heig hts are also about 10’S too low . St a n d a r d  devia t ions  are

about 1535 , at 160 kin and increase  to about 20”~ at 240 km.  The i n n  r e u s e  is due to

the approxim ately 5% f i l te r ing  error  in the data reduc t ion  at t h i s  a l t i t u d e.  ‘I’he

large standard deviation for S3-l  occurs  below 160 km  w h e r e  Ih e r e  ar e  r e l a t i v e l y

few -lata points .
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~l5  (o(-aI Tirri e Variat ions

A descri ption of the d a i l y  v a r i a t io n s  in t he  l o w e r  t l i e r n r n ’ a . s ph en ie  d en S i t y  was

obtained using AK — i - S data. This  sat e l l i t ’-  was used h i - e : i i i s - ‘uf i t s  l~~w i n u - I i n : u t i o n

and excel lent  local  t i m e  u-overage .  I)ata at 160 , 2 1)0 , an t I  240 kr i u u - i - r e  separa ted

into 1-hr local t i m e  bins  and aver :u ge ’I . S i r i n i l a r l y an n iv era ge  rat io to .17 1 and  to

MSIS was calculated for  each b in . 1h e  r e su l t s  n u t  t h e s e  t h r e e  hei g hts  ;ir  i- p lot ted

in !-‘igure 15 . Average density v a l u e s  are shown  as sol id  l i n e s , crosses represen t
ra t ios  to .171 , and circles represent  ra t ios  to 711515. l - i i ! u u r ( -  15 (160 kin) shows

dens i ty  n -min imum , ra ther  than  m a x i m u m , near  1400 hours .  I ’ wo n e a r l y eq ual

m a x i m a  are observed , one near 0700 and one n ear 2 100 hours . l - v i ’ I e r m u - - of t h e

d iurna l  bulge is seen , increas ing  w i t h  a l t i t u u l , -  mt 200 and 240 k m .  1 i u i - s e  r , - su i l t s

are character is t ic  of a tmosp he r i c  t ida l  v i m r i : it ion s.  ‘ lb,  J7 I model n I ü ,~~ nut

inc lude  local t ome va r i a t ions  due to tides. ‘l b, d en s i t y  is m i n d e t r c - s t i m : , t e n l  from i : : i j I v

evening hours to late morning hours , Rat ios  - i n r y  by about 30% for  t h e  data shown

in Fi gure 15. MSIS does inc lude  t idal  components . The observed va r i a t ions  are

more closel y represented and the agreement  is w i th in  i 9  to -l ’lS . F igures  16a an n i

l6h show an examp le of the f requency n l i s t n ih u t ion s  for  a spec i f ic  local t i n m - i n terval .
l)ata obtained at a l l  a l t i tudes in t he  0800—0 900 bin ar e  shown . R e l a t i v e  to .17 1 , x is
I l . 2% and S is 11. 9%. l-’or MSIS these  values  are 1.39% and 11.92% , respectivel y.

A E - E  LOC RL T i t l E OFI TA
f l . ?  ,—— -- -- --- ————- — •_,,_~~

—— 1.3

- 0 . 4  _ L J ~_ L L  L~~L I_L J_,- - 
0.8 ~(1 2 4 6 6 i t )  i2 4 i6 1820 22 24

— 2 L~u .
’~ ii . - ~ Figure 15 . Local T i n - m e  V a r i a t i o n  of

LI 
- ‘ , r~ Li1~ ~ I ~~ A E - E  1)ensity f)ata at 160 , 200 , and

1.9 F’ ~ :.:, 1 ’:’j~ ~ ~ 240 km ; Rrut i r ,  of Data to  .17 1 and

1.7 ~~~~~~~ l l L L i i i
0 2 4 8 B i i)  12 14  lB  1 8 2 0 2 2 2 4

-. 1 . 0  ~~~~— -- — - - -- --—-— - - - - - 1.3  
—

:

