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APPLICATION OF ADVANCED COMPUTATIONAL PROCEDURES FOR
MODELING SOLAR-WIND INTERACTIONS WITH VENUS - THEORY
AND COMPUTER CODE

by

Stephen S. Stahara, Daniel Klenke,
Barbara C. Trudinger, and John R. Spreiter

SUMMARY

Advanced computational procedures are developed and applied to the
prediction of solar-wind interaction with nonmagnetic terrestrial-planet
atmospheres, with particular emphasis to Venus. The theoretical method is
based on a single-fluid, steady, dissipationless, magnetohydrodynamic
continuum model, and is appropriate for the calculation of axisymmetric,
supersonic, super-Alfvénic solar-wind flow past terrestrial planets.

The procedures, which consist of finite-difference codes to determine the
gasdynamic properties and a variety of special-purpose codes to determine
the frozen magnetic field, streamlines, contours, plots, etc. of the flow,
are organized into one computational program which has been extensively
documented and is presented in a general user's manual included as part

of this report.

Theoretical results based upon these procedures are reported for a
wide variety of solar-wind conditions and ionopause obstacle shapes.
Plasma and magnetic-field comparisons in the ionosheath are also provided
with actual spacecraft data obtained by the Pioneer-Venus Orbiter. These
results have‘verified the appropriateness of the basic theoretical model,
and have indicated the importance of accounting for the variable oncoming

direction of the interplanetary solar wind.



INTRODUCTION

The magnetohydrodynamic models (refs. 1-9) of solar-wind interaction
with planetary magneto/ionospheres and their associated calculations of the
detailed flow and magnetic-field properties provide the basis of the
theoretical understanding and interpretation of phenomena occurring in
space around terrestrial planets from the viewpoint of a fluid rather
than particle description of the flow. The general value and usefulness
of results based on these models are now well established, and have
advanced to the point where theoretical calculations can be used to

predict important planetary and magnetic-field characteristics.

Prior to the previous work reported in reference 9, the utility of cal-
culations based on these models was severely restricted due both to the
fact that the original solution techniques employed bordered on what was
barely possible at the time, as well as that considerable hand computa-
tion and intervention was required. Moreover, reported results were
carried out for only a limited set of solar-wind conditions such as
obstacle shape, oncoming Mach number, interplanetary magnetic field,
etc., and were presented in archival publications only in the form of
plots from which results for other conditions had to be determined by
interpolation. The importance of the preliminary work of reference 9 was
that advanced computational methods, based on current state-of-the-art
algorithms, were introduced to this problem to provide the basic gas-
dynamic solutions. The frozen-in magnetic-field was then solved for on
the high-resolution flow-field grid, and the entire computational
procedure was assembled into a user-oriented program providing the
detailed flow-field and magnetic-field properties in a convenient output

format.

In the current work reported here, those basic procedures have been
extended and generalized in several important directions. These include
the capability for treating very low oncoming interplanetary gasdynamic
Mach numbers (M_ = 2.0), as well as quite general ionopause shapes. A
new family of ionopause shapes has been developed which accounts for the
effect of gravitational variation in scale height. Additionally, the
capability for determining the plasma gasdynamic and magnetic-field proper-

ties along an arbitrary spacecraft trajectory, simultaneously accounting



for an arbitrary oncoming direction of the solar wind, has been developed.
Moreover, a large number of sample calculations have been performed for
typical solar-wind conditions and, using the output contour—plot capa-
bility, a catalog of these cases were established and are archived here
for convenient quick-look use. Finally, a number of successful compari-
sons were made by the present computational model with actual space-

craft observations obtained from initial orbits of the Pioneer-Venus
Orbiter. These comparisons have both provided a verification of the basic
theoretical model as well as demonstrated its value as a convenient
research tool capable of routinely providing details of the solar-wind/
planetary atmosphere interaction process not previously attainable--at
modest computational cost and in a fothat directly compatible with

observational data.
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LIST OF SYMBOLS

speed of sound, (\(p/p)l/2

Alfvén speed, (B2/41Tp)l/2

Jacobian matrix associated with IMP code, equal to 3&/30
magnetic field vector

Jacobian matrix associated with IMP code, equal to aF /a0
specific heat at constant pressure

specific heat at constant volume

distance defined by eq. (59)

internal energy, eq. (3)

total energy, eqg. (44)

column matrix defined by eq. (42)

column matrix associated with IMP code, equal to
(ETU + EXE + ERF)/J

column matrix defined by eq. (42)

column matrix associated with IMP code, equal to
(nTU + nyE + nRF)/J

acceleration due to gravity

gravitational component, eq. (5)

column matrix defined by eqg. (42)

enthalpy, eq. (47)

total enthalpy, eq. (47)

local scale height of atmosphere, RT/Mg

local scale height with gravitational variation, H(RR/RS)2
Jacobian matrix, eq. (43)

constant defined by eq. (34)

vector length of elemental magnetic flux tube
local Mach number, |[v]|/a

nondimensional mean molecular mass, equal to 1/2 for
ionized atomic hydrogen
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local Alfven Mach number, |v|/A
pressure

shock velocity

dummy parameter
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spherical distance from center of planet to ionopause nose
Poynting vector component

incremental distance along streamline

time

velocity components associated with the (X,Y,2) coordinate
directions, respectively

column matrix defined by eq. (42)
column matrix associated with IMP code, equal to U/J
velocity vector

solar-wind oriented Cartesian coordinates with origin at
planetary center, x positive upstream and z positive
northward

sun-planet oriented Cartesian coordinates with origin at
planetary center, X positive toward sun, Yg positive
opposite to planetafry orbital motion, and zg positive
northward

solar-wind oriented Cartesian coordinates defined by an
azimuthal rotation given by eq. (70)

solar-wind oriented Cartesian coordinates with origin at
planetary center, X positive downstream and 2 positive
northward

interplanetary magnetic-field angle between perpendicular
and parallel components, eq. (62)

interplanetary magnetic-field angle between normal and in-
plane components, eq. (63)
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spherical polar angle, measured with origin at planet
center, from subsolar point away from undisturbed solar
wind direction; varies from 0 in upstream direction to =
in downstream direction; eq. (39)

ratio of plasma specific heats

angle defined by eq. (59)

Kronecker delta

local angle of bow shock wave

second-order difference operators in ( , ) direction
smoothing coefficient in IMP code

transformation variable, egs. (40), (48)
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transformed time, eq. (40)
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solar-wind polar angle
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boundary and oncoming undisturbed solar wind, eq. (32);
also, angle of magnetic component (B/B_),, eq. (58)
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ionopause

normal direction

arbitrary point

reference quantity

planetary surface; also streamline

shock surface
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ANALYSIS

The Mathematical Model - Formulation
of the Fluid Representation

The fundamental assumption underlying the present work and that
reported in all of the references cited above is that the average bulk
properties of solar-wind flow around a planetary magneto/ionosphere can be
adequately described by the continuum equations of magnetohydrodynamics
for a single-component perfect gas having infinite electrical con-
ductivity and zero viscosity and thermal conductivity. Theoretical
justification of this point has not yet been established, and proof
remains essentially qualitative at present. The primary justification
for use of the continuum fluid model is the outstanding agreement of the
qualitative results predicted on this basis with those actually measured
in space., It appears that the continuum model is capable of accounting
both for many of the details as well as the broad features of the

observations.

Governing equations.- The equations which express the conservation

of the average bulk mass, momentum, energy, and magnetic field of the
solar-wind plasma are given hy the following expressions:

9p ) _
3t o, () <0 (1)
B.B 2 g.g 2
3 5 _BiBy 8% i% g _
3¢ (PV;) tox, [p"i"k * P8y - ar * 87 Six t 4n¢ ~ BrG 6ik] 0

(2)

2 2 2
2 jev” Bl + 8 v_ P =
T l >— + pe + pd + 8“] + 8xk_ PV [2 + e + 6 + ®] + Sy 0
(3)
aBi 3 aBi
Bt T ok, ViPk T VKB e, T O @



where

| Y 1 2
093 T T o3x. 0 Sk T oarm [VkBT - ByViB; (3)

e i

and the equation of state of a perfect gas is given by
p = &L (6)
M

In these equations and those to follow, the symbols p, p, v, T, e = CVT,
and h = CpT refer to the density, pressure, velocity, temperature,
internal energy and enthalpy, and Cy and Cp refer to thi specific hiats
at cons%ant volume and pressure. We define the symboi R = (Cp-CV) M =
8.31x10 ergs/gm°K as the universal gas constant, and M as the mean
molecular weight nondimensionalized so that M = 16 for atomic oxygen.
For fully ionized hydrogen, M is thus 1/2. The magnetic field B and the
Poynting vector S for the flux of electromagnetic energy are expressed
in terms of gaussian units. The gravitational potential ¢ and accelera-
tion g are assumed to be due to massive fixed bodies so that their time
deriv;tives are zero. These equations apply in the region exterior to
the ionosphere boundary, as shown in the sketch below, and also in a

degenerate sense in the ionosphere.
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Conditions at discontinuities.- Because of the omission of

dissipative terms in these equations, surfaces of discontinuity may
develop in the solution, across which the fluid and magnetic properties
change abruptly, but in such a way that mass, momentum, magnetic flux,
and energy are conserved. These are approximations to comparatively thin
surfaces across which similar but continuous changes in the fluid and
magnetic properties occur in the corresponding theory of a dissipative
gas, and correspond physically to the bow wave, ionosphere boundary, and
possibly other thin regions of rapidly changing properties. Across these
surfaces, continuous solutions of the dissipationless differential
equations cease to exist. The flow is no longer governed solely by the
differential equations (1) to (4), but must be supplemented by additional
considerations. The conservation of mass, momentum, magnetic flux, and
energy lead to the following conditions which relate quantities on the
two sides of any such discontinuity:

[ovh] = o (7)
[py - vh o+ (p + B2/8m)A - B gt/41T] =0 (8)
[gt . v; - B, Yt] =0 (9)

*

5
1 2 B~ B _
Vo |3 PV + pe + p + ZF] + q, -[p + T =0 (10)

Here, (n,f) denote unit vectors normal and tangential to the discontinuity

sur face, as sketched below,

a, :
\ .
—

10



where q, represents the local normal velocity of the discontinuity

surface, and v* = v_ -
' n n 9

to the normal velocity a, of the discontinuity surface. The square

is the fluid normal velocity component relative

brackets are used to indicate the difference between the enclosed
quantities on the two sides of the discontinuity, as in [Q] = Q2 - Ql
where subscripts 1 and 2 refer to conditions on the upstream and down-
stream sides, respectively, of the discontinuity.

Five classes of discontinuities are described by Egs. (7-10). Those
with v; = 0 are called tangential discontinuities or contact disconti-
nuities according to whether or not Bn vanishes. Discontinuities across
which there is flow (v; # 0) are divided into three categories called
rotational discontinuities, and fast and slow shock waves. Some proper-
ties which distinguish the various discontinuities are indicated by the
following relationships: |

Tangential:

v =B =0, [v,] # 0, [B] #0, [p] #0, [p+B2/8n] =0 (1)
Contact:
vi =0, B #0, [vl = [B] = [p] =0, [p] #0 (12)
Rotational:

(13)

11



Fast and Slow Shock Waves:

vi #0, [p] >0, [p] >0, [B] =0

* * *
pv ] 2 [OV ) 2.[DV ) (14)
[ N fast N rot. N)s1ow

2 |[increase fast
gt and B [decrease} through [slow] shock waves

Of the five classes of discontinuities possible, two of these, the
fast shock wave and the tangential discontinuity, are of concern in the
present applications. The first relates conditions on the two sides of
the bow shock wave, and any other shock waves present, while the latter
has properties required to describe a boundary surface (ionopause) that
separates the flowing solar wind and the planetary ionosphere. More
detailed consideration of the tangential discontinuity condition leads to
a determination of the ionopause shape, as described in the following

sections.

With regard to conditions at the bow wave, for solar-wind flows past
Venus, as well as Mars and the Earth, that discontinuity can only be
represented by a fast shock wave since the mass flux through each of the
other possible choices is too small. With regard to conditions at the
ionopause, of the various possibilities, only the tangential discontinuity
has properties compatible with those required to describe a boundary sur-
face that separates the externally flowing solar wind and the planetary
atmosphere; that is, the condition v; = 0 prohibits flow across the
boundary, while the condition Bn = 0 must hold since by assumption no
magnetic field exists interior to the ionopause and the solenoidal jump

condition [Bn] = 0 always holds.

Frozen-field approximation.—- Two important parameters characterize
the solar-wind flow at any field point as described by egs. (1-5). These
are the Mach number M = v/a and the Alfvén Mach number My = v/A. The .
former is the ratio of the flow velocity to the speed of sound a = (yp/p)*
while the latter is the ratio of the flow velocity to the speed A =

12

-



(82/47rp);i of a rotational or Alfvén wave propagating along the direction

of the magnetic field.

For typical solar-wind conditions (refs. 5,6), both the oncoming Mach
number and the Alfvén Mach number are high (M_ = My = 0(10)). 1In this
instance, an important simplification of the magnetohydrodynamic equations
occurs. This is so because the order of magnitude of the inertia term in
differential equation (2) for the momentum is related to that of the
magnetic terms by the square of the Alfvén Mach number. When the latter is
large, therefore, the magnetic terms in egs. (2))(3),(8), and (10) decouple
from the gasdynamic portions of those equations. Furthermore, for Earth,
Venus, or Mars, the strong interactive nature of the flow permits the
terms involving g and ¢ to be disregarded because of the relative small-
ness of their effect on the fluid motion (ref. 5). The equations for
the fluid motion thereby reduce to those of gasdynamics, while the
magnetic field B can be determined subsequently by solving the remaining
equations using the values for v already determined. The magnetic field,
determined in this fashion, is usually interpreted as being "frozen-in"

or moving with the fluid (ref. 5).

This then results in the following differential and conservation equa-

tions; for the flow field

Q

[ -
ot T ax, PV T O (1)
2 (ov.) + =— (pv.v, + p8..) = 0 (16)
ot i axk i’k ik
2 2
3 |pv 3 v -
*
[pvn] =0 (18)
* v
[py AN p] =0 (19)

13



[v* . [% pV2 + pe + p]] =0 (20)

9B, 3

——BT + axk (kai - Vin) =0 (21)

9B
= = 0 (22)

i
[B ] =0 (23)

n

*

[Bn © v, - B Vn] =0 (24)

Equations (15) to (24) provide the governing equations which form the
basis of the mathematical representation of the solar wind-magneto/
ionosphere interaction problem considered here. For all of the results
as well as the computer codes presented herein, we are interested exclu-
sively in the steady-state solution to these equations which are obtained
by setting 3/3t = 0 and v* = v

n n’
unsteady equations, however, since one of the computational methods used

i.e. q, = 0. We have presented the

to determine the gasdynamic solution employs an unsteady procedure, inte-
grating in time until the steady-state solution is asymptotically obtained.

Determination of the Ionosphere Boundary

The determination of the ionosphere boundary initiates from the
assumptions that the ionosphere, or at least the outer part of it that
particiéates in the interaction with the solar wind, is idealized as a
spherically-symmetric and hydrostatically-supported plasma having infinite
electrical conductivity, effectively bound to the planet and incapable of
mixing with the solar wind, as indicated in the sketch below:

14
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This interior plasma is separated from the flowing solar plasma by a

tangential discontinuity across which the relations

v =B_=[p+ B2/81] = 0
(25)

[ve] # 05 [BLl # 05 [p] # 0

given previously (eq. (11)) must hold. The basis for important simpli-
fying approximations to these conditions, which can be assumed to apply
at the Venusian ionosphere boundary and possibly for that at Mars as
well, is that the gas pressure p is much larger than the magnetic
pressure B2/8n on both sides of the ionopause. Therefore, the discon-
tinuity pressure balance relation [p + B2/8ﬂ] = 0 of eq. (25) reduces to
a simple equality between the ionosphere pressure and the static pressure

of the flowing solar plasma adjacent to the ionopause, i.e.

(p)atm.= (p)flow (26)

Determination of the ionospheric pressure in the vicinity of the iono-
pause for the ionosphere models chosen in this study proceeds from the
assumption of hydrostatic support, which implies a quiescent ionosphere
where the bulk motions of the gas with respect to the planet are suffi-
ciently small (v = 0) that equilibrium exists between the pressure

gradient and gravity, viz.

dp/dr = -pg (27)

15



where p and p are the gas pressure and density, r is the radial distance
measured from the center of the planet, and g is the acceleration due to
gravity. The variation of g is inversely proportional to £y, So that
g = gs(rs/r)2 where the subscript s denotes values at the surface of the
planet. Since the density p is related to the pressure according to the
perfect gas law eq. (6), eq. (27) can be integrated to yield

P = pg exp -Jr ar (28)

Rp

where Pr is the. pressure at some reference radius Rp and H is the local
scale height of the atmosphere given by H = RT/Mg.

If H is regarded as constant; that is, if variations of g and T
with r are neglected, eq. (27) can be integrated directly to yield

r - RR
P = Pr &XP |- —g — (29)

In view of uncertainties associated with measurements of the atmospheric
properties of Venus and Mars, the variation of p with r as given by eq.
(29) was adopted in the initial solar wind/ionosphere applications (ref.
6) and was also used in the previous study (ref. 9) involving the initial
application of advanced computational methods to this problem. With pre-
liminary ionospheric data now available from the Pioneer-Venus spacecraft
(refs. 10 and 11), some of these uncertainties for Venus have been removed.
It has been found that the assumption of an isothermal (T = constant)
atmosphere at typical ionopause heights is quite reasonable. Conse-
quently, there is no need to neglect the variation of gravity in the
scale height in eq. (28). 1Including this effect leads to the following
result for the pressure

R, ¢« (r = Ry)
P = pp exp |- R — R (30)

H-r

where

= _ . 2
H = Hs (RR/RS) (31)

16



and RS is the planetary radius and HS = ﬁT/ﬁgs. Equations (29) and (30)
provide the two models employed in this study for the ionosphere pressure
variation which is required in eq. (26) for the pressure balance condi-

tion at the ionopause."

For the a priori determination of the static pressure of the flowing
solar-wind plasma on the exterior boundary of the ionosphere - (p)flow in
eq. (26) - we use, as in all previous applications, the Newtonian
approximation

2
p = pSt cos” ¢ (32)

where ¢y is the angle between the outward normal to the magnetosphere
boundary and the flow direction of the oncoming undisturbed solar wind,
and Pgt is the stagnation or ram pressure exerted on the nose of the iono-
pause and is given by

_ 2
Py = Ko,ve (33)

In this relation, K is a constant usually taken as one, but whose actual

1
3
(y + 1) ¥
[fY ¥ 1)/2] (34)

Yy - (y - l)/2Mi

value is

<1

For the high Mach number flows typical of solar-wind conditions, K
approaches 0.844 for y = 2 and 0.881 for y = 5/3. Modification of the
product Kp_ in eq. (33) to account for the presence of minor constituents
such as ionized helium in the solar wind, as well as a discussion of the
differences in that product between a fluid and collisionless representa-
tive, is provided in reference 8. The important implication associated
with the introduction of the Newtonian approximation is that the calcula-

tion of the shape of the ionosphere boundary decouples from the calcula-

17



tion of the external flow. We then arrive at the following equation for

the pressure balance at the ionopause locations R;:

Kpmvi cos2 b = pp MRy (35)

where M h

R; -~ Ry _ v
exp |- |~ g,T = Const.- (36a)
L.
MR;) = [ (&, -® r,)?

ex - R i R = = T = Const (36b)

- J

depending upon whether the gravitational variation is included in scale
height or not. It is convenient to choose as the reference radius and

location the stagnation point on the ionopause; that is, R_ = Ro where RO

R
is the distance from the center of the planet to the nose of the iono-
pause., This implies that pR = po = Kpmvi and that at all points along

the ionosphere boundary

cos® § = A(R,) (37)

The final mathematical statement of the free-boundary problem for
determining the shape of the ionosphere boundary then is summarized in
the sketch below:

Bow shock

Tonopause

In order to proceed to a final determination of the ionopause shape, it
is necessary to relate the local angle Yy to the local coordinates (Ri,B)
of the boundary. This is accomplished with the help of the following
sketch

18



= M

o |

from which we find

5 in 2 (R.dRcos B + dR.sin 6)2
= _ 1 1
cos™ Y = 35| =

38)
2 2 (
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This results in the following ordinary differential equation for the
ordinates of the ionosphere boundary

dR. . / 2

Tﬂ% _ Ri sin 2 B 2 2A - A 0<B < (39)

2{A - sin”“ B)

where A is- defined by egs. (36a,b) and 8 is the angle measured from the
subsolar point as indicated above. Results for various ionopause shapes
obtained by integrating eq. (39) for different values of H/Ro using the
constant scale-height model eq. (36a) were provided in ref. 9. Similar
results using the isothermal model, eq. (36b) for different values of
ﬁ/Ro in the range 0.01 < H/R < 0.5 are provided in figure 1, where for
comparison purposes the constant scale-height shapes for corresponding
H/Ro values are also illustrated. We note that the range of interest for
planetary applications to Venus and Mars appears to be 0.01 < H/R, < 0.10.
Tabulated ordinates of Yi/RO vSs. X/Ro are provided in Table 1 for

H/Ro = 0,01, 0.05, 0.10, 0.20, and 0.25, where Y, = Risin B is the cylin-

drical radial coordinate of the ionopause profile.
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Calculation of the Gasdynamic Flow Properties

Determination of the gasdynamic flow properties is, both con-
ceptually and computationally, the most difficult and time-consuming
portion of the total calculation of the solar-wind/terrestrial-planet
interaction; and represents the heart of the present modeling effort inso-
far as the application of advanced computational procedures is concerned.
The calculation consists of determining solutions to the differential
equations and discontinuity conservation equations given by eqs. (15-20).
Since in solar-wind/terrestrial-planet interactions, both the downstream
tail region (far field) as well as the region in the vicinity of the
obstacle nose (near field) are generally of interest, the computational
methods selected must be capable of efficiently determining this entire
flow field. 1In view of the need to carry the flow calculation to an
arbitrary downstream distance, the most computationally-expedient pro-
cedure is to subdivide the flow field into two regions, as indicated in
the sketch below:

Obstacle Marching method

- eyl Bl > —Bow shock
nose method wave
A
Sonic line Supersonlic region Ionosphere
Embedded //”’__,AL—_______JF_—— boundary
subsonic :
region Planet

M_ >> 1 —=—.

00

This sketch illustrates the essential features of the high-supersonic
Mach number flow typical of solar-wind flows past terrestrial planets.

Of particular note is the embedded subsonic pocket located at the nose of
the ionopause. The presence of this subsonic pocket necessitates use of
a computational method capable of treating mixed subsonic/supersonic
flows. Downstream of this region, the flow becomes supersonic and
remains so for the convex shapes typical of solar-wind/ionosphere bound-
aries. In that region, a more computationally-economical procedure than
that required near the nose can be employed. Such a subdivision of both
flow field and solution procedures is common practice for calculating
such flows and was employed in the previous solar-wind applications as
well as in a related application to space shuttle reentry flows (ref.
12). The precise surface on which the solutions are joined is relatively
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arbitrary; in our procedure it was convenient to place it along a plane
through the planet center and normal to the free-stream direction of the
solar wind, i.e. the dawn-dusk terminator. As illustrated in fig. 2,
this position is further downstream than used in the former work in which
an inverse iteration method was used for the nose region and the method
of characteristics was used for the remaining supersonic region. 1In
light of recent advances, both of the techniques used in the former
procedures, particularly the inverse method, are now considered obsolete
and much inferior to more current methods. 1In the new code, those two
methods have been superceded by: (1) a new axisymmetric implicit
unsteady Euler-equation solver (IMP) specifically developed for the
present application, which determines the steady-state solution in the
nose region by an asymptotic time-marching procedure, and (2) a shock-
capturing marching solution (SCT) which spatially advances the solution

downstream as far as required by solving the steady Euler equations,

Nose region solution - implicit unsteady Euler equation method.- The

partial differential equations employed in the implicit (IMP) code are
These
equations may be written in conservation-law form under the generalized

the unsteady gasdynamic Euler egs. (15-20) for axisymmetric flow.

independent variable transformation

T, & = &(T,X,R), n =n(T,XR) (40)

e
1

as follows

(U/3) _ + [(gTU + E.E + gRF)/J] + [(nTU + NE + nRF)/J] +G=0

g n
(41)
where — _ -
p pu
2
pu p + pu
U = E =
pv puv
fet L(pet + p)u_
(42)
. pv B oV T
puv 1 puv
F = 2 = = 2
p + ov RJ ov
_(pet + p)v L(pet + p)Y_
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and the Jacobian

J = EgNp ~ ERNy (43)

In eqgs. (40) through (43), T denotes time, X is the axial downstream
coordinate, and R the cylindrical radial distance; u and v the velocity
components in the X and R directions; and e is the total energy per unit

mass, which for a perfect gas is related to the other quantities by

e, = p/loly - 111 + (% + v?)/2 (44)
The subscripts in egs. (41) and (43) denote partial derivatives with

respect to the indicated variable,

The analysis commences by introducing a computational mesh in polar
(r,B} coordinates such that one family of coordinates consists of rays
from the planetary center spaced at equal increments of B8 measured from
the obstacle nose, and the other of curved lines intersecting each ray so
as to divide the portion of it between the ionopause and the shock wave
into a fixed number of equal segments. The coordinate transformation eq.
(40) is then used to map the portion of the X,R,T physical space bounded
by (1) the bow wave, (2) the downstream outflow boundary at g = n/2, (3)
the obstacle surface, and (4) the stagnation streamline at B = 0 into a
rectangle in the £,n,t computational space as illustrated in fig. 3.
Generally, the transformation metrics at each time step are not known
beforehand, and must be determined numerically as part of the solution.
Integration step size is established by using the eigenvalues of the
Jacobian matrices A and B, where A = 3B/30, B = 3F/30, and U = u/J,

E = (£ U + EE + £ F)/J, and F = (npU + n E + n F)/3.

Boundary conditions necessary for the specification of a
properly-posed mathematical problem are that the flow (a) satisfy the
axisymmetric Rankine-Hugoniot shock relations derivable from eq. (41)
along (1), (b) be entirely supersonic along (2), (c) be parallel to
boundaries (3) and (4), and (d) be symmetric about boundary (4). 1Initial
flow-field conditions are determined by use of an approximating formula
for the coordinates of the bow shock wave which is dependent on vy, M°° and

the shape of the obstacle, and by prescribing a Newtonian pressure
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distribution on the obstacle. Since the maximum entropy streamline wets
the obstacle surface, that fact plus the known flow direction on the
obstacle serve to determine the remainder of the flow properties on that
surface. A linear variation for the flow properties between the bow
shock and the obstacle is then prescribed. This provides the initial
flow field which is then integrated in a time-asymptotic fashion until
the steady-state solution is obtained.

The basic numerical algorithm used in the IMP code was developed by
Beam and Warming (ref. 13) and is second-order accurate, noniterative, and
spatially factored. 1In particular, the "delta form" with Euler time dif-
ferencing is employed. When applied to eq. (41), the algorithm assumes
the form

(T + 8T8, A" (1 + 876 B @+l - oMy = -bt (8, BN + 5 F7 + ) (45)
where A and B are the Jacobian matrices, I is the identity matrix, 65 and
én are second-order, central-difference operators, Gn+l = ﬁ(nAT) and

At is the integration step size.

Equation (45) is solved at the interior points only. It requires two
4%x4 block tridiagonal inversions at each time step of the integration.
The solution proceeds as follows:

1 An

1. Define Al = Gn+ - U

2. Form the right-hand side of eq. (45) and store results in the

™! array.
3. Apply smoothing ﬁn+l = ﬁn+l - (e/8)S8/3.

4, Define U = (I + ATGnﬁn)AG and solve the matrix equation
(I + Arégin)ﬁ = 01 for T storing the result in the gntl array.

1

N A ~ ~
5. Solve the matrix equation (I + AranB YAU = Un+ for AU.

1 AN

6. Obtain the values of ﬁn+l from the relation Gn+ = AG + 0",
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7. Transfer contents of ﬁn+l to (" and repeat all steps until

satisfactory convergence is attained.

In step 3 a fourth-order smoothing term S is used to eliminate non-
linear instabilities that may arise since the use of central differences

in the spatial directions results in a neutrally stable algorithm. This

smoothing term is given by

_ Ao n+l _ ~_ . n+l A~ n+l ] A~ n+l + (0 n+l
S5 = G055 4 4[(UJ)j+l’k + O3l 200 anil;
~_n+l ~_n+l A n+l ~_n+l
+ GO, - 4[(UJ)j’k+1 + (UJ)j'k_l] + (D5,
(46)

and ¢, the smoothing coefficient, chosen from the range 0 < € < 0.4
depending upon the size of the time step. The j and k indices correspond
to the £ and n directions, respectively. At the points adjacent to the
boundaries a special form of the smoothing term is used.

At the boundaries, modification of the differencing algorithm to
account for the particular conditions described above is accomplished as
follows. The obstacle-surface flow-tangency condition is incorporated
through the use of Kentzer's scheme (ref. 14), while at the symmetry
plane, the variables are reflected according to whether they are odd or
even. At the outflow boundary where the flow is entirely supersonic, the
dependent variables are determined by extrapolation from the adjacent
interior points. For the upstream boundary formed by the bow shock wave,
the sharp discontinuity approach of reference 15 is used. The interior
flow field bounded by these various boundaries is treated in shock-
capturing fashion and, therefore, allows for the correct formation of

secondary internal shocks.

In the initial development of the nose-region solution procedure
(ref. 9), it was found that for certain ionopause obstacle shapes which
have a significant amount of lateral flaring at the dawn-dusk terminator,
for example, constant scale-height shapes for H/Ro > 0.5, and/or cases
involving low free-stream Mach numbers M_ < 3, the axial component of

velocity at some points on the terminator plane B = m/2 may become
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subsonic. Although this has no effect whatsocever on the nose-region
solver, for these cases the downstream solution cannot be obtained since
the marching-region solver which determines the solution downstream of
this starting plane, and which is described in detail in the following
section, requires supersonic axial velocities in order to proceed. Under
the work reported here, this limitation has been removed by developing
the capability for adding an additional portion of the flow field,
located downstream of the terminator, to the blunt-body solution as
illustrated in figure 4. This effectively generalizes the capability of
the present procedures to treat a wide variety of ionopause shapes -
including all of the shapes of interest described by the constant
scale-height and scale-height with gravitational variation atmospheric
models found from egs. (36a,b) - as well as to treat relatively low
free-stream Mach numbers, M_ = 2.0. Details of this capability are
provided in the Computer Program Users Manual, Section A.2.1.1 of this
report.

Downstream region solution - shock capturing marching method.- Since

the shock-capturing technique employed has been described previously in
references 16-18, only an outline of the salient features is provided
here. The analysis is based on the conservation-law form of the
gasdynamic Euler equations for steady axisymmetric flow, which can be
readily obtained from egs. (40) through (44) by setting the T derivatives
to zero. The fourth of this set of equations representing conservation

of energy pe, can be integrated for steady flow to yield the following

t
relation for the total enthalpy

ht = h + (u2 + vz)/2 = constant (47)

where h = e + p/p = CpT is the enthalpy per unit mass.

The computational mesh is defined by lines of constant X and
(R—Rb)/(Rs-Rb), where Rs and Rb are functions of X that describe the
radial cylindrical coordinates of the ionopause and bow shock wave at the
same X as the field point (X,R). The three remaining partial differen-
tial equations for conservation of mass and of axial and radial momentum
are then transformed to a rectangular computational space by the

transformation
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b
E = X, n = S5 — o (48)
(Rg = Rp)
to obtain
3E/3E + 3F/3n + G = 0 (49)
E = E, E = { - [é% Rb +n g% (Bs - Rb)]}/(Rs - Rb)

~ E 3

G =G + =— (R_ - R) (50)
R_ - R dE s b

The finite-difference counterpart of eq. (49) is integrated with
respect to the hyperbolic coordinate £ to yield values of the conservative
varible E. Subsequent to each integration step, the physical flow
variables p, p, u, and v must be decoded from the components e, of E.

This necessitates the solution of four simultaneous, nonlinear equations
consisting of eq. (47) together with the three elements e;. This can be
done readily by using the relations v = e3/el, P=-e, - eu, and

p = el/u together with the expression h = v/(y-1) (p/p) for a perfect gas

to determine the following quadratic equation for u

2
2 e, - e,u e
u o4 _X [ 2 1 ] u-h, + [—E]
€

2 Ty -1 t ey
Yy +1 2 Y €2 €3
= - 3y -o ¢ -F[Y - l] EI u-h + EI =0 (51)

Two roots exist; one corresponds to subsonic flow and is discarded since
u is always supersonic in the present application, while the other corre-
sponds to supersonic flow and gives the desired solution.

Since only the bow shock wave is treated as a sharp discontinuity
and any others that may be present are "captured" by the difference
algorithm, selection of the appropriate finite difference scheme to
advance the calculation in the £ direction is of prime importance.
Following the analysis of refs. 16-18, the numerical integration of eq.
(49) is accomplished using the finite-difference predictor-corrector
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scheme of MacCormack (ref. 19), the most efficient second-order algorithm
for shock-capturing calculations. General descriptions of the method can

be found in the references cited.

Calculation of the streamlines.- The streamlines are determined by

integrating fluid particle trajectories through the known velocity field
since this procedure was found to be more accurate than the alternative
mass—-flow calculation. The calculation of a particular streamline is
initiated at the point where the streamline crosses the bow shock, as
illustrated in figure 5. At that point, exact values of the streamline
slope dRS/dx are known in terms of the local shock angle GS and

free-stream quantities according to the relation

R,  (2cot 8) (M2sin? 65 - 1)
= = (52)

g)

2 + Mi(y + 1 - 2sin2 8

which is contained implicitly in both the blunt-body (IMP) and marching
(SCT) code solutions. At other points in the flow field, the local stream-

line slope is given by the ratio of radial to downstream velocity, i.e.,
dRS/dX = v/u (53)

and the streamline determination is made by stepwise integration in X
using a modified third-order Euler predictor-corrector method. Bivariate
linear interpolation from the flow-field grid points is employed to
obtained the velocity components (u,v) required at the stepwise points
along the streamline trajectory. Separate streamline calculations are
made for the nose region (IMP results) and downstream region (SCT results)
because of the different coordinate systems employed in those two regions.

Calculation of the Magnetic Field

With the flow properties known from the gasdynamic calculations, deter-

mination of the steady magnetic field B proceeds by integrating the
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remaining magnetohydrodynamic equations not employed in the gasdynamic
analysis, that is egs. (21-24) with 3/3t = 0:

It
o

curl (B x v) = 0, div B
(54)

il
o

[Bnyt - Btvn] = 0, [Bn]
These equations are commonly interpreted as indicating the field lines
move with the fluid. The analysis associated with egs. (54) leads to a
straightforward calculation in which the vector distance from each point
on an arbitrarily-selected field line to its corresponding point on an
adjacent field line in the downstream direction is determined by
numerically integrating fg dt over a fixed time interval At. Once the
coordinates of the field lines are determined, the magnetic field at any

point may be calculated from the relation

B AR
- =02 __- (55)
1B, | P= |ag_|
-~ 00 ~ 00

where A{ is the vector length of a small element of a flux tube., Figure 6
clarifies these quantities for the plane of magnetic symmetry defined by
the plane containing the axis of symmetry of the obstacle and the magnetic-
field lines upstream of the bow wave for the special case when the latter
is perpendicular to the flow. In that figure the open symbol Q denotes
locations of points on the streamlines corresponding to the fixed-time
interval At = AS_/v_.

Such a procedure is valid generally, but its use in the present calcu-
lations is confined to only the component of the magnetic field (B), just
described. The remainder of the magnetic-field calculation makes use of a
decomposition due to Alksne and Webster (ref. 20) in which the axisymmet-
ric properties of the gasdynamic solution and the linearity of the
magnetic~-field eqs. (54) are employed to derive the following relation-

ship for the magnetic field §P at any point P:

}
@ n
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As illustrated in figure 7, subscripts ", %, and n refer to contributions

associated with the components B, of B, parallel to v,; the component
B, perpendicular to v, in the plane that contains the point P, the center
" M

of the planet, and the vector v_; and the component an normal to the

latter plane, and &_ is a unit vector in the latter direction. The unit

n
ratios (gP/Bm)" and (BP/Bm)n can be calculated directly from the gas-

dynamic solution by the expressions

(57)

[59] Pp¥p
’
" pooIYoo!

where Rp is the radial cylindrical coordinate of the streamline through P,
as indicated in figure 7.

In carrying out the determination of (Bp/B), using eq. (55), values
for AL/1AL | are determined initially at the points where the streamlines
and perpendicular-component field lines intersect. A generalized quadri-
lateral interpolation scheme followed by a fifth-order smoothing is then
employed to determine the corresponding values at the computational grid
points where values for p/P, are available for calculation of (Bp/By) , -

At the bow shock, an exact formula is used

(|A§|/|A§m|)2 =1 + cot? e(l+D2) - 2Dxcsc B xcot 8 xcos (6-6)

(58)
v =6 + sin”t {}D><cot 9 x sin (6-6)]/(|A§|/|A§m|{}
where
p2 =1 - aM%sin? 6 - 1) (yM%sin® 6 + 1)/[(y + 1)2M3sin? 0]
— 2 2 .. 2
cot § = tan 6 X {ty + l)Mw/[Z(Mm31n 6 - 1)] - 1} (59)
dR
8 = tan_l [Tﬁ?]

Finally, the resultant magnetic field can then be expressed in components
relative to any orthogonal (X,Y,Z) coordinate system. For convenience of
illustration, we have chosen the point P to lie in the (X,Y) plane.

Relative to this reference frame, the magnetic components are
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By/B,, = [(|§|/Bw)" cos ¢ cos a, + (lgl/Bm)L cos Y sin ap)]cos a
By/B,, = [‘l?l/Bm)" sin ¢ cos a, + (IB|/B,)  sin ¥ sin ap)]cos o
B,/B, = (B/B,) sin ag (60)

where ¢ is the local flow angle given by

d) = tan_l [X] (61)
u
and the interplanetary magnetic field angles ap and ay indicated in
figure 7 are defined by
B B
o = tan "t Y tan~t Lo (62)
P Bw" BX
«©
B, B,
a, = tan~t n = tan" ! i (63)
2 2 2 2
Vie,,)2 + (3,) Vie, )% + 3y )

The generalizations of these results when the point P is at some arbitrary
(Y,2) location, i.e. not in the (X,Y) plane, are provided below in the

spacecraft trajectory section.

Calculation of the Contour Lines

Contours are calculated for nondimensionalized velocity |y|/vm, density
p/p,, magnetic field components (|§|/Bm)", (|§|/Bw)L, and (B/Bm)n by
application of a modified version of a contour procedure developed at
NASA/Ames Research Center. After specifying a value for the contour 1line,
the boundary is searched for intervals which bracket the selected value.
After locating one such point by interpolation, the remainder of the
contour is determined by 'walking' around the contour, searching at each
step for the interval and then interpolating to find the point through

which the contour line next passes. This is repeated until a boundary
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point is reached. Then closed contours are found in a similar manner.
Linear interpolation is used throughout the process. Since the temperature

is a function of |y|/v00 only for a specified M_ and v,

2
v
T/T, =1+ [[Y—;—l] Mi] 1 - |5 (64)

o]

velocity contours may also be considered as temperature contours with
only a relabeling required. The coordinates of the contour lines are out-

put either or both as listings and pen plots.

Solar-Ecliptic/Solar-Wind Coordinate Transformations

In order to facilitate comparison of results from the current theore-
tical model with actual observational data obtained by a spacecraft, it is
necessary to consider the appropriate transformations between the space-
craft and solar-wind coordinate systems. Part of the data required as
input to the theoretical model consists of oncoming interplanetary values
of solar-wind temperature, density, and velocity and magnetic-field
vector components. These are naturally obtained in the spacecraft
coordinate system, and are usually reported in a sun-planet or solar-
ecliptic reference frame. The key coordinate system for the theoretical
model is one which aligns the axial direction with the oncoming solar
wind, since the gasdynamic calculation is assumed to be axisymmetric
about this direction. Thus, the interplanetary input data must be trans-
formed to the solar-wind system to initiate the theoretical determina-
tion. Once the gasdynamic and magnetic-field calculations in the solar-
wind system are complete, those results must then be transformed back to
the sun-planet system to allow direct comparison with spacecraft data
obtained at arbitrary locations in the solar-wind/ionosphere interaction
region. Consequently, direct and inverse transformations for both spatial
coordinates as well as vector quantities between these reference frames
are required.

For the measurements of the oncoming interplanetary solar-wind ve-

locity we have assumed that the velocity is obtained with reference to a
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sun~-planet (xs,ys,zs) system with origin at planetary center and in which
the xs—axis points to the sun, the ys—axis is opposite to the planetary

orbital motion, and the z_-axis points northward. The direction of the

oncoming solar wind is suih that the total abberation or azimuthal angle,
including planetary orbital motion, of the solar-wind velocity vector in
the plane of the ecliptic is @ and the out-of-ecliptic plane or polar
angle is ¢p. The positive sense of the azimuthal angle is for east-to-
west flow and for the polar angle for north-to-south flow, as indicated
in figure 8. In that figure we have also indicated the solar-wind
(x,y,2) coordinate system so defined by (Q,¢p). For the gas-dynamic
calculation, the (x,y,z) system is somewhat inconvenient since the direc-
tion of solar-wind flow is in the negative x-direction. Hence, the
internal gasdynamic and magnetic-field calculations are performed in an

(X,Y,2) system as shown in figure 9.

The coordinate and vector transformations from the ecliptic sun-planet
(xs,ys,zs) system to the (X,Y¥,Z) solar-wind system are given by

QX -cos § cos ¢p -sin @ cos ¢p sin ¢p st
Q! = sin Q -cos @ 0 st (65)
QZ -cos Q sin ¢p sin @ sin ¢p cos ¢p st

where (Qgr Qv Q;) represents the Cartesian components of any vector

referred to the solar-wind (X,Y¥,2) coordinate system, and (Qx ,Qy ,Qz )
s s s

represents the corresponding vector in the sun-planet ecliptic

(xs,ys,zs) system. Thus, for a transformation of coordinates

(Q : Q Q ) = (XI Yr Z)
Q. , Q. , Q ) = (x_, v.r 2 )
X Yg zg s s s
while for a vector transformation of, say, the magnetic field
’ = (B B, B
(Qx, Qy Qz) (B_, v z) (67)
Q, ,Q,,Q, )=(B,, B_, B )
XS yS zS XS yS zS
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The inverse transformation from the solar-wind to the sun-ecliptic system

is given by

QXs -cos Q cos ¢p sin @ -cos § sin ¢p QX
st = sin 9 cos ¢p -cos 0 sin Q sin ¢p Qy (68)
st sin ¢p 0 cos ¢p QZ

Properties Along a Spacecraft Trajectory

One of the primary aims of the present effort has been the development
of the capability to determine plasma and magnetic-field properties, as
predicted by the present theoretical model, at locations specified along
an arbitrary spacecraft trajectory, and in such a form as to enable com-
parisons to be made directly with actual spacecraft data. To this end,
the following procedure has been developed and implemented in the
associated computer code. First, from the known oncoming interplanetary
conditions provided in a sun-planet reference frame, the azimuthal and
polar solar-wind angles (Q,¢p) are employed to establish both the loca-
tion of the trajectory point in the solar-wind (X,Y,2) frame as well as
the interplanetary magnetic-field components (me’BYm’Bzm) using the
transformation eq. (65). Next, the axisymmetric gasdynamic and unit
magnetic-field calculations are carried out. Because the gasdynamic flow
is axisymmetric in the (X,Y,2Z) system, the internal coordinate system in
which the trajectory calculations are actually performed may be rotated
about the X axis into the most convenient orientation. If we consider a
point P located at (Xp,Yp,Zp), then the rotation most appropriate for the
present application is indicated in the sketch below

} 2

33



where the angle 6 is given by

Z
6 = tan~ ¥ [?e] (69)
P

This rotation defines a new coordinate system (x',y',z') where

x! 1 0 0 b:4
y'| = |0 cos 9 sin 6| |Y (70)
z! 0 -sin © cos 0 (2
in which
x' =X
p
' = Y4 + 2 (71)
Y p - p
z' =0

Thus, the (x',y') plane which contains the X axis and the arbitrary point
P corresponds directly to the plane (X,R) = (Xp, VYE + Z;) in which the
axisymmetric gasdynamic flow properties are calculated. In particular,
the velocity magnitude v, density p, and flow angle ¢ at the point P are
found by bilinear interpolation through the (X,R) flow-field grid. The
vector velocity in the (X,Y,Z) system is then given by the transformation

Vg 1 0 0 v cos ¢
vyl = 0 cos 6 -sin 6{|v sin ¢ (72)
Vg 0 sin 6 cos § 0

and then in the sun-ecliptic system by the transformation given in eq. (68)

vxs -cos {2 cos ¢p sin @ -cos 2 sin ¢p Vy
vys = sin Q cos ¢p -cos § sin Q@ sin ¢p Vy (73)
vZS sin ¢p 0 cos ¢p vz
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Calculation of the magnetic field at an arbitrary point is somewhat
more complicated since these components are dependent upon the orientation
of the incident interplanetary magnetic field. With the known (me’BYm’
Bzm) components, the corresponding components (B} ,Bi ,B) ) inthe rotated

coyoo o]
(x',y',z') system are given by

Bém 1 0 0 me
B! = |0 cos 8 sin 8| |B (74)
Yy Y
(o] [ee)
B! 0 -sin 6 cos O |B
Zo° Zoo

In this reference frame, the perpendicular, parallel, and normal inter-
planetary components are identified as

B, = B!
" Xm
B, = By (75)
o«
B, = B!
n 2o

Then, the magnetic field angles aﬁ and aﬁ in the rotated system are given
by

(76)

A N o e ] B N e e

The magnetic angle ¥ associated with the incident perpendicular component
and the unit magnetic-field ratios (|B|/Bw) ’ (|B|/Bm)l, (B/Boo)n in the

2 " =
rotated system are next determined by bilinear interpolation through the

flow-field grid. Then, the magnetic-field components (B*,B&,Bé) in the
rotated system are calculated from

B

+ cos Y + sin aé .

B
B! = cos o' |co . ' —
% n s ¢ cos ap B

«© "
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B B
- ' : . v . | + s§i . i LIPS « B
By cos o sin ¢ cos ap B sin Y sin up B_ o
(79)
B! = sin o' + |=| -+ B (80)
A n Bo° o
n

The magnetic-field components in the solar-wind (X,Y,Z) system are then

determined from the rotational transformation.

1
BX 1 0 0 B
- P '
B, 0 cos 6 sin © By (81)
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Z z

and finally in the sun-planet system from
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Bys = sin Q cos ¢p -cos sin @ sin ¢p QY (82)
i B
st sin ¢p 0 cos ¢p z
RESULTS

Using the computational procedures developed under the current
modeling effort, a large variety and number of different solar-
wind/planetary-ionosphere interraction results were systematically
obtained. These results were directed toward the followinq specific
objectives: (1) verification of the correctness of the procedures, (2)
demonstration of their flexibility and generality for a variety of cases
covering ranges typical of solar-wind conditions, (3) establishment of a
catalog of flow and magnetic-field results for a large number of solar-
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wind flows, and (4) comparisons of theoretical predictions with data
obtained from spacecraft measurements. The results obtained associated

with these objectives are discussed below.

Verification of the correctness of the procedures developed under
the current effort primarily involved testing the computational exten-
sions developed regarding both the gasdynamic and magnetic-field calcula-
tion methods reported in ref. 9. For the gasdynamic solver, this consists
of demonstrating the extended blunt-body capability. As discussed
previously in the section describing the nose-region solution and also in
section A.2.1.1 of the computer manual, that extension involves the addi-
tion to the nose-region flow field of a region downstream of the
dawn-dusk terminator - which is the usual plane terminating the nose-
region solution. This added capability effectively removes any
restriction with regard to obstacle shape and interplanetary gasdynamic
Mach number of the previous procedures (ref. 9); and permits the
calculation of ionopause shapes which have significant flaring in the
radial direction at the dawn-dusk terminator, as well as flows at very
low (M = 2.0) free-stream Mach numbers. In figure 10, we present
results for the bow shock locations for M = 8.0, v = 5/3 flow past
constant scale-height ionopause shapes (see eq. (36a) with H/Ro = 0.5 and
1.0. The downstream solutions for neither of these shapes could be
determined with the previous procedures (ref. 9), whereas with the
present method they present no problem. The downstream locations to
which the nose-region solutions were extended were X/Ro = (0.54, 0.67),
respectively, for the H/Ro = (0.5, 1.0) ionopause shapes - indicating
that the addition of an extensive downstream region to the nose solution
for such flows is unnecessary. This is important, as the nose-region
solver requires significantly more computational time for a given
flow-field region than the marching solver. Hence, minimization of the
nose-region flow field is essential in minimizing the total com-

putational time.

In figure 11, we display additional results using the extended nose-
region grid capability to demonstrate the ability of the current method
for calculating very low interplanetary gasdynamic Mach number flows.

Bow shock locations are shown for M_ = 2.0 and 3.0, Yy = 5/3 flows past an
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ionopause obstacle shape with gravitational variation included in
scale~height having E/Ro = 0.25 (see eq. (36b)). This particular
obstacle is a relatively blunt shape, as can be observed from the
ionopause profiles presented previously in figure 1, and, computa-
tionally, presents a more difficult flow to determine than flows for
shapes having less flaring. For applications to terrestrial planets,
such as Mars and Venus, typical ionopause shapes occurring in nature
appear to lie in the range 0.01 5ﬁ7Rog 0.10. Consequently, demon-
stration of the ability of the current procedures to treat successfully
such flows as shown in figures 10 and 11 - which lie at the limits of
interest as far as applications to nonmagnetic terrestrial planets, indi-
cates that these procedures will not be restricted insofar as ionopause

geometry and interplanetary solar-wind conditions are concerned.

Corresponding verification of the extensions to the procedures for
the magnetic-field calculation has involved demonstration of the
correctness of the magnetic-field prediction at any arbitrary point in
the solar-wind flow field. This was accomplished by consideration of a
variety of special test cases in which the location in the flow field and
the incident interplanetary magnetic-field orientation were system-
atically changed so as to produce both symmetric and antisymmetric
changes in the resultant ionosheath magnetic field, as well as to reverse
the roles of the perpendicular and normal components. All of these
various permutations of the magnetic-field calculation procedure were

successfully verified.

One of the primary objectives of the present work was to demonstrate
the flexibility and generality of the present procedures by exercising
them over a wide range of ionopause geometries and solar wind oncoming
conditions so as to cover, insofar as possible, the entire range of
practical interest of these parameters, These calculations were to be
summarized in a convenient format and then archived so as to provide
at—-a-glance information regarding the variation of the flow-field and
unit magnetic-field quantities. The output format selected was the
automatic pen-plot output option of the program involving plots of the
flow-field streamlines, and contours of the velocity magnitude |y|/vm,
temperature T/T_, density p/p_, and the field-line locations and contours
of the unit magnetic-field ratios (|§|/Bw)" and (|B|/B),.
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The test cases selected for this catalog involved a ratio of specific
heats Y = 5/3 and the following matrix of free-stream Mach numbers M_ and

ionopause shapes:

M, = {2.0, 3.0, 5.0, 8.0, 12.0, 25.0}
H/R, = {0.01, 0.10, 0.25}
E/RO = {0.10, 0.20, 0.25}

Thus, a total of 36 separate cases were calculated. The plot output for
these cases is provided in Appendix B, which also presents a convenient
page index to the individual results. These archived results provide an
very convenient means of determining the overall dependence of flow-

field and magnetic-field quantities with M_ and obstacle shape, in par-
ticular the variation of bow shock location and flow-field contour changes.
We note that the range of free-stream Mach numbers selected easily spans
the entire range of solar-wind conditions usually encountered, while the
different obstacle shapes provide a wide variation as well, as can be

observed from figure 1.

The final and ultimate check of the current procedures lies in the
comparison of the results predicted by the present model with data
actually measured by a spacecraft. To that end, we have made a number
of preliminary comparisons with data obtained from orbits 3 and 6 of the

Pioneer-Venus Orbiter spacecraft.

The overall features of the spacecraft trajectory crossings of the
solar-wind/Venus-ionosphere interaction region are provided in the sketch
given in figure 12. 1In that figure, which is referred to the sun-Venus
solar-ecliptic coordinate system, we note in particular the highly
elliptic spacecraft orbit (periapsis = 200 Km, apoapsis = 66,000 Km) and
the crossings of the bow shock and ionopause surfaces. The oncoming
solar-wind direction, with arbitrary azimuthal (aberration) and polar
angles (Q,¢p) is as indicated, with the ionopause and bow shock surfaces
symmetric about that direction. The oncoming arbitrary interplanetary

magnetic field B is also as indicated.

The procedural outline employed for the theoretical comparisons is as

follows:
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I. Orbital data selection

Select data from an orbit when solar-wind conditions are relatively

steady.

II. Theoretical calculations

Input:

Ionospheric P and T versus altitude from orbiter retarding
potential analyzer (ORPA)
Solar wind Veor P T, from orbiter plasma analyzer (OPA)

ool

Solar wind B from orbiter magnetometer (OMAG)
Trajectory coordinates
Output: (Contours and/or time histories along orbital trajectory)

Ionosheath p, T, v, B and their scalar components in solar

ecliptic coordinates
III. Comparisons with Spacecraft data

Observational ionosheath data for p, |v|, T from OPA and for

B from OMAG with two sets of theoretical predictions based on

last }
first

interplanetary solar-wind properties (v_, T_, pf_, B_)
measured {

before} bow shock {inbound

after outbound crossings.

First, the selection of the particular orbit for which theoretical
calculations and data comparisons will be carried out must be made. This
choice is based on spacecraft observations of the oncoming interplanetary
solar wind, and for the cases reported here, the selections were made
when conditions appeared relatively steady. 1In particular, the
interplanetary conditions regarding solar-wind velocity, density,
temperature and magnetic field based on the orbiter solar-wind plasma

analyzer (OPA) and fluxgate magnetometer (OMAG) measurements just prior
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to inbound bow shock crossing and immediately after outbound bow shock
crossing were analyzed by the Pioneer-Venus investigators responsible for
these instruments for a number of the initial orbits of the Pioneer-Venus

*
spacecraft, and on this basis the selection of Orbits 3 and 6 were made.

To initiate the theoretical calculations, information regarding both
the ionospheric obstacle shape and the oncoming interplanetary conditions
are required. The determination of the obstacle shape is based on measure-
ments of atmospheric density and temperature as a function of altitude
made by the orbiter retarding potential analyzer at (ORPA) locations
interior to the ionopause boundary.** These measurements yvield the varia-
tion of atmospheric pressure with altitude in the vicinity of ionopause
altitudes. From this information, the value of the scale-height parameter
from the atmospheric pressure model given by either eq. (29) or (30) can
be determined. For Venus, it appears that the ionosphere/solar-wind
interaction is such that the ionopause wraps tightly about the planet
(ref. 10). Our calculations based on ORPA data for Orbits 3 and 6 indicate
scale heights of approximately 200 Km, which yield a corresponding range
of values for H and H of 0.02 < H/Ro, EVRO < 0.05. We note that for such
small values of scale height, the two ionospheric pressure models egs.

(29) and (30) yield essentially the same obstacle shape, as can be seen
from figure 1. For the comparisons reported here for both Orbits 3 and 6,
we have selected a value of EVRO = 0.03. With regard to oncoming
interplanetary conditions, we require as input the solar-wind bulk
velocity vy, density p_, temperature T, and magnetic field B_. The first
three are provided by the orbiter plasma analyzer (QOPA), while the
magnetic field is given by the orbiter fluxgate magnetometer (OMAG). We
note that the OPA provides either ion density and temperature or electron
density and temperature, but not both simultaneously. For orbits 3 and

*Special thanks are due to J. H. Wolfe and J. P. Mihalov who provided
information regarding the solar-wind plasma from OPA measurements
(refs. 21,22) and to C. T. Russell, R. C. Elphic, and J. A. Slavin for
magnetic-field information from OMAG measurements (refs. 23,24).

* %
Special thanks are due to W. C. Knudsen and K. Spenner for providing the
ionospheric plasma information from ORPA measurements (refs. 10,11).
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6, ion measurements were available and have been employed. Information
regarding the onéoming direction of the solar wind, as given by the angles
(Q,¢p), defines the requisite coordinate rotations required to align the
gasdynamic calculation in the oncoming solar-wind direction; while
information of solar-wind speed, density, and temperature serve to define
the oncoming gasdynamic Mach number required to initiate the gasdynamic

calculations.

