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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

REQ. AGENT RAND NC. ACD. AGENT

SAR V0297 CYN
SaR v0314 CYN
SAR V0346 CYN

8T8-41G (SIR=B)

IMAGE DATA AND AHNOTATION ON TAPE

|84-1082~018|

124

This data set catalog consists of %26 magnetic tapes. The tapes are
9-track, 1600 BPI, and were created on a VAY 11/780 computer. The tapes have
an ASCII header record at the beginning of each file, followed by Binary data
records. The D and C numbers along with the number of files and the imagery

start time are on the following pages.


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=ESTP-00009

84-108A~01B

D# c# #FILES FILE# IMAGERY START TIME
D-73375 1 1 280/07:07:57
D-73086 . C-25841 2 1 280/07:09:12

2 280/07:09:24

D~75884 2 1 280/11:51:09
2 280/16:30:57

D-72288 2 1 281/17:49:00
2 281/17:49:10

D~72289 2 1 281/17:50:45
2 281/17:50:55

D-72290 (~25443 2 1 281/17:51:27
2 281/17:51:58

D-72291 2 1 281/17:52:09
2 281/17:52:19

D-72292 2 1 281/17:52:51
2 281/17:53:01

.. D~72293 2 1 281/17:53:12
%%g 2 281/17:53:22
D~72294. C~25444 2 1 281/17:53:33
2 281/17:53:43

D~72295 ) 1 281/17:53:54
2 281/17:54:04

D~72296 2 1 ?281/17:54:15
2 281/17:54:25

D~72297 C~25445 2 1 281/17:54:36
2 281/17:54:46

D~72298 3 1 281/17:54:57
2 281/17:55:07

3 281/17:55:18

D~73383 C~25888 2 1 281/17:55:19
D-72494 C~25715 2 1 281/20:30:52
2 281/20:31:02

D-73082 C-25837 2 1 281/20:52:10
2 281/20:52:20

0~66491 C-24883 3 1 281/21:07:00
2 281/21:07:12

3 281/21:07:24



84-108A-018

D# gf‘ #FILES FILE# IMAGERY START TIME
D~75885 £-26647 3 1 283/18:51:41
? 282/10:05:50
3 282/10:06:01
D-75892 3 1 282/10:07:07
2 282/10:07:18
3 282/10:07:29
D-75898 3 1 282/10:07:40
2 282/10:07:49
3 282/10:08:02
D~73383 2 pa 282/15:25:59
D-73377 2 1 282/15:26:10
2 282/15:26:21
D-73378 2 1 282/15:26:32
2 282/15:26:43
D-74077 2 1 282/15:26:36
2 282/15:26:47
D-74078 2 1 282/15:26:58
2 282/15:27:09
D-74079 £-26192 2 1 282/15:27:20
2 282/15:27:31
D-74080 2 1 282/15:27:42
? 282/15:27:42
D-74079 C-26192 2 1 282/15:27:20
2 282/15:27:31
D-749080 2 1 282/15:27:42
2 282/15:27:42
D~74081 2 1 282/15:28:04
2 282/15:28:15
D~-74082 2 1 282/15:28:28
2 282/15:28:37
D-74083 2 1 282/15:28:49
2 282/15:29:00
D-74084 £-26193 2 1 282/15:29:11
2 282/15:29:22
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84-~108A~018

D# c# #FILES FILE# IMAGERY START TIME

D-74085 2 i ?282/15:29:33

2 282/15:29:44

D~74086 2 i 282/15:29:55

2 285/10:32:17

D-75904 2 1 282/17:28:52

2 ?282/17:29:03

D-75905 £-26657 2 1 282/17:29:19

2 282/17:29:30

D-75907 1 1 282/17:29:40
D~71171 3 1 282/19:09:11

2 282/19:09:22

3 282/19:09:33

p-71172 3 1 282/19:09:44

4 282/19:09:58

3 282/19:10:07

ég% D-71173 C-25446 3 1 282/19:10:18
- pa 282/19:10:29
3 282/19:10:40

n-71174 3 1 282/19:10:51

2 282/19:11:02

3 282/19:11:14

D-75908 3 1 282/22:31:31

2 282/22:31:42

3 282/22:31:53

D-73081 £~25836 2 1 283/12:33:39

2 283/12:33:50

D-71336 1 1 283/12:34:0%
D-75906 3 1 283/15:09:29

2 283/15:09:40

3 283/15:09:51

D-75882 2 1 283/18:51:43

2 283/19:25:00

D=-72491 C-25716 1 1 283/18:51:55

%ﬁ%% D~73374 £~25885 3 i 283/20:01:02
S 2 283/20:01:12
3 283/20:01:22



84-018A~018

D# C# #FILES FILE# IMAGERY START TIME

D~70006 C-25440 2 1 283/22:14:47

2 283/22:14:57

D~70007 2 1 283/22:15:07

2 283/22:15:18

D=-70008 2 1 283/22:15:28

2 283/22:15:39

D~70009 C~25441 1 1 283/22:15:49

D~72490 C-25717 3 1 283/22:30:00

2 283/22:30:11

3 283/22:30:21

D-72492 £-25718 3 1 283/22:30:32

‘ 2 283/22:30:42

3 283/22:30:53

D~72493 £-25719 3 1 283/22:31:04

2 283/22:31:14

3 283/22:31:25
&

= D~-72495 £~25720 3 1 283/22:31:35

2 283/22:31:46

3 283/22:32:03

D-72496 C-25721 3 1 283/22:32:14

2 283/22:32:25

3 283/22:32:35

D~72497 C-25722 3 1 283/22:32:46

2 283/22:32:57

3 283/22:33:07

D~72498 C~25723 1 1 283/22:33:18

D-72499 C-25724 2 1 283/22:33:29

2 283/22:33:39

D-72500 C-25725 2 1 283/22:33:50

2 283/22:34:00

D~72501 C-25726 2 1 283/22:34:11

2 283/22:34:22

D~74087 1 1 284/10:53:51
N

D-74089 C~26194 1 1 284/10:54:12



%%%

84-~108A-01B

D#
D~74090
D-~74091
D~74092
D~74093
D~74094
D-74095
D~74096
D~74097
D-~74098
D-75896

D~75902

D-70010
D~70011
D-73376
D-73379
D-73083

D-73084

D~-75888

£-26195

£-25886

€-25838

C-25839

#FILES

1
1
1

FILE#
1
1

1

PN et (AR (PO o N

0 PO -t

PO bt

IMAGERY START

TIME

284/10:
284/10:
284/10:
284/10:
284/10:
284/10:
284/10:
284/10:
284/10:
284/14.
284/14:
284/14:
284/14:
284/14:
284/14:

284/18:
284/18:

284/18:
284/18:

284/18:

284/18:
284/18:

284/18:

284/20:
284/20:

284/20:
284/21:

284/21:
284/21:

54
54:
54:
54:
55:
55:
55:
55:
55:

22
33
43
54
04
15
25
36
46
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84B¥08A~018

D~70012
D~70013
D-73085
D~70014

D~70015

D~75890
D~75891
D~75893
D~75894
D~75897
D~75899
D-75901

D~75903
D~74074

D~74075

D-74076

D~73078

D~73079

D~73080

D~75881

- C#

C~25840
C~25442

C-26649
£-26650

C~26651

C-26195

C-25833

€-25934

£~25935

£-26646

#FILES

1

FILE#
1

N it b N et

P et

N et ™ s

™ N - O et AN

(SN I

IMAGERY START

TIME

285/11:
285/11:
285/11:
285/12:

285/12:
285/12:

285/12:
285/12:

285/21:
285/21:
285/21:
285/21:
285/21:
285/21:

285/21:
285/21:

285/21:

286/00:
286/00:

286/00:
286/00:

286/00:
286/00:

286/00:
286/00:

286/00:
286/00:

286/00:
286/00:

286/13:
286/13:
286/13:

59:
59:
59:
00:

00:
00:

00:
00:

50:
50:
50:
50:
50:
51:

51:
51:

51

43:
44:

44
44.

44.
44.

44
44.

45:
45:

45:
45:

04:

05:
05:

24
35
45
04

24
34

45
55

12
24
35
46
57
09

20
31

142

56
a7

18
36

46
57

46
56

a7
17

28
39

48
00
11



84~-1082~0 1B

D# c# $FILES FILE# IMAGERY START TIME
D-75883 3 1 286/13:05:22
2 286/13:05:33
3 286/13:05:44
D~73373 2 1 286/13:05:45
2 286/13:05:57
D-75886 3 1 286/13:05:55
2 286/13:06:06
3 286/13:06:17
D-75889 C-26648 3 1 286/13:06:26
2 286/13:06:38
3 286/13:06:49
D-75895 3 1 286/13:07:00
2 286/13:07: 11
3 286/13:07:22
D-75900 3 1 286/13:07:33
2 286/13:07:40
3 286/13:07:52
D-75887 1 1 286/16:32:16
D-71175 2 1 286/18:06: 10
2 286/18:06:41
D-71176 2 1 286/18:06:52
2 286/18:07:35
D-71177 C-25447 2 1 286/18:07:46
2 286/18:07:56
D-71178 2 1 286/18:08:07
2 286/18:08:17
D-71179 1 1 286/18:08:28
D~71337 2 1 286/18:08:40
2 286/18:08:51
D-71338 C~25448 2 1 286/18:09:01

286/18:09:12

D~71339 2 1 286/18:09:22
2 286/18:09:33
D-71340 2 1 286/18:09:44
2 286/18:09:55



D# C# #FILES FILE# IMAGERY START TIME

D-71341 2 1 286/18:10:05
2 286/18:10:26
D-71342 C-25449 2 1 286/18:10:36
2 286/18:10:47
D-71343 2 1 286/18:10:57
2 286/18:11:08
D-71344 2 1 286/18:11:18
2 286/18:11:29
D-71180 2 1 286/18:12:10
2 286/18:12:20
D-71181 2 1 286/18:12:32
2 286/18:12:42
D=-73383 £-25887 2 2 286/18:55:15
D-73087 C-25842 2 1 286/20:29:00
2 286/20:29:21
D-73088 C-25843 2 1 286/20:29:32
2 286/20:31:55
D-73089 C-25844 2 1 286/20:32:06
2 286/20:32:17
D~-73090 C-25845 2 1 286/20:32:27
2 286/20:32:38
D-73091 | C-258456 2 1 286/20:32:49
2 286/20:32:59
D-73380 2 1 286/20:33:10
2 286/20:33:21
D-~73381 2 1 286/20:33:32
2 286/20:33:42

D-73382 1 1 286/20:33:53




BRIETF DESCRIPTTION
Image Data & Annotation on Tape
84-108A-01B

This data set contains radar images of the earth on 9-track, 1600-bpi

%%%agnetic tapes. The digitally correlated images were acquired at 1.28 GHz
frequency (23 cm wavelength) and at varying incidence angles from 15 to 60
deg. The resulting imagery has a scale of 1:500,000. 1Its resolution is 25
m along track and 15-58 m across track, and it has a swath width of 20-40 km.
In addition to image data, annotation is also included on a tape. Limited
coverage of all continents except Antarctica is available. For more detail,
refer to the maps in "The Shuttle Imaging Radar B (SIR-B) Experiment Report,"
JPL 88-2. This data set can be obtained from the Radar Data Center at
NASA/JPL. Requests for digital and film SIR-B data can be directed to the
following: Ms. Anne H. Richardson, or Mr. Don Harrison, Jet Propulsion
Laboratory, Radar Data Center, Mail Stop 300-233, 4800 Oak Grove Drive,
Pasadena, CA 91109-8099, (818)354-2386 or fax (818)354-9476.

DATASET REMARIKS
84-108A-01B
Image Data & Annotation on Tape
Restricted Distribution. Currently government users only.

ACKNOWLEDGEMENTS

When using the data in any reports, publications, or presentations, please
acknowledge the National Space Science Data Center.
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DUMPS ABCII TAPE

INTEGER#Z LIMS{Z, 61}
EYTE B{(81i92)
DATA LIMS/

1 1, 50, 51, 83, 8&, 123, 124, 148, 14%9. 184, 183, 222,
1 223, 276, 277, 3206, 321, 340, 341, 343, 3464, 400, 401, 442,
H 443, 470, 471, 498, 49%, 524, 527, 533, 356, 584, 585, 613,
1 &14, 645, 644, &84, &85, 71s&, 717, 734, 737, 755, 7B&, 774,
i 777, 7%9&, 797, 8153, 8l4&. 8B32, B33, 258, 85%, 887, 888, 11,
1 712, 949, 950, 932, 983, 10462, 1063, 1144, 1145, 1223, 1229, 12&64,
1 12467, 1297, 1498, 1330, 13381, 1344, 1363, 1397, 1398, 1431, 1432, 1444,
7 14463, 1458, 1499, 1331, 1532, 1343, 1544, 1393, 1394, 14612, 1413, 14641,
B 14642, 1672, 1673, 1700, 1701, 1734, 1735, 1777, 1778, 12813, 1814, 1859,
G 13860, 1904, 1907, 19435, 1944, 19463, 19464, 2001, 2002, 2030, 2031, 20461,
T 2062, 21 /

Call TAPIO(L, B, 1, 1DUM:
WRITE(S, 10020
002 FORMAT ( ‘3QUTPUT TO TERMINAL (353 OR PRINTER (437 73
READ(S, 1003y I0UT
003 FORMAT(IL1:
CalLlL TaPIQO{(3.,B.8192, IDUM:
DO 100 I=1,41
WRITE(ICOUT, 1000 (B(J}, J=LIMS(1, I, LIMB{2Z2, 1)
100 CONTINUE
R8I0%s] format(iz. B4al}
CALL EXIT
END
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Data Set Name:
Date:

Objectives:

Description:

Inputs
Cards

Output:

RA 7663

Tilted Magnetopause and tail magnetic fields.
August 16, 1971

To convert CDC Fortran program to IBM
Compatible Fortran.

Minor changes were made to the program as

follows:

(1) The 026 punched deck was changed to 029
punched deck;

(2) Unit assignments for Sysin and Sysout was
changed to IBM Compatible units;

(3) Buffer areas were cleared before execut-
able statements. (see attached for JCL
set up)

Data input via SYSIN DD*

SYSQUT=A printout



JCL Procedure

//JOBNAME  JOB (acct.Information.eeeese .),Boxit,MSGLEVEL=L
//STEPL EXEC FORTRANH
//SOURCE . SYSIN DD *

SOURCE MODULE

K

//STEP2 EXEC LOADER

;/GO . SYSUDUMP DD SYSOUT=A
3



5301 Bohy Avene, Huntiogton Beach, CA 92647 (714) 896 3311

June 29, 1971
A3-830-BBKO0-269

Pr. J, H. King
ational Space Science Data Center
SA Godd

Dean Joe,

d is the program deck for my tilted magnetopauseland tail
) NS

1ds. I have sent: (1) a Fortran IV deck, (2) a
sting from that deck, and (3) written comuents on the

)
T

use of the program.
The deck includas a main program which can be used for testing
snd the data cards for the power series coefficient representation

of the 1ds (throughin = 4), I wili send you the sets of co-
efricients for selected tilt angles shortly. They are best used
with a different version of the subrcutine, ENTERP.

Please feel free to contact me if there are any problems.

Very truly yours,

WPO:ph

Enclosure (u)

7
o

MCDONNELL DouaLaq)-,__.

conporarion
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COMMENTS. ON TILTED MAGNETOSPHERE MAGHETIC

FIELD MODEL
Two magnetosphenic magnetic fialds, produced by the magnetopause and tail
currents, are represented as scalar potential series expanded about the center

of the earth.

The magnetopause currents are datermined for various orientations of the earth's
dipole axis to the solar wind divection by self consisteatly solving a pressure
palance equation (0lscn, J. Geophys. Res., 74, 5642, 1969). The tail currents
are determined empirically by demanding that the field they produce exhibit the
bserved in the tail magnetic field. (OTson, MDAC paper WD 1332, 1970) .

featuyes o3s

The following subroutines are proyided; MAGNET, ENTERP, POTNTL, LGNFAC, and

LEGND.

The user's program should call ERTERP before the other subroutines are used.
In ENTERP, the magnetopause field is set to a given strength (determined by
the standoff distance of the solar wind at the subsolar point). The tail field

is presently adjusted in the same manner (for convenience). The user can easily

modify ENTERP so that the tail field has any desired strength independent of

the magnetopause field. The coefficients are also "tilt" dependent. In ENTERP
auxiliary cozfficients are expanded in power series in the tilt angle, u (the

complement of the angle between the solan wind direction and the geomagnetic

dinole axis). w is positive in northern nemisphenic summer.
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coordinates. The dipole axis therefore makes an angle, u, to the ZS'-‘ axis.

(The X, axis points toward the sun, tle ZSH axis is in the plane formed by
and is pevpendicular to Zgu. Ygy 1s perpendicular to

,and the cipole axis &

|
and YS‘& s0 that serially XSM’ YSM and ZS.’-I describe a right handed coordinate

As
systen.) The coefficients given in power series forma are not as accurate as
the “raw! gaussian coefficients and should not be used for geocentric distances

largen than ~ 7 Re. (They work quite well out to geosynchronous altitude [see
Olson and Cumnings, J. Geophys. Res., 75, 7117, 19701.) For larger geocentric
distances, especidlly in the antisolar direction, the raw coefficients must be
used. In the regions where the source currents flow these scalar potential

representations of tne magnetic field can not be used. Because the expansions

number of temns, they should not be used at any position with

contain a
than the minimum geocentric distance of tne currents.
Cenerally, this restricts the use of these potentials to geocentric distances
less than 10 R: although they have often been used out to 15 RE in the tail.

The magnetopause are determined in POTHTL. They are obtained

Bl» Bgy B, and point radially

the direction of increasing argument)

frem a 'scalar po

outward, south, and east (all in

respectively. V is given in terms of a series of the form:

@ n
RO m
V=) i cos (m) Pn(e)

1 4 P : : - 1 : s
where P are the associated legendre polynomials. Tne Pn1 are computed with their

depivatives in LEGND. Before calling LEGND, POTNTL calls LGNFAC where the
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7 for the coefficients “\‘nl and other "constants" are

Please address any questions to:

W. P. 0lson

ca Sciences Department, BBKO, MS 20
McDonnell Douglas Astronautics Company
5301 Bolsa Avenue

Huntington Beach, Ca. 92647
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INTRODUCTTON

Tha shape of the magnetopause has been detormin_ed for the range of b F
'ti1t angles' of geophysical interest by solving a pressure balance equa- :
tion (0lson, 1969), Tha tilt anq\le, w, is the complement of the angle
between the direction of the undizturbad solar wind and the gc&magnetic
dipole axis (see Figure 1), Since the magnetopause currents reside on
the magnetopause, it {s easy’ to‘ calculate them once the shape of the mag-
netopause is known. The magnetic field from the magnetopause currents
is then found by {ntegration over the current system using the Biot-
Savart Law. =

The neutral sheet current system is inferred from in-situ meas.urements
of the magnetic field of the magnetospheric tail. Although this current
system is not obtained from a basfc knowledge of the maqnetosnhere. the
mode] developad here incorporates several of the features observed in the
tail. These include gradients in the total field as a function of xsm
(see Figure 1), field gradients across the neutral sheet, and the rate of
magnetic merging, the position of the neutral sheef within the cylindrical
tail of the magnetopause, a 'theta' cross section (see Figure 2) with
currents flowing across the neutral sheet and returning on the cylindrical 2
boundary, and the observed diameter of the cylinder. Finally, care was
taken to {nsure that no infinite fields are produced by the current system
as occurs {n previous models. The tail field is found by integration over -
the tafl (neutral sheet) current system. [

Because the 1nteqrat10n is so time con:uning. ‘both boundary (magneto-
pause) and tail (neutral .heet) fields are given here in terms of
scalar potentials. Since the two, potentials add as scalar duantities. the

combined field of both the houndarv and tail current systems can be calculated
boundary field of Nead (1964).

as rapidly for any tilt ancle as lﬂle *zero tilt’

\



MAGNETOPAUSE CURRENT SYSTEM

he formation of the magnetopause curvent system is well understaod
(Parker 1958, Beard 1960), The solar wind ion and elnctrons are deflected
in opposite -directions when ‘they encounter the qeomagnetic fieid. This
interaction takes place over the region {the magnetopause) where the kinetic
prassura of the soiar wind balances the enargy density (pressure) .of the
geomagnetic field, The calculation of the sﬂépe of the magnetopause is
thus equivalent‘to the determination of the position of the magnetopause
current system. The shape of the magnetopause has been calculated for the
entire range of tilt angles of geophysical interest (01son 1969). The
procedure used is similar to the one developed by Mead and Beard (]964).
It involves finding a 'first surface' and then computing the magnetic field
resulting from currents flowing on that surface to more accurately predict
a 'second surface'. The position and strength of the currents f!owing on
the magnetopause are therefore obtuined as a by-pro&uct of the calculation
of the shape of the magnetopause.

The magnetopause current system consists of iwoesets of closed loops
centered on the two neutral points. As seen from toe sun, it is very similar
in appearance to the equivalent overhead Sq current system. The position of
the magnetopause current system and its strength are of course, dependent on
the tilt angle. The line of centers between the neutral points is apgroxi-
mately paraliel to the geomagnetic dipole axis for all tilts. The currents
flowing on the tail of the magnetopause (Xxm < 0) are génera11j two orders
of magnitude smaller than those on the nose and:fn the vicinity of the neutral

points. The antisolar cross sections of the magnetopause are almost circular

for all tilts. ; i



NEUTRAL SHEET CURRENT SYSTEM

The features of the neutral sheet current system are inferred from

measurements of the magnetic field it produces. The tail of the magneto-

pause has an observed radius of about 20 RE {Hess. 1965). The field lines
are roughly parallel to the undisturbed solar wind direction belov the
neutral sheet (Zsm < 0) and antiparaliel above 1t (Heppner et al. 1363,
Ness, 1965). Tnebtail field has been measured past the orbit of the moon
(60 RE) (Ness, et al. 1967). The noutral sheat (Mess, 1965) is defined <o

be the region where the where the magnetic field reverses its direction and

{s emall in magnitude.. It is thin (a few hundred kilometers thick). The

mﬁumofmemmmlMmtmmmtMcﬂmwmﬂmmmmmmeMme

is constantly changing. It is above the earth-sun line in sunmer and below

it in winter (Speiser aid Ness 1967). This seasonal variation has been
attributed to the tilt arile and it has been suggest~d that the neutral
sheat is hinged to the dipole axis (Murayama, 1966 ané 0lson and Cummings,
1969). The tail-like magnetic field begins at 10 33 RE on the midnight
meridian (Speiser and Ness 1967). . The strength of the tail field has been

reported by several investigators (Ness 1965, Ness, et al. 1957, and Mihalov

et al. 1968) (see Fiqure 3), Mihalov et al, and Speiser and Ness have also
studied the merging of field lines through the neutral sheet and the strength
of the component of .the field perpendicular to the neutral sheet there.

The model of the neutral sheet current system used here (details are

given in 01son, (1970a) has a ‘theta' cross section (see Fiqure 2). The

neutral sheet is hinged to the dipole axis. (See Figure 1). The currents

flow across the neutral sheet and return {in equal amounts on the two halves

of the cylindrical boundary. The length cf the hinge is 10 RE,’ The distance

of the neutral sheet above the soiaﬁ magnetospheric equatorial plane (Zsm = 0) -

{s given by aZ = (10 sin a) R;. whe?e a » p/2. This allows /AZ/ to have a !



maximum value of 3 Rg which is similar to the observed deviation of the
neutral sheet from the center of the cylinder {Anderson, 1870). The cur=

rent density and its gradient are both zero at the Thner cdge of tne

the

o+

neutral sheet. This is done to avoid the infinite field present a

edge of the current sheet in previous modeis. The currents then ieveled
to their maximum val'lue 2 Re behind the 'front' of the ncutral sheet.
They then decay. exponentially with a fo'ldx'ng.'distance of 24 RE' The
folding distance for the tail magnetic field is about 60 RE (Mihalov,

et al. 1988).




DETERMINATION OF THE MAGNETOPAUSE
AND NEUTRAL SHEET MAGNETIC FIELDS

The magnetic field associated with each current system is found by
integration over the currents using the Biot-Savart law. Since this can-
not be done analytically for either current system, {hey both must be
divided into several area elements and the integration replaced by & sum=
mation. For the magnetopause current systei this involves about 2500 area
elements, for the tail and neutral sheet, over 1800 area elements. This
brute force summation is of course very costly in computer time. ‘The mag-~
netopause field BNP' and the tail field, B gy are therefore
described in terms of scalar potentials, V and U, BrP = - 9V, and an = V.
For a given solar wind strength and tiit angle V and U are functions only
of the position where the magnetic field is to be calculated. Their use
results in cnnsiderabie savings of computation time. Both V and U are ex=
panded in spherical harmenics about the earth's center. Since a scalar
potential cannot be used to represent the magnetic field in a region where
the field source currents exist, the use of V andJJ is restricted to a geo-
centric spherical region with.a radius of about 10 RE. This is also tiue
for the 'zero tilt' coefficients of Mead (1964).° Thus U cannot be used to
accurately predict ENS for XSM <~ 10 RE. (gNs can. be found in that region

by the direct integration method described above.)

The Calculation of V and U :
It is convenient to represent V and U in a geocentric sphcr%ca] nolar

coordinate system. Since the orienfation of the dipolé axis to the flow

direction of the unperturbed solar wind determines the magnetopause shape,

V and U are presented here in solar-magnetospheric coordinates (See Fig. 1).

|
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(If geographic or geomagnetic coordinates were used, Vand U would have to

be redetermined for all times through the year. Here they depend only on

the tilt angle.) _
The general form of V or U in o spherical coordinate system is:

s ST
ver za (D) (A cosme+ Bl sinme) PY (cos 8)
n=l m=0 0

constant length (here it is 1 Re). r, 8, and ¢ are defined in

where a i

solar magnetospheric coordinates, Pg (cos ©) are the associated Legendre

S a

o el s o
functions and A", BT, A", B." are the coefficients that must be determined
= ) 00 Thoae apo mrt e Eees ,,,/Y,.Mﬁ»v,,.

by a spherical least squaréE'E;st,fit. or an external field source {source
distance larger than aj A;m and B;m are zero for all n and m, (The currents a
they induce within the earth, however, will be given in terms of the primed
coefficients). Since the plane containing the solar wind flow direction and
_the dipole axis is the plane of symmetry for the magnetopause and its associated
magnetic field, if ¢ is measured from this plane (See Fig. 1), V can be given
in terms of the Aﬂ. (A1l B: are zero). Adcitional sympetry present for the
u = 0° magnetopause does not remain for u § 0° and Zhe AE must be calculated
for all values of n and m. The A: were determined through n = 6 for 0° < u < 35%1
in 5% steps for the magnetopausé field and in 10° steps for the neutral sheet .
field. The coefficients for y < 0° are readily determined from symmetry
conditiens. (If n + m is even, Aﬁ (-u) = - Aﬁ (e and if 0+ m is odd,
A (u) = A7 (0).) :
The Values of Ag for V (the magnetopause field)’

For given values of n, m, and u, A: is dependent only on the size of the
magnetﬁpause, or, equivaiently, on the pressure of the‘solar wind, -As

the scale of the magnetopause decreases by a factor v, the ratio of the

|
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magnetopause field to the dipole field (for each component) remzins
constant., It is the same at the original r (0, ¢) and at the nev v @ /
value '(given by y v (8, ¢). This condition is satistied if

w UrA e r ey oy +
An . r (BREF' ¢REF) ] Cn constant, > 1)
where 8per and SREF are the values of @ and ¢ vhere the size of the mag-
netosphere is measured. For ‘zero tilt® Mead (1964) used the subsolar
distance, i.e., the vajue of r at the magnetopause along the earth-sun
line. It is noted that any values of Opee and SpEF can be7used. For the
tilted boundary considered here, OREF is zero and °§EF is 60° in solar
magnetic coordinates. In solar magnetospheric coordinates SREF remains /

5 5

zero while 6pce is (90 + p).- (The value of » (°REF' °REF) is ivndependent [,‘/ 'ﬂ{n.

of the coordinate system used,) For a given solar wind strengthl'r £

(Oper» 9pep) 1s dependent on the tilt angle (See Table 1). Using the C':, bﬂ‘ﬂ"(/#
it is possible to represent the magnetic field of the magnetopause current /-}
system for any solar wind pressure. This involves<a separate list of
coefficients for every tilt angle. The values of C::, which are not depen=
dent on the solar wind pressure, are given for four tilt angles in Table 2.
Since it 1s often necessary to know the C'r': for values -of w not g'iven
in the tables, it is convenient to represent the C': {u) in terms of povier
series in u. There results a set of coefficients (for the power series)
that allow V» which depends on both solar wind pressure and the t‘I.H: angle,’
to be represented analytically. Thus C:: (u) is gilven in terms of three
constants a1, a2, 83, such that
o @

Cr:‘(u)-él*aZ"»faB*‘uZ

v

i
|
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A least saquares best it was used to find al, a2, and a3. Fitting cﬁ {uj
1

Tit.

to a higher order polynoimial did not considerably imnrove the averal
For this reason and because a rapid computer code for the boundary ficld
is desired only terms up to uz are considered. Representing ¥ througn n =6

results in 28 values of Cw (n), each of which is given in terms of tna

first 3 coefficients to a power series. This 1ist is shown in Table 3.

The coefficients CE (u) can therefore be found for any value of u. The

values of Aﬂ. which are finally used to compute V and 8., are then found

from (1) together with a knowledge of the solar wind strength. Thus, V is

e and solar

represented as a continuously varying functicn
\

wind pressure.

The Values of A: for U (The neutral sheet field)
U is also dependent on the tilt angle since the neutral sheat is

‘hinged' to the geomagnetic dipole axis. It is alsg under the control of

the solar wind. The relation of the solar wind pressure to the neutral
sheet current strength is not well understood. The A: for the tail field
are therefore, for convenience, represented by Cﬂ. Exact%y the same way as
was done for V. The C: for the tail field are given in table 4. It must
be emphasized that this representation does not imply that the neatral
sheet currents are under the same control by the solar wind as the magneto-
pause currents. A: can be found from C? for all n and m and then used
accordjng To any relationship between solar wind parameters and ne.trai
sheet current strength. (If left as they appear'in Table 4 the C: can be
added lineariy to the Cn in Table 2, The magnetopa&se and neutval sheet
fields will then change thefr strcngths in the same manner as the solar
wind pressure changes). The CE are again rebreséntcd by power series

expansions. The coefficients are Piveﬁ in Table 5.

1
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DESCRIPTION OF THE MAGNETOPAUSE NAGNETIC FIELD

The magnetapause magnetic field consists of field lines terminating

at the two ncutral points. The ficld persists both ®ithin and cutsice O

the maanetopause, The field lines are perpendicular to the current direc-
tion and the unit vector normal to the magnetopaust at all points on the
magnatopause. The field is strongest in the subsolar region and falls off
rapidly beyond the neutral points. HNote thaé +he neutral noint with the
smallest geocentric distance (for y 4 0°) has the larger field. v @ag-
netopause field is quite small in the region of the tail (less than oy at
the front edge of the neutral sheet). Field lines from both magnetopause
and tail currents are shown in Fig. 4 with w = 15° using U and V with n = 4.
DESCRIPTION OF THE MAGNETIC FIELD OF THE NEUTRAL SHEET
CURRENT SYSTEM PREDICTED BY THE IODEL

The Field lines predicted by the model are parallel to the fiow direc-
tion of the solar wind throughout the tail region éxcept near the front edge
of the neutral sheet and just above or below it. The total
field strength decreases abruptly near the neutral <heet for large nagative
Xsm (Xsm < =35 RE) over a region of 1 RF. The Z conponent of the field
(perpendicular to the neutral sheet) falls from about +5y at 40 R¢ to Iy
at 100 “E' This compares well with Explorer 33 data published by Mihalov
et al. (1968) (See Fig. 5). The decay in the total field is given in Fig. 3.
It is seen that the exponential folding length of the field is about €0 RE’
close to the value reported by Mihalov et ai. This is larger than the
folding iength of 32 RE used for the currents.. This difference in the

folding lengths results because the field depends on the entive current

sysiem. ' 2
The model is not closed, 1.e} it doas produce a field beyond the

cylindrical magnetopause bou *"yL

\
|

i , the field does fall off much
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more rapidly in this reglon than the field produced by the semi-infinite
piane sheet of Williams and Mead (19G5). Because both the current density
and its gradient are zero at the front edge of the neutral sheet, the
present model avoids the 1oqarithmic infinites present at the edges of the

semi-infinite plane sheet model.

SOME MANIFESTATIONS OF THE':COMBINED
MAGNETOPAUSE AND TAIL FIELDS

MAGNETIC VARIATIONS AT THE EARTH'S SURFACE
The magnetic variations at the carth's surface produced by the magneto-
pause and neutral sheet currents have been calculated. The neutral sheet

contribution is seen to be similar to the average observed variation pattern.

(See Fig, 6). This is quite remarkable in that the neutral sheet currents

are geometrically much more simple than the ionosphgric dynamo <
which produce most of the surface magnetic variations.

The magnetopause variations have been examined in considerable detail
(01son, 1970b), They include rot only the average ddily variation pattern,
but also both semiannual and annual periodigities. The magnetopause also
produces longitudinal variations in the earth's surface field. In all
respects these variations (both temporal and spatial) agree in form with
the observations. The magnetopause and neutral sheet currents thus are
responsible for over 20% of the earth's surface magnetic variations. The
dafly variation pattern at summer solstice at 111° east longitude is shown
in Figure 7. It is very similar to the neutral.sheet pattern illustrated

in Figure 6. f e : i
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TIME VARTATIONS IN CONOUGATE POINT PHENOMENA

The effects of the combined magnetopause and tail fields on mécne»o
pause and tail fields on magnetic conjuqate point 15&ation have been
examined. If only the internal field is considered, the conjugate point
position does not change With time. This is also true when tne main field

is used together with the magnetopause and tail fields and the colar vind

is considered to be incident perpendicuiar to the geomagnetic dipoie axis.
Howeven, when the effect of the continuously changing orientation of the
dipole axis with respect to the solar wind direction is considered, the
magrietopause and neutral sheet currents produce time varying magnetic fields
which cause both daily and seasonal variations in qeomagnetic conjugate
point pesition. .

In Table 6 the conjugate point positions as predicted by the potentials
U and V with n = 4 are given for a set of o, ¢ values (in solar-magnetospheric
coordinates) with w = 15°, It is seen that, except for high geomagnetic
Jatitudes, the deviation of the conjugate point position from the main field
conjugate point location is only a few kilometers.  The magnetopause field
effects the conjugate point position more than the tail field everywhere
except near midnight at high Tatitudes. The conjugate point displacements
predicted here are almost everywhere opposite in direction to those predicted
by Barrish and Roederer (1969). The present values may be used with -caution
in the auroral region but certainly do not accurately predict conjugate phe-
nomena in the polar cap region. This is because of the other current systems
present {n that region. s

Note in Table 6 that open lines go back into the tail. For n = 4 there
viere no lines tnat wandered cut through the mngnetopanse.' Forn = 2, the
1ine originating at @ = 65°%, 4 = P“ did vander.

|
|
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When the pover series coefficients are used to represent Cn it is
suqgestad that since some accuracy is lost, the series should not ¢
used with n greater than 4. Finally, since U and V are scalar potentials,
they can not be used in the region of the source currents for E”? and EHS'
This implies that U and V should not be usz? for geocentric distances much
larger than 10 Rc. (The same restriction applﬂgs to Mead's (1964) ‘zero

.

tilt coefficients.)
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FIGURE CAPTIONS

Definition of the tilt angle, u. The tilt anqle is positive in
northern hemisphere summer. ' The ‘hinge', ;onnccting the neutral
sheet and the dipole axis, is also shown. Note both solar mag=
netic and solar magnetospheric axes.

Theta cross section of tail and neytra1 sheet current systcit
Tooking from the earth. The current flows across the nautrai
sheet apd returns on the cylindrical boundary. The emount of
current on-each lobe is inversely proportional to the area of
that lobe.

The observed and computed strength of the tail field. Results
From several model parameters are included.

Magnetic field line configuration in the noon-midnight meridian
plane using U and V with y = 158 thr&ugh_n = 4,

Observed and computed field gradient perpendicular to the neutral
sheet.

Vagnetic variations at the earth's sur.fac’e from the neutral
sheef currents.

Magnetic variations at the earth's surface from the magnetopause

currents,
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Table 1. Values of © (9. bag) OO various tilt a‘nlﬂes. (r(6,05> boof)

is perpendicular to the dipole axis and lies in the solar-magnetospheric

o e : Byt
noon meriaian plane. 1(0..c °ref) is given in carti radii.

Y Moo °ref) ﬁrcf(dw) °ref(dm)
0 10.725 .90 @
5 10.767 95 0
10 70,841 100 0
15 10,889 . 105 0
20 10.898 ) 0
25 10.993 115 0
30 11.128 120 0
35 11.166 125 0

e e



(FOR THE MAGNETOPAUSE FICLD)

Table 2. The values of C: for various tilt anqles. (C: =

l n+2
Ay T0ege Sraf) )t

Value of u

20° 30°

=
El
o
°
o
o

-0

'
o
o
S No Ge;
5o o 3
diml ol
RN S

-.0004 ,0033
.0000 -.0004 .0074

MNP W OUBWN—ORON—OWN—2ON—0—+00
o
S
S
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Table 3. The values of the coofficients of power series vepresentations of

Cmua‘l+a2.u+a3.u2uhcreuisin

C:“ for the magnetopause field.

degrees. (.234) E-3 = .0002341)

n n al a2 a3

14 Ul 0000 L 00Ch

1 g -, 2565 L0000

1 1 ,0000 L GGB3E-2

2 a .0000

7 i -.1260

2 2 L0000 7

3 0 ~.3279E-1 .0000

3] 1 L0000 -.1738E-2

3 2 -, 5865E-1 .0C00

3 3 .0000 -,6820C-3

& Q . 0000 .1519E-2

& 1 -.5266E-1 L0000

4 2. .0000 ~.1764E-2 .

& 3 .5809E-2 .0000 -.3869E-4
4 4 0000 =, 1362E-8 .0000

& 0 -.1070E-3 0000 ,2204E-4
5 1 .0000

5 2 -.1109E-4
5 3 .0000

5 4 -, 1822E-4
5 =) 0000

6 0 .000!

6 R .8518E-4
6 2 .0000

6 3 - G466E=4
6 4 0000 -,4070E=-3  .00C0

6 5 .3090E-2 .0000 ~.2068E-5
6 6 .0000 .6961E-4  .0000

I
|
{
1
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Table 4. The values of CE (for the neutral sheet field) for various tilt
5 m n ’ n+2
anales, Again, Co 7 Aj e P A0 e dpaflt

Value of u

n n 0° 10° 20° 30°
0 (¢} .0000 L0000 .0000 .0000
1 0 .0856 | ,088 s ,0892 .0942
1 1 .0000 .0045 .0092 L0146
2 0 0000 .0004 .0076 .0123
2 1 -.0560  -.0591 -.0597 -.0637 .
2 2 ,0000 -,0022 -.0044 -.0071
3 0 -.0021 -.0216 -.0214 -.0225
3 1 .0000 ~.0034 -.0069 -.013
3 2 L0018 L0189 .0188 .0200
3 3 0000 .0000 .0017 0027
4 (ifremesse © 0000 .0000 - -‘,aazﬂ.' ~.0057
4 1 .0075 .0072 . ,0001 -.0056
4 2 L0600 ..0016 ,0034 .0057
4 3 0046 ¢ =.0069  =.003, -.0038

4 - ,0000  -.0002 ¢ .0007 .0018



le 5. The values of the ccéfﬁcients of power series roprosentations of
g‘\ for the neutral sheet field, C:‘ = al + a2 . u+a3 . u-where is in
daqrees.  (.2341 E-3 = .0002341) =
n n =) a2 a3
0 () s .0000 .0000 < .0000
1 0 ' .8654E-1  .0000 .8326E~5
1 3 1 .0000 474883 .0000
2 0 .0000 .3740E-3 .0000
2 1 ;.5767E-1 .0000 -.0567E-5
A 2 0000 -.2310E-4 .0000
3 4 «,1482E=1  .0000 -.1043E-4
3 1 .0000 ~.3648E-3 .0000
2 L12946-1 0000 .9433E-5
3 g ,0000 .- +,8206E-4 .0000
4 0 .0000 -.1699E-3 .0000.
4 1 .1143E-1  .0000 - 354164
4 2 .0000 .1815E-3 0600
4 3 -.4539E-2  .0000 113265
4 4 .0000 .3481E-4 .0000



Table 6. Conjugate point locations as predicted by U

solar-

expanded through n =

and U + V.

g -and ¢ are

magnetospheric latitude and Tlongitude, respectively., The serics are

4 and the tilt angle is 15°. (The pover series coefficients

.s Q| m
were used to represent C" and r(oref. °ref) was set at 10 Re)‘

¢ =0° ¢ = 180*
B e B Bp + Bys
G5 -75.006 -75.022 14,96 -14.921
85 -85,062 -85.012 -24,939 -24.947
65 -89.464 -99.661 ~30.969.  -34.986
75 OPEN  OPEN 45,000 =45.041
&  OPEN  OPEN 54905 '-55.276
65 14.927 14,929 75.064 74,990
=55 24,941 24.943 85,151 84,770
65 3hS70. 34,976 0PN OPEW
75 45.015 45,044 OPEN oPEN z
g5 55.014  55.072 OPEN oPEN



H699,2,100,100,100,47777,4777 74

1D OLSON A03833BBK051522 40H699 9662150010
RUN(Syevsvens 1)

SETCORE.

REDUCE.

MAP{ON)

LOAD(LGO)

EXECUTE.

coooo

PRUGRA# H699(lNPUT-UUTPUTyFAPES=INPUT.TAP56=0UTPUT)
THE PRIME LONGITUDE IS THE MAGNETOSPHERIC NOON MERIDIAN PLANE. THE
DIPOLE AXIS IS TILTED U RADIANS AWAY FROM THE 2(XM) AXIS AND TOWARD
THE FARTH-SUN (SOLAR WIND) LINE. THE DIPOLE ALWAYS LIES IN THE SOLAR
MAGNETOSPHERIC NODON-MIDNIGHT MFRIDTAN PLANE AND IN NORTHERN
HEMISPHE SUMMER U 1S POSITIVE.
DIMENSION COEF(2,28,3)yANM(2,28) ,ALP(28) 2ALL(281,BET(28)
COMMON CUEF,RB,EMU.ANM.NMAX.lNDEXl.lNUEKZyALP,BEY,A»UvL[MIT
100 FORMAT(1HO,3110)
101 FORMAT{IH ,3F16.9)
102 FORMAT(1HL, 30X, L4HTILT ANGLE IS »13,9H DEGREES.)
A=-31320.
PI=ATAN2(O«p=1le)
PICUN=P[/180.
RB=10.
NMAX=4
LIMIT=(NMAX+1)% (NMAXE2]) /2
D0 1 IJ=1,2
00 2 [K=1,28
READ(5,101) (COEF(TJyIKy L)y IL=143)

2 CONT INUE

1 CONT INUE
00 3 I=1,3
INDEX1=3=1
INDEX2=1-1

00 121 IKIK=1,4
MU=1C% ( IRIK=11}
WRITEL6,102) MU
EMU=MU

U=EMU%P ICON

CALL ENTERP

DO 120 IR=1,10,3
RR=1R

Do 119 IT=10,170,40
IT=11



T=17#PI1CON
nn 118 IP=90,270,90
Pp=TP-90
P=FLOAT(1P~-90)*PICON
IPP=PP
WRITE(&:100) IR, IPP,IT
CALL MAGNET(RR,EPyBR,BT,BP BBy T,EM)
118 CONTINUE
119 CONTINUE
120 CONTINUE
121 CONTINUE
3 CONTINUE
STOP
END
SUBROUTINE MAGNET(R 4EyPyBR,BT 878847 EHI
C DIPOLE POINTS SOUTH. POTNTL FINDS FIELD FROM VARIUUS MAGNETOSPHERIC
C SOURGES. BR IS RADIALLY DUTWARD, BT IS SOUTH, AND BP IS EAST.
COMMON CUEF,RB.bMU.ANM.NMAX.INDEXI.lNDEXZ.ALP.BET,A.U.LIMXT
DIMENSION COEF(2,28,3)yANM{2,28),ALP(28),BET(28)
100 FORMAT(1H ,12F10.2)
PI=ATANZ2(0.0,-1.,0)
PICON=PI/180.
STM=SINIT)
CTM=COS(T)
SPM=SIN(P}
CPM=COS (P)
XSM=STH*CPM
STM®SPM
ZSM=CTM
CU=COS{U)
SU=SIN(U)
XSM#CU-2SM*SU
Y=YSM
2=2SM¥CU+XSM*SU
PH=ATAN2{Y,X)
EL=SQRT [XXX+Y%Y)
TH=ATAN2(EL,Z)
RA=R SR %M
CT=COS(TH)
ST=5IN(TH)
CP=COS (P
SP=SIN(PH)
BR=2.%A%CT/R3
BT=A%ST/RD




cOon000

BP=0.
X=BRESTHCP+BTHCPXCT~BPXSP
V=BRYXSTHSPS [ TXOTxSP4BOXCP
Z=BRXCT-BT*ST
ZSM=2¥CU-X*SU
XSM=X¥CU+Z*SU

BTT=XSMECPM¥CTH+YSMESPMAC TM=ZSM¥STM
BPP=YSMACPM=XSHESPM
BRR=Z5M¥CTM+HXSNKCPMASTH +Y SMESPHESTH
BBA=SORT(RTTHBYT+BP PABP P+BRREBRR)
CALI POTNTL (R, TP yBX,BYBZ)
BW=SQRT (BX*BX+BY*DBY +B82%BZ)
BXXX==BX
BT=BTT~BX
BR=BRR+BZ
BP=BPP+BY
BB=SQRT [BRXBR+BT¥BT +BP¥BP)
WRITE6,100) BRRyBTT,BPPyBBE,BZyBAXX DY BH8R,BT,0P.08
RETURN
END
SUBROUT INE ENTERP
THE RAW COEFFIGIENTS (COEF([,JyK)) ARE EXPANDED IN A POWER SERIES IN
ThE TILE ANGLE (EMU) TQ GIVE THE TILT DEPENDENCE AND THEN FIT TO THE
INPUT SUBSOLAR DISTANCE,RG (RELATED TO THE SOLAR WIND PRESSURE). IF
INPEXL ISNT 2ERO, THE BOUNDARY FIELD IS COMPUTED. I INDEX2 1S NON-
7ERO, THE TAIL FIFUD IS COMPUTED. IF BOTH ARE NON-ZERO, BOTH FIELDS
ARE DETERMINED.
COMMON COEF s RAy EHUy ANMy NMAX s INDEX Ly INDEX2y ALPyBET } AR, Uy LIMIT
DIMENSTON A(2,28) ANM(2 ,28) (COEF (2,28,3),ALP(28)
DIMENSION BET(28)
197 FORMAT(LH 4 7E15.5)
NH=NHAX+1
00 10 L=1,LIMET
BET (L)=0.
10 ALP(L1=0.0
pOSIR =
DO 2 J=1,LIMIT
AU s J)=COEF (T, J31) #EMUSCOEF (154, 2) +EMUSCOERTL,J,3) $EHU
AT, J)=A(1,J)%100000.
2 CONTINUE
1 CONTINUE
WRITE(6¢197) A
60 3 K=1,2




e e

v

C

C COEFFICIENTS, ALP. THE UDD COEFFICIENTS,BET,
SYMMETRY ACROSS THE NOON-MIDNIGHT MERIDIAN PLANE.

c

RFAC=RE

MM= 1

DO & N=1,NM
REAC=RB*RFAC

0O 5 M=1.N

ANM(K MMI=A (K, MM) ZRFAC
Mid=Mie L

CUNTINUE

CONTINUE

CONTINUE
IF(INDEX1.EQ.0) GO TU 9
D0 6 [AD=L,LIMIT
ALPUIAD)=ANM(1, 1AD)
WRITE(64197) ALP
CUNTINUE

IF ( INDEX2.EQ.0) GO TO 8
DO 7 IAC=1,28

ALP[TAC)=ALPITAC) +ANM(2,TACY

WRITE(64197) ALP
RETURN
END

SUBROUT INE POTNTLIRR, THETA9PHI»BXsBYBZ)
THE BOUNDARY AND/ZOR TAIL FIELDS ARE DETERMINED FROM THE EVEN

ARE ALL ZERO BY

DIMENS TON ALP(ZE)'BET(28).PS(66).DPS(ob).FAC(bb).SCHHDT(GG).AM(bb)

DIMENSION COEF (2,28 ,3),ANM{2,28)

COMMON COEF'RH'LMU'ANN'NHAX.lND&Xl.lNDEXE.ALPvBET.AvUleM['

CALL LGNFAC(FAC SCHMO Ty AMyNMAX)
CALL LEGN D(THETA,NMAX,PS,SCHMDT,AM,DPS)

BX=0.

BY=0.

BZ=0.
NNNN=NMAX+1

DO L N=1yNNNN
EN=N-1
IN=(NE(N=1)1/2
00 1 M=1.M
EML=M-1
INM= JN+M

;’EMlkPHl

8X=BXODPS(JNM)¢KR'°(V—2)*(ALP(JNM!'CUS(RIJEEI(JNH)°SINIR))
HY=HY¢EM1*R&T‘(N'2)'PS(JNM)'(ALP(JNM)‘S!N!E)-KEY(JNH)‘CDS(R))
BZ:BZ-EN'RR**(N-Z)*PS(JNM)*[ALP(JNM)*COS(R)*BET(JNM)*SXN!R)!



BY=BY/SIN(THETA}
C BX IS NORTHyBY IS EAST. B7 [S VERTIGCAL OUT.
RETURN
END
SUBROUT INE LGNFAC (FAC ySCHMD T g AMy NIAX )
C LGNFAC SETS UP THE SCHMIDT NORMAL 1ZATION COEFFICIENTS AND OTHER
© CONSTANTS NEEDED FOR THE £XPANSION IN ASSOCIATED LEGENDRE
C  POLYNOMIALS.
REAL FAC(1),SCHMDT (1) ,AM(I1)
ME=NMAX +1
D0 1 N=L,NE
JEIN=1)RN) /2L
SCHMDT(J)=1.
1 AM(J)=FLDAT(N=1)/FLDAT{N)
FAC(1)=1.
JE=2%¥NE-1
27JE
AC{J=1)%(0=1)

DO 3 M=2,N
J={ (N=1)&N)/2+M
SCHMDT(J)=SQRT[2.*FAE(N—M#1)/FAC(NOM—1))
3 AM{J)=FLOAT (N#M=21/ FLOAT{N=M+1)

RETURN
END
SUBROUT INE LEGND( THFT Ay NMAXy Py SCHMOT sAM,PP)

Cxaxx COMPUTES THE ASSOCIATED LEGENDRE PDLYNOMIALS P{0,0) THRU PIN;N) OF

c THE ARGUEMENT X=COSI(THETA) AND PERFORMS SCHMIDT QUAS-NORMALIZATION.
C RESULTS ARE STORED IN ARRAY P IN THE ORDER PLOy0) yP{190)gPILyL)yP(250)y
C P{Ls1),P(2,2), ETC.

ALSO CALCULATES DERIVATIVES OF THE PULYNOMIALS

C
CHess CALL SUBROUTINE LGNFAC FROM THE MAIN PROGRAM BEFORE USING TH1S ROUTINE

REAL PUL),SCHMDTE L) JAM(CLY 4PPLL)
IF(NMAX.LE.L) GO TO 1O
X=COSTTHETA)

NE=NMAX+1

J=0
00 6 M=1yNE
J=JEM
6 PP(JI=0.
pR(2)=1.
PL1Y=1,
P2




i)

MEN=NMA X-1

J=1

J1=2

DD 1 M=1,MEN

NB=M+2

DO 2 N=NDyNE

J=UIN=L)%RN) /24M

JJ=J=N+1

PUJ)=(1+AMIJI) IEXEPIJII)-AMIII) ¥P(IJ=N+2)
PPUJI=(1a tAMIJI) I RO XEPP (1) +P (JJD)=AM(JII¥PP(JI=N+2)
J=IMX(M+1) ) /2+M+1

J1=J+M+1

PlJ)=1.

PLJ1)=X*3,

PRIJL)=3.

ME=2%M+ 1

IF{MaEQ.1) GO TO 1

D011 MM=5,ME.2

PLJ)I=PLI) ¥ (MM=-2)

PPJL)=PP(J1)=MM

PLJL)=P(JL) *HMM

CONTINUE

JM= (NMAX% (NMAX+1) )/ 2+NMAX +1

PLIM)=1 1
NE=2%*NMAX~1

DO 3 MM=3,NE,2

PLIMI=P L IM) EMM

XX=1 - X%%2

ITF{XXaLTe0,) XX=0s

XX2=SQRT (XX} =
JN=1

DO 4 M=1,NMAX

Ji=JN+M

PP{JIN)=XX2¥PP(JIN)

JE(ME(M+1) ) /2+M+1

XF=XX#* (FLOAT{M)/2.)
XFL=XX**(FLOAT(M+1)/2.)

AF2=M¥X

IF{MNEaL) XE2=XF24& (XX##{FLOAT (fi=11724))
DO & N=M,NHAX

PPLJY=XFL%PP(J)-XF2 %P (J)

PULI)=PLJ)¥XF

J=JeNtL

DO 5 J=1yJdM



PLIY=P{J)RSCHMDT L)
5 PRLJ)==PP{J)*SCHMDT (J)

RETURN

10 WRITE(6,100) NMAX
100 FORMATULH OHBAD NMAX ,14)

RETURN
END

0.0
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0.0000000

0.00000
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0.000000
-0.032792
0.00000
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0.0
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0.0
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0.012928
0.0

0.0
0.003009

0.0
=0.004539
0.0
0.0
0.0

=0.000134
0.0
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0.0
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0.0
0.0
0.0
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0.0

0.0
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0.0

0.0
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