9.0  I~~~I I I I i 1 I I >
In 2 4 8 ~ II ) 2 1 4 7 4 4  1 8 2 0 2 2 / s

LOCA l H ~ I I , u ntn:1 l : ,  -

13. Mayr . Fl. (;. • h a r ri s , I . ,  and Vo l l an d , M. ( 1 9 7 3 1  Theory of the phase anomal y
In the thermosp here , J , (3eop hys. Re s.  78:7480.
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T I m e . \ f - — l -  ‘ In i ta  : mr ’ i f u r t l i i - r  e x : i m i n u i - n I  i n  I- ’ i L ’ u i t - e  17 w h i ch  shows t i m e  u k - u i s i t y

v : i l u e s  n t  Si I : n n n  i n t e r v a l s  f r o m  145—240 kIll n is a f u nc t i o n  m u f  I o m - n m  I t i m m n - . To per m it

h i t t e r  n u m l n i l y s i s  of the  r e l a t i v e  I ‘ I n t l  : i n n p l i t u i n l i - s  t i m e  n l : i t a  I n i v , -  been n o r r n i a l i z r n d  to  an

: m l t  i t u i u l e  of 110 km . N ewton  i t  ~t I  h a ve  n j i - t , - m - t e , l  I i u t a l v a r i a t i o n s  in the a l t i t ud e

re :’ion 220 — 2111) w i t h  the San M ar c o  s a t e l l i te  ( i n u m - I i n a t i i a n i  34 ) ~ l le tween  220 an , l  25

k i t , w h e r e  m - o u i u p a r i s o r u  u - a n  hi- n -  i t , - , t h e i r  r e s u l t s  nm l! r e ( - in genera l  w i t h  thos e of

I - i  m - u l r - e  l f l . I however , t h e  S e r u l  I — l l i u l r n ; 1 1  ( ( u n l I  pon ent  appea r s  to he less p rono u ncem i  in

t i m i - i r  data . ih e  n l i f f e r e n u - e  m ay  he a t t r i b u t a b l e  t o  d i f f e r e n t  so lar  and geop h y s i ca l

c on d i t i o n s  I ’i m r  A l-S- I  and  San M a rc o . ‘l he A l-S-I- : m l a ta  rover  a wide r  l a t i t u d i n a l  and

s , - a s o r m n i l  r : i u m g e  and  wer , -  o h t a i r m t - n t  u l u r i n i g  l ower  solar  f l u x  condi t ions  t h a n  tha t  (If

N ’- ’ , -.- t o n m  et ; i I  - A report  descr ib ing  t i m e  a i m  p 1 i t m i n t e  and phase of th , -  observed AE

n i - a l  i i l n n i ’  v a r i a t i o n s  is  in  p r e p a r a t i o n .

l - u l ’ m u r e  17 . . \ I t i t u m d e  I s  i s — t m - t i - n ’ - ’ -  m u ?  711  — l  I _ i m ,  ml  - l u , , , $ -  \ : i r — i : i t i ’ u r m i -
(\u u r n , n : m I j ~~e’t to  1110 k n u m )

I. ( :o\c I .I -~lO\~

- 7 1 1 1  — - t - m u s m ’ _ ’ i ’  u t : i t ’ i l , : i , , m -  l m :i —m l i - i - n i  - l i _ ’ / _ _ l n l i $ nI  u t t u I i , u n i ~’ : i r , - i - I i - t - u u, i - I s - r —  u , i - : m s u u r - , - —

a m , t - . n , l , t ; , i i u e - l  a t i m  t o ’ i r  k u ’;  . m l t i t u j u l i -  s , t e l l i t i - a . I n ,  - i n l u l i t i on n o  ‘ I e t u s u t y  v : i l u , - t -  t h e

- t ; m t : m  l , ; m — : m -  m n n n - o I ’ F i 4 m r n i t i - ’ -) : l t i l u r ’ u u i i m - m : i t i -  ~;:, t i - I I i t i -  u m r l i t n i l  u n m t — , u l I : : m t i u i l i , — n u u I ; m r  : , u m n t

~~~v — ’ i ’ ~~~ n ’ i~~~ -~ ’- m’ - i u n ’ t  m i n i , ’ ,  j u l n - r i m -  i o u - I  s a l ’ , -’- . -71 - h-n-i - r i  l i t i o n u  ot  t l , i -  — n : i t i - l l i t t — s ,

l u t -  m u  n i- I - r , i m u m t - t  i - u -  - - - . i i -  r i , ,  ‘ - n u t , ~ir i r I  I i s — l~i I. ;, i t n u s  Im - e n ,  (~~ , ‘ - n ~. II  i s i n u t  j (‘ipat ( u l t i u n m t

t i , i ~ ‘ f a I n  l m n i s i —  a - i l l  hs-  ui - i - f u , l  ‘ m m  u - o r r e l n i t u v - s t u i , h i - n - ,  m u ?  n i i - n ’ ’ , n o r l m u , - n i l  l i r o h l e m n m s  n - i - —

( l u l i r i r m i ’  k n s i w l s - ’ I : u e  i , f  m l i i -  u i s ul r n i l  ml l n , O i - n i m l m i ’ i ’ i . 1 iu i -  m r ’ t - s i - r m t  st i i i ly  ham-i been ‘Ii  r i - ’ - t i - , t

t , i -,i, : i n n I  ii  - t : i t i - . t i u n i I : i u m n i I ’ ; s I ~4 ‘ m l  : t m u n o n - i p i u i r i i -  v a r i n i h i l i t s .  Se ve ra l  u , i - t l i o u l s  ( If  ‘ t i s —

T 1 l i y i m m L  t i u c  ‘ l u t  ; m iS i - m i -  I i ’ v i - I i q u - n I . A n a l y s i s  i n c l u d e d  u t — t s - r n u n i r u a t i o u i  i l l  u , I i - a n l  c - : i l m u e s

14 . \ i - wt o r i , I; . I’ . ,  K n i: - .p m - ’ , : i k , \V. l ’ . , ( ‘ u i r - t t m-m . —i , ‘\ . , i n n  I , - I z , I ) . I .  ( 19 7 .’ i l  r i - i l
t i n ’ , , -  ‘ , - ; m r i n i t u~ ir u ‘if i - ’~u u a t o r i ; i  I t l m e r n i n o s p l u e r i n -  u - o n n , p o n - u i t i n n  m l e t e r u n i  m m i i by t i l e

\ l : m r u - u  3 7i, , , - , , I , ( ; f - o l m i m y - 1 . I i ’ s . 110:22 119 .
-C

; :t

- 

- i~
_

__
_
~ 

-- 

. 

—
~~~~~~~~~~~~~~~~~



and the second , th i rd , and four th  moments  about the m e a n . (Soi-rm parison has been

n -made w i th  two c o m m o n l y used a tmospher ic  n- models , .17 1 and MSIS. Resul t s  have

been presented in Figures 8 throug h 17 and  Table 2. These data give the ext ent of

unmodeled var ia t ions  as a funct ion of geomagnet ic  ac t iv i ty,  la t i tude , a l t i tude , and
local t ime . N e i t h i - i -  model gives a co m p l e t e l y anlequate descrip t ion  of the observed

atmospheric va r i ab i l i ty  as a function of a l l  these parameters. The J 7 l  model gives
a better representation of the avej ’age geomagnetic activity ef fec t .  MSIS more
accurately describes the near equatorial , iow geom agnetic activity conditions , li e-
cause of systematic errors , due mainl y to drag coeff ic ient  uncertainties, it cannot
be determined whether the absolute value of density is more accurately representenl
by .17 1 or MSIS . Model deficiencies are observed in the depiction of local t ime
variations , par t icular ly near 160 km althoug h MSIS provin les  a better depiction than
J7 I . An evaluat ion of other models including the  revisenl .17 1 n-model 15 is p lanned.
The data base wi l l  be ut i l ized to develop an improved model of the  lower t h e r m o sp here
exten ding the  results  of Marcos i-t a1 16 which  used onl y A E - C  data, It is ant ic ipated
that  this  model wi l l  ‘li-scribe the densi ty data in this  report as a f u n c t i o n  of la t i tunl e .
long itude , al t i tude , geomagnetic activity, and local t i m e .

15 , J acchia , L. (;, (1977)  Thernuos  her ic -  Ten-u e r a tu re , l) en sit  an n l  Coni m t o s i t ion :
W . , n m m n son iari s r o p iys~~~~~~ e~~~a o ~ 4~~~~~~~~

16 , Marcos , F, A ., Garrett , II. 13. , ( hanmp i orm , K . -i . W . • and Forbes , 1 . 711. ( 1977)
Density var ia t ions  in the lower the r rnu nsp h er e  fr o r u m ; s i i a l y s i s  u i  t h e  A l - S -C
accelerometer measurement s. Planet .  Space Sri .  25:499.
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