With this information, the detailed gasdynamic and unit magnetic-field
calculations in the ionosheath region can be carried out. 1In order to
provide an idea of the detail obtained by the present computational
procedures in these calculations, we have displayed in figure 13 the
flow-field gtid for one of the gasdynamic flow solutions used in the data
comparisons discussed below. The result shown is for M_ = 3.0, Y = 5/3
flow past an ionopause obstacle shape with ﬁyRo = 0.03, and is shown
carried to a downstream location of X/Ro = 3.0. The flow field
properties [v/v,, p/P,, T/T, ] and the unit frozen magnetic-field ratios
[(§/Bw)", ‘g/Bw);' (B/B”)n] are determined at each intersection of the
grid lines, including the bow shock, stagnation streamline, and
ionopause boundaries. The final output of the calculaton consists of
detailed flow-field and magnetic-field properties in the ionosheath
region, both in terms of tabular output and plotted contours and time
histories along the orbital trajectory of the velocity magnitude and
components, density, temperature, and magnetic-field magnitude and
components. Complete details are provided in section A.4 of the Computer

User's Manual.

For the comparisons with spacecraft data, the most convenient portion
of the output format are the time-history predictions along the space-
craft orbit. The observational data used for comparisons with the
theoretical predictions in the ionosheath region include plasma
density, velocity, and temperature from OPA measurements and magnetic

field from OMAG measurements. For the theoretical predictions, two sets
of results are usually generated based on {%??:t interplanetary solar-

Ppr B,) measured {before} bow shock {lnbound

wind properties (v , T after outbound

w? Por

crossing.
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In figure 14, we have displayed some overall flow-field results for
Orbit 6. Indicated in that figure are bow shock locations for the three
combinations of free-stream Mach number M_ and plasma specific heat ratio
Y, i.e. (Mg,Y) = (13.3,5/3), (13.3,2), (3.0,5/3) for flow about an
ionopause with EVRO = 0.03. Also indicated are two sets of points (-O-,
-[J-) representing the spacecraft trajectory for orbit 6 as viewed in two
solar-wind oriented coordinate systems. The trajectory indicated by the
solid lines and circles (-®-) is that based on the last measured
direction (Q,¢p) = (6.5°,-1.4°) of the interplanetary solar wind just
prior to crossing the bow shock on the inbound leg, while the dashed line
and squares (-—[]--) denotes the trajectory based on the first measured
direction (Q,¢p) = (4.9°,7.6°) of the solar wind immediately after
crossing the bow shock on the outboard leg. We note that the spatial
location of the spacecraft trajectory in solar-wind coordinates depends
only on the direction (Q,¢p) of the oncoming solar wind, but not on its
magnitude. With regard to the results indicated in figure 14 for the
spacecraft trajectory, we observe the extremely large dependence of
spatial position of a trajectory point, as viewed in solar-wind
coordinates, on solar-wind direction. For the particular inbound and
outbound solar-wind angles indicated, the shift in X-coordinate of a
trajectory point can be as high as a quarter of the Venusian planetary
radius, which obviously results in substantial differences in predicted
flow and magnetic-field properties. 1In previous work, the influence of
the angular shift in the solar wind was generally considered to be small
and negligible. The current results, however, indicate that this purely
geometrical effect can be surprisingly large, even for directional shifts
of less than 5°, and must be accounted for in any realistic theoretical
comparison with data. See reference 7 for another example of the

importance of this effect.

Finally, with regard to Ehe three sets of bow shock results
displayed in figure 14, these calculations represent an attempt to
resolve the uncertainty in the oncoming free-stream Mach number and ratio
of specific heats of the plasma. Because only solar-wind ion tempera-
tures from the OPA were available for Orbit 6, the initial calculation of
the free-stream Mach number was based on the assumption that Te = Ti,
which leads to M_, = 13.3. A ratio of specific heats y = 5/3 was assumed,

and these interplanetary values result in the bow shock indicated by the
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dot-dash line. That shock location is in poor agreement with the
observational shock crossings, indicated as occurring between the pairs
of solid circles and squares. A separate uncertainty arises from the
possibility that the magnetic field may act to align the plasma particle
motion in its direction, thus effectively reducing the number of degrees
of translational freedom from 3 to 2 and thereby increasing the ratio of
specific heats from 5/3 to 2. To investigate this possibility, we have
repeated the M_ = 13.3 calculation using y = 2. That result is indicated
by the dashed line, and is in better but still not completely satisfactory
agreement with the observed shock locations. Finally, if it is assumed
that the oncoming interplanetary electron temperature is not equal to the
ion temperature, but is substantially higher, we are lead to low Mach
numbers of the order of M_ = 3-5. We have displayed bow shock results of
aM_ = 3.0, vy =5/3 calculation in figure 14 as the solid line, and
observe that based on this Mach number and the inbound solar-wind
direction, the observational shock crossings display very good agreement

with the theoretical results.

Figure 15 displays the time-history comparisons of the
theoretically-predicted bulk plasma density, speed and temperature in
the ionosheath region with OPA measurements of these quantities. These
theoretical results were based on a gasdynamic flow solution with M, =
13.3, ¥ = 2.0. In these results, the solid lines with circles correspond
to results based on inbound interplanetary conditions, while the dashed
lines with squares correspond to outbound conditions. We note that while
the few data points available are in general agreement with the theore-
tical calculations, the lack of more detailed plasma measurements in the
ionosheath prevents a definitive conclusion. The OPA instrument requires
approximately 9 minutes to acquire sufficient data to enable predictions
of the bulk plasma quantities. While this time lag presents no problem
when the spacecraft is in the interplanetary solar wind, the large
resolution time effectively averages the plasma quantities in the
ionosheath over such a large spatial range that only overall comparisons

of the bulk plasma properties are possible.
The situation is quite different for the magnetic field, as the OMAG

instrument provides essentially instantaneous magnetic-field measure-
ments. Comparisons of the frozen magnetic-field predictions with data
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are displayed/in figures 16(a,b). These comparisons employ the gas-
dynamic solution M_=13.3, vy =2 for which plasma properties were given
in figure 15. 1In figure 16a, we display two sets of theoretical
calculations for the magnitude of the magnetic field, based on the
inbound and outbound interplanetary magnetic field conditions as
indicated on the figure. 1In these comparisons, we observe very good
agreement with both sets of predictions. In particular, on the inbound
leg, the theoretical predictions based on the inbound interplanetary
conditions are in very good agreement with the data, while the outbound-
condition predictions are clearly not as favorable. On the other hand,
as we proceed in time along the outbound leg, the opposiﬁe is true.

Here, the outbound-condition predictions are in very good agreement with
the data, while the inbound-condition predictions are notably inferior,
particularly with regard to shock crossing. Corresponding results for
the magnetic-field components are provided in figure 16b, and display a
similar behavior. The agreement of the theoretical results with data for
the individual components is remarkable, confirming the accuracy of the
frozen-field model, as well as the shift of the ionosheath magnetic field
from a solution related to inbound interplanetary conditions to one
related to outbound conditions.

For Orbit 3, similar comparisons as those shown in figures 14-16 for
Orbit 6 are given in figures 17 to 19. 1In figure 17, we have provided
the bow shock locations for five different combinations of M_ and Y as
indicated. The Mach numbers M_ = 7.38, 5,96 correspond, respectively, to

the inbound and outbound interplanetary conditions for |Ym|r p T_ as

oo/ o
measured by the OPA, while the two values of Y = 5/3,2 used in the
calculations represent our uncertainty of the ratio of plasma specific
heats. We have also indicated for reference the bow shock location for M,
= 3.0, Y = 5/3 as given previously in figure 14 for Orbit 6. Note that
the observational shock crossings are again closest to the M, = 3.0, Y =
5/3 shock. Also provided in figure 17 are the orbital trajectories as
viewed in solar-wind coordinates for the inbound (Q,¢p) = (3.3°,0.15°)

and outbound (Q,¢p) = (3.7°,4.9°) solar-wind directions.
The comparisons for the bulk plasma properties for Orbit 3 are pro-

vided in figure 18. Again we note an overall agreement for bulk plasma

speed and density, but note an observable discrepancy in the temperature.
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This is thought to be indicative of the manner in which the bulk
properties from the theoretical model are being interpreted in relation
to the observational measurements; i.e. the theoretical values corre-
spond to those for a single-component plasma, while the measurements are
in terms of a multi-component plasma. Whether the theoretical plasma
properties require rescaling or reformuiation, or whether their present
formulation is appropriate for comparison with the multi-component data,
appears to be a necessary and important subject for future study.

Results for the magnetic-field comparisons are displayed in figures
19(a,b), which proQide time-~histories of both the magnitude and the
individual magnetic-field components based on both inbound and outbound
interplanetafy conditions. We note again, although the shock crossing
comparisons are somewhat in disagreement since the gasdynamic flow
fields used in these results were for M_ = 7.56, 5.96 and vy = 2, the
reasonable comparisons are obtained for the ionosheath magnetic field.

In particular, we observe the drift with time along the trajectory of the
trajectory of the agreement of theory with data from the predictions
based on inbound interplanetary conditions on the inbound leg, to those

based on outbound conditions on the outbound leg.

In order to demonstrate the improvement obtained in magnetic-field
results when a gasdynamic flow-field solution is employed which more
closely agrees with the observational bow shock location, we have
displayed in figure 20(a,b) the analogous time-history magnetic-field
comparisons when using a M, = 3.0, ¥ = 5/3 gasdynamic result. 1In this
case, results were computed for only the inbound direction (Q,¢p) =
(3.3°, 0.15°) of the solar wind. As can be seen, there is a marked
improvement in the agreement near the bow shock, and quite good agreement
throughout the ionosheath as well as, for both the magnitude and the
individual magnetic-field components. We note that the general agree-
ment of theory and observation of the individual components demonstrates
both the accuracy of the calculation and, in particular, the need for
accounting in the theoretical results of the variable direction of the

interplanetary solar wind.
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CONCLUDING REMARKS

The application of advanced computational procedures was undertaken
for the purpose of modeling the interaction of the solar wind with non-
magnetic plénets, with particular emphasis on Venus. Based on the
successful theoretical model employed previously (ref. 9), i.e., the
steady, dissipationless, magnetohydrodynamic model for axisymmetric,
supersonic, super-Alfvénic solar-wind flow, a number of important
theoretical extensions have been developed and included in the computa-
tional procedures. These include the capability for treating very low
oncoming interplanetary gasdynamic Mach numbers (M, = 2.0), as well as
quite general ionopause shapes. A new family of ionopause shapes has
been developed which includes the effect of gravitational variation in
scale height, and has been incorporated in the computational program.
Additionally, the capability for determining the plasma gasdynamic and
magnetic-field properties along any arbitrary spacecraft trajectory,
accounting for an arbitrary oncoming direction of the solar wind, has
been developed. All of these developments have been incorporated into
an assemblage of computer codes to enable detailed calculations of the
solar-wind interaction with planetary atmospheres. The computer codes
have been extensively documented and are described in a computer user's

manual included as part of this report.

Comparisons are reported which verify the correctness of these new
procedures, and which demonstrate their capability for computing a wide
range of flows encompassing those typical of solar-wind conditions about
terrestrial planetary atmospheres. A catalog of sample solar-wind flows

covering a large number of flow conditions and ionopause geometries was

established, and reported in summary format in the forms of contour plots

of important flow-field and magnetic-field properties. Finally, success
ful comparisons of results from the theoretical model were made with
actual spacecraft data obtained from initial orbits of the Pioneer-vVenus
Orbiter. These results have indicated the importance, heretofor largely
neglected, of the directional variability of the oncoming solar wind.
All of these results, taken in toto, serve to verify the basic theoreti-
cal model which underlies the present procedures. Furthermore, it
demonstrates the value of the present computational procedures as a

research tool capable of routinely providing - at small computation cost
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and in a format directly compatible with experimental observations -
details of the solar-wind/planetary atmosphere interaction process not

previously attainable.

With regard to future uses as well as improvements of the present
model, the obvious need for a detailed study involving comparisons
between theory and observations for a large number of orbits of the
Pioneer-Venus Orbiter is clear. Based on the preliminary comparisons for
orbits 3 and 6, the frozen magnetic-field model appears to be remarkably
accurate for relatively quiet-time conditions. Similar comparisons of
the plasma properties indicate a need for an improved interpretation of
the results from the single-~fluid theory in terms of multi-component
measurements. Questions regarding the possible suppression by the
interplanetary magnetic field of the number of degrees of freedom of the
plasma require further study and could be clarified through systematic
comparisons with data. Additionally, observations from the Pioneer-Venus
Orbiter of the nightside ionosphere of Venus have indicated a more
complex and dynamic structure than suspected. These observations point,
in particular, toward the need for improvement of the simple model used
in the present method for the determination of the ionosphere boundary.
This improved determination would involve an iterative procedure in which
a balance of the sum of the solar-wind gasdynamic plus magnetic pressure
along the ionopause surface would be maintained against the ionospheric
pressure. The present method, which balances the Newtonian pressure
distribution against the ionospheric pressure, represents the first step

in this iteration.
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APPENDIX A

A.l1 INTRODUCTION

The purpose of this appendix is to describe the operation of the
assemblage of computer codes which were developed in conjunction
with the theoretical work presented in this report and organized
into one program, and to provide sufficient detail to permit
understanding and use of the program. The program computes the
flow field of the solar wind about a terrestrial planet, using a
procedure for the calculation of supersonic/hypersonic flow about
an axisymmetric blunt body. The corresponding frozen-in magnetic
field is calculated from the previously-determined velocity and
density fields. Streamlines and contour lines of various flow-
field properties and magnetic-field components are also determined.
Next, these flow-field and magnetic-field values are calculated for
points along a user-specified trajectory.

A description of the general operating procedure of the program
is given, with descriptions of input and output. The program is
written in FORTRAN IV and has been developed on a CDC 7600 computer.
University Computing Company (UCC) Standard Plotting Software and
Functional Software packages are used to produce automated plots.
Files used, besides TAPES5 for INPUT and TAPE6 for OUTPUT, are TAPEl
for the plot file (system default), TAPE4 for input file for rerun
option, and TAPE9 for storing data for rerun. Typical run times
for cases using the default parameters are 110 to 120 seconds, using
the OPT=2 compiler. For a case using the rerun option, which
employs a previously-calculated flow field, the run time is approxi-
mately 15 seconds. The storage requirements are 146Kg for small
core memory and 273K8 for large core memory.
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A.2 PROGRAM DESCRIPTION

For computational purposes, the flow is subdivided into two
regions, as indicated in the sketch below, with the center of the

planet as origin.

R

Embedded

. . Magnet u o
subsonic region g opause or

ionopause

er———-
Moo >> 1 e
X

1.0 O

The region near the nose of the magnetopause/ionopause includes all
of the imbedded subsonic flow and part of the supersonic flow. An
axisymmetric implicit unsteady Euler equation solver is used to
calculate this part of the flow field. Using the solution plane at
X = 0.0 to provide starting conditions, the flow field in the purely
supersonic downstream region is determined by integrating the steady
Euler equations using a spatial-marching procedure. Streamlines, the
magnetic field, and contours are calculated using the entire flow
field, distinguishing between the two regions as required by the
different forms of the computational grids. A rerun capability is
provided, where flow-field data is read from a file written on a
previous run, rather than repeating the blunt-body and marching
calculations. The computations proceed as shown in the sketch below,
which provides an overall flow chart of the complete program. The

program provides for several cases to be run consecutively.
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FIELD VALUES ALONG
TRAJECTOR

IF LPRFL IS
TRUE, PRINT
DETAILED FLOW

FIELD OUTPUT

IF LPLTRJ IS
TRUE, PLOT

Program Flow Chart



A.2.1 Calculation Procedure

After reading in the number of cases in the run, each case is
calculated independently. Subroutine INPUT reads in all card input
required for one case, viz. a title, flow conditions, obstacle
geometry, calculation and print control parameters, and desired
contour values. The user may supply the obstacle geometry in the
form of a shape table for an axisymmetric body, or use one of the
default shapes which are calculated internally by the program. These
default shapes are the magnetopause equatorial trace, constant scale-
height ionopauses, and ionopauses having gravitational variation in
scale-height. The input is printed as the first item of output.

A.2.1.1 Blunt-body calculation
A computational mesh in polar (Rp,e) coordinates is established for

the blunt-body calculation; then, for the marching calculation, this
is extended into a cylindrical (x,R) system, as indicated below:

This method has proven effective except for certain obstacle shapes
which have a significant amount of flaring at the terminator and/or
cases involving low free-stream Mach numbers M_ < 3. Under such con-
ditions, the axial component of velocity may become subsonic at the
starting plane of a marching calculation (terminator) and the calcula-
tion cannot proceed. 1In this case the blunt-body grid must be extended
past 6 = 900 as shown below:
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x €

The number of rays added to the blunt-body mesh is controlled by the
input variable NXADD, and are limited by the requirement, NBLUNT +
NXADD < 39.

All lengths, x, R, Rp’ are normalized so that the nose of the
obstacle is at x = 1.0. For the default shapes, rays at equal
angular increments of A6 are used, starting at -A6/2, up to 900 +
A8, where A8 = 909/ (NBLUNT-1.5), and NBLUNT is an input parameter
describing the number of angular mesh points to be used in the blunt-
body calculation. Program default value is NBLUNT = 24, so that for
the default mesh, A6 = 4°, The obstacle shape is determined by inte-
grating the appropriate differential equation by a trapezoidal
predictor-corrector method. For a user-supplied shape, the § grid is
determine by rays from the origin through the first NBLUNT points,
and the reflection of the first ray about the x-axis. Values for Rp
are determined by dividing the line segments between the body and
bow shock wave into NR-1 equal intervals. Thus, including the
obstacle and bow shock wave, the grid forms NR arcs around the
obstacle. A starting solution for the blunt-body calculation is
obtained by guessing a bow shock shape and by prescribing a
Newtonian pressure distribution on the body. Noting that the
maximum entropy streamline wets the body, other flow properties on
the body surface can then be calculated. An initial flow field is
then established by linear interpolation between the obstacle and
the guessed bow shock, where the Rankine-Hugoniot relations hold.

The integration proceeds in time for ITER steps. The initial bow

shock shape used for the magnetopause equatorial trace and for an
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ionopause with H/Ry 2 0.1 is a correlation shape depending on (M_,
Yo H/Ro) and given by the parabola Rp = 61/80 - x//So where

8o = 1.0 + 1.1 {[(y=1)M2 + 21/ (y+1)M2} x (0.9 + 0.5 H/R_)

_ 2
51 = Ao {(1.273 + 0.009 M_) (0.904 + 0.655 H/RO)
x [3.95 - 5.3 H/R_ + 3.85 (H/R )21} + Rpoay’ 1m0 o
by, = [(y-1)M2 + 21/ (y+1)M?] x 0.78

For a user-supplied obstacle shape and for an ionopause with
H/Rg < 0.1, the initial shock shape used is the curve Rp =
Nﬁl + Ao(l + 0.68 62 + 0.16 64)]. Information on convergence, the
final sonic line locations, and the body and final bow shock shape

are printed from this calculation.

The flow chart for the blunt-body code is shown in Fiqure A.l(a).
A.2.1.2 Marching calculation

The results at the 8 = 90° plane of the blunt-body calculation are
used as starting conditions for the marching calculation, after
proper variable normalization for the internal marching calculation.
For default geometries, the obstacle shape is determined by integration
of the appropriate differential equation proceeding from the nose
downstream at equal 6 increments to form a body-shape table. The
stepsize along the x-axis is recalculated at every ICONST(49) with
ICONST (49) being set to 10. At each x-location, Rbody is determined
by linear interpolation. The computational mesh is extended by adding
the line perpendicular to the x-axis at each step, divided in the
same manner as for the blunt nose. The calculation marches downstream

with a maximum stepsize of 1.0 until the terminal location specified
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by the user has been passed. However, the number of steps is limited
to 75, after which the calculation will end regardless of the x-location.

The coordinates of the obstacle and bow shock are printed at each step.

The grid coordinates and flow-field values are written to a file,
TAPE9, which may be saved to use as input for a later run. This
rerun option, which replaces construction of the computational mesh
and performance of the blunt-body and marching calculations with the
reading of the rerun input file TAPE4, is described in section A.2.2.
The flow chart for the marching calculation is provided in figure
A.1l(b).

A.2.1.3 Streamline célculation

The streamlines are calculated in two sections, following each of
the flow-field calculations. Using the results of the blunt-body
calculation, i.e. the (x%x,R) grid coordinates, (Rp,e) grid coordinates,
density p/p_, and velocity components vx/v°° and vR/vw, the velocity
magni tude lyl/v°° and flow angle ¢ are calculated. Density p/p°° and
velocity magnitude |v|/v_ are first smoothed along the rays of con-
stant-g, using a third-degree least-squares fit with respect to Rp.
Streamlines are then calculated downstream to x = 0.0, using the
trajectory method and integrating through the velocity field by means
of a third-order modified Euler integration procedure with the grid
locations on the bow shock used as starting positions. The flow angle
¢ = tan-l(vR/vX) at each point is determined using bivariate linear
interpolation first in 6, then Rp. Points for which 6 < 09 or 8 > 90°

are discarded in the interpolation.

The marching calculation provides (x,R) grid coordinates, and
values of density p/pt, and velocity components vx/vt and vR/vt, where
t denotes free-stream stagnation conditions. For compatibility with
the blunt-body solution, the flow-field values are converted to p/p_,
vx/vw, VR/vw before calculating the resultant velocity magnitude
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lyl/v_ and flow angle ¢. The streamline calculation is continued
downstream, employing the same method as in the nose region. Starting
positions on the shock wave for the streamline calculation in the
marching zone are set at equal R-increments, with a maximum of 50
streamlines calculated. The flow angle is determined usingbivariate
linear interpolation first in x, then in R.

Along the symmetry axis, values of x, p/pw, and Iyl/v°° are deter-
mined by extrapolation, using a third-order Lagrangian polynomial in

8 on each arc of the computational grid. Exact values for the
stagnation streamline are used where possible, viz. at the bow shock

o/p, = (Y+L)M2/[(y-1)M2 + 2]

lvl/v, = 1/(po/p,)

at the body surface

p/p,,

1/(y-1)
(p/p,) ]]

shock [[(Y+1)Mm]2//[4YMi - 2(y-1)

\vl/v, = 0.0

~

X 1.0

Detailed flow-field output may now be printed by subroutine FLOUT,

with LPRFL as print control variable. 1In addition to grid coordinates,
density, velocities and flow angle, values of temperature T/T, and
pressure P/P°° are output, where

T/T

@

1+ [(y=1)/21"M2-11 = (|y|/v)?

P/P, = (p/p,) (T/T,)
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Streamline coordinates may also be printed by subroutine STOUT, with
LPRST as print control variable. A plot of the streamlines is
generated if the variable LPLOT is true. A flow chart of the stream-
line calculation is shown in figure A.l({(c).

A.2.1.4 Magnetic-field calculation

The magnetic field is determined by separately calculating the unit
components whose directions are parallel, perpendicular, and normal to
the flow, in the undisturbed solar wind. These components are then
added vectorially, the resultant being expressed in orthogonal (x,y,z)
components. The angles in the free stream a_ and oL between the
magnetic field and the flow, as shown in the sketch below, are either
input or, in the case of a trajectory calculation, are calculated
internally from the input interplanetary magnetic field.

The magnetic-field components are calculated using the following
formulae in which e signifies a vector of magnitude e in the direction
of the component field line, and fi the unit normal vector.
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- @, 5@ e

The magnetic-field line vector component B which results from the
interplanetary component B_ that is parallel to the undisturbed
solar flow has local magnitSde given by (lyl/v_ ) (p/p_), and the same
local direction ¢ as the fluid flow. Determination of the normal
magnetic-field component B, requires calculation of R/R, where R_
is the free-stream cylindrical R-ordinate of the streamline through
the point under consideration. This is calculated by linearly
interpolating in the local radial cylindrical coordinate R between
the streamlines, with R/R, = 1.0 along the x-axis. The magnetic-
field vector component B, resulting from the interplanetary com-
ponent B_ which is perpendicular to the undisturbed solar-wind
flow requires the distance vector A&/Aﬂw, whose magnitude is
|af|/6L, and direction is ¢, where |AL|/AL_ is the stretching
factor of the perpendicular field at the point, and ¢ is the
direction of the field line through the point. The magnitude and

direction of Af/AL_ are calculated according to

lagl _ 91 * 95 1
AL d, + 4 AL+ AL
© 1 2 ool 002
and
Ar _ Axr
tan—l [——i] «d, + tan 1 {—-2] «d
Ax 2 X 1
1 2
w =
(d1 + d2)
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where the quantities dl,‘dz, Axl, sz, Arl, Arz, Aﬂml, and Aﬂmz
are described by the sketch below. The points marked (e) on the
streamlines represent equal-time intervals in the flow.

The perpendicular field lines are determined by integrating fgdt
along each streamline, using trapezoidal integration to locate points
along the streamline at regular increments in time, At, starting at a
perpendicular field line ahead of the bow shock. Values for [A£|/AL
and ¢ are calculated at the points where the perpendicular field
lines and streamlines intersect, interpolating only along the field
lines. A generalized quadrilateral interpolation scheme is then
employed to determine |AZ|/AL_ and ¢ at the computational grid points,
using the quadrilateral containing the point formed by the inter-
section of pairs of adjacent streamlines and perpendicular field

lines. At the bow shock, an exact formula is used, viz.

(|A§I/A£w)2 1 + cot?g (1+D2) - 2D x csch x cotd x cos(6-3)

v =6 + sin"1[D x cotd x sin(8-8)/(]ag]|/aL,)]
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where

p2 = 1 - 4(M2sin%e-1) (yM2sinZe + 1)/[(y+1) M sin’6]
2 2 .. 2
cot § = tan® x {(y+1)M_/[2(M_sin"8 - 1)] = 1}
dR
_ -1 shock
6 = tan _—?ﬁ?—_]

The values of |A§|/A£°° at the grid points are smoothed using fifth-
order least-squares fit with respect to arc length along the arcs

of th grid. The resultant magnetic field can then be expressed in
orthogonal (x,y,z) components. The code determines these components
for the case when the field point is located in the (x,y) plane,

ite., z = 0. These components are given by

B,/B, = cos a  x [cos ¢ x cos oy (|Bl/B,),
+ cos ¥ x sin o, x (|B|/B_) 4]
By/Boo = cos a, x [sin ¢ x cos oy X (IBl/B,),
+ sin ¢ x sin o, (|B]/B),]
B,/B, = sin a_ x (B/B.)

Magnetic-field components may now be printed by subroutine BOUT, with
LPRB as print control parameter. The magnetic field is not calculated
when LPRB = ,FALSE. and KBCON=0. A flow chart of the magnetic-field

calculation is shown in figure A.1(d).
A.2.1.5 Contour calculation and plot generation
Contours are calculated for velocity |v|/v_, density p/p_, and

magnetic components ﬂBl/Bw)",([gl/Bm)l, and (|§[/Bm)n. The method
used is a modified version of a procedure developed by R. Sorenson
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of NASA/Ames Research Center. The boundary is searched for intervals
which bracket a contour point. Having found one point, the remainder
of the contour is determined by 'walking' around the contour,
searching at each step for the interval through which the contour
line next passes, until a boundary point is reached. Then closed
contours are found in a similar manner. Linear interpolation is

used throughout the process. Note that since T/T_ is a function of
IYI/Vm only, velocity contours may also be considered as temperature
contours. Temperature and velocity are related by the following
function.

2
_ Y-1 .2 _ 4
/T =1+ —— M [l {Vm
The coordinates of the contour lines can be printed by subroutine

CONOUT, with LPRCON as print control parameter.

The program segment which controls the generation of contour plots
is accessed only when LPLOT = .TRUE. The UCC Plot Routines used to
produce these plots are AXIS, CHAR, DASH, DOTLN, ENPLT, GREEK, MATH,
NUMPLT, PLOT, PLTLN, POLAR, RESET, SCALF, and VECTOR. A flow chart
of the contour calculation and plot generation in figure A.l(e).

A.2.1.6 Trajectory calculation

This segment of the program provides theoretical plasma and mag-
netic-field properties in an output form that is useful for direct
comparison with actual spacecraft data. Given a sequence of
coordinates describing the spacecraft trajectory, the program
calculates the density, temperature, and velocity and magnetic-field
components at each point. Generation of trajectory plots is con-

trolled by the logical variable LPLTRJ. The trajectory calculation
proceeds as follows.

Input to this calculation includes interplanetary values of

temperature, density, velocity, and magnetic field together with
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the trajectory coordinates. The trajectory input is required as

a function of time and normalized by planetary radius. If the
logical variable LSUN is TRUE, then it is assumed that the
trajectory coordinates and vector quantities are expressed in terms
of a sun-planet (ecliptic) coordinate system. In this case, these
quantities are converted by the program into a solar-wind coordinate

system by the transformation

X, cos  cos ¢p -sin Q cos ¢p sin ¢p Xg

wl = sin § cos @ 0 Yg
- Q si sin @ sin cos z

z, cos sin ¢p 1 ¢p ¢p S

where (xw,yw,zw) are coordinates in the solar-wind system and (xs,ys,
zs) are coordinates in the sun-planet system. The angles £ and ¢p
are the azimuthal (total aberration) and polar angles, respectively.
The azimuthal angle, €, is the angle in the plane of the ecliptic
between the sun-planet line and the oncoming solar-wind, i.e., the
xs—axis and the xw—axis as shown in figure A.2. The angle ¢p' posi-
tive for southward solar-wind flow, measures the deviation of the
solar-wind from the plane of the ecliptic. Fiqure A.2 illustrates
the transformation from sun-planet ecliptic coordinates to solar-
wind coordinates. In this case the azimuthal and polar angles

indicated are both positive.

If LSUN is FALSE, it is assumed that all input data are referenced
to the solar-wind coordinate system and this transformation is not

performed.

In order to conform with the internal flow-field and magnetic-
field calculations, the signs of the x and y components of the
trajectory and vector quantities are reversed. This is, in
effect, another coordinate transformation which is defined by
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X, ) -1 0 o X, ~-Ccos 9 cos ¢p -sin Q cos ¢p sin ¢p X
cl = 0 -1 0 Y| = sin @ ~cos § 0 Yg
z 1 0 1|z -cos  si i i

c W s sin ¢p sin Q sin ¢p cos ¢p z

where (xc,yc,zc) are coordinates referenced to the internal calcula-
tion system. This transformation is illustrated in figure A.3. Also
shown in figure A.3 is the relationship of the interplanetary

parallel, perpendicular, and normal magnetic field components to the

internal calculation system. Specifically,

B =B ,B, =B , and B = Bz
c 1 Yo n c

The angles Ay and o, are now calculated from the relationships

B
oy = tan™t EZS
Xc
and By
-1 c
a. = tan
? Ve, )2 + (8, )2
Xc Yc

At this point, all data is in a form compatible with the internal
calculations and the program can interpolate for flow and magnetic-
field values along the trajectory. The following procedure is
repeated at each trajectory point. Noting that the flow is axisym-
metric, the coordinate system may be rotated to the most convenient
orientation for the calculation. The present (xc,yb,zc) coordinates
are converted to (xC,R) coordinates by a rotation in the (yc,zc) plane
about the xc—axis through the angle 6 = tan_l[zc/yé]. This rotation
defines a new coordinate system (x',y',2') in which 2z' = 0. Subroutine
IJRAJ now locates the point with reference to the computational flow-
field grid. The point is either within the ionopause, in the grid
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region, or beyond the bow shock. If the point is within the ionopause,
all values are set to zero. If the point lies beyond the bow shock,
all quantities assume their free-stream values. For points within the
grid, the velocity magnitude, density, and flow angle ¢ are found by
interpolation using function FTRAJ. From the flow angle ¢ and the
rotation angle 6, velocity components in the (xc,yc,zc) system can

be calculated according to

v = vcos ¢
X
c
v = vsin ¢ cos 8
Yo
v, = vsin ¢ sin 8
c

Calculation of the magnetic field is complicated somewhat because

the components are dependent on the incident magnetic field. Using

ap and oL B; R B§ , and Bé are calculated in the rotated (x',y',z')
oo
system by “ ®
B! = B
o«
B' =B cos 6 + Bz sin 6
Yo Yo c
[e2] o]
B! = -B sin 68 + B cos 6
Zo Yo Zc
[o) [ee]

Then aé and aﬁ are defined by
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Interpolation_is thenlgarried oyt to determine the magnetic angle

¢y and the ratios (= , [=={ , and B in the rotated system again
Boo " Boo L Boo n

using the function FTRAJ. Next, the magnetic-field components B;,

B&, Bé in the rotated system are calculated from

B B
B! = ! . T e | e gi Ve | 2 .
cos a, |cos ¢ * cos ap Bm\ + cos Y * sin ap Bm' B,
”
1] ) ] B B
B! = cos a sin ¢ * ¢ o == + si o 5i L P .
v n ) os ap Bm‘ sin ¢ « sin ap Bml B_
L1
B! =

i v L] B} .
sin an [B } B°°
. 00
n

Finally, these magnetic-field components are rotated back through
the angle 6 to yield magnetic-field components referenced to the
internal calculation system (x_,y,,z;) by )

1 3 1 Y(rt)
Bx 1 0 0 B;
c
B = |0 cos 9 -sin 6] |B!
Yo Y
Bz 0 sin © cos 6 Bé
\ CJ \ J \ J

Subroutine TROUT now prints the trajectory output in both the

solar-wind (xc,yb

using the transformation below to obtain sun-planet magnetic-field

,zc) and the sun-planet (xs,ys,zs) coordinate systems

vector components from solar-wind magnetic-field vector components.

( . . 3
BX -cos § cos ¢p sin -cos  sin ¢p Bx
s o
B = sin Q cos -cos sin © sin B
Yg ¢P ¢P Yo
B sin ¢ 0 cos ¢ B
z z
. S) ~ P P JU ¢
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The transformation of the solar-wind velocity components (Vg » ch'
C
vzc) into sun-planet components (sz'VYs’st) is also done using the

same transformation.

Finally, if LPLTRJ is true, a file of trajectory plots is created.
A flow chart for this program segment is shown in fiqure A.1(f).

A.2.2 Rerun Option

The rerun option is used when LRERUN = ,TRUE. The blunt-body and
marching calculations are replaced with the reading of grid coordinates
and flow-field values from the rerun file, TAPE4, which contains data

written to TAPE9, then saved, on a previous run. Different values for
any parameter not used in the flow-field calculations may be specified,
viz. contour values, plot length, magnetic-field angles, and output
options. Values of AMACH, GAMMA, and HRO are required input, to

ensure that the input rerun file does contain the case desired for
rerun. -~ If the geometry is user-supplied, the body-shape table will be
read from TAPE4, and should not be input from cards.

After reading the card input, MACH, GAMMA, and HRO are tested
against values from TAPE4. The grid coordinates and flow-field
values from the blunt-body calculation are read in, then smoothed, and
streamlines calculated for this region, as previously described. The
results of the marching calculation are then read, and the streamline
calculation continued downstream. The calculations then proceed as

described in section A.2.1.

A run must not contain more than one case which uses the rerun

option.
A.2.3 Program Limitations and Precautions

The program makes some assumptions about the geometry of the

obstacle shape around which flow is to be calculated, and about the
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flow field. The obstacle shape is assumed to be monotonically
increasing in cylindrical radius R, going downstream. The nose of
the obstacle is at x = 1.0. The origin of the (x,R) coordinate
system is the center of the planet. Obstacle shapes with sharp
corners should be avoided. In the magnetic-field calculation, the
first streamline is assumed to be inside the arc described by the
grid points immediately off the body, downstream of x = 0.0. To
reduce computational costs, a grid using NR = 10 may be used, in
which case a lower value of CN may be required. This would reduce
the running time by approximately 40 percent. A free-stream Mach
number less than 2.0 is not advised.

A.2.4 Convergence Criteria for BluntaBody Calculation

The output provides two measures of the convergence of the blunt-
body calculation. The RMS of shock speed and maximum shock speed
are printed at each iteration. These quantities should both tend to
zero as the iterations proceed. A value for dpMs’ RMS of shock
speed, of

where vy is the specific heat ratio, and M_ is the free-stream Mach
number, usually indicates a converged solution. The RMS of error in
enthalpy, HT, should be less than 1 percent, with the maximum enthalpy
error also of that order.

The Courant number, CN, determines the time step size used by the
calculation. A value not greater than the default of 3.0 should be
used. For low Mach numbers or a coarser mesh than the default grid, a
lower value may be preferable. If the default value does not generate
a converged solution, or if the error message from subroutine SHOCK
is printed, try lowering CN in increments of 0.5 to find a better
value of CN., User-supplied bodies may also require a lower Courant

number.
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A.3 DESCRIPTION OF INPUT

This section describes the card input for the program. An alpha-

betized dictionary of input variables is provided, defining the
varibles, listing default values and limitations. A discussion of
the preparation of the card input is then presented, followed by a

description of the input card format.

AMACH

ANGN

ANGP

AZANG

BCON (I)

BINF
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A.3.1 Dictionary of Input Variables
free-stream Mach number; 3.0 < AMACH < 25.0 is recommended

the angle, in degrees, measuring the deviation of the free-
stream magnetic field from the plane in which B_  and B_
1

lie; equal to tan_l[B°° /1/|Bg | + |B2 []; see figure A.3,
n " 0y
measured in the (xc,yc,zc) coordinate system; only specified

when interplanetary magnetic-field components not specified.

the angle, in degrees, measuring the deviation of the in-
plane magnetic component (gm" + Bw;) from the direction of
flow; equal to tan—l(Bm“/Bml); see figure A.3, measured
in the (xc,yc,zc) coordinate system; only specified when

interplanetary magnetic-field components not specified.

angle in the ecliptic plane between the sun-planet line and
the direction of solar-wind flow. See figure A.2 for

positive direction.

KBCON-dimensional array specifying values to be used for mag-

netic field strength contours

magnetic field strength free-stream value; set to 1.0 if

plots desired in nondimensionalized units.



BX1

BY1

BZ1

CN

GAMMA

HRO

ITER

KBCON

KRCON

KVCON

LGRAV

xs—component of interplanetary magnetic field; referred to

sun-planet coordinates

yg-component of interplanetary magnetic field; referred to

sun-planet coordinates

z -component of interplanetary magnetic field; referred to

sun-planet coordinates

Courant number used for blunt-body calculation; program

default value is 3.0

ratio of

obstacle
HRO
HRO
HRO

plasma specific heats

geometry indicator:

>

<

0.
0.
0.

integer, number

program default

ionopause with H/Ro = HRO
magne topause equatorial trace

geometry is user-supplied

of iterations for blunt-body calculation;
value is 300

integer, number of values specified for magnetic-field con-
tours; 0 < KBCON < 20

integer, number of values specified for density contours;

0 < KRCON < 20

integer, number of values specified for velocity magnitude
contours; 0 < KWON < 20

logical variable indicating whether default ionopause is

calculated with gravitational variation in scale height
FALSE - no

TRUE

- yes

73



LPLOT

LPLTRJ

LPRB

LPRCON

LPRFL

LPRST

LRERUN
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logical variable
file
FALSE - no
TRUE - yes

logical variable

indicating

indicating

time history plots

FALSE - no
TRUE - yes

logical variable
output
FALSE - no
TRUE - yes

logical variable

contours lines
FALSE - no
TRUE - yes

logical variable

field output
FALSE - no
TRUE - yes

logical variable

streamlines
FALSE - no
TRUE - yes

logical variable

option

indicating

indicating

indicating

indicating

indicating

whe ther

whether

whether

whe ther

whe ther

whe ther

whe ther

to

to

to

to

to

to

create plots or plot

create trajectory and

print magnetic field

print coordinates of

print detailed flow-

print coordinates of

this case uses rerun

FALSE -~ perform blunt-body and marching calculations

TRUE - read results of a previous calculation from
TAPE{4



LRSTRT

LSUN

LTRAJ

MARKT (I)

NBLUNT

NBOD

NCASE

NMARKT

NR

logical variable indicating whether to use previous shock
shape as initial guess for blunt body
TRUE - use shock shape from previous solution.
(Must have a full solution as an earlier run
in same job.)
FALSE - use default initial quess for shock shape

logical variable indicating whether trajectory input is
referenced to sun-planet coordinate system
FALSE - trajectory input in solar-wind coordinates

TRUE - trajectory input in sun-planet coordinates

logical variable indicating whether to perform a trajectory
calculation

TRUE - trajectory calculation, data provided

FALSE - no trajectory calculation

NMARKT - dimensional array specifying points to be marked
for cross reference. If K = NMARKT(I), the Kth point of
the trajectory is to be marked.

integer, number of angular mesh points for blunt-body cal-
culation; for user-supplied geometry, XX (NBLUNT-1)=0.0;

program default value, and maximum, is 24

integer, number of points in body-shape table when geometry
is user-supplied; 1 < NBOD < 100

integer, number of cases to be run consecutively; NCASE > 1

integer, numbered values specified for cross reference
points; 0 < NMARKT < 12.

integer, number of radial mesh points; program default

value, and maximum, is 19
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NTRAJ

NXADD

POLANG

RCON (1)

RHOINF

RPLNT

RR(I)

TITLE

TMPINF

TTRAJ (I)

VCON(I)
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integer, number of points specified in trajectory table

integer, number of points to be added to blunt-body grid
past 8 = 90°, default value is 0.

angle, measured in degrees, between the plane of the
ecliptic and direction of solar-wind flow; positive for
gouthward flow; see figure A.2

KRCON - dimensional array specifying values to be used for

density contours

density-free stream value; set to 1.0 if plots desired in

nondimensional units

radius of planet in units of nose radius, Rpin1/Ro

NBOD - dimensional array representing the R-locations, in
cylindrical (x,R) coordinates, of the user-supplied body

shape; in units of nose radius

descriptive heading of the case, to be printed on the first
page of output; may contain up to 8C characters, including
blanks

free-stream temperature; set to 1.0 if plots desired in

nondimensional units

NTRAJ - dimensioned array specifying time locations of

trajectory points

KVCON - dimensional array specifying values to be used for

velocity contours



VINF free-stream velocity; set to 1.0 if plots desired in non-

dimensional units

XCALC terminal downstream x-location for marching calculation of
flow field; XCALC < 0.0; program default value is -1.0

XPLOT terminal downstream x-location for calculation of stream-
lines, magnetic field, and contours; XCALC < XPLOT < 0.0;

program default value is -1.0

XTRAJ (I) NTRAJ - dimensioned array specifying xs—locations of trajec-
tory points; in units of planetary radius; when (ANGP,ANGN)
are specified, XTRAJ(I) isreferred to solar-wind xc—loca-

tions; see figures A.2 and A.3

XX (I) NBOD - dimensional array representing the x-locations, in
cylindrical (x,R) coordinates, of the user-supplied body
shape; in units of nose radius. See figures A.2 and A.3

YTRAJ (I) NTRAJ -~ dimensioned array specifying ys—locations of trajec-
tory points; in units of planetary radius; when (ANGP,ANGN)
are specified, YTRAJ(I) is referred to solar-wind yb—loca—

tions; see figures A.2 and A.3

ZTRAJ(I) NTRAJ - dimensioned array specifying zs-locations of trajec-
tory points; in units of planetary radius; when (ANGP,ANGN)
are specified, ZTRAJ(I) is referred to solar-wind zc—loca—

tions; see figures A.2 and A.3
A.3.2 Preparation of Input Data
The card input for a run consists of one card containing the number
of cases to be run consecutively, Item 0, followed by a set of input

for each case, Item 1 through Item 7, and Ttem 8 if required. Where
a default value is to be used, the input field should be left blank.
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For each case, all required variables which do not assume their
default values should be specified. The input format for all cards

is described in section A.3.3.

Item 0 - This item consists of one card, containing the number of

cases in this run, NCASE.

Item 1 - This card provides identification of the case, TITLE,
which is printed on the first page of the output for this case.

Item 2 - This card contains information on the flow conditions
and body geometry, and parameters required for the blunt-body and
marching calculations. AMACH, GAMMA, and HRO must be specified for
each case. For the rerun option, the values are tested against the
values from the rerun file, The parameters XCALC, NR, NBLUNT, CN,
ITER are used only when the flow field is to be calculated. These
variables each assume a default value if the input field is blank.

Item 3 -~ This item consists of one card containing the rerun indi-
cator, LRERUN, the output control variables LPRFL, LPRST, LPRCON,
LPRB, and LPLOT, the trajectory indicator LTRAJ, and the restart
indicator LRSTRT.

Item 4 - This card contains the variables XPLOT, ANGP, ANGN, NXADD,
and LGRAV. The value for XPLOT is changed by the program to be the
x-location of the marching calculation immediately upstream of the
input value for XPLOT. The angles describing the deviation of the
magnetic field from the flow, ANGP and ANGN, are not required when
LPRB = ,FALSE; KBCON = 0, and LTRAJ = .FALSE. since the magnetic field
is not calculated under these conditions. ANGP is the angle between
the vectors (B, + Em;) and y_, while ANGN is the angle between B_
and (gm" + QW;)' where B, B , B are the components of the free-

" ~ 00y

stream magnetic field, B_. which are parallel, perpendicular, and nor-

mal to Vr and are as indicated in figure A.3. The two angles ANGP
and ANGN fully determine the half plane for which the magnetic field
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is to be calculated. The magnetic field for the other half of the
plane may be calculated by rerunning with the sign of ANGP reversed.
when (B. + B_) = 0, ANGN = +90°, ANGP = 0°; and, when B_ = 0,

~ 00y ~owy —_ ~oon
ANGN = 0°, Note that ANGP and ANGN are referenced to the (xc,yé,zc)
system and are specified only when the interplanetary magnetic-field

components are not specified.

If both LTRAJ = .TRUE. and LSUN = .TRUE., then ANGP and ANGN are
calculated internally from the interplanetary magnetic-field components
BX1l, BYl, and BZl.

Item 5 - This item contains the values for the velocity contours.
The first card contains KWON, the number of values specified for
VCON. If KWON > 0, the contour values are then réad. Up to three
cards may be required to accommodate the values, eight per card, maxi-
mum of 20. The contour values should be monotonically increasing, with
at least one value within the range of the magnitude of the velocity

in the region for which contours are to be calculated.

Item 6 — This item contains the values for the density contours.
The description is similar to that for Item 5, with KRCON being the
number of values specified, and RCON the array of values.

Item 7 - This item contains the values for the magnetic-field
contours. The description is similar to that for Item 5, with
KBCON being the number of values specified, and BCON the array of
values. Note that the same contour values are used for the parallel

and perpendicular components.

Item 8 - This optional item is required when HRO < 0.0 and LRERUN =
.FALSE., and contains the body-shape table for the user-supplied
geometry. The first card contains NBOD, the number of points in the
shape table. The next NBOD cards contain the cylindrical (x,R) coordi-
nates of these points, [XX(I), RR(I)}, one point per card. The points
supplied by the user determine the g-spacing of the mesh used for the
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blunt-body calculation. The first point should be near, but not on, the
x-axis. A suggested location is such that the 6-spacing between the
first point and the x-axis is half the 6-spacing between the first two
points. The blunt-body calculation adds a point which is the reflec-
tion about the x-axis of the first point in the body-shape table. The
(NBLUNT-1) tP point should be at x = 0.0. The BLUNT'" point is also

used to create the grid for the blunt-body calculation. The coordi-
nates must be normalized so that the planet center is at (0.,0.) and

the nose of the body at (1.,0.).

Item 9 - This optional item is read only when LTRAJ is TRUE. The
first card contains NTRAJ, the number of points in the trajectory.
Then follows NTRAJ cards, each containing the time T, and location (xs,
ys,zs) of one point., The time values should be monotonically increas-
ing. At present, NTRAJ < 100 is required. Note that when ANGP and

ANGN are specified, the trajectory is specified in (xc,yc,zc) coordinates.

Item 10 - This item is ready only when LTRAJ is TRUE. The
variable LPLTRJ indicates whether plots are to be produced of the tra-
jectory and time histories. The relative size of the planet to the
ionopause is given by RPLNT, which may be 0.0, in which case, a value
of 1.0 is assumed in the calculations, but the planet is not drawn on
the plots. Next are the four free-stream values v_, T_, p_, B, . If
the plots are desired to be in nondimensional units, any or all of
these values may be input as 1.0. Each quantity must have a value,

zero is not permissible.

Item 11 - This item is read only when LTRAJ is TRUE. The first
card contains NMARKT, the number of values specified for MARKT,
(presently maximum of 12). If NMARKT = 0, only this card is required.
If NMARKT > 0, the values of MARKT are read, 8 per card.

Item 12 - This item, which includes the variables LSUN, AZANG,
POLANG, BX1, BY1l, and BZ1l, is read only when LTRAJ is true.

80



A.3.3 Format of'Input Da ta

Four format types are used for the input data. For real numbers
(F~-format), a decimal point is required. Integers (I-format) should
be right-adjusted in the field. For logical variables (L-format),
the first non-blank character in the field, which should be 'T' or
'F', determines the value. Note that a blank input field is inter-
preted as 'FALSE'. The title, which is in A-~format, may contain any

valid character.

A description of the card format of the input data follows, with

item numbers corresponding to those in section A.3.2:
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Z8

Variable
Card Column

Format type

Variable

Card Column
Format type

Variable

Card column
Format type

Variable
Card column
Format type

Variable
Card column

Format type

Variable
Card column

Format type

Variable

Card column
Format type

Item No. 0: 1 card
NCASE
10
I
Item No. 1: 1 card
Title
80
A
Item No. 2: 1 card
AMACH GAMMA HRO XCALC NR NBLUNT CN ITER
10 20 30 40 50 60 70 80
F F F F F F F F
Item No., 3: 1 card
LRERUN LPRFL LPRST LPRCON LPRB LPLOT LTRAJ LRSTRT
10 20 30 40 50 60 70 80
L L L L L L L L
Item No. 4: 1 card
XPLOT ANGP ANGN NXADD LGRAV
10 20 30 40 50
F F F N L
Item No., 5: a) 1 card
KVCON
10
I
b) O to 3 cards as needed for up to 20 values, 8 per card
VCON (1) VCON(2) VCON (KVCON)
10 20 30 40 50 60 70 80
F F F F F P F F




£8

Variable
Card column

Format type

Variable
Card column

Format type

Variable
Card column
Format type

Variable

Card column
Format type

Variable
Card column

Format type

Item No. 6: a) 1 card
KRCON
10
I
b) 0 to 3 cards
RCON (1) RCON (2) RCON (KRCON)
10 20 30 40 50 60 70 80
F F F F F F F
Item No. 7 a) 1 card
KBCON
10
I
b) 0 to 3 cards
BCON(1) BCON(2) BCON (KBCON)
10 20 30 40 50 60 70 80
F F F F F F F
Item No. 8 a) 1 card (this item required only when HRO < 0.0 and LRERUN = ,FLASE.)
NBOD
10
I
b) NBOD cards
XX(I) RR(I)
10 20




v8

Variable
Card column
Format type

Variable
Card column
Format type

Variable
Card column
Format type

Variable
Card column
Format type

Variable
Card column

Format type

Variable
Card column

Format type

Item No. 9: a) 1 card (this item read only when LTRAJ is TRUE)

NTRAJ
10
I
b) NTRAJ cards
TTRAJ (I) XTRAJ (T) YTRAJ (I) ZTRAJ(I)
10 20 30 40
F F F F
Item No. 10: 1 card (this item read only when LTRAJ is TRUE)
LPLTRJ RPLNT VINF RHOINF TMPINF BINF
10 20 30 40 50 60
L F F F F F
Item No. 11: a) 1 card (this item read only when LTRAJ is TRUE)
NMARKT
10
I
b) 0-2 cards
MARKT (1) MARKT (2) MARKT (NMARKT
104 20 30 40 50 60 70
I I I I I T
Item No. 12: 1 card (this item read only when LTRAJ is TRUE)
LSUN AZANG POLANG BX1 BY1 BZ1
10 20 30 40 50 60
L F F F F F




A.4 DESCRIPTION OF OUTPUT

This section describes the output of the computer program. The
contents of each output item are specified and discussed. The printed
output consists of seven items, five of which are optional and are
controlled with input parameters. Plotted output is also optional.

The first output item consists of a banner page and the input data.
The input is presented in two forms: first, as images of the input
cards, and then with identification of each variable. Default values
are printed as if they were input. Parameters CN, NR, NBLUNT, ITER
for the blunt-body calculation and XCALC, the terminal location for the
marching calculation, are printed only when the flow field is to be
calculated. When the obstacle geometry is user-supplied, the input
body-shape table is printed. For a default geometry, the body shape is
indicated by the description "default ionopause shape for constant
scale height with H/RO = ", or "default ionopause shape with gravi-
tational variation in scale height, H/RO = ". Trajectory input is
printed only when LTRAJ is true.

The second output item is not printed when LRERUN = ,TRUE. From
the blunt-body calculation, the shock speed at each iteration, the
final enthalpy error, final sonic-line location, and body and final
bow-shock shape are printed. For the marching calculation, the down-
stream x-location and body and shock ordinates are output. There is
no control variable allowing the user to suppress this item of out-
put when the flow field is calculated.

Detailed flow-field output is the third item, and is printed only
when LPRFL = .TRUE. Coordinates are labeled as X/D, R/D, RP/D, or
X/RO, R/RO, RP/RO, to emphasize that distances are normalized by
the distance from the center of the planet to the nose of the body,

D for the magnetopause, RO for an ionopause. Along the symmetry axis,
the values printed are velocity magnitude V/VINF, density RHO/RHOINF,
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temperature T/TINF, and pressure P/PINF. Over the rest of the flow
field, values are also given for velocity components VX/VINF, VR/VINF,
and flow angle ¢. Note that the flow angle is the deviation of the
flow about the obstacle, and so 0° < ¢ < 900°.

The next output item is the (x,R) coordinates of the streamlines.
For blunt-body region, the (Rp,e) coordinates of the starting posi-
tion on the bow shock wave are also given. This item is printed only

when LPRST = ,TRUE.

The magnetic-field components are then printed, if LPPRB = ,TRUE.
The location of each point is defined in (Rp,e) coordinates for the
blunt-body region, and (x,R) coordinates for the downstream marching
region. The components along field lines parallel, perpendicular, and
normal to the flow in the free stream are printed as B/BINF (PARALLEL),
B/BINF (PERP), B/BINF (NORMAL). The orthogonal (xc,yc,zc) com-
ponents of the resultant are printed as BX/BINF(RESULTANT), BY/BINF
(RESULTANT), BZ/BINF (RESULTANT). The magnetic field in the symmetry
(chyc) plane, defined by the vector sum [(§/Bm)" + (g/Bw)L], is also
printed, and is given by the magnitude B/BINF(IN-PLANE) and direction
B-ANGLE (IN-PLANE) of the vector. We note, as pointed out in the
text, that the orthogonal magnetic-field components printed here
correspond to those in the (xc,yc) plane, i.e., z, = 0.

The next item printed is the (xc,R) coordinates of the contours,
for which LPRCON is the logical control variable. Noting that temp-
erature and velocity contours coincide, the corresponding value of
T/TINF is printed along with V/VINF for the velocity eontours. There

are three nonfatal error messages which may occur - see section A.5.
Trajectory output is the last item to be printed. This output is

presented first in terms of the solar-wind coordinate system (xc, Yoo
zc), and then in terms of sun-planet coordinates (xs,ys,zs).
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The trajectory coordinates are printed as a function of time and
are shown normalized by both RO and the planetary radius. Next, flow
and magnetic-field componets are printed for each trajectory point.
This output is presented in both nondimensional and dimensionalized
forms and includes |v], Vor viﬂ Vo density, temperature, |Bl, Bx' By,
and Bz.

The program also has the capability to produce two sets of
plotted output using UCC plot routines AXIS, CHAR, DASH, DOTLN,
ENPLT, GREEK, MATH, NUMPLT, PLOT, PLTLN, POLAR, SCALF, and VECTOR.
The first set of plots is generated when LPLOT = .TRUE. and provides
a pictorial representation of the streamlines and contours with a
maximum of seven frames produced. The first frame is a plot of the
streamlines followed by contour plots of velocity magnitude, tempera-
ture, and density. The next three frames are contour plots of the
unit parallel, perpendicular, and normal magnetic-field components.
These plots are referred to the solar-wind (x,R) coordinate
sys tem.

The second set of plots is produced according to the value of
the logical variable LPLTRJ. This set consists of twelve plots.
The first frame is a projection of the trajectory rotated onto the
x-R plane. The second frame is a plot of the trajectory projected
onto the Yo~2Zo plane. The remaining frames are time-history plots of
density, temperature, velocity, and magnetic field. The velocity
plots include magnitude and three components as do the magnetic
field plots. The vector components are referred to the sun-planet
ecliptic (xs,ys,zs) coordinates.

A.5 PROGRAM ERROR MESSAGES

This section lists the messages printed by the program, and indi-

cates what action should be taken by the user.
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(1) *kkk* EXECUTION TERMINATED ***#*%
RERUN DATA ON TAPE4 DOES NOT AGREE
WITH CASE SPECIFIED ON CARD INPUT:
MACH NO. GAMMA H/RO

FROM CARDS
FROM TAPE4

The first three parameters of item 2 of the input for a case
using the rerun option should agree with those used when creating
the file. The tolerance used in comparing the values is 10_5. For
a user-supplied geometry, it is sufficient for both values of H/Ro

to be negative.

(2) *k*%% EXECUTION TERMINATED ****%*
ARRAY OF CONTOUR VALUES IMPROPERLY SPECIFIED

When specified, the contour values should be monotonically in-
creasing with at least one value in the range of the velocity, density,
or magnetic-field strength for the region under consideration. This
error does not inhibit generation of the rerun file.

(3) CONTOUR SEARCH ABORTED - TABLE OVERFLOW IN NAD

The program allows for 29 contour lines to be found, storing the
starting address of each contour line in array NAD. This message
indicates that at least one more contour line could be found. If the
user requires all the contours of the levels specified, the case should
be rerun in two parts. Otherwise, reduce the number of contour levels

specified.
(4) CONTOUR SEARCH ABORTED - TABLE OVERFLOW IN (X,Y)

The contour lines may be described by up to 1000 points, stored in

arrays X and Y, This message indicates that more points would be
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required for the contour lines requested. The last contour line found
will be incomplete. As with (3), either reduce the number of contour
levels or run as two cases.

(5) NEGATIVE PRESSURE DETECTED BY SHOCK AT J=
PN= PO= PTAU=

This message is printed by the blunt-body code when a negative
pressure has been calculated at the shock on this iteration, at
radial locations J. The quantities printed are: PN, the pressure
calculated on this step; PO, the pressure from the previous step;
and PTAU, the partial derivative of pressure with respect to time.
This condition indicates that the shock wave motion is too extreme.
Lowering the value of CN, and thus reducing the time step, may
remove the problem.

The following messages (6)-(10) usually result from using an
obstacle geometry which is in some way too severe for the program to
handle in its present form. The obstacle slope may be sufficiently
high at x = 0.0 that the axial Mach number becomes subsonic in the
starting solution for the marching calculation, or there may be a
sharp corner in the profile. Check input, particularly free-stream
Mach number and body geometry.

(6) NEGATIVE PRESSURE ON BODY DETECTED BY BNDRY, PB= AT J=

This message indicates that a negative pressure on the body, PB,
has been calculated at radial location J.

(7) NEGATIVE PRESSURE OR DENSITY ON BODY DETECTED BY BNDRYM AT X=
PB= RHOB= VXB= VRB=

The program makes internal corrections when this condition occurs,
resul ting pressure PB, density RHOB, and velocity components VXB and

VRB.
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(8) NEGATIVE SIGMA-BAR-1 IN EIGENM INDICATES SUBSONIC FLOW AT I=
(9) NEGATIVE SIGMA-BAR-2 IN EIGENM INDICATES SUBSONIC FLOW AT I=

These messages are printed when subsonic flow is detected by the
marching calculation. The computed stepsize for this region will be

quite small.
(10) = - BODY TURN STOPPED AT M2=100--—-——=—-—————-

This message indicates that the body has a sharp corner, which has

been limited to 100° when being transformed.

A.6 SAMPLE CASE

The sample case presented in this section is based on actual
interplanetary conditions as measured by the solar-wind plasma
analyzer, the fluxgate magnetometer, and retarding potential plasma

analyzer on the Pioneer-Venus Orbiter for orbit 3.

The sample case is run alone and is set up to produce all pos-
sible output. The gasdynamic solution is to be calculated about a
default ionopause shape with H/Ro = 0.03, M_= 3.0, and Y = 5/3.

The value of H/Ro is based on measurements of ionospheric density and
temperature by the retarding potential plasma analyzer. Streamlines,
magnetic-field components, and contours are desired to a downstream
location of -5.5 x/Ro. Contour values are specified for all quant-
ities. Interplanetary values for velocity magnitude and direction,
density, and temperature were provided by the solar-wind plasma
analyzer and for the magnetic field by the fluxgate maghetometer. -

The input data is tabulated in figure A.4, with item numbers

corresponding to those in sections A.3.2 and A.3.3. The first card,
item 0, indicates that there is one case to run. The remaining
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fifty-five cards provide the data for this case. 1Item 1 contains
the identifying title. On the next card, item 2, values are speci-
fied for AMACH, GAMMA, HRO, and XCALC. The other data fields are
left blank to indicate that the default values will be used. The
values of the logical variables of item 3 specify that the flow
field is to be calculated and that full printed and plotted output
is to.be produced. 1Item 4 defines the plot length to be -5.5 x/RO.
The fields for ANGP and ANGN are left blank as they are to be
calculated internally by the program. Items 5, 6, and 7 specify the
contour levels to be used - 14 for velocity and temperature, 11 for
density, and 13 for magnetic-field strength. 1Item 8 is omitted
because the obstacle geometry is one of the default shapes for which
the coordinates are calculated internally. The next 37 cards, item
9, are the trajectory coordinates, indicating time (in minutes from
periapsis and the three spacial coordinates normalized by planetary
radius). Item 10 indicates that trajectory plots are to be
generated. This item also specifies free-stream values of veldcity,
density, temperature, and magnetic-field strength. The next two
cards, item 11, indicates that the fourth, ninth, eleventh, and
nineteenth trajectory points are to be marked on the plots for
cross—- reference. The last input card, item 12 indicates that the
given trajectory coordinates are expressed in sun-planet coordi-
nates. The azimuthal and polar angles, £ and ¢p' are also specified

by this item as are the free-stream magnetic-field components.

Figure A.5 presents portions of the printed output from this
sample case. The full printed output is approximately 6,000 lines.
Figure A.6 shows the 19 plots which are produced by the program for

this case.
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Figure A.l(a).- Flow chart for blunt-body calculation.
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Figure A.l(b).- Flow chart for marching calculation,
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RETURN
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Figure A.l(c).- Flow chart of streamline calculation.
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Figure A.1(d).- Flow chart of magnetic-field calculation.
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Figure A.l(e).- Flow chart of contour and plot generation

calculation.
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Figure A.2.- Illustration of the azimuthal () and polar (¢ )
solar-wind angles, both shown in a positive sense,
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Ionopause
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Figure A.3.- Illustration of the interplanetary
magnetic field and magnetic-field angles
(a_,a_) in the solar-wind aligned
IDcoordinate systems (x,y,2z),

(prYw,Zw), and (Xc,Yc,ZC)-
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Column

Item No.
No. 10 20 30 40 50 60 70 80
i : ! | ) ! | b
1 SAMPLE CASE (DEFAULT ITIONOPAUSE SHAPE WITH H/RO = 0,03}
2 13.0 1,6666667 {0.03 -10.0
3 |F T T T T I
4 {-5.5
5 1
0.1 0.2 0,3 0,4 0.5 0,6 0,7 0,75
0.8 0.83 0.85 0.9 0.92 0.94
6 11}
0.5 0.8 1.2 1.6 2.0 2.5 3.0 3.5
3.8 4,0 4,2
7 13
0.45 0.6 0.8 1.0 1.25 1.5 2.0 2.5
3.0 3.5 4,0 5.0 6.0
9 37
-90.870 -0.843 3.787 2.027
~85.537 F0.765 3.600 2.045
-80.203 -0.684 3.393 2.062
~-74,870 -0.600 3.177 2.073
~-70.603 ,0.533 2.999 2.078
-64,203 -0.430 2.721 2.079
=-57.802 -0.324 2.427 2.067
-51,402 -0.217 2,118 2,043
~-4¢C,735 0,034 1,562 l.961
~30.668 F0.017 1.509 1,951
~38.602 ~0.010 1,422 1,932
-35.935 0.049 1.281 1.902
-34.867 0.67 1.232 1.886
-32.735 0.158 1.108 1.852
-24.,202 0.2456 0.5826 1.6658
=-21.002 0.2954 0.3749 1.5693
-16.735 0.356 0.0%90 1.409
=-14.602 0.382 -0.052 1.315
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Figure A.4.- Card input for sample case.
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Figure A.5.- Abbreviated print output for sample case.
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Figure A.5.- Continued,
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Figure A.5.- Continued.
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Figure A.5.- Continued,
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Figure A.5.- Continued.
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Figure A. 5.~ Continued.
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Figure A.5.- Concluded.
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“" M=3.0 9¥F1.67 H/R,=0.03
STREAMLINES
5.0~
4.0
3.0-
R/R. l
2.0- ”——
SHOCK WAV %
//4<: e
1.0~ 7 4
opnusz
1.5

1.0 0.5 0.0 -0.5 -1,0 ~-1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5 -6.0
X/R.

“* M=3.0 ¥E1.67 H/R.=0.03
VELOCITY)s VI/V.
$.0- 1
4.0~
3.0~
R/Rs

0.3¢
.40

OPAUSE

.0 0,5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -¢.0 -4.5 -5.0 -5.5 -6.0
X/Re

Figure A.6.- Plot output for sample case.
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8.0~

M=3.0 ¥E1.67 H/R.=0.03
DENSITYs| ~/e.
5.0- 1 ‘
4.0~ b
3.0- 4
R/R. .
o
SHOCK WAVE ,
1.0- -Fo -80 :
. Jopnuss

. L L R R " " L s L " " L N
1. 1.0 6.5 0.0 -0.5 -10 -1.5 =-2.0 -2.5 ~3.0 =-3.5 -4.0 -4.5 -5.0 ~-5.5 ~6.0
X/R.

M=3.0 7YE1.67 H/R.=0.03
TEMPERATURE T/T.

1

1.3%
9

OPAUSE

. " A L N N L N L . . )
0.0 -0.5 -1.0 ~1.5 -2.0 ~-2.5 -3.0 -3.5 -4,0 -45 -5.0 -5.5 ~-6.0
X/R.

Figure A.6.- Continued
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" M=3.0 9¥F1.67 H/R,=0.03
MAGNETIC FIELDs (B/B.),

(PARALLEL COMPONENT }
CONTOURS
FIELD LINES ..

.80

OPAUSE

PR L — " " L "
6.0 -0.5 -1.0 -1.5 -2.0 ~-2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5 <-6.0
X/R.

6.0~

M=3.0 YE1.67 H/Re=0.03
MAGNETICJ FIELD»> (B/B.),

{ PERPENDICULAR CPMPONENT )
5.0 conTours |
FIELD LINES .. .

R/R.

2.0~

SHOCK WAVE /& \_ .

1.28 1.00

; i’ L L " . L " o )
1.5 1.0 0.5 0.0 -0.5 -1.0 -1,5 -2.0 -2.8 =-3.0 -3.5 -4.0 -4.5 -5.0 -5.5 -GC.0
X/Rs

Figure A.6.- Continued



M=3.0 ¥EL1.67 H/R.=0.03
MAGNETIQ FIELD, (B/B.),

{NORMAL COMPONENT
5.0 CONTOURS o~
FIELD LINES ...

4.0~
3.0-
R/R.
2.0
1.2%
SHOCK WAVE .50
1.0- L 00]

TIONOPAUSE

[ S Y W —— 0 SRS R E——
1.5 1.0 0.5 0.0 -0.5 ~-1,0 -:.5 -2.0 -2.5 -3.0 -3.5 -4.,0 -4.5 -50 -55 -6.0
X/R.

Figure A.6.- Continued
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[ —
X/Rrwer — T ) T 1o !

. 1.0

TRAJECTORY

( X-R PROJECTION)

Y/ Ramer

:/o | ) o

A i A n 2
4.0 et -2.0 =140 []

TRAJECTORY

* (Y-Z PROJECTION)

Figure A,6.- Continued
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x10

DENSITY w TIME
50,0+
15,01
40,0
3804
30,04
2s.0]

20,0 H—l--—-—u—&—-J

15.04

10,0

- 04y ~0.9 -0.8 0.4 02 0.0 0.2 0.4 [3 0.8 1.0

TIME «10°

TEMPERATURE v TIME

1.0

ST e W 0e 00 o 07 o5 0§ o
TIME «10°

Figure A.6.- Continued.

125



126

Vi

«10°

VELOCITY w TIME
{ MAGNITUDE )

0.04

=150 009 -0.6 0.4 -0.2 0.0 0.2 0.4

TIME x10*

VELOCITY v TIME
{ X-COMPONENT )

0N ot 0l 0.4 -0.2

5.0 0.2 0.4
TIME x10°

Figure A.6.- Continued




VELOCITY v TIME
( Y-COMPONENT)

0.49

-0.4

-1.

% 0.4 -o.e olo 0 )
TIME x10°

VELOCITY v TIME
( Z-COMPONENT )

~0.4

-1,

-0.6 0.4 0.2 0.0 0.2 0.4
TIME «10*

Figure A.6.~- Continued.
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B

10

MAGNETIC FIELD vs TIME
( MAGNITUDE )
9.8

0.4

0.21

0.04

K = te 0Ly oz o8 de o
TIME «10°

MAGNETIC FIELD v TIME
{ X-COMPONENT )

0.01

0.3

BN ote <0's  =0u§ 0L o0 oz 0.¢

TIME «10°

Figure A.6.- Continued,
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0.3

0.7

0.4

MAGNETIC FIELD v TIME
( Y-COMPONENT )

0.2

-0l 0.4 0.2 %0 (13 o4
TIME a10°

MAGNETIC FIELD v TIME
( Z-COMPONENT )

.mW

“o'e 0.4 -0tz 0.0 R
TIME x10*

Figure A.6.- Concluded.
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APPENDIX B

LISTING OF COMPUTER PROGRAM
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CET

4

oAann

ana

1
b

2

1t

3
]

[

J

PROGRAM WATN LINPUT S OUTPUTS TAPESSINSUT, TAPESSOUTPUT,

TAPEL, TAPE4, TAPES)
LNATCAL LRERUN)LPREL,)LORS Ty LPRCOM, LPRA, LPLOT)LTRASs LRSTAT
COMMON /PROPT/ LRERUN,L PFLsLPRST,LPRCONSLPRS,LPLOT,LTRAJ,LRSTRT

VETTE(6,209)

CALL ECHINP
PEANLS,100) NCASE

N0 2 TCASEsl,NCASE
caLt wour

1F (LRERUN) 4D TN 10
FALL ALYNTS

FALL waoCH

£0 10 13

£ALL RERUN

CONTINUE

cALL SLAwST

TE (LPREL) CALL FLOYT
IF (LPPST) CaLL STOUT
cALL 3R

IF (LPRB) CALL sOuT
CALL CNNTUR

TE LLTRAJ) CALL TRAJEC
LONTTNIE

typr

ENPNATLTLY)

t 1] ‘O'llflluloIIIIIIIII’;!)'-&Z(!“‘)IJ!I.&!(‘N‘)Il)lt!““ol!h

1

*
.
.
.
*
.

s 0o

T

.

.

1%

134PRAGRAN SNLAR, 22K, 2404, /337,24 58X52400/)33X52400,24%,
1CHDETERMINES, 24 Y, 214, 7,337,240 ¢ Yo 24097, 33X, 24, 4X,
SOUSNLAR WIND FLOW PAST PLANETARY M45NETO/TONOSPHERES, 61X,
ZHE S/ 3N 2HO R, I0X, 2400, 7,330, 2H0¢, 27X, SHISING, 26 X0 2Ho¢, 7,
33Xy 2448558 X0 2He 45 72X, 2HO 4, HY, 4 THFULLY CONSERVATIVE FINITE
PIFFERENCE ALGORTTHNS, SX,2u80, 7,330, 2408, 58X, 2400, 7, 33X,24¢s,58X,
2HSE )7y 33Xs2HEE, SAX) 2HO8 ) 7, 33Ny 2HUES, 24K, L MWPTTTEN . 8Y, 24K,
PHEE, 13BNy 24N e SRXI2HOS, 1) IZN, 249,97, 41HSTEPHEN S, CTAHARA, AARN
PA Co TRUDINGERy»SXp 2449y 7,33X,20 S8Xp24ee, 7,33X,2H06,20Y,
20HAND DANIEL Jo KLENKE»LBX,2H0#,7,33X,2Hs,50%,21es,7,33Y,

ZHEE, SY, 21408, 733X 2HES S QX ,2U6 8, /5330, 2HES, 10X, IPUNTELSEN
ENGINEERTNG AND RESEAPCH, TNCoplO0Xo2H00,7,33X,2H¢s,80Y 24es, /,313%
22464 17X0 25HMOIUNTATN VIEW,) CALTSOPMTA,L18Y,24 233%,249%s,
ROV 2HEE, /933X, 2H00, SAX, 2489, 7, 330,620140),7,337,62(14%))
ENP

SURRNUTINE AMGELC(ELLINFsGANELs T, )

TS SUNRNUTINE INTERPOLATES F0R EL/ELINE AND 64% AT YHE (1,4} RQID
SOINT FRNM THE ARRAYS ELRF AND GAMRE

LEVEL 29NByNSF,XAF, RAF, ELBF, CANAE

COMNON /BVALT NR,NBFES1),XBF(51,1u00,RBFI51,100),ELBE(51,1000,
GAMREIS], Ju1)

COMANN 7$UNCKS/ DRSDY(1001,NSTI50)

LEVEL 2, XST,YST,NUNST,NSY

COMMON FSTREAMZ XSTUS0s182),YSTUS50s252) )NUNSTESC ), NST

COMNIN JRDUNNS S XANDE10C)sYBODC1T5)s XSHREISI), YSHECIIC) o
NEMAX o NYMAX ) AMACHS CAMMASHRD, NHENDX

COMMON /FLOWZ XC(2003000,YC123,135)oVF127,133 )5 RHAF (26 10C

CONMON IDNSTRM/ ZPLOT,NZEND,NZADY, NXPLDT

NIMENSTNN YO(&),R0(4),ELQLA),GANG (4D

TF POTNT IS ON SHOCK, USE FORMULAE AND SAVE RFSULTS

1F (1 oLTe NRMAY) GO TN 10C
1€ (1 6T, 1) 60 TO 3¢
EL=SLRF(1,2)

ANG=GAMAF(L,2)

GO YO 40
THET=ATAN(DRSOX (1)}
C2sSINITHET 1002
EN2eAMACHOS 2

GAN2a (GAMPA41,0)80,5¢EN2

0022140=(ENZ¢S2-1,0010(GCARNACENZ9S241,0) /(GAN2002652)
NNesoRT(NN2}

COTHal,070RSDY{J)
Toe

DELT

27LEN2452=14D)=140
TAN(COTHITD)

ELeSORT(3,)4COTHICOTHE(L,00002)2,000D*(TD+1,01 6COTHOSTN(DELTIY

ANG=TUETSASIN(DDOCOTHOSINI THET-DELT)/EL)

MAIN
PAIN
PRNPTY
111144
uAlN
AN
nATH
HAIN
RATN
MAIN
nm
e
MATH
wAIN
LY
*ATN
natn
AIN
AN
NATN
AN
HATN
RAIN
nATN
nAIN
natN
RATN
L3 ¢
NATN
AT
niN
L3¢
AN
LIS L
rATH
rATN
L
PAIN
nary
natN
naTH
"AIN
MATN

ANGEL
ANGEL
ANGEL
ANREL
ANEEL
avat
AVaL
ayay
s4oeKs
STREA™
STREAN
auNng
"OIMne
FLN
DNSTRY
ANGEL
ANGEL
ANEEL
ANGEL
ANCEL
ANGEL
ANGEL
ANGEL
ANGEL
ANFEL
ANGEL
ANCEL
ANGEL
ANREL
ANGEL
ANGEL
ANGEL
ANCEL
ANGEL
ANGEL

VNS UNWEN

NN BN WNNIWN NS BN

nnn

aon

cnn

4

103

110

123
.

ELLINFOEL
GANELwANG
PETUNNM

T€ POINT IS ON AXIS USE LINEAR INTERSQLATINN

YeXC(l, 4

YoYCUTs 3}

TF 14 +6Ts 2) 6O TO 20

NeNRE(])

Nt 110 Ks1, N

TF UY oLTe XBF(1,K)) 6O 70 12)

CONTINUE

ELLINFoELBF(LlpK=R )@ {X=XRF(1,K=1))e(ELRAFI{I,KI=ELBFI1pK=1}}
JUIRFIL,K)=XAF{L,K=1))

. GAMELeANG

263,

215,

22

s

n

<

34y

383
31

LM

PETURN
TE POINT IS AT XaZPLOT, USE LINEAR INTER®QLATION

TF (J oLTe NXWAX) GO T 300

NIMeNRE(3) e}

NN 210 THM=3,NST

TNaTHe)

MENSF (THY4T

IF IY LT, RAFCINGNDY G0 TO 220

NTMeN

CONTINIE

ELLIMFOELRFLINSNIOLY=RACTINGN) YOLEL=ELAE( TN, N} )}
. FUYCINTMAY, NYMAX ) =RBECTNS NI}

FAREL aRANRE (TN N)SLY=PRE(IMoN) DO (ANG=GANRETN,N)Y

. JIYCUNRMAN, NXMAY)=RAECTNSNY}

oETHEN

ELLINFEELAF (TM NI S (Y=RPBF(IM, NIM))OLLOCCIN, M =ELAF( TN, NTH))
. F(ORELINpN)=PBRF(IMyNTHY)

GAMEL sGAMAE (T NIM) @ LY=RAF{TM, NINT) S ICAMRECTNGH)=RANRE( TM NI M)}

T(PRF(INsNI=RBF(IM,NTNI)
oETHON

TNTERTI® POINT = UUSE OUADPTLATERAL INTERPOLATION

Nl=NjE(])

NUAYsNRE(Y)e]

NN &0 TSTel,NST

N2aNRE(TSTy]) o)

TF (N2 o6T, NMAX) N2eN4AY
NaMINQIM],N2)

fN 310 Jei,N

TE 1Y LT, ¥SE(TSTe1,4J0) GO TO 36¢
caNTINgE

€N T &gA

FINP QUADPTLATZOAL WHICM CONTATNS POINT

TE Y J6T, RYFLISTe1,J00) GO TP S8¢C

TE (YIRC(ISTel,dd) oLT, XSTUIST,10) 6N TO 320
SLOPE@(PAF(TIST41pJJ)=Y) ZIXAF(ISToL,J301aY)
CLOPELatPRF{ISToLoJI)-RAFLISTS1, ) 1
. TEXBELISTOl,00)=XRE(TSTe),d0=01)
IF (SLY%EL1 44T, SLOPE) €0 TO 5P

TF (33 oE0s M) FO TN I
SLOPE2=(RAF{TSTe2, 03 )=RRF(IST, ) ) /IYREITSToY,30)=XRFETIST,00010
TF (SLOPE2 oLTe SLOPE) €7 TN 39¢

CONTINIE

YOL1VeXNF(ISTLL, )0

RQ(1VeRPELISTeLrd )

ELOC1)=FLAE(ISTe1 0D

RAMOT1)aGANRELISTOLpJd)

TF {XAFLISTel, JJ~l) oLTo XSTUIST,10) &N T 540
X0U4)wX*F(TSTe1pJ3=1)

ROC4)=RRF(ISTeL,JJ=2)

ELOU&ISELRF(TISTe10dI=1)
GAMDIAY e GANAE(ISTel,J5-1)

TF (JJ oE0y N) GO TD 43C

TE (IST LEG. 1) 60 TO 370

TF (XAFCIST,dJ=1) oLTe XSTCIST=1,1)) GA TN Ser
YOI eXRFIIST,dJ=1)

RA{3I1aRAF(IST, J9=1)

ELQI3)ELAF(IST,Jd=1)

GANQUII =GANBF(IST, 00-1)

YOI =YNFLIST,90)

RO(2)aRAF(IST, 30

ELO(P1eELRE(IST I

RAMOL2) e GAMRECIST, I )

ANGEL
ANGEL
ANEEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANEEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANMGEL
ANGEL
ANGEL
ANEGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANREL
ANGEL
ANGEL
ANGEL
ANGEL
ANETL
ANGEL
ANCEL
ANGEL
ANCEL
ANGEL
ANCEL
ANGFL
ANGEL
ANGEL
ANGEL
ANGFY
ANGFL
ANGEL
ANGEL
ANGEL
ANGEL
ANRZL
ANGEL
BNGEL
ANREL
ANGEL
ANGEL
ANGEL
aNeeEL
ANREL
ANGEL
AMEEL
ANREL
ANGEL
ANCEL
ANGEL
ANGEL
aneep
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANEEL
ANGEFL
ANCEL
ANGEL
ANGEL
ANEEL
ANGEL
ANGEL
ANCGEL
ANEEL
ANREL
ANGEL



3o

Ao

61

-

42,

»
-
o

60

.7

-

490

A0S

LI

AoA

L b
(1%

a0

ired

E€EeT

ELLINFeNUAD (XQp?QsELQ2Y»Y)
RAPELsOUANIXQs RO, CAPQ, Xo YD

QETUeN

CONTINIE

TE (SLIPE2 oLTa 003) G0 TN 39D

TF (YRE(ICT,0d=1} .GTs X) GO TN 350C
Jinddel

TF (JJ oL%: N) 60 TN 342

ONYNSTREAM AQUNDARY CUTS OUADRTILATERAL CONTAININE PCINT

TE (YAF(ISTelodd=1) oLT, YSTLISTo1)) GO TO 46C
AG(4IYRF(ISTe1,90-1)
OO(4YeRAF(IST41544=1)

ELO(4) RE(ISTe1,40-11
FAMQUA) e CANAETTST] ) JI=1)

TF LTST GTo NST) GO TN 470
YO(1)eYAE(TST o2, £4)
PQ(LY=0RF(ISTeL,04)
ELOCLIImELPE(ISTel, 090
FANQI11eGINAF(ISToledd)

TF (YSFQISTHId=)) LTy YSTLIST=1,100 &N TC 4972
YALIVXAF(1ST20=1)

PO(3)ePAE(TST, Jda]
CLO(VIeFLOF(TSTyII=1)
GANQIEII=GANRE(IST,)J-1)

MS=NRFIIST) oL

XOL2VSsYRFLTST,NS)

PA(P)eRAFITSToNS)

ELO(2)IsELRE{1STNS)

24UV aGANACLTST,NS)
ELLINFAUANIYQ,PQ,EL 0,1 Y)
MEL®ANL YO s RQp GANO Xy ¥)

ETHRN

YQU4)evSHNE Y

20(41eYSHEL I)

CLOI4YOEL

LUIXREY L LY

60 17 AP

ALIS IR LN

FaLL MSHKIEXQ(LIpRQUIIHCAMOLLILELOMLYY
£0 10 43¢

YOl eXSTLISTal,y2)

FALL ASHKI(XQCIDpROCIIGANOLINLELOCINY
6N T 430

AANRTLATZRAL CONTAINING POINT IS PEFLEXTVE

Jdndiel
SLNPEw{Y=RRELIST) 3ol )}/ (XaXAF(ISToUL=2))
CINPELsIPAFLIST4L,30=2)=RBFIICT,4)=,1)
JUXACLISTO e 3 =i)=NRF[IST,Ji=11)
TF (SLPEL «LTe SLA®E) 60 TA SCC
SLNPE2SIRAF (IST, JIV~08F(IST, J =31}/ (YRFIIST, I =XRF(ST,J4=1))}
TF (SLI%E2 oAT, SLOPE) £O TO S0
LUNR GERT ]

®AINT IS CLNSE TN SMNCK = NEED VALUES DN €471

TOLLYwYOF(TST e}, 000

FALL SRUK (Y1), 001 )/RANDILISELOELYY
RLNPEa{RQ{Ll =Y/ {X2(1)=7)

CLOPE2« (RN I=RAFCIST, JSNI/0XN(L)=YOF(TICT, I 1))
IF (SLIPE2 (LT, SLNPE) RO TN 390
YOCAYeXSHEL )

oQl4)eYSHRL )

TLACANSEL

AAMIL4)mAVR

LLLER S 119

YOUIIeXST(TIST=1,1}

CALL ASHXICXO(3)oRAC(II,EMNO(IIHELOLINY
£0 TN 38C

Nien>

PANTTNIE

SRAGEAN SYNULD NEVER REACH THIS CONNEITION
NETTE(S,1020)
sTOP
FORMAT(L1M1, 10X, J4HEPROR IN ANSEL//EX,

¢ ISHPRNMAALE CAUSE = XPLOT IS YOO LARGE)
END

ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANETL
ANREL
ANGEL
AMGEL
ANGEL
ANEEL
ANGEL
ANGEL
ANGEL
NGEL
ANGEL
ANGEL
ANGEL
ANGEL
anesL
ANGEL
ANGEL
ANGEL
ANGSL
ANPEL
ANGEL
ANGEL
ANGEL
ANEEL
ANEEL
ANCEL
anesy
AMCEL
ANEEL
aNaEL
ANEESL
aNfeyL
ANFEL
ANGEL
ANGEL
ANERL
aveel
ANGEL
Aneey
ANGEL
ANPEL
ANGEL
anee|
ANGEL
ANGEL
AN
ANGSL
ANGEL
ANEEL
ANGEL
ey
ANGEL
ANPEL
anesy
ANREL
ANGEL
ANREL
ANGEL
ANGEL
ANREL
ANGEL
aNesy
ANGEL
ANGEL
ANGEL
ANGIL
ANCEL
ANEEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGEL
ANGFL

anon

Ana

LN

noA

-

SURPQUTINE aCOnMP

TUYES SUARMUTINE CALLULATES THI CIMPONEMTS "E THE NAGNETIC FIELD

PARALLEL, PERPENDICULAR AND NIRMAL T9 THE FLW,

COMPFIN ZRNUNDSZ XBOD(100),YR0IC100)s XSHKII0I),YSHRCIVEY
®  NERAT o NYMAX9ABACH)GANMAS HROs NMINPY

cowNnN fELIVY/ xc«zo;xoal.v'(2:;1oul.v=lzr.l:o!.an0=(’t.lr(t
LEVEL 2, ® Ap WPERP, BNNEM, ANAG,RA

LONRIN JRENNPSY ﬂPlll(lGnloCl.'FE'P(!).!DC);'NGlH(ZC:lDOin
¢ AMAR(20,100098ANG(2001000

LNGISAL LPERUNSLPREL,LPRST,LPRCON, L PR, LPLOT,LTRAS, LRETRT
COMMAN 7PPNPT/ LRERUNSLPOFL,LPOST, | PRIAN, LP RS,
FOMMAN ZATNZ ANGPRANGN)¥PCONs RECN(29)

ATMENSTON SC100,8),M010005 8¢5, XLSOLL2RI,YLSA(LLD)
NATS Wr199¢2.0/

CRLCILATE PEPPENOICULAR FIELD LINES

TE (XACNKLEQeL oANDy oNNTLLORE (ANND, ¢NNTLTRAY) &ZTIRN
CALL aSTEP
CALL RELGA™

CALCULAYE R/RINF AND EL/SLINF AT £4CY GRID ®NINT, TUIN SHAITH
SLONG FONSTANT=T LINES, WSTNG FIETH O9DCR LEART SQUARES €T

UDMaNRUEYa]

NYMeNYMA Y]

AN15 Yel,NXNAX

ANAROINRUAY, JIuRRINE(NONRY, J)

LALL ANRELUELLINFoSLCPZLoNONIL, )
RRERO(NRMAY IV ELLINF

BANGINRHAY, JYaSLNREL

AN 19 Te2,ved

anem(r, JIsRRINFLT, J)

TALL ANRELCELLINFSLOPIL, T, 0
NPERO{T, J)mELLINF

NANGIT, JVetLAPEL

FONTINUE

YLEOI1Ye(,0

AN 6. Te2,Nen

AN 2, IelpNEN
XLCO(JeIuXLSOUIIoSORTILYC(T, el )=YClTloJ})ee2
. SIACTTIn Ie1=XCUT, 3001 002)

2. CONTINYF

?

-

nn el NY“AX

YLSOt N =nPERP (T, )

rFONTINGE

PALL CLRQCYINYMAY S, Y Qs YLSO» Wy 1 7 s Ce s 1FP)
LLEE LS FL P LT

LIRS LIN]]

ONTTYIE
roNTINY

FALEOULATE FANPONENTS 0OF WAGNETIC FISLN = P424LLIL, PZPPENPICULAR,

AND NOBwAL TO DIRSCTION £LOV

nO 7Y el NYHAY
#OARA(Lp IV VELL, IV 0RHNCIL,5 )

nNO T Fa2,NRMAX
ABACLLIT, I VFIT,JVePHNFLT,d)
APERP (Y, J)atpf Lo JYOPUNFLT,J)
ANARRLT, ) RN XA LU LIS TN
caNTINy=

(3301
END

SHARNYTINE RELGAM

LEVEL 2,NR NAE XRE, BAF, E{PF RAMRE

COMNAN JAVAL/ NRNGF(Z11,X8FI51,1C0C)sPRF(2)51C) )5 EL5 (22520000
¢ fAWRE{(51,100)

COARMAN FONSTRNM/ ZPLAT,NTENDINTADDNYSLDT

LEVEL 2, ST, YST,MmST,NST

LOMNNN JSTREARS XSTLECHLS2) 0 YSTISIo2320pNIUNSTIS0INST

COMMON 7SHOCKS/ DRSDYE1LY),08TEIY)

NATA PTONZ 7145707961327/

PLATHLTRAI,LRSTRT

PUT I el CAIO)IOXACATSIISXAeR(aN )X ACATIIOYAORI2VI OV RONLY)

LI L1
agnus
acnue
Lt 14
aroMp
annup
LY LTS
ACome
acqme
e pue
acone
AeAne
arrys
"inue
aronp
acnes
LLLLTY
acnee
acone
arone
arper
anpue
achnp
scove
"EOMP
neome
agpur
arane
acnwe

RELGAN

BELGAN

NANSBNNUNS S, W

12

P AN AN LS



beT

RY T BN

Xt

L Ye)

Anao

»

~

173

18

TUIS SHeROUTINE CALCULATES THE MAGNITUDE ANA NIREETION nf
EL/ELINF AT THE POINTS WMEPE THE STREAMLINES TNTERSERY THE
MAFNETIC FIELD LYIMES W4ICH ARE PERPENDICULAR TA Tu: ELnw
TN EOZESTRZ AW

PST(LYe%o57YSTLL,2)
N0 1Y TaZANST

NeTLLY SICYSTITol)=YSTIL=151))
FANTINUE

CET APOAYC TO FREE STREAN VALUS®

NSTO enSTo]

feguAYexnPrr])

NN A Tel,usSTey ‘
TF INAECT) oLT, JNewsX) RN TH 23
JRFRLYaNREL])

£ONTIvUE
AN 2 Jelp)Atmpy
AL INSTPY

ELRELT, |)e],)
CANRE (T, J)wPINN2

L FONTTING

VAL'IIT ALNNA ETELN LINES wdIfH CensS Sdrew

S0 130 Je=3p NN

TE () +GYe NAF(1}) RO TO 100
DLeSIRTIETNEL2, )= URF (1o J))S02000F(2,18¢2)02,0
ELAF{2p1)en1epsSTIYY

AAMYaPTRN?

MALOARELT, ) )aXAF 2,4 d)

NO2eRac(3,J)epasi2, )

N208A0T(NY20NX24NR2ODP2)

AAM2uATANG "mnen

ELREI2, J) e D24(NL14DLININSTI21408TLLYY
FANREL2, ) e (RANIEN24GAN2EDII/IDIC02)

AT 140

rAMTINIE

NleSORTI(XNFY 1=KBF(2,3=1))0024(POE(2, J1=00E( ) Ja]))ne2)0%,)
(3,00=208(290)

Fld,11=08F12, )

N2aSNET{NY29DY24NN200R2)

FaM2n ATANIDR2 /DX2)

FISEL2, JI{ELAR(2,3=.)0019DSTI2010027(D1eN2)
FASAF (2, 5)a(D]6GAN24N20FANRE(2,)=2))0(N]e02Y
erNTINIE

N 110 TeXNSY

nNpenz

LARIeRAMY

TE {YRF{Te3,)) LT, ¥ST(I,1)) #O TO 12C
NY2eYRE(T 0L

N2eRQT(DA2ONY2eDR260R2)

ELREITe 1)eN1002/(N1eD2)OIDSTLI=134DSTITYY
A2 ATANIDR270X2)

SAPAFIT JIe (RAMION2eCANINLYZINLeN2)

L EINTINGS

YSUsYRE(Te1,4)

TALL SSURIOXTH,RSH, CANS Uy ELSH)

htil SELT, 0

NEI e SH-RAE (T, J)
N2wSORTIDY2OIY20920DR2)1 02,0
ELAE(ToJIan1o(DSTIT=2)eN2+ELS41ED1eN2)
CAPRE(T, J)e(N20CANLeNLOGINSIIZINLeN2)
CANTTNGF

JREMAYSNAF( D)

VALUES ALPMR FIELD LINES WKICA £ND AT DWNSTRELS AApupaRY

NAjenns)
a0 19, JeNnl, JaEuat

TE€ (1 AT, NAE(1)) GD TO 19,

NYeSARTIIXRF(2, J)=XBF(2,J))602eRRE(2, J)902102,)
ELAEL],J))eN1008T(1)

GAM1sPTNN?2

NA2eYRF (3,3 )=285(2y 9}

NR2=PAELS, J)epaE(2, 1)}

N2eS00T(DY24NX240R2€DR2)Y

LANPe ATANINR2 0%2)
ELREE2,90001002/7(N1+D2)¢IDSTI2)4IST(L1))
GAMRE(D, Jhe (GANTON24CAM2ODLY/(NL4D2)

A0 10 188

- P1eSARTOANFI2,J)TRF(2pdol) ) 0024 (RRFI201)~RAFI2,J=111682)%2,0

RELGAN
RELGAR
AELGAN
NELGAN
NELGAN
SELGAN
RELGaM
SELGAY
RELGAN
SELGAN
BELGAN
SELAAN
BELGAN
LLIETY
RELGAN
BELGAN
RELGAN
RELGAN
RELGAN
RELGAY
AELGAw
agLnan
RELRAY
AELGAY
RELGAN
AELfAY
*ELGAY
WELEAY
AZLAAN
SELRAN
RELGA®
MELAAN
RELGAN
BELGAN
AELRRAY

ST L]
RELGAY
ELG AN

HSTL]
AELRan
AELG AN
SELGan
acqngn
RELGAY

SL5aN
RELSAN
RELGAY
L3N TY

AELRaY
RELEAN
RELAAR
AELRAY
RELGAN
AELGAN
RELGAN
BELGAY
RELGAY
RILGAn
LY
RELGAN
"ELGAN
RELGAN

£ X2}

AnA AN

aAno

16

14

17
18

22

2t

NX2=XAE(35))=XBF (25 d)
NR2=PAF{3,3)=RBF(2,J)
N2=S0RTINX24NY240R200D02)
GAM2aATANIDR2 1NX2)

ELAFI2, ) el ELRFI2,5=1)eN1¢DST{21)8N2/7IN14D2)
CAMAE (2, J)m(D10GAM2eD24RAPRFL2,3=11)/(N]1e02)
FANTTINIE

00 172 eI, NST

TE (NRFITe1) LT J) 60 YO 1Ry

Nl=n2

GAM]efiam2

NA2aYAF(T41,9)=XRFLT, 00
NR2aQAF(T+1,))=RRF(T,])
N2eSORT(NY29NY24NR2*OR2)
ELAF{T,J)18N10D2/({N1 4021 ¢IDST(I=1)DST{TI}
GAM2e ATANIDRZ2 /DY2)

GAMRE (1, J)e (GAMLI®N24GAN24D1)Y/(D1eD2)
FANTINE

LONTINGE

EL1=010NCT(12)

fL2en2eD8TII-1)

N12D142,0¢02

A2eany

ELAFLT, 1)=CELLO#N24EL26N1)/UN1e02)
GAMRELT, J)a(FAN18924GANMZON1) /1D14D2)

TF (RAMAFUT,0) oL Ty Seu) CAMBE(T,310d,00

3 CARTINYT

EXTOAPOLATE ALONA STPEAMLINES TN LAST GPIN LINZ

CALL YTURICZIPLOT,Y1o0AMILELLY

NN 272 Te3,NSTR]

MENRF (1)

SNBSS T[]}

TF (¥af[T,Nal) (LT, XST{I=1,11) 40 T1 227
FaCal DI NT-XAF(TyN=l) )/ (YBF(LoN)=XBFIT,N=31)
YRF(T N1 o ¥ST([=],Nynn)
PAF(T,Me1)aYST( =], NUMM)

FLAFIT NOLIeFaCoZLARI o NI 401, 2=FACH oI ME(ToN=")
CAMRE (TN )aFANCGANBE (T, N)o (L, CmFACIOGARAC (T, Nas)
TE (FAMAF(T,Ne1} oLTy 045) GAMPE(I,Nel) =0, P
NTeN

Tiet

[ Al 391 &

PAF(T,N4)aYST(I=], NUNY)

YOE(IsNG )aXSTITw)yNUMN}

EAC(YV=RRE(T,Ne1}) /(YI=RAF{TIL,N143 0}
FLEELTaNSI)SELRFITI NI OFACOI] LaFArYoELY
CANSEA{T) N1 )arAMAC(T],N101)0FACH(],IuFAr)oran]
TE IFANRE(T,Nel) LTe Joit) RAMBEQT,N+1)edqn
CONTTNIE

reTURN

£Nn

SURPRNYTINE ANIIND

YHIS RNUTTNE ORAWS AND LAMELS SHA2K WAVE amn
“AGNETNSPHERE N8 INWDCOUCRE BrUNTARY,
WLE PLOT SUMRIUTINES USEN ARE
VICTOP,CHAR,PDL AR,

TOMMAN FRNINOS/ ¥R0DC10C I, YRODILI0M ), YSHUKEIL D), YSH (1Nt ),
¢ ONBMAY  NUMAX ) AMACH, GARMA WO () NHINDY
FNMMAN ISEALES XSFpYSFp XMAN, YMAX, XLNGTH, YINGTH
NIMENSICN R(21)eA(21)
NIRENSTON LASMGE2)
DATA LARMALY),LANNGE2) ) LANTIN/ICHMAGNET NP A, 2MSE, QUIANPP AUSF/
NATA LANSY/]1IMSHNCK WAVES
AT 20157089 4316155047024, ,620325479%4%,
0962485 14r9956014256645106137292,378C,
Lel2788,1.88496,2404204,2,19911,2,35519,
1 2e5132752467C35524R274392.9845123,141597
NATA 972140,17
NATA NPI212

-

MRAW AND LABEL BONY ROUNDARY,

CALL VECTNRIXAND, YROD)NY®AX,1,0,1H )
XLARLe=10Ne 1,0/ ¥SF

YLARL =D,

TF ANJINDY ,£Q,1) GO ¥O S

RELGAY
RELGAN
RELGAN
RELGAN
RELGAN
QELCAN
NELGAN
AELGA"
RELGAN
AELGA
RELGAN
RELGAN

AELGAN
RELGA™
RELGA®
RELGAS
BELGAN
nELAAN
AELGAN
BELGAY
RELAAY
nELEAN
RELGAM
RELGAY
SELGAY
RELAAY
NELAAY
nELGAY
RELGAR

RELGAY
RELGAM
RELGAN
ReLnam

nELaAn
NELGAN
BELGAY
SELGAM
BELAAN
nELRAN
RELGAY
AELAAM
NELGAN
nEtnan
ELAAN
RELCAN
NELGAN
AEL/AN
BELGAN
RELGAN

animn
LLUTY
LUl
LLICL
anynn
RINN
NN
LLTLTY
LY T
craLs
sAuNn
LR
RayNn
(LU
LU
Animn
AUNn
anynn
AQUND
LLULLY
NN
anynn
RAIIND
agiNA
Yo
LL 1L b
anyyn

[ R L R L "L

[oyoapye



SET

LY.

laXaXad

ann

Nae

cnn

-

bR}

w

"

CALL CHARCXLASL YLAAL,Jedpel2oLARNG,12)
A0 1O 1,

TONDPANSE. = ARD HRPO TO LAREL

CALL CUARIRLAALIYLARLOIOeOrad 20 LASTIDY I

L {< T 1Y LYY idid

YrueY®RiYa), 3/VSE

CALL F4ARIXCH, YCHs D4Cra2s IHHIR) I)

PALL THARIXCHe L /YSFeYCHI0WD 75'l-lﬂnl|
CALL CHARIXCHMO TEIASE,,YCH, 04 )

caLe ’CU"'LT(lC'ﬂhl'S‘.'CN-uohoto“l'hli

NEAV AND LABREL SHOCK WAVE.

FONTINYE

CRLL VELTAR (XSHK, YSHK,NYHAX, 1oL LH )
YULE8L o] uale0/YSE

AMELINS P

CALL CHAREXLAALPYLARLpUsdsoi20LARSH,1D)

NPAY AN LABEL PLANET FNe MAGNETDSPY:RE

1e (uu'unv e50e 1} RETURN

(LT3 T '3

T "‘LAH(I.!;"’DI.CD\“ p=RMAY, 1.0
CALL CHORC4150%800000 012, EHPLANET, &)

etTHON
son

SRENUTTNE BT
THIS SURRIUTINE PRINTS AT TUZ WAGMETTF ETfLND

COMMAN JRINF ANGP, ANGN,KSCONSALANE2 )
FANUAN FONSTRM/ TPLOT,NTENDpNTADISNYOLNT
LEVEL 2, ANG,DATH,NEC
“nNWNN srany YA Ie A LI P FLLL

LEVEL %) apa APCRP, BNORMy NAAC,RANG

COMMON JACONPS/ RPARA(2%, 3301980200271, 198NN QNI24,11-),
¢ WMAGIZOplLDDe ®ANGL2Cs13C)

COMMIN ZRLUNTZ THETAT23),8902% 250, N9LNNT
NN 7ANYNDS/ XAODE103T, YRANL(10D D s YU
6 NOMAY, NXMAY ) AMACH, G ANNA, URM, NATNOX
fOMEnN JELONS XCL2301001YCU2), 100 0,VEL2R, 1070, RHAF (20,100}

ERAFASLLIS LIS Y

RANCP S INLANGS)
CANFIaTNC(ANGD)
SANGNSS TNTANGN)
CANCNSCYSIANGNY
VeLTEIA, 19,0

BRINT WAGNETIC FIELN FP NOST 956TNY

AN 10 JeY NOLUNT
TFO(NMTNDX LEQ, 1) GO Tn 3
OIS, 1100 JpTHITALS)

an 1o

Ul!"(6.115| JpTUETALY)

et

WOTTZ(5,32.) T,00(1,d)08PARALId)
AR 1Y% Te2pMRUAY

Is )

[LYYR ¥}

E1=CNSEANCET, JIIER20COSIRANSITSJ)) 082
E2aSINCANSIT, V)08 20SINIRANGIT, ) )oY
PUAGIT, J)aSORT(ELOF14F24F)
CANGPRATANZ(E2,F1)0NF6

RYF| CONRN

240 ANGN

RYANWN(T, J)eSENGN

WRITE (95u20) Lo®p(Tadl o RPARALIT I} »PF20CTo ) o NaRITsd) o RANGP,
* ANNRNITsJ)pAX,RY, AT

2% CONTINUE

PRINT “AGNSTIC FIELN DOWNSTREAM

NY2sNALUNTe )

AN 28 JaNYl,wYNAY
J7u JermLynt
Te=Xr(1y3)

BOUND
SOUND
AnuNy
BOUND
ANUYND
AQINN
aNuUND
LD D
AnUND
aAnuNn
anumn
LLULT)
ANUNDR
anuNn
ROVUNY
Mo
anYNg
aaywn
AN
rauNn
ANIND
[LICL
(L)
87IND
RAUND
anyNn
anuNA
LuUL L)
ANINN
LA 113 1)

AnyT
Ry
rT
yr
1Y
nySTRN
pan
rer
arpues
RCrups
acnmec
LYNT
aPMOS
RNDS
L
anyrt
ROt
annr
At
(LU
squty
AT
ant
anuT
*quUT
ngty

aqny
(L1 4
sgnv
(L1} g
"yT
anut
aQutT
anyr
anut
(D111 g
Ut
any
anyr
a9uY
anyr
Ay
LLllg
anyr
LL: g
ANUT
aut
snny
gyt
agur

a2 YaNaXal

Ao

LY X1

13
13

13
1

*are e

115
.
.
.
.
.

L
1

seeon

133

TF [NYINDX oEQs 1) GO TO 13
VRITE(6,130) JIs7

&0 70 1S

WOITEL6,135) JI,2

Ts1

v'l;ilb.l!).l hVC(IthlPlll(hJI

RleSANGPORP a(l n

N2aCANGPSRAPARALL, 1)

E1aCNSEANGI T, J))OR24COS(RANGIT, J) 109

FLaSINIANGI I J)IOR24STHIRANGIT, )Y 08

QMAGIT)JI=SORTIFIPF14F2¢F2)

SANGPeATAN2 (E2,F1)0NEC

AYeFY #C ANCN

AYeE2 - ANGH

R7enNMRU(L, $) 6SENGN

WRITE (65320) X-"(l-J)p"lil(!.JI.!FE"(Y.JI:'NAGII.J)n‘lN
SNOREIT, ),08KeBY, 2

LONTINIE

PETUEN

FRARMAT(IMI 775205 25UMAGNFTIC FTLD CAMPONENTS /520,250 L WUe )/}

ENBAATL/I21H ANGULAR LOCATION NOspT2o124p AT THETA w,F%,4p
oy NERREESIY
WY LT, ST, G HRP D, BX 2 (GHA/RINE BN ) o CUBIRATINF,, S, THR=ANGELE, 53X,
TH R/PINE,SY THUAN FRINF SN THAYZAINF, SV, TURTY /Y INF/
21Y0IPHIPACALLEL) p4Xs 6HIPEDP )4 X 2 (2NHITN=PIANE)» 2K ), LY,
AUENIRMAL 15 1%, 301X JIMCRESHLTANTIIY

ENPUATI//7214 ANG'ILAR LOCATION NDop12,124, AT T4ETA o3 FA .4,

4 IERREESTY

Ao 1T s B o SURP /R o TX 20EHRIIINF BNV 94 HRIRINE, 5K, THR=ANGLE,5 N,
TH R/RINF 55X THRY JOINF SY, TIRY/RINC 42X, PHAT IR INE/

217 s JOHIPARALLEL) & Xo 64{PERPY p4 X, 201 0HCIN=PLANE) 9 201, 1Y,
PUCNTIOMAL 1, 1Y, 301X, TAHIQESULTANTY )Y

FROMATII%5o012XsFli,4))

FORMATE 77354 ADDITYONAL AYIAL LOCATINN NN 12,154 AT Y/N ssFo 471
AYs JUT T JUR/D) A Xp 2(5HB/BINF )OI 54 4R FRINE S €Y, TURANGLE S Yy
TH R/AINF RS o THAXC/BING, 5X, TARY/RINE, SY, THAT IR INE S
21X IIMIPARALLEL Y 24X, EHIPERBI AN, 201 HITN=PLANE}» 2XIp 1Yy
AHINTENAL 1, 1Xs 301X, J1MIPESULTANTI Y

EARMATE 77304 ADRITIONAL AYTAL LOCATIAN NN 12,214y AT Y/BC s,F8,47
Ao JUT T QHRIRS, T 2IBUB/NINF ) OF 1o SURIBTNF, SX, THRANELE, SX,
TH R/ OINF SN TMAN /MINE, 5X ) THAY IAINE,SX, THAT SR INE 7
2iVel0HIPARALLELY p&Xo 6 HIPEOP ), 4 X2 (2 5HITN=PLANE) 2 p 1Y,

c :"l"'!"‘ll"lln!(l'.ll‘“'ESUL'l"T)',

N

SYSENUTTINE BEUKY (Ap Ry ANGLELY

TYTS SURRAUTINE CALCULATES TUE MAGNITHNE AN NTREFTINN OF
ELZELIMNE AT THE S4NCK, &NN THE R=LOCATYON, ATVEN TWE
Y=L NCATION NE THE #NINT

fAwsnN JRMINDS/ X8ADCIUC) YN0 {100 by XSHV I, YSUe {20l
NAVAY NYNAY, AMAZH, CAUMA,HRN, NHINDY

FAMMAN JSHNIKS S DRSAX{Y 3], DSTLSL)

AN 1C JelpNYuAY

TE (¥ LLTe XSHKLNNY &N TO 20

SONTINUE

JeNYW Y

CoYSUK(Je ) ¢ X=XSHK (=2 PIS{YSUKTIIaYTHR(J=" P ZLCSHK LS DmySue e I=1)

THETI e TANCORSOX( J=3))

THET20ATAN(ORSDY(S)

THETo THITIO(N=YSHK U J=1) IS (THET2TUETL) 7 (XSHCL I aXSHEEI=]))

CALTYULATF WAGNTTINE OF VERTICAL FIFLD FOMPONENT OF S4OCK

C2uSTNITHET Je02 "

cuzuANArHOs2

FIMRA el o0)9),5%EN2

wlEM2OR2 ol IO (RANMAGEN28S20]1,)17(RRY2842082)
NNeSIPTINIZ)

ANTHs 1,0/ TARETHETY

TOeEAM2/(Fu20S2a) D )a]l,r

NEL Yo ATANICOTHITN)

ELeSARTIIL0COTHOCOTHE(LCeD021=2,00IN0{TNeL A)ISCOTHESTNINELTYY

CALCULATE ANGLE OF VERTICAL FLELD COMPONENT

ALPHASASIN(DDSCNTHOSTNITHETDILTI /ELY
ANGeTUFETedL PYA

AT
RouT
8nuT
LT
rOUT
anur
aguy
LD
LLULg
gy
anur
AT
LLlig
W0ur
LLULS
L1 4
anuT
RQUT
anur
anut
agyr
annt
8ur
LR g
ROGT
T
annt
LL1g
anut
fA4uT
agnt
(LU
anyy
LLilig
anyr
anyr
agur
anyr
anut
nuy
anpT
LL1g
nyt
ANy
anter
amr

aguvy
Agury
agury
aguy
aguy
RSMKY
ANHNNS
anIng
SHNCKS
gy
NGy}
aguxl
LAL 33
ag U]
agury
Ay
0y
ag U]
asur]
agucy
Ay
ASux1
agxl
LAL123
L3139
asuey
(31,31
aquxy
aguxy
AWy
[ 33t
LAL.3
asuK]
ASur]

NS NN P e



9€T

EERY. Y.

Y2 ¥l Y Yol

ann

Y2l

LYY

62,

L3}

PETURN
enp

CIRPNUTINE ASTEP

TUIC CUSRNUTIME CALCULATES THE VERTICAL FIELY LINES,
AY INTEGRATING ALONG S4CY STREAMLINE T LACATE #OSTITIONS
AT SQINIL TTME TNTFRVALS

COMMAN JRLUNTZ THETA(25),9P(2),250, NAL1INT

CORNAN 7NN/ XBODEIICIS YRIDIION) pUSHR(2 21, YSUK(]IF ),

¢ NRMAY,NXMAXpAMACHGAMNA S HRN, MHEND X

CNMNON JELOWY XC(2303030,YCE2D0100) sVE(22+1900, RHOF (205 1601
fAMMAN JONSTRM/ IPLOT,NIEFN)NTADD ) NXPLNT

LEVEL 2, NS, NYF, XOF, RBF, ELBF, GANSE

COMNAN JAVALY NRGNSE(S),X8FISI,10¢),)@0F(51,2,0),6L8E(T1,109),
¢ GAuSF{s), 18C)

LEVEL 20 XSToYST,NUMST,NET

TANMIN JRTREAM/ XSTU5C,15205¥YST(5ua152) ,NUNSTIS2),NST
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CONNNN FPROPT/ LRERIINGLPRFLoLPRST,LORCON, LPRALLPLATILTRAY, LRSTOT
LEVEL 2, YST,YST,NnST, NCT
FAMMON FSTREAN/ XSTUSLsaS52) o YSTUR 1520, NUNSTIO,),NST
FONMON FTRHECK S TCHK(4,2900)
NIPEMSION RSCME20,10G)

OLNT STREAMLINES

TE (LPLATY CALL SECALCLNCHK, YSHK,NYHAY)
TPLOT=Y
TF (LOLOTH CALL PLOTCN

FALCHLATF VELOCITY CONTOUP LINTS
(6QID TS NRMAY RY NYMAX)

TE (XVYENN oLEa C) 60 TO 12
FALL “AP(VF;5 20, CONTY, CONTY, KVCNN, 29 VCONs N3N Sy -, 9335 TRHK,
101 NRMAX, NXMAY)

*

SLNT VELNCLITY AND TERPESATURE CNNTyYSS

TPLNTey

FACTe Y, Se(5anmaa] CYCANICHOANACH

IF (LODNNN) CALL CONAUTIVEON, FACT,NHTNNY)
TF (LPLNTY CALL PLATCN

TALTYLATE OENSITY CONTIR LINES

1F teesnN ,LE, 3) 60 TO 23
CALL AP LOHOF 520, CONTX o CONTY KR CONs 20 PEONSNAN ;13059 37, TCHK,
. 1e1pNRMAY,NXMAY)

SLAT AENSTTY CONTTIRS

TPLOYe2
TF (LooCNN) CALL CONQUTIRCONsFACTNUINNY)
TE (LALNT) CALL PLATECN

FALCULATT, PRINT, AND PLNT CONTOUP LINFS €ne pAPALLEL
AND PEIPEMNICIILAR MAGNETIC FTELD COWPONENTS

TE [(XA”NN LLE, £) 6N T 200

N0 100 JwlpNXMAY

AN 109 Tel, NEMAY

ASENET )V enPARA(T, )

CONTINIE

LALL “aP(RSCY,20,CONTX,CONTY,KBTON, 2o RCNN, NAD,) 10005 30, 1CHY,

€NYY CALL CONDUTISCONSFACT,NATNDYY
TF (LPLOTY CALL PLOTCN
N9 114 Jel,NXNAX

CONT®
canTR
CNNTR
cANTe
CONTR
CONTR
canve
CONTR
caNTe
conte

CANTHe

CaNTY®
canTye
coNTIR
canTyr
canTye
cnNTye

CANTYe
CONTIe
Ny
canvye
CONTUR
CINTYR
canrne
cantyt

- eaNTHe

CANTHR
canTye
caNTHe
[l AL
CaNTHR
roNTyR
conTye
coNTUR
CONTHR
fanvTye
(L L0
CONTUR
cPwTUR
CONTHR
CONTIE
caNTUR
contu
CONTUR
cante
CANTYR
CnnTUR
CANTYS
CONTHR
CONTYR
cowTyR

101
192
193
104
195
198
197

199
200

-
I Y R A P Y YL RT N Y]

ano

aan

ana

N0 110 Te2,NRMAY
ASCH{TySI=BPERD(1,))
110 FANTIWIE
CALL MAP(ASCMs22 9 CINTX, CONTYoKBLNINY 29 RENNSNAD» 1000030, TCHY,
. 2o Lo NRNAX, NXNAY)
TPLNT s
TE (LPRCON) CALL CONDUTURCON,FACT,NHINOY)
IF TLPLOT) CALL PLOTCN
PO 120 JelaNXMAX
N0 123 Te2,NRMAX
ASCHIToIIoaNNRMNLT,S) .
CONTIWE
CALL MAPCASCM, 20, CONTXs CONTY,XRCONS 20 BCNNSNANS 100U 300 T CHI,p
. 25 LoNRRAY,NXNAX)
TPLNT=?
TE (LPICNKR) CALL CONDUTIACON,FACT, NHINOY)
IF (LPLAT) CALL PLNTCN

12

©

264 CONTINME
1F (1o10TY CALL EnPLT (305040}
RETURMN
e

EUNCTION DRDXEX, V)

T4IS FUNCTTON DETERPINES TW: SLN®F 1F TUE STREAWLINE
AT THE PDINT (X, Y)

COMNNN FALUNTZ THETA(25),PP 239250 pNALUNT

COMNIN JANYNIS/ XBANEL0GT,YR0NE1I0),XSUNILDII S YSHR{TICH,

*  MRWAY,NYNAX,AMACHsGAMPA,HRO, NHINDY

LEVEL 2, MNGyDXTH,0%6

COMRIN 7ORD/ ANEC205100)oPXTHILGII,NEC

COMAON /FLOM/ XCU20o23%0,YCE235 1020 VFI20,193) 9 RUNEL2¢, 100 Y

LNPATING PNINT [N ERTD
GFe se%) G TO it

AN2(Yy=X]enEs
PeRQRT(YE20Yee2)

TE [THETALINGGTLTHTA) 60 YO S

3 FONTINME
JewALINT
5 10s)-]
TF (3011400 JRay
SLOPEsf TUTA=THETALJIR) I/DYTH(IR)
P2uR3(1,J0)0(0P 11030 eT)=0P (1, IR)IOSLOPE
N T fe2,NRNAY
(Tp R4 (RPUL,JReLI=OP(T,IR))IOSLOPE
Y ? 46T, ) GO TN 8
7 CONTINUE
TeN®uAY
i R0 T2
19 "OANTINNE
fay
NN 17 JeNRLUNTNXMAY
TE LYCLird) o6TaX) 60 TD 15
13 enuTagE
JeNgvay
15 JRe )=y

TE (S0, LT NALUNTY JPaNSLUNT
SLOPESTX=XC Lo JRII/DATH(INY
R2e¥Clis R o(YCI19IRe1I-YCILoIR)IOSLNPE
N 17 Te2,N0mpx
e
P2aYCIT2I0) el YCIT24P011=YCLI IR ) 0S| O0E
¢ (2 .67, ®) &0 TN 18

17 CONTINUE
e LLNY

13 FONTYNIE

SIVARTATE LINEAR INTERPOLATION

23 TONTINUE
DPLeaANGIT=di o JRICTANGIT=1p JRELV=ANG{T=1, JR}VOSLAPE
NRIeANGCT,JRICLANGET, JRO1I=ANG(Ts SRI)OSLOSE
NRAYeNR14(NT2=DR1IC(R=R]}/LN2=0])

CONTUR
CANTUR
Canvye
CoNTY®R
caRTUR
COANTUR
cantuR
CONTUR
Conyy®
CONTUR
CONTII®
COANTUR
CONTUS
CONTUR
CONTYR
coNtue
CoNTyR
CONTIR
CONTHR
CNuTYHe
ronNTHR
CANTUR

oROX
oROY
oRMrY
LLE
neny
ALNT
ANINNS
AN
oen
oRn
FLnw
oRoOY
nepy
neoy
LU
hROY
nepv
neny
peny
neny
neny
henx
nany
oRne
neny
L1134
oRnY
nany
ornY
oeny
oRnY
DRDY
nrne
oRNY
orny
neny
ORAY
nony
neny
neny
neny
onny
nany
seny
nROY
onny
oRNY
neny
o nY
orny
RNy
orov
ornY
DAY
nRnxY
nroy
oRDY

NWNENNDP AL SN



ovT

ann

AAOAINRAN

nan
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-

we

1.

3,

18
10
11

10

-

2]

9
1
3

~
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SETURN
b4 L]

SUSEOUTINE ECHING
PRINTS INPUT CARDS USED FN® RiM

NINENSINN CRD(Y)
VPTTE (6,1180
CMYTWE

READ (5,1%) C®D

YES, N0
TE (ENS{EN) 30,20
CONTINIE
WRITE (6,101) CRD
LI G Ud
CARTINUF
SEVIND =
RETURN
EnewaTiNE1Y)
ENRNATI(1Y,8A10)
FNRNATIIHI, 43X, ISHLISTING OF INPUT CARNS ENt THIS RUN/AOX,;35(1He)

1 mn

SURSTUTINE ENTERIKIN255pKoNVALs ALy A25 JREN,KNTN, ICHKSXONA, X, Yo NXY,

¢ ACNANT,ISIIN)

CONTIUR PROGCRANS PAP, WALK) SERCH» ENTER, ANN CHECK
WRITTEN BY PEESE SORENSOM, NASA=AMES RES, CTR,) AUGss 1074,
(VIRTETED VERSINN)

ASSIRING THAT A POINT OM A CONTOUR LINE YAS BEEN FMIND,
THIS SUSROUTINE RECOTDS THAT POTINT TN T4E ROOKKEEPPING ARRAYS,

CORANN FELIM7 XCL20510000 YCU295195 1o VFI2351000, RHNF (205 1C0)
NTYRENSTON TCHKES,1D,NE2Ds VIR D, ACONTIY

NYYaNYVe)
TEINYY,ET ISIZ1Y €1 TN}
TCHKE 1, NYY) =K 0D2
TCUKE2,%UaY)n}

TCMXLJoNRY) oK
TCMRE & NXY) oNVAL

IF ENDONINTS ARE EQUAL, ENTER WINPQINT

1€ (( 42-411,£Q.0,9) €0 70 &
DIFatACINTINVALI-A1) /7 (A2=-AT)
r0 TO (2,3),%002

OIF=net

N TN (2,3),k002

YNTERPOLATE €DR CONTOU® POSITION

Y2exr(JyKel)
Y2uYC(J,Ke])

€0 To 4

A2oXCLI4T,0)
Y2evClle1,K)
YloNClIpK)

Y1sYC{JoK)
TINXYIsXADIFOLNZ-X])
YENXYIeY1enIFe(Y2-Y])
KfN4el

0 Y0 5

WOTTE(6,121)

FOONAT(AOHLCONTOUR SEARCH ANDRTED = TABLE NVERELON IN (X,Y))
NNID&=?

CONTINUE
RETUPN
(L)

orDY
oRnt
oRDY
oRny
oeDY
oRnY
DROY
DR PN
oROY
DADY
oadY
DRoOY
OROX
oeny
OROY
neny
oRpY
DeoY
DRDY
pany
oenx

sy
ae

SPANN SBAO W PN

e g

non LLLGLY]

noo

B XaXal LI LX)

anna

LY. T3

SUBRNUTINE EXTRA®

THIS @NUTINE CALCULATES EXTRAPOLATED VALUES nF
RUD AND ¥/V AT POINTS ALONG THE BOUNDARY THETA=D USING
& LAGRANGIAN INTERPOLATING POLYNONTAL "VER
THREE UNEQUALLY SPACED POINTS NN EACY RADIAL CURVE,

CONNOKM 7BLUNTZ THETAT25)0RP(20525) s NALUNT

CORMON 7R0ONDS 7 XSODE180),YB00 (1001, XSHK(I00),¥SHX{300),

®  MRNAX,NXMAX, AWACH, CANMALHRN, NHINDY

CONNON /FLOW/ XCC20,3000,YC(123,100),VFE20,1000, RHDF (20,1600
FOYWIN /SHOCKS/ DRSDX(133),03T(50)

CALCYLATE LAGRANSIAN COEFFICIENTS

THZITHETAC2)=THETALS)
TU24eTUETAL2)=THETALS)
THIGn THETA( )= THETALS)
E20THETA L) OTHETACG D 7(THZIO TU24)
FIaTHETAC2) STHETALA ) 7 (=TH234THI4)
FARTHETALZ) 6THETALI D7 ITH249THIS)

CALCYLATE XCp RHOSAND ¥ AT THETASG,
ANZoANsrUsARMACH

0
T, L (E200P(1,200€300P (1,31 ¢E4%RP(V04))
ISR (3 3 81

TF (I.FOL.NRMAY) GO TO 1

PHNFET 1 VE20PHNFLL, 2 D4EIORHIF (T2 3) eE4ORUNE(T,4)
VECTo1)oE20VF (T, 200E30VFIT, )0 EASVF(T,4)

TR (VECTS1) oLTe Oo) VF{lsl}ed,

14 CONTIUE

2

<

CALC'ILATE EYACT YALUES AT SHNCK wAvVE

PHOFINPUAY, 1) o (GANNAGL 1CARZ 7( {GANRA=14)04N202,)
VE(NRMAX 1) w ] o O/RMOF (NRMAY, 1}

EXACT VALUES AT 800Y

MI2 LTS ]

YLllel)oeled

et L2313 8]
2

HQFIN'NII)I)“(GllﬂlOI;o)O'Z‘Al?‘D.EI(Z.(‘Glﬂll‘lﬂ?-
aT¥IISS (T I7(CARMA=L,0))

NEFTNE POUNDARY ARRAYS FOR IONGPAUSZI/NAENETIPAUSE AND SHANK

N0 2) JelpNamAX
YAODE J)=XCL1,9)
YAOOL I =Yrt], 4)
YEHKCJ) e XCINRMAY, J)
YSHX( ) e YCINRNAX, )
LANTTNYF

*ETUSN
FND

SUNRD'ITTNE FLOUT

TUES RONTINE PRINTS THE FLOW FTELD YALUFS WHICH WILL WE USED
TN CALCULATE ‘'THE STREANLIMES AND CONTOUR®

COMMON JALUNTZ THETA(2S 1o PP (29,250, N0LUNT
CONNON 780UNDS # X30NL 100 BODE1Ju o YSHKITIIY» YSHKIIGN) 5
®  MPAAXSNXMAX, AMACH, GAMMANRN, NHINDY
LEVEL 2, ANG,DXTH,DEG
CONAIN 7DRO /7 ANG(235100),0XTHIL00),0E6
COMRIN /ELDW/ XCE20530005¥C(20,100),VFI20,1900, RHOF (205 3Ly}
LEVEL 2, YX,VY
CONNGN/YCONP? YX€20510005VY (23,1001
CORNNY JONSTRAZ 2PLOToNZEND,NZADO, NXPLAT

SRVERSE STGN OF XC FOR DUTPUT

sLOUT
FLOUT
LT
FLOMY
SLouY
aLuNT
80UNDS
AnUMnsg
oRD
b
FLOW
veone
yeone
onsSTRN
ELoNT
Hmt
FLOYT

NNBNND YO RS WN

13

VOWMWNN WN BN SO B> W

L ded



1T

Ann

LT

non

ana

JPAYaNTENDONTADD
N 2 Jelpimax
N0 2 tsl,NtMAY
XCLT 110=XCLL00)

"

PRINY VALUES ALONG SYNNETPY AXIS

VRITE (5,210
FACTe, 50 (5ANNACL D) SARACHOANACH
TEINUINAYLEQeL) 6O TN 1¢
vtnz(e.u:)
LRCER
1) \i"THMZ!N
27 coNtTWE
AN 33 Te),NPu4aY
TuloloCaLTo(loLaVFlI1)002)
HAE(T 1007
VOITE(60200) ToXCLTs30aVFITod) s RUDFLI,100T,0
1) “ONTINIET

SOINT VALUZS OVER SLUNT SnDY

WRITEL6,24))
NN 40 Se2,NALUNT
WRTTECH2 250 ) Jy THETALID
TE(NUINDY,ENeL) GO 7O 50
WERITE(6s 2070
N TA 40
S WPITE(6»272)
€D CONTTNYZ
A0 40 Tel,Npnax
Te1a0eEsCTO(],0-VElT,d)0020
PeRUNE(T,d) 0T
ALPUASNEROANGIT» J)
NETTELA0 271 o0 P(Tp300YCCToddpXCCTaddo VY LTod)s VXITo 01, ALPHA,
¢ VELT, 11,481,000, TP
45 CONTTINUE

PPINT VALYSS £OP MARCHING CNNZ REGINN

werrels,2ec)

NYYoNALIMTe;

N7 JeNTl,Juax

JIv JeNRLINT
TE(NMTNNYENel) G0 TO &
MPITE(S,290) J7,XC{1, Y
WRTTE(6s 2D

£n 19 on

WRTTCI4),310) JT.XCLY, )
NRTYE(6,32))

CONTINUE

nr T TeleNeeay
"l.fb‘lf'.(loc-v‘(hJl”l)
exRuUAELT, )

ALPMESNEGE u:u,

WITTE (6029 th‘".JllVY(ln"oVI(hJ)-lliﬂloV‘(lu”'""]”'cllvh’
75, FONTINIE

<

9

>

CESTARE SIGN NF X%

NG 3 Jel,inav

NE 3 Tal,Ntmay ‘
YOLTo I eaYr (], §}
*ETYIN

w

207 FNR™AT(2X,1302002¢,F1Ce40)
215 ENERATE ML/ /SLY,204DETAILED FLPW FIELD '"!'P’IYHlanNl“‘llllll
. SCM FLOW FLELD VALUES EXTRAPDLATEN TN SYavzvey avts, ,
FIHTMETA o 3,00 OFFPEES/)
22, EORUATIAN LT, X IAX/D0 oS HVIVING ) IX, L YURIIFOUNINF, X, SHT/TINE,
® LY 8HPIPINF)
230 FPRMATIAY, 14T, TX, MO/, TX, 6V IVINF, 3V 1GHOUD/RHOTNF ST 6 MT/TINF,
¢ BYsbHR/RINE)
264 FOPMATILHL, 41X, 4549FLOV FLELD VALUES FROM RLYNT ACNY CALCIM ATION)
255 CORYMATU//214 ANGULAR LITATION MNepl2912Hs AT THCTA opFPok,
*  BM GERREES/)
263 FNRNATION,LUT,TXpAMRP /Do B, 3R 70,5 9X, JHX /9, 7Ky THVRIVINE, 37,
¢ THVXIVINE I, 10HFLOV ANGLESSY s 6HVIVINE 2V, 104RHO/OHDINF, 5T,
. GUT/ITINF B, 6MP /P INF)
27) EORMATIAXS1HI RO Y SHRP IRE, DY, 44O /RI3pBY, 4MNY F03, &1, THVP IVINE,5Y,
¢ TUVXIVINE,IY, 10MFLOV ANGLEsSX,OHVIVING, 30, LrueUO/ONOINF,5X,
* BHYITINE X oHPIPINFY
285 FORMATIIWL, 41X, 434FLON FIELD VALUES FROM MARCAING CALCULATIOND
29) FnRUATI/Z730M ADDITINANAL AXTAL LOCATION NNupl2s10Hs AT Y/T w,FB.47)

FLAUT
LAWY
LT
FLOUY
FLOUY
FLouT
FLOMT
FLOYT
FLOWTY
FLOUT
45- 104
FLOYY
(Lt
LY
LT
oY
LY
ST
sLUT
LT
FLONY
FLMT
Loy
FLwY
fLour
FLouT
LMy
LYY
Loyt
FLMT
LMY
LMY
FLOMT
LwT
FLruY
LT
LT
Ly
fLOuY
QLonT
LT
FLONY

Lot
Lot
ety
FLMIT
LT
LT
FLOIT
LMY
LT
fLONT
LT
fLowr
eLeUT

Lyt

LMY
LT
LT
LYY
ELQUT
sLout
Lt
fLouT
FLuUY
fLOT
LT
FLOUT
LY
FLOyY
oot
LMY

Ll XLl

A0

an

anon

onn

an

JCN FORRATIAY, 1ML, TRy 3URID, TH, THVR/VINF, 3X, THVX/VINE, 31K,
¢ JOMFLOV ANGLEsSY» SHV/VINF,3Xe 1OHRHO/RUNTNE , X, 6HT ITINF 6T,
s LMPIPINF)

319."\:1171{1!391 ADDITICNAL AXTAL LOCATION NOepT2s1iMp AT Y/2C =,

Be 4/

320 CNEMATCAX, L HI» TXp AUR /R 6X5 THVR FVINF L SX o THYX ZVINF 53 Xs
*  10MFLOV ARGLESSYs6HV/VINE, 3, JYHRHD FRUOTHF , SY ,6MTITINFp8 Y,
. AMPIPINF)
(10

SUARNUTINE FLONST

TUIC ROUTINE CALCULATES THE WAGNITUDE AND NIRECTION OF
THE VELNCITY, THEY CALCYULATES TUE TRAJECTIRY STREAULTINES

COMNMAN JRLUNTZ THETA(25)0PP (205 25) ) NALUNT

COMMNN JRAGNDSS XAODL100V,YRDD01001, XSHKILDI Vo YSHRLLGCY,
& NRNAY, NYRAX ARACH GANMA, URN, NHINDY

COMuNY JDNSTON/ ZPLOT,NTENDSNIADD,NXPLOT

LEVEL 2, ANG»DXTH,DEG

rouany JORD/ ANGI27510J3),0XTU(1Lu),0EC

COMNON FFLNYT XCL20,15209YCU232203 0 VFL2r 23005 RHOF(2¢CH 10 )
LEVEL 20 XST,YST,NUNST,NST

CARRAN FSTREARS YSTE5L,152),YST(5Co152),NURST(50),N8T
LEVEL 25 VI,VY

FAMKAN/VEONP/ ¥XT20,1020oVY(23,100)

NIRENSTION W(20)0SE2858)eAR(Z)5AVIS)

NETE WIZ2Ce 05/

CALPULATE VELDCTTY AMD FLNW ANGLE FRNW VFLQCTTY FOMPONENTS

PNLAR CRORDINATE REGTON

"EG-"’.I'I"’T?!I
[

Ce
.unumnnn

Je2,9ALUNT
TMETACI)aVUETALI) ODEG

NYTHC J-;)'Y“‘TA(J"T“EVI(J'XI

N0 1, Tai.NEsA

VE(T, II'S')"NV!(l-l\“l‘VVHnJ"‘Zl
TE (APSIVYLT,3)) oLT, 140E=4) €7 TN &
ANGET2 ) aVYIT, ) 7VXIT, )

&0 T9 i

ANE(Tsi00), inb

EOANTTNME

LTS

CYLINDRICAL COOPDINATE ®EGTON

MY1eNSLINTS)
AN 25 feNY),NYWAY
NYTHEJ=] YoxCl2s JV=XCUlp d=1}
N0 2 TelyNRMAY
VEET, J1oSARTEVLT,J)10024VYIT0)0e2)
TE (ANSIVYLT)JY) olTy LloDE~t) €0 TN 1L
ANGLYp IV avY T, ) VYL IY
60 1 2,

15 ANE(T,00e1,Ck4

2Y CONTINYE

SHNNTY RUNF AND VF ALONG CONSTANT=THETA LTNES 4T NOSE,
USINA TYIRO DEAPEZ LEAST SQUARES #IT

NN 2% 4o, NBLUNT

CALL SLSOFY(NPMAX 3, RP(), J)sRUNF(Lo 3o W23, Ss 4Ry TERY

CALL FLSQFYINRMSY, 1o 31 VFL1pd0sWs25,5,AVTEY)

D 25 TalsNAMAX

YOPeRPEY, )

VELTo J1aC(AVIAIONRPIAVIIIVOYRPLAVIZ)IOTRPIAV(])

RUAF 1o 0 (ARLAICARPIAR(I)IOXMOLAR[2YIOXPPOAN(])
23 roNTIRIF

SXTPASALATE FNR VALUES ALONG AXTS NF Svaw:

1oV

CoLL ZYTRRe
N0 30 TelpNRMaY
ANG(Ts1)alel

32 CINTINIF

Loy
FLOYY
FLOUT
FLOMY
Lot
FLOUT
FLOUT
ELOBY
LT

FLIWST
FLowsT
FLMIST
FLOMST
FLOWST
SLUNT
aImng
"uUNDS
ONSTRY
nan
oRD

STREAR
STesaN
venne
veomne
FLAWST
FLAMST
LOWST
FLOWST
FLOWST
FLNST
FLONST
FLNSTY
FLOWRTY
FLAUST
FLAVST
FLOWSTY
FLOWST
FLINSY
ELOVST
FLNST
Ftavwsy
FLOWST
FLOVSY
FLMST
FLWST
FLONSY
fLWST
sLyer
FLMSY
FLONST
FLNST
FLOVSY
FLMNST
FLOWST
FLNUSTY
#L0usT
SLMWST
FLMNST
FLOweY
FLNST
ELNST
LSt
ELOWSY
FLOVST
FLNSY
FLOWST
ELVST
FLONST
FLONSY
FLOWSY
FLOwST
FLOWSTY
FLOUST
FLOVST
FLMNST
FLONST
FLONST
FLNST

VNN EINNBN YOS rE N
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CllCUllTE S'Al'llﬁ POTNTS FOR STREANLTNE CALCULATION
1SE GRID PDINTS ON SHISK T4 NASE RFGIPN
iOUAL Y=SPACING DN SHOLK NAOUNSTREAW

NI 32 Je2eNBLUNT
YSTLI=1,51) s RCINPRAYL,J)

YT 1=1,2)u VL ENRNAR I )

LOANTTWE

NSYouR{UNT=;

ANNSTas NS T

NN 34 VeNALUNT,NXRAX

16 (YCL1,N) o6Ts 72L0TE 6N TN 33
FONTTIVIE

LA LALTAS

YETCav R INOUAY K )

P ATaN

YSTNsYSTINST, 1)

DRC T AN, VS TN=YSTINST= o), (YSTF=YSTMI7ANDST)

AN 39 XaNaLUNT, 20

YSTVRYSTHeNAST

TF (YSTN (GELVSTF) 0 TO 4C
MCTamSTe]

AP 37 IXsxY MXNAX

TF {YSTN RT, YCINOMAX,JX)) &G TN 37
YSTINST,1)aYSTN

ASTIMST 100 XCANRNAX 5 JY=1)o(YCINRMAY, JY)=T  INPNAY, JX=2))
.

SUYSTN=Y L (NRNAY, IX=1) )/ Y INORAY, JX ) =Y  (NPURN, JX=3))
<0 11 30
~ANTYNIE
ave gy
FONTINIE
TRLNTeYC (I, NXPLOT)

CALCLATE STPCAMLINE TRAJECTORISS
USING THIRD ORDER WODIFIED SMULER TNTERGATION PRIFENIPE

UK Y CINPAAX; 2D .02

NUPY¥22AKAYL {OWPX],2PL0T 0002 ¢l Emb)
nNoST ISTelpNRT

YReVST( ST, 1)

YSaySv(JIST,i0

nuSYeAYIYY
TF (S LY
AN O4s Ne2,152
IF (YSeDURY (GELTPLOT) 67 T 47

NYepuRTe, 2

AN 43 Kel,s

RANYL1eNPDY{XS,¥S)

YSi=vSenarvyieny

¥Srexs

YSa¥< 149y

YSaYCas ,5¢INRDKLSNRNN (NS, ¥S 1) )eNY
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F2UXsISAINTERPLANETARY #AGNETIC FIZLD 1
263 FORNAT(/77725%, THNTRAY o, T4,35%, \UNNARXT =, t3s
®  30Y,44H1 & o POINT TO RE MAPNED FORP CRNSS PEFERENCE) 777
. 23'ul""-’lni‘"l’llhl'o!KlTllJ;Th&""'lb'l'p5"'flllll
267 EPRMATII25¢, [a0)XoAY,3X,F1044s3KpFl4p2(4Y,E8,4010)
263 SORMATIA4Y) IXH{SUN-PLANET CIMROINATE SYSTEW))

cseve e

269 FORMATIISY, 14H MAGNITUDE e,2)]
735Xs L4HY=CONPONENT o
735X JANY=CANPONENRT 11e
735X, L4MT=CANPONENT ©,E1143
27207, 29HATINUTHAL aNGLS
/20X, 294P0LAR ANGLE

*sE21,37
"»€1143)

LR

END

TUIIP72I09 125444 CONTOUR LEVELS FNQ MAGNETIC FIELN STOENGTHI)

INPUT
nryY
b LLEAd
b Lgdd
bl g
1897
meyT
T™NenY
nPuY
MPuT
INpNY
oY
1L Lalld
1eruT
TN T
L1
T
menry
NPT
™eut
ey
INPUT
40T
NPT
TNPHT
pLidiNg
INPUT
fuouT
mweyy
NPT
T
eyt
TNeyY
L LU0
LI g
mrut
meny
ey
et
veyT
TeUT
NPT
™elT
NeyT
TNPUT
NPUT
NPT
eyt
NPUT
™oyt
TNPUY
NPT
TNPT
140UT
IN®UT
NpY
INPYT
™meyy
NPT
ey
tueyr
e}
NeyT
T
T
meyy
Ny
TupyT
et
INPUT
e
oYY
meyY
eyt
TNO)T
(TN
eyr
ey
THeyT
[L1g2g
meur
eyt
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273, FOPMATL 14l,1l)dsestess

17

SUREAUTTINE LAREL

THIS ®MUTINE ELININATES OVE2LAP IN PLOTTING A
SET OF CONTOUR LARELS.

SOMNAN JLARLSY YLARESOM,YLANCIIO) 2 VIIDILNTL,TLO130),NLAR
FARNNN ISCALES XSF)YSEp XMAX) YMAY, XLNGTH, YLNGTH

€ORT THE ARRAY YLAS INTO ASCENDINE ORDER, CHANGE
THE NPOER NF YLAB AND £V TN CORRESPONN,

FALL SURRLIXLAN, YLAR, CVaNCL, ILApNLAY)

CIND FTOST LAREL FROM SNRTED ARRAY THAT 1S ASNVE Y-4aYIS,

NN S Mep,NtL
TELVLARIK) 4L Te e) 60 7O 2
YuTNaK

40 TN 10

CONTINUE

NOI LARELS EOUND AROVE XISe MAD SET OF FONTAUR VALVES
SPECTIFIEN, STOP PROGRANM,:

NPTTRIA, 2,0

p10Xp &B4UNANLT TO LANZIL CONTOUR LINES NEC

1AUSE NF AVERQLAP, 10X, 1CHe
stoe

TUR{T YeunIN
NLARe)
TEINCLLEOLL) QETURY

EYAMTHE ALL LABELS ASYNND LAAZL XMIN FOP OQUIRLAP,

Va2

KUINPSANTNG ]

0N 17 T=XNINP, NCL

TEEYLARETI LT YLANIKMINIO QL ZYSEoANDGXLARET) JL T XLARIKNTNY
1 4, 47YSFY 6O TO 15

CAVE A0AY INDEY FOR LAPEL TO RE #LOTTEN,

CNTNe T
TLalK )]
CI¥L LY
L1 X3

5 PONTINOE

TNCHPS TMAT THE LAST LAREL TS PLATTED,
TLOINLAYeNCL

RETUPN
FNR

SYRPANTING WP (Ao JDTRsX oV NLINs KOOs ALNNToNAO, IS T2, IS 122, 1K,

. JNTNpKMIN, JRAY,KNAYY

CANTAUR PROGRANS ®aS, WALK, SERCH, ENTE®) 4ND CUECH

WOITTEN AY PEESE SOUFNSONy NASA-AMES PES, TR.» AUGes 1974
{9NPTEIED VERSTON)

TUIS SUARAUTING AND THNSE JHTICH IT CALLS PREPARE DATA
FNR LONTOSR PLATTING,

CALLING PAQANETERSY

L} TUN=NINENS JONAL ARRAY TR AE CANTHU® PLOTTED,
InIn FIRST=POSTTIAN DIMENSTON-SITE NT &,
LI ARRAYS TO CONTAIM CONTOUR LINE DATA UPON RETURN,

€ACH PATIR OF XUT) AND Y{]) PESRFSENTS & PIINT ON A
COINTOUR LINE.

NLIN IS THE NUNBRER OF CONSTANT«4 CONTOU® LEVELS,

xnn el IF CONTOUR LEVELS A®E TD AE CINPUTED INTERNILLY
“BY LINSARLY [MTERPOLATING BETYSEN TYE NAXTWUR aND
ATNIMUY VALUES OF 4,
2 IF CONTOUR LEVFLS ARE TO AE AIVEN 8Y TUF USER,

L34

[ 114
L]

FLLY XN RWY S

1¢

OBNGArWN

M AAATANNIANMNIAAAANNNANANANOONAN

“

aa

AN eaNn W

“omm
I

EY

ennn -

12

ATONT ARPAY OF CONTNUR LEVELSe SCRATFY IF XNNel,
1F KONe=2, ACONT “UST BE FILLED WTTH MONOTONTCALLY
INCREASING CONTOUR LEVELSe SHAULMN RE DIWENS IPNED
AT LEAST NLIN,
nan IT SHOULD B RECNGNTITED TWAT maNy AANTOUP LINES
MIGHT RESULT FPOM S4CH CONTRUR L3VEL,
UPON RETUPN, RADCI)} IS TYE TNTAL NUMBFR OF CONTOUR
LINESe ALL THE LINES ARE RUN=TOGETHER, MEAD TN TAlIL
IM ARRAYS X AND Yo T4E FIRST LINE STARTS AT X{1)
ANO YU1) AND ENOS AT X(I) AND Y(I) FOP TeNAN(2)el,
THE N=TH CONTOUR LINE STARTS AY Y{7) AND Y(1} FOR
TsNADIN) AN ENDS AT X(I) AND Y1) £0R TeNAD(Nel)=1,
NADIN) FOP NeGEe2 1S THE STARTING ANOPESS TN Y AND ¥
OF THE NeTH CONTNUR LINE,
DIMENSINN STTE OF X AND Y,
OTMENSION ST7EZ OF NMAD, IT 1€ PTEFTCULT TO Tavy
HOM LARGE X» Yo AND NAD S49ULD RE DIMENSIONEOD,
TYIC DEPENDS NN THE DIMENSINN SITE NF ARPAY A,
TYE VALUE OF NLINs AND THE DEROPFE AF ECCENTRIATITY
OF THE SURFACE PEPRESEN AY APRAY A, EIPNR MESSAGEC
WILL RESULT TF TMESE & S APE TON SMALL.
64 AN ARRAY TN SE USED AS ATFH AY TYE CONTDUR PRNGRANS,
IT SHOULD HAVE AT LEAST 4e1SI21 CELLS.
JHTN,KMTN, JNAR KMAX IT IS RECAGNT?EN THAT ONE PIGMT
WISH TO CONTOUP PLOT AN ARRAY A FOO SURSCRTPTS
STARTING AT SOPE VALUZ LARGE® TuaW 1o  THIS SUMRNUTINE
VILL POOCESS ARRAY A{J,K)} FOR JMINLLEeJolEsJMAY,
AND KHINGLEeWoLEKNAY, JUIN, KWIN, JMAY, 4NN wAAX
ARE THE LIPITS NN THE SUBSCRTATS, JMTN AND KNIN Wiy
g e

1811
18112

NIMENSTON A1)sXtadpY (10, ACONT(1),NaNLL Y, TCURLG, 1Y
TREXC I, In)a(K=2)sININ

FIND A™AX AND AMIN
TeINEX{ININGKMINY
AWAY= AL T)

L LTY

N0 3 KeKMTN,KMAY
DA JedrTn, Y
TelNEY(J,¥)
vitertn)
TE(VAL=AMAY12,1,3
AMAYXw VAL

en Ta s
TEIVIL=ANTINI&, 1]
ANINa VAL

CONTTINIF

FIND ACANY BY LINEARLY INTERSALATING
6N TN 15,6),K0D
NTFo{AMAN=aNTN) FFLOATINLEING]L)
NN 7 N=l,NLIN
ACONT (NI s AMTINSFLOATIN) ONTF
ueTNe]
NMAKaNL TH
g 19 *

CHECK ACONT IF GIVEN aY nISse
“MINeS
NMTNeNRTNeY
TEINATNGGT,NLING 60 TN @
TEUANINGAT L ACONTIN®RTNEY GO TN 19

NUAXwNLINe]

NME VNt AY=]

TFINVAY LT 1} GO TN 9

TRCAMAY LT ACONTINAXYY 60 T9 1)
Q

TEINMTINGET,N AX) 50 TD
TF [NWIN,EQ,NMAX) GN TD 12
NSToNuTNe]
MR 13 NeNST,NNAX
TELACANT (M) JLECACINTIN=1)) G7 TD §
CONTTNIF
LONTYNYE
PART 1t 6N AROUND THE ROUNRARY LONKING £OP LINES wWMICW
INTEPSECT THE BOUNDARY,
LLLISS LI ]
Jointn
CeuMIN

MAP

1Y)
“ap
nir
LT1]
L7114

o
uar
e



91

~NAan ~ oS L] nON

LR
»

AN O NN o~ ~
« @ - o

no

32

was

NINT220 (IMAX«JNTIN)I 420 {KNAT-KATN)
xNHre2

LULPZD ]

ToIOEXL JNIN, KAIND

[ELYYR{]

NYYe?

RO 24 wel,MINT
6N TN 121,22,235240,%007

MRIENTATION 1t UPWARDS
Je3=1
TeIREY(4, ")
TELIGE4JmIN) GO TN 29
Jeinty
TeINEXLI,vel)
nnY=2
“On2ey
~0 7 28

NETENTATINN 21 TO THE PIGHT
Kekol
TaT9Ex(JpKel)
TFINL LY XX} €0 TN 23
TatnFY(ye1,K)
oNn7ey
xnn2e?
£D Y0 28

ORTENTATION 33  DDWNWARD
Jedol
MALLAFISTY Y]
TELI.LT.JnaX) 60 TN 23
LT LTS TV
T=1nZved, %)
CLLY 2%
«On2e}
60 TP 3w

NOIENTATIIN 48 TD THE LEFY
Nelw}
TeINEX(I,¥)
TEIKGGEoXNIN) 6D TN 25
KonmrTN
FEYLIL 28]
TsT9EXE g,n)
wnTre]
¥Ir2e2

FIND A4 AND AL
ANs Al

. )
TFEA®=001)26526027
aMean

sLean

LI LYY

Ade e

T

CUECK TN SZE IF A CONTNUP LINE PASSFS THONUAY TYE INTERVAL
UNPE® £NNSTDERAT ION,

¥NHo=1

DD 20 MYALeNRIN,NMAY

VALSCINTINVALY

N TN (37,300,008

TFIVALLLT.ALY 6N 7D 29

wnpae?

TRIVIL.AT,aH) 60 YO 23

FUECK TO SEE IF THE CONTOUR LINE SNINT JUST FNUND IS a
NEW TMEp N® THE TAIL END OF ANE ALREADY £72UND,

“ALL THECK( ICHK) NXY»KON20JsX 2 NVAL,KONGY

TFLXNN9.€Q.2) GO TO 29

DETIRMINE A1 AM) A2
TRIXOIT.EQe 140RKNANTLEQ.4T 67 TO 32
A2eas
AleAn
a0 Tn 33
A2ean
(3

ENTER IV THE TASLES THE COINT JUST FNUND,
NDUMeNAP(L) o1

MAP
(114
nap

114
no
114
nap
'y
nap
LI
114
nar
L4
nae
nar

»ae
nar
nar
nap
L1114
LIY4
nare
114

an

38

L1

2

L

.Xa)

%6

TEIND'M,GT. IST72) &0 TO 35

NADILDaNDUN

TALL ENTERIKOD2, JoKoNVALSALoA25 JRTH, KNI N, ICHK, KODA, X, ¥y NXY, ACONT,
. stz

TFIXNN&,E0.2) 6O TO 73

NADINAUM)aRXY

NOM EMLLOW UP THIS LEAN, JALX THF LENGTY NE TUE LINE,

LR LTI O L) 4

XD06=2

JSe}

3114

CALL WALKINODS s dSaKSsAp IDTMs TCHK JMTNG JNAY ) XNTH, KMAX) KO V4 ) NXY
. ACINT,KNDB, Xp Vs NVALS TSTT)

TEIKNN4,E042) &P TN T7)

IFIXADS,.6T.u) €N TO 36

CONTYNYE
CONTINNF

PAOT 21 SCAM THE WHOLE FTELD FOP LINES THAY DANPT [NTERSECT
T4E aQIINDARY

FLTNLTL IS8T

LLITTITY 28

NN 4% KeKETN,KE

TeINFPY{JAIN,X)

A28 40T

PN 40 JeJNIN, JE

a=a2

DO &4 ¥NN2el,2

AN TN (h1e42),%0N02

TECILEILINEN) GO TN 44

Ta10rv(g,nei)

A2sat )

&N 1A 42

TeIDEY{ §a),X)

A2=ar Ty

TE(KeZTKATIN) €0 TN 44

2OrTTNYE

FIND 44 aND AL
TF(AL-42)45,45,40
[LIYY
(IS Y]

&r Tn 42
Aneay
e s?

CHZCr TN SEE IF 2 CINTDUR LINE CASSES TURMIGH THE INTEPVAL
UNDER TONSINERATION,

¥npesy

NN AR NVALeNMINsNMAY

VAL=8ZONTINVALY

£n T (49,501,K008

TFIVSL.LT.ALY 6N TN 43

PLLY T

TRIVALLATLAN) GO TO 44

WE YAVE FIIND A POINT AN 4 CONTNUR LINE, CHECKX TO SEF 1F
1T 1% & NEW NNE, Of IF WE YAVE ALPSADY NONT TWIS LINE,
CALL CUSCRTTCHN S NYY 9K 0N2, JpKp VAL, KINI)
TEIXNNILEQ.2) RN TO 44

VE HANE A PNINT, ENTER TT JN T TaALET,
LLITLELTLYEY RYY
TEENDUM, GV, ISTZ2) RO TO 35
MANLL YaNDHN

CALL ENTER(KANZ,) JpKpNVALIAT 5 A2, JNTN) KNI N, TCAN,KI045 X, ¥y MXY, ACPNT,
. sy

TFIxNNG,E0.2) GO TO 79
NADINDIM)eN XY

NAY VALK TME LENGTM NF THE LINE,

XONSeK N2

XnNes2

NYYSTeNXY

18=)

xSak

FALL VALKIKODEp3SsKSs Ay INTR TCHUK) JNINS JHAX, XNTN S KMAX, KOD Ko NX Y,
. ACONT,XND6» X Yo NVAL, ISTZ1)

TFIKDN4.F3.2) 6O tD 70

TFIXNI5,6T.6) GO TO 56

114

AP
nne




Lyt

¢ [F THIS LTNE IS & CLOSED CJRVE, CLNSE IT NY SNTERING FTRST nas 278 4 TPLOT « & FOR TEMPEPATIRE PLOT PLOTCN
€ PATNT AGATN, e 277 ¢ war e s FOR PARALLEL W=FIELD COMPONENT »LOT PLOTEN
DTS ToSORTELYINXYSTI=X (NXY )1 9024 (YINXYSTI=VINAY) }e42) e 278 3 T . s EOR PERPENDICULSP B=FLELD CNMPONENT PLOT PLOTEN
TE(ATST, 6T, 1,420 6N T 4 Llld 279 [ ot e 7 FOP NORMAL B=FIELD CONPOMENT #inT PLOTEN
NYYeNYYol e 290 ¢ PLOTCN
TRINYYLST,TSTIZ10 GO TO 60 nar 201 CANMAN 7PLATCS CONTXI100g I pCONTYEIGI01»CVALE30) sWAD (30}, TPLOT rLOTC
YINXY oY (NXYST) e 292 FOMMON 780UNDSZ X80D 1009, ¥YANN{I00Y, YSHKILIYII, YSKKE10C), R0UNDS
YNXY)uY (NXYST) htld 212 ® NRMAY, NXMAX ) AMACH) GANMA, HPN, NHINOY AUNNS
TN 15 NYY) ST CHK L5 NYYSTY nap 284 FONNON FSCALEZ XSFs YSFp XAAY, YRAX) YINGTH, YLNGTH SCaLE
TOHRE2NXY )2 TEHRI2, NYYST) "ar 245 4 sLATCN
TCHKE 3 MYY) o TEHR () NXTYST) nae 20p 3 LOTCN
TOUM &y NYYIOTOUN (A NXYSTY MA® 287 c SLNT STOEAWLINES LOTEN
4 nap 231 c TY4E FIOST CALL TO LNT INITIALTIES THE PLAT, PLOTEN
4 AONTINIE na» 246 4 SCALE FACTORS APE FOUAL Tn L, rLOTEN
44 CONTINIZ AP 290 [ SUBRMITINE STTU® ESTABLISMES PERMANENT BLNT ARIGIN, PLOTCN
40 FONTTNYE " 291 4 DRAWE AYES, LABELS, AND TITLE. sLnTrN
¢ o 202 [ SURRAUTTINE BAUNDG DRAWS AND LARELS SHOCK WaVI, SLANET, PLOTEN
4 ENTER £NN NE LAST LINT TN NONKKEEPPING MePaAYS, “ap 293 4 AND AGNETOSPYERE (TEDDYeC) OP TONOSPHERF PLOTCN
HYYNYYe] nap 294 c (TADAY L) RDUNDARY, LOTCN
T NNUMeNAR{L) o] "ap 299 [ PLOTEN
vnunu-.cv.xsnz) 60 TN 3% nap 294 TELIPLNT,NE,3) GO T7 10 . sLnTry
NADINAY "i 297 CALL SHIN Yshebrdeurdedsd) rLATEN
M 11 3 uee 298 FALL PLOT(34us=12405=3) PLOTCN
4 “ap 299 CALL SETUSCIPLOT, AMACH, GAMMA)NHTINDY) sLoTEN
' walTE "apnR MESSACES, LY 300 CALL AN INn rmoren
FH NOTTE (4,290) L1 101 caLL enNTe eLoTrN
10 FARMAT(4THICONTAUR SEARCH ARTRTEN « TARLE AVEPFLAW IN NAPY uae 392 AL PLAT(YMAY,Geds=3) PLOTCN
NANL1)=TCTT2-) e 171 CALL QECEY PLOTCN
R0 TN 34 ne 104 CaLL BLATL243s0e00=Y) PLOTCN
[4 ngo 30% PETHAN qLOTEN
5 veTTE(4,133) LI 3198 4 LATEN
1C3 CSOOMATILHLY L5X05 (o421 52X 2LHEXECYUTION TERMYNATION2Y,5( 0 ) /7 LT3 197 4 PLOTCN
¢ 11X,444ARRAY OF CONTOUR VALDIES T4PoQPCEPLY <P :CIFTFD) uae 31 ¢ CRAV CINTAWR OLDTS PLATEN
srpe uAe 199 (4 PLOTEN
¢ uae e 13 4ONTINIE PLATEN
eo WRTTEL6, 1040 “a» EI8! PALL BLDT(2 4 sml2e0s=3) PLATCN
ILRCRE - “ap 312 FALL SETIPCTPLOT, AMACH, GANMA, NHTNDY Y PLATCN
34 FNIMATIAOUICONTOUR SEARCHM AMDPTEN = TARLE OVEQELOW IN (X, Y}) nar N2 FALL ®nuNn sLaTeN
[ uge 314 PALL “NNTYe PLNTEN
3 2pTyeN LY 31 TALL SLAT(XMAY,y4Sy=3) sLOTEN
Fan " e FALL RISET PLOTCH
CaLL PLOT(24%00¢us=3) LNTEN
TELTOLNT 6001} 63 Th 22 PLOTEN
RETIEY LOTCH
¢ sLNTEN
[ CUBNCE VELILTTY CONTOUR VALUES T TEMPERATURE PLOTEN
SHRAPIUTTINE MaKPLT(Y,Y,KSF, Y} mexott 2 ¢ PLATEN
¢ newpyL Y A 23 1PLATas sLATCN
¢ TUTS SIMOONTINE MARKS WITH & SYMAOL AND A LTTTER, Bed AND J=M, MRKPLT 4 EACTe3e5elnAuNa=100) o ANACHS A4 LH L0t N
¢ TUNSE PAINTS WMICH ARE TN R FLAGREN TN EAFTLITATS nexrL Y - “vaLevin i1l sLOTEN
¢ FONSS=RSEERNCTNG AETWEEN THE VAPINUS OLNTS FAR THE TRAJECTNAY  wRWOLT 6 ~N 26 Tel,avaL PLATEN
¢ nRKPLT 14 ‘e .
Cweny sPYOLOT/ NWARKT,wADKT(12) ] piig3 M ,e ;x-‘-“::'l. SFACTH(L o=CVALET)#02) :tg;::
NYMENSTON X{11sYLa) ngueLyY e Anote ir pLATAN
DIWENSTAN waRN{]12Y} NlK'LT 1t NN stnteY
c 11 :
NATA SATK/LMA LU, LHE R NN LHE IHF 4G TSI U S, 14K I MLy} UMY 12
4 . :
1F (NOARKT, £04 -) RETURN (AL 16
nR o133 Tal,NeaexT KLY 1%
NamaRKT(T) LY 1¢ CYSEGTINE PLOTES PLOTER
Yoy (N} T 17 ¢ PLOTER
YPeYIN) nRKPLY 1* 3 THTS SYARIUTING CONTROLS T4E NRAVING OF THE TIWME 4ISTORY PLOTS sLAOTER
CALL CRAFIXP) YRy 003s3) naxeL v 19 Iy OF VELAZITY, TEMPERATURE, NDENSITY, AND ®AGNITIC FIELD eLOTER
XYY oy 7 FASF Lididng 2r ¢ PLNTER
YCHeYPa L4/ YSF newor Y 21 CAMNAN JTRIDAT/ NTRAJ,TTPAJL129), XTRAJEINCI, YTIAI(1CI), 2TOAS(130)s TRINATY
CALL CHARIXCHIYCHs doloa: 8o MARNITY, 1) HexoLT 22 & VTOAS(1.: JoVITRAJI1009,VYTRAJ(100),VITRAI(I0D),TROTOILIFDY, TRy0AT
112 canTtwie nexoLy 23 e ATRAJIILIN ) AXTRAI(I0I), AYTRAIILLL) s AT TRAI(LUID,ROTRAJ (103D, TRINAT
RETIRN HaxeLy 24 ¢ WYPAIN13D) TR INAT
ENR N T 23 LNGIASL LPLTRY Teney
COMMNN /TONPT/ LPLTRJISRPLNT, VINF, RHOTNF o THPINE, RINE TROPY
NATA OLYSIEZT,07s TLNGTHIR.O/ oLOTER
AATA NSYRZAHY 4, ISYM/LY sLpTes
3 pLATEy
[4 CALCULATE SETUP PARAMETE®S FDR TINE &X1§ PLOTES
SUARNTING PLOTCN 2 ¢ sLATER
¢ 3 NTAYISeD PLOTER
¢ THTS RANTINE CONTROLS THE DRAVING OF THE PLATS . FALL TAXTS{TINESF,TOFFST, TLUGTH)NTAXIS) PLOTFS
¢ UEE PLOT SURPOUTINES CALLED AeE s 3 PLOTES
4 DASMsENPLT,PLOT, 6 c PLAT V VS TINE PLOTES
¢ 7 c LntEy
4 TPLOT » 2 FOR VELOCITY CONTOUR sLOT . CALL TAYISCTIMESE, TOFFST, TLNGTH, NTAXISY pLOTER
[ 10T « 2 $NR OENSITY COANTOUR PLNT ’LG"C" [} CALL VAXTSUVSF,VOFFST,VINF,PLTSZE,3 PLOTFY
4 AT e 3 FOR STREAMLINE PLAT PLOTEN 10 ALL SCALFLTINZSF,VSF,1) PLOTEN

OWNREWNON LN



8vT

LYaYa)

AN

LYaXal

fann

*no

2 X.Ya)

ane

an

caLL
catL
ratt
calL
fatL

NEFSTITOFFST,VOFFST, 1)

VECTOR {TTRAJSVIRAJINTRA)) 2, ISYN, NSYN)
SOKPLTITTRAS, YTRAJ, TINESF, VSF)

S ET

PLOTU(PLTSTES D405 =3)

PLIT VXY ¥ TImg

caLL
calL
calt
catt
raLL
CaLL
calt
catt

TAXISCTTMESFy TOFFST, TLNGTHoNTAXTS)
VAYISCVSFoVOFEST,VINE, OLTSTE,11)
SCALECTINESE,VSF,1)

NEESTLTIFFST, YNFFST, 1)

VECTOR (TTRAJGVITRAI,NTRAS, 15 IS YN, NEYH)
MEKPLT(TTRAJSVRTRAJ, TINZSFo¥SF)

VESET

PLATLPLTSZIEN 00,30

PLOT ¥Y ¥vS TIng

ralL
ratt
catt
calt
calL
catt
raLg
catL

TAYIC(TIMESE, TOFFST, TLNGTH,NTAXT )
VAXTS(VSE, VOKFST, YINF, PLTSTE,12)
SCALFITINESFoVSF,1)
DFESTLTNFFSToVOFFST, 10
VECTNR(TTRAJ,VYTRAINTRAS, 14 TSYH, NEYH)
RRXPLTITTRAJ, YYTRAS, TIRESF,VSF)

Qe ET

PLOTIPLTSIENO40,=3)

PLOT ¥ VS TINE

el
cale
cot
catL
~alt
catl
raty
caLL

TAXISETINESFo TNEFS T, TLNGTHoNTARTS)
VAYISIVSF,VOFFST,VINF, PLTSTE,2D)
SCALFUTINETE,VSF,10
NFFSTITAFFST,YOFFSTL 1)

VECTORITTRAJ, VITRAJINTRAS, 1o TS YN, HSYN)
MRV PLTITTRAILVITRAJ, TINESF,VSF)

eyt

PLOTIPLTSZESDeOs=3)

PLAT TEMPERATURE vS TINME

CaLL
caLl
Lt
caLL
raLe
e
caL
LE 14§

TAXTSCTENESF TAOFFS Yo TLNGTH, NTAXIS)
VAYTR{ VSE, VOFFST, THPINF, PLTS2E,2%)
SEALE{TINESF,VSF,1)
NEESTITOFFET,VOFFST, 1)
VECTNRITTRAJ, THP TR I, NTRAS, 15 ISYM, NSYR)
MAIXPLYCTTRAS, THP TR, TINESF,VSF)

RESET

SLATIPLTSIE»QeCr =)

PLOT AENSITY VS TINE

oAt
ratL
ratL
.

-

caLtL
148
fatt
raLL

TAXIS(TIMESFoTOFFST,TLNCTU,NTAXTS)
VAYIS{VSF,VOFFST,RUOINF,PLTSTE,30)
SCALFUTINESE,VSF,1)
NFESTITIFFSTSYOFFST, 1)
VECTOR(TTRAJSROTRAJSNTRAS ;10 TSYM, uSY™)
"ANPLY(TTRAJ,ROTRAI, TINESE, VSF)

PESET

PLAT(®LTSIEL0.0,=3)

LAY R ¥S TIME

cat
catt
(4188
~aLt
it
cat
cALL
cat

TANISCTIMESFoTNEFST) TLNGTH, NTAXIS)
VAYTCIVSF, VOFEST,AINF, PLTSZE, 40)
SCALF(TINESF,VSF,1)
OFETT(TOFFST,YOFFSTo1)

VECTNO(TTRAN, RTRASH)NTOAS, 2o TSYN, NS YN)
WIXPLT(TTRAJBTRAJOTINESF, ¥SEY

RECET

PLATIOLTSIEN D0 Ds=3)

PLAT X VS TINE

caLt
caLt
ratl
CaLL
caLL
catt
caLl
L 14 8

TAYISUTIMESF, TOFFSTo TLNGTU,NTAXES)
VAYISCVSFoVOFFST,BINF, PLYSTE, 410
SEALFITINESFHVSF,1)
DFESTUTOFEST,YOEFST 1)
VECTORC(TTRAJSBXTRAJSNTRAI 10 ISYH, NSV )
NRNPLT(TTRASSBXTRALS TINESF, VSFY

RESET
PLOTIPLTSTESDeOr =3}

PLOT BRY ¥vS TINE

PLNTFR
L OTFR
PLOTFS
PLOTFY
PLCTES
PLOTFY
PLOTER
PLOTES
PLOTER
sLNTEY
sLATEY
PLOTFY
PLOTFS
»LOTER
LNTEY
PLOTEY
PLOTFY
PLOTES
LnTER
PLNTER
PLOTES

PLOTFS
sLATES

LX.Y.)

LG L LYY

AN A

™

CALL TAYTS{TINESE,TOFFST, TLNGTH,NTAXLS)
CALL VAXIS(VSF,VOFFST,BINF, PLTSZE, 420
CALL SCALF{TIMESF,VSF,1)

CALL DFFST(TOFFST,VOFFST,1)

CALL VECTORUITTRAS, SYTRAI,NTRAI,1, ESYN, ¥SYN)

CALL =RvPLTITTRAS, AYTRALS TIMESF,VSF)
CALL RESEV
CALL PIOTIPLTSIEe)4ls=3)

PLOT A7 ¥S TINE

CALL TAXIS{TIMESE,TOFFST, TLNGTU,NTXTS)
CALL VAXISIVSFoVOEFSTSRINF,PLTSZE,43)
CALL SCALFUTINESF,¥SFsl)

CALL NFESTITAFFSToVOFFSTy 1)

CALL VECTOR(TTRAJ, AZITRAJ, NTRAS, 1, ISYN,HSYA)

CALL "RNPLT(TTRAIIBITRAS, TINESFHVSF)
FALL RESET

CALL PANTEALTSIE Qe S =3)

CALL SWPLTI3,0,2,3)

eFYYRNY
£

SURRAUTINF PLDTTP

THTS SUBROUTINE SLOTS (X,R) AND (Y, 7) PRAJFCTIONS NF THE
TPAJECTNRY, WHERE RoSORTIYsY¢Z07), NSING THE SAME SCALF FACTOM

€90 AnTH PLOTS,

CERTATN POINTS ARE FLAGGED TO PERNTY CROSS=REFERENCING
VITH THE PLNTS OF FLOW FIELD AND MARNETIC FISLD DATA

CONRAN ZPLTTO, YTHAN, XTWIM, YTHAX, YTHIN, TTNAY, TTIN, RTNAY
CONMNN FROUNDSZ XAGNELIL)»YBNDIIII s XSHKLI VI, YSHKIT)0)

MA,HE0, NHTNDY

LOATCAL LPLTRY

CRNNAN JTRNST/ LOLTRISPPLNT, VINESRHNTNF s THOTNE,STINE

VIMENSTON TITLXRE2),TITLY2(2)

NATA PTON271.7707963277

DATA PLYS7E/6407

MATA TITLEL/ZLOMTRAJECTIRYZ

DATA TTTLYIZIOHIY=T PROJE,p4CTIMN)/
NATS TITLXR/ZELHIX=R PROJESSHCTIONY/

ESTATLISY PLAT ApUNDS

WNPSER] 078 PLNT
TTMAY ool
CTMINS i b
YT atan,

f
PTPAYD,C
DR 70 Ne],NTRAJ
T8 (XTORJ(NDIoGToXTHAX) XTMAXeXTRAJINY
TE (YTRAJINIGLTGXTAIND YTHINaXTRAJIND
TF (YTRAJIN)oGTLYTAAY) YTHAXaYTRAJIY)
IF UYTRASINDILLTLYTNIND YTMIN=YTRAJ(NY

17 (7TRAJIND ITRAXZ TRAJEN)
TF (7TRAJIN) ITAINSTTRASLN)
TE (RTOAJIND, RTPARSRTRAJINY
COMTIW)E

PTNAXeA™ANL (XTHAXORNOSES)oS)

YTATNANINL{YTHINSRNDSE =35}
YTHAYeANