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ABSTRACT

We hawe intercompared geomagnetic f1eld models in B-L space for ":'

'0 20 <B< 0.24 gauss end 1.2 <L <1.8 R, (earth radii) Three

~ field models were selected because of their general usage in the

enalysis-of trapped radiation data: Jensen and Whitaker (569 coeffiCLent),.

Jensen and Cain (48 coefficient); GSFC (9/65)(99 coefficient). These

models vere compared with the GSFC (12/66) field model (120 coefficient).

‘The geographic coordinates of constant B-L traces were computed using
“the GSFC (12/56) field in both the southern and northern hemispheres.
At ‘each geographical point along the traces thus deflned, B and L
values were recalculated using different geomagnetic field models. We
find that variations in B-L spe.ce of the 1;8-‘ and 569-coefficient models
with respect to the léO-coefficient model are great enough to cause

significant ambiguities in flux contours of the trapped radiation. Ve

also have examined the effects of temporal variations of the geomagnetic

-iii- © . UCRL-17492 Rev.



5 t}fi;protons.'b The GSFC (12/66) appears to be sufflciently accurate to

o field'cn B-L space The uncertalntles in the proton flux contours in '

f;B—L space caused by errors in the fleld models and time varlatlons of o

;ithe geomagnetic field demonstrate the need for careful reevaluatlon of ‘f;,lif

“f‘exlsting data that pertaln to poss1ble tlme varlatlons of inner—belt

" undertake such reevaluatlon

av- . UCRL- 17492 Rev.
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INTnoDUCTiON | . |

VASince its inception, B-L space has been nsed exten31vely.1n'
.the study of radiation trapped 1n the earth s magnetic field. B-L

space is & two-d1mens1onal, longitude and hemisphere independent,

'--vcoordinate system, developed by McIlwain, [1961], in which the

. mnldirectional flux of geomagnetically trapped radiation can be _
" mapped. The B-L»coordinate system is applicable to fields that do':»v
not possess large azimuthal asymmetries,‘thereby limiting its use.:
toL <5 R, in the geomagnetic field.. Stone [1963] has shown that
the B-L coordinates for mirroring particles accurately reflect the
'invariant shells (I, Bm) descriping the adiabatic invariants of

 charged particle motion [Northrop and Teller, 1960]. Theoretically,"

“particle flux measurements may be reduced and comparedfaccuratelyb

in B-Lvspace. However, a geomagnetic field model must be_uSed in the |
icalculation of Band L, and errors dependent on the model-canvbe signifieg
cant. If the geomagnetic field model used in calcnlating B and L

does not accurately describe the earth's magnetic field, then a real
‘mirror point trajectory mill not be representcd.by a point in B-L

& space. Flux mepping in such a poorly deiined B-L coordinate System'd
would depend on the longitude and the hemisphere where the data were .
obtained, and the utility of such a B-L system would break down in
'regions of steep flux gradients. In order to study variations of
measured particle fluxes in B-L space, it is necessary to know the
variations which could be introduced by the generating geomagnetic

field model.

A nﬁmber of geomagnetic field models are available for the.




if.t,‘196633

-‘ﬁf?*calculationJofiB"and”L:values‘f Ve have elected the follow1ng four

'~ifzfield models for the pmesent study':f »

L The Jensen and Whltaker 569 coefflcient spherlcal-harmonlc'

”‘i”':expan81on model (JW) [Jensen and Whltaker, l960 Dudz1ak et al , 1963],

2. The Jensen and Caln h8 coefflcient model (JC) [Jensen and .

‘"_:Cain, 1962],

/ 3.5 The GSFC (9/65) 99-coeff1cient model [Hendrlcks and Caln,.

“”71_h;' The GSFC (12/66) l20-coefflclent model [Cain et al., 1967a]
'ﬁe.chose the flrst three fleld models because of thelr use in the S

«fJanalyses of trapped-radiation data. The JW model ror 1nstance, .. R
’vwas used in the reduction of the Explorer 4 flux data [McIlwain, 1961]
aThe JC model is con51dered to be the standard field model for the __7

o ”interpretation of trapped-partlcle date [walt, 1966] ‘Both the I and

?gQand JC models are statlc, constructed to represent the geomagnetlc fleld
1.din 1955 and 1960 respectively. The GSFC (9/65) model contalns flrst-; ffe

. time derivatives in the first h8 coefflclents and is more accurate

than the JW and JC models (Hendrlcks and Caln, 1966] The GSPC (12/66)

- field is the latest field model and vas constructed from OGO-2

f' ‘satellite magnetic-fleld meas urements as well as the data used in ‘the
‘construction of GSFC (9/6)) The GSFC (12/66) contains both fLIst-
and second - time derivatives in all its coefflclents Actually, there
are two sets of’ coeff1c1ents labeled GSFC (12/66) -- Sets I and II;
Both sets wele constructed in the same manner using seml 1ndepcndent
"samples of the same data.: .We have chosen arbltrarlly to use Set I for

our study._
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We' haNe llmited our study to the reglon in B-L space bounded by

0120 <B< 0. 2h gauss and 1. 2 <L<1.8 R, (earth radll) The lower

: portion of the inner radlatlon belt is contalned in thls 1nterval of B-L
rivalues. The gradient of the trapped-partlcle flux- is large along B in thlS‘:
’region [Valerlo, 19641, and small errors in the computation of B can :
result in significant errors in the calculated partlcle flux. In thLu B-Lvi'.
reglon, ionization and nuclear cellisien'in the atmosphere are the dominantv':
particle loss mechanisms.' The solar cycle éhanges in the atmosphere will
affect changes in particle loss rates, and, hence, particle fluxes. Anyr‘v”
valld observation of such changes in the partlcle flux and loss rates w1th

: respect to the solar cycle must clearly'take account of the accuracy of the
'flux representations. ‘. .

Cain, et al.;[l965, 1966; 19%7a, b] have ﬁade direct_comparisoﬁe>of the

JC, GSFC (9/65) and GSFC (12/66) field models with the earth's magnetic field

over all longitudes and latitudes. It is concluded by Ceiﬁ, et al.,.tl967)
.thaf the best current model of the main geomagnetie field.ie the GSFC (12/66),
_ Exciuding 0G0-2 setellite data, this model fits the magnetic survey meaeuref_
‘ments to an accuracy of 5‘= 1227, (17 107 gauss) where o is the
‘standard deviation of the residuals of a random'lo% of all survey observations
e(since 1900) . Thls result is to be compared w1th the accurac1es of the GSFC
(9/65),and JC models, o = £ 220y and * thx [Cain, 1966], respectively. ‘How-
ever, when a separate distribution of ﬁhe residuals is calculated fer the |
0GO-2 data; Cain et al. [1967e] find that the GSFC (12/66) field reproduces
the 0GO-2 data to o = % 11.7y. Cognizant of the fact that there are possibili;.
ties for systematic errors in the satellite data of the orderv10—207, ggig'
gg_g};'[l967a] finally conclude that the surface field is probably no further

in error than a few tens of gammas.

Of particular relevance to the analysis of particle data is the
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d-f character of the geomagnetlc fleld in the South Atlantlc anomaly.__fzt-

: The anomaly is not only the s1te of large particle flux gradients,: T

U but also 1s the reglon where the relatlve varlatlons of the selected'jf 7fﬁvilf

M";;geomagnetlc fleld models are greatest.v For thls reason, we examlned '

,;vi“;thls spe01f1c region for 1ntercompar1ng the four fleld models w1th1n-'f S

frcuthe range of B—L values We are conslderlng. .We obtalned from the

. S. Coast and. Geodetlc Survey magnetlc-fleld measurements teken in

' vagthe reglon of the South Atlantlc anomaly (—60 to O longltude,

s o -15° 1atitude) for ‘the period 1ooo-1965 oeo-e satellite

H?Qfmeesurements were 1ncluded in the set. Computed values of the geo-vi""

'magnetic field, B, were compared with thevsurvey data_p01nts for each |

 fiela model. The mean difference and'standard deviation from the

‘.', mean. vere computed for the follow1ng perlods'

a) 1900 through 1963,
b)) 11955 through 1963, and
c) 1965. | .

- The results appear in Table I.

Because we'arevCOncerned here with theurelative'accuracies of the . -

models, we did not weight the U S. Coast and Geodetic Survey data w1th ‘ :;”

A'respect to reliabllity of the types of geomagnetic fleld measuremcnts,
nor did we invoke a rejection level to ellmlnate anomalously hlgh f
deviatlons in the data. For 19)5 throrugh 1963, the GSFC (9/65) and

GSFC (12/56) models describe the anomaly-reglon equally well. _For

', '1}900 through 1963 GSFC'(12/66) is the best model,‘ and the .importance‘v'
"of the second time derivatives in the coefficients.is clearly evident; ;

E We conclude, therefore, that thé GSFC (12/66) fleld model exhibits

"~ the highest accuracy of the several models tudled w1thln the anomaly
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:_; region. Not unexpectedly, the results tabulated in Table I confirm .

the general conclusions of Cain, et al. [l967a]-

~The above comparisons of the errors in the magnitude of the

"geomagnetic field are not, however, 8 sufflclent measure of the model-

-

. dependent errors in B-L space. Since a p01nt 1n B—L space represents

*Ithe traJectory of the mirror points of a partlcle trapped in the

geomagnetlc field, it is necessary to compare the geomagnetlc fleld
models over complete B-L traces to_reveal the differences that may exist

between field models. On the basis of the above discussion, we have

o selected the GSFC (12/66) field model as the reference field with which the

_other models were compared. We have made this comparison by (a) cal -

culating the geographic coordinates at various‘longitudes for a given ‘:
point in B-L space in the northe;n end southern hemispheres, as _
defined by the GSFC (12/66) model, and (bl)‘cavlculating_ B and L values
for these partiicular geographic coordinates as computed by the other
spherlical -harmonic field expansiohs. |

By performing step (b) with the GSFC (19/66), the dlfferences‘
between the given B-L trace and that derived in (b) can be attributable
to computational errors only. we find that the maximum computational error
in this procedure is + 10y in B and * O. 0005 R in L. These errors'

correspond to a -2 kilometer maximum error in locatlng geographic

- coordinates given prefixed values of B and L.

METHOD
Using the GSFC (12/66) field model, we calculated sets of geo-
graphic coordinetes of B-L traces for B values of 0.20 to 0.2k gauss

in steps of 0.0l gauss and L values of 1.2 to l 8 R in steps of 0.2 R

e et



e varlation of the computer program SHELL [Roederer and Herod 1966] _F‘o:c‘"f-_’:'j

we generated these sets for the years 1955 to 1975 in S-year steps for

both the northern and southern hemlspheres.f The geographlc contours

‘>; were calculated for a given B and L value at lO 1ntervals 1n longltude, lr o
o and in the South Atlantlc anomaly region at 5 and 2. 5 1ntervals vBy“;fa'”h
holding B, L, and longltude constant and searchlng for the altltude and 13'31..

SN ff latitude, we located geograph:c coordlnatee of a B-L trace w1th a

the subroutine NEWMAG to handle the'Jw coefficients [McIlwain, " 19667 ..

" Given the geographlc coordinates computed Tor the sets of B-L traces
. I

"t

.geomagnetic field,

defined by the GSFC (12/66) model., we calculated new B and L values

using other field models . Ve have compared the JW,and JC -
fields w:Lth the GSFC (12/66) model both for the years they represent

(1955 for IV, 1960 for JC) end for ten years. later, and GSFC (9/65)

| with GSFC (12/66) for 1955, 1965, and 1975. We used GSI‘C (12/66) for 1965":""'

as the reference fleld for an examlnatlon of the tlme dependcnce of the

RESULTS - .’_' 3

Using the method descrlbed above, we made 560 comparlsons between o

the various fleld representatlons for selccted B L p01nts in the interval
0. 20 <B<LO. 24 gauss and 1.2 < L < l 8 R 5 respectlvely Figure l'
1llustrates one of these comparisons Plotted are the B and L values
computed using the JC model for the geographlc coordlnates of the

B(O 2&)-L(l k) m1rror-pornt traJectory deflned by the GSFC (12/66)

model for 1960 Figure l is typical of all of the comparisons we

UCRL-17492 Rev.'f c

e the'computatlon ova and T we used the computer program INVAR, expandingﬁgifk o
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made because therevls no funetlon that w1ll transfer a point in B-L
space generated by one geomagnetlc field model into a p01nt in B-L -
dspace generated by another field model, unless the longitude and
hemisphere are known. In other words, flux contours in'B-L spaCe

» ”‘cannot he corrected for model-dependent errors without knowing where"the':
‘“.f data were collected. The flux contours in_Flgrdl are 40 to llO—MeV;
proton flux contours from INJUN 3 [Valerio,.l96h] and are given to |
‘indicate the possible range of fluxvvalues that can'be assigned tovthe
~same B-L point. .i .
Let us consider'e specifie examplel Assumlng that‘the INJUN 3 ‘
'vflux contours'accurately reflect the shape of the proton flux in the
inner radistion belt then the flux at B = O.EH gauss, L = 1.4 R,

1s 30 protons/cm sec (f ). If proton flux data were collected in the
" southern hemisphere at 325 longltude and B-L values were calculated
using the JC model, the flux value of f would be as slgned to the
point B = 0.235 gauss’ L = 1.4 R - Ow1ng to this. (downward) shift

in the flux contoéurs, the expected flux value at B = 0.24 gauss, L_='
1.4 R would be approx1mately 5 protons/cm sec. .If in another flight
experiment, flux data were collected at 0° longitude in the southern
'hemi‘sph_ere, then f_ would be at B = o.2l+j ge.uss, L =1.3% Re, and the
. flux contour would be shifted (upward) so that the flux expected at

B = 0.24 gauss, L = l;H Re would be 75 protons/cmesec. In the two
ebove cases, the apparent 1:15 ratio in flux values at B = . 0.24 gauss,
L =14 R, is due only to relative inaccuracies in the JC field model.

We find that the B-L contours, such as Fig. 1, change slowly with

=T-. " UCRL- 17492 Rev. -



S ‘:GSFC (9/65) with GSFC (12/66) coni‘lrms the conclusion drawn from the

"Tpflcomparisons of these fields wrth direct geomagnetic-field measurements

ZVAl_ JW and GSFC (12/66) are even larger. 1ff

1fﬁifp031tion of the generating B-L p01nt and can be cons1dered to be ‘fnu'

ha”*4C0nstant withln AB = VO!Ql gauss and AT, = O 05 R Of the gcncrating

UCRL 17492 R.ev. el

“f Table II gives the maximum dev1ation in B and L for three examples ;ffﬁjli'j

{”of B-L points for varlous field comparlsons The comparison of }ﬁ”‘ s

' ;f‘in the South Atlantic anomaly reglon ——'namely, that the two models

3fh’agree quite well for 1965 but diverge from each other lO years before or p O

after. The comparisons ‘between JC and GSFC (12/66) show large varlations

et all B-L points studied in both 1960, the year the JC field model.

'.:}fwas generated to represent and lO years later. The variations between 'fih:”

Table 1T also shows the range of proton—flux values as deduced

t_-?v from the INUN 3 proton-flux contours, Whlch could be ass:gned to the-,l-: -
seme B-L point due to errors in the geomagnetic—field model.. we note-u-e‘,v° o

7an;that the flux varlations caused by errors in the JW and JC flelds are

comparable to the magnitude of flux changes expected over & solar cycle

,&%p_[Blanchard and, Hess, 19647
The comparison of GSI‘C (1?/66) for 1965 with GSI‘C (12/66) for

1955 and for 1975 shows another factor Whlch must be taken into con— B

+

. ,sideration in studles of the temporal changes of the trapped radlatlon

JFigure 2 is a comparlson of GSFC (12/66) for 1965 W1th GSFC (12/66) for -
1975 at B = O 2h gauss, L=1. h R- The magnltude of the valiatlon in f
B-L space of the same geographlc coordlnates over a lO-year perlod

shows that the geomagnetic field is dynamlc. Trapped radiation flux

P -
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contours constructed in B-L space ean_contain_significant errors if the
field'model.used does not represent the'geemagnetic field al the time

- the deﬁa'were collected. An importahf-feaﬁure of the time-variafions

‘ ;'fof the geomagnetlc field w1th respect to the trapped radlatlon is the

E :change in altitude of the same B-L trace in the South Atlantlc anomaly

: ;_:'reglon. Flgure 3 shows the B-L trace of L = 1.4 R , B=0.22 and 0. 2h gauss :

fer 1965 end. for 1975. Over a lO—year period the minimum mirror-

.:point altitﬁde at L = l.hdRe, B.>'0.20 gauss decreases about TO kilometefs;
Particles mirroring at the.same B:ahd L values will experience‘a denser o
v-.atmosphere in 1975 than in 1965 The flﬁx of frapped radiation at
L =21k R and B = 0.23 gauss will decreasejby aboutva factor of four,v
‘ and at B‘= 0.24 gavss will virfually disappear in 10 years, independent .
-of solar activity. The preblems introduced~by'the time dependence of |
minimum mirror-point alﬁitudes cannot be circumvented by thevuse of a
’static field model because of the nature of temporal varlatlons (Fig. 2)
The geomagnetic field must be treated as a’ dynamlc field for any long- 1, 5 
range studies and predictions of_trapped rad;ationt |

The plots of the geomagnetic field coﬁpafisons ligted in Teble IT
are avallable in Univer51ty of Callfornla Space Sciences Laboratory
Report Series 8 Issue 69, "B-I, Space and Geomagnetic Fleld Models".
These plots can be used in converting flux deta in B-L space defined
by”one géomagnetic-field ﬁddel into B-L space defined by another,
provided geographic positions of the flux measurements ere known.

CONCLUSION
‘Model-dependent errors can cause large apparenf differences in:

trapped particle fluxes in B-L space. There is no simple way to transform



l”?:B-L points of one field model to B—L points of_another field model

“‘ffhwithout using the geographlc coordlnates used 1n generating the B-L

'”llvfmagnetic-fleld model., The range of model-dependent errors in B—L

“h}>;ft points. Temporal variatlons of the geomagnetic field alter the geo— ,};_¥:jf“;.h”
'Tig:graphic pos1t10ns of mirror-point tragectories. Slnce-the-domlnant,;‘jjlhjufgf
o partlcle~10ss mechanisms for the region of B-L space studled are

'v?*j'ionlzation and nuclear collls1on in the atmosphere, any computatlon of' '

, loss rates, lifetimes, and temporal changescﬁ‘partlcles in the inner

.'f’belt strongly depends on the use of an accurate time-dcpendent geo—f=~ R

Lii - space demonstrates the need for careful reevaluation of ex1st1ng data‘~h:,“5”‘ )

e that pertaln to po 51ble time varlations of inner-belt particle fluxes. 13;3'

v It is our opinion that the GSFC (l2/66 fleld model may possess,:” ﬁ
fSUfficlent accuracy to warrant its use for generating B-L coordlnates

in such reevaluatlon. However, the analys1s of particle flux data in

fﬂ;'regions of large flux gradlents requlres accuxacles in the computed

: 'fvalues of B that are of the order % ; hO to 507., Whether or not this
;f'accuracy is actually attained by the GSFC (12/66) model requlres experi;;”L §
mental conflrmation. ~The 1ntercompar1son of the GSFC (12/66) fleld w1th -i}"V
Uh‘the results of the Cosmos 26 and h9 uatellites in the South Atlantic _f{

HZI_anomaly [Cain, Langel and Hendricks, 1967d gives partlal confirmatlon

.'v'for the accuracy of a few tens of gammas -in the GSFC (12/66) fleld.: :1”

Wwe have showm that the GSFC (9/65) and . (12/66) field models descrlbe L

.‘Athe geomagnetic field, epoch 1965, in the South Atlantic anoma]y equally
well. We note, however, that the 99- cocff1c1ont GSFC (9/65) field -
-exnan51on'pre-dates the OGO—2 data, yet,-fits the 0GO-2 observatlons ini

the South Atlantic anomaly to an accuracy ¢ = * 1h.5y (Table I).




Thus, we believe there is ev1dence that the GSFC (12/66 field

.-_ model descrlbes the geomagnetlc field for epoch 1955 to the de31red

‘accnracy of. about * 507 . Improvements in the secular variations of
the,coefficients will, 1n‘all probability, requirevupdating'as later

field measurements become available It is therefore essentlal that

- .. trapped partlcle data be readily accessible in their orlglnal geographlc

coordinates to allow for any further reevaluation of the data should
*  subsequent improvements in the representation of the geomagnepic field

require it.
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" Table II Geomagnetic cox;nparisons of various ficld model configurations for three B-L vpoivnts.‘

Range of INJUN 3 proton fluxes

B'i .’.,1 Year for GSFC('12/66) Field for e\(alu;ting.B-L '{{ange of diffe;;ences Bange of differences (7 = particles/cme sec allowed
(gauss) (Re) \l;se.dLmt;;.:?::tz::;;g :} %etglj'ap:x;:i::t%z?nates AL, bet\veer‘x L and Li = AB, between B and B1 by errors in B-L space
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_________

”1;‘computed us1ng the GSPC (12/66) field epoch 1975 given “the geo—v~~n1“

ALongitudinal contours of B and L values 1n the northern and ‘
af{southern hemispheres computed w1th the JC (h8 coefflclent) field

3QLmodel given the geographic coordlnates of the mlrror p01nt _:’“id

-f’graphic coordinates of the mirror po:nt tradectory B = O 2h gau

:and L= 1. h R defined by the GsFC (12/66) field epoch 1905
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FIGURE CAPPIONS

R trajectory, B - 0.2 gaiiss and b= 1 b B " deflned by the GsFe (12/66)¢~__;3:»f
é field, epoch 1960._ Longitude 1s 1ndicated at 30 1ntervals, and ;"
7ﬁ»the South Atlantic anomaly is 1dent1fied by thc shaded area

T-Injun 3 proton flux contours, hO < E < 110 McV ‘are 1ndicated. ST

i_Temporal change of B and L coordinates over a lO year period,v.;,}if5;’ﬁ" R

‘ivLongitude is 1nd1cated at lO 1ntervals. ,'

'iTemporal changes in typical B-L traces in the region of thc South 3”“”'

Atlantic anomaly, computed us1ng the GSFC (12/66) fleld for epochs 1

1965 and 1975
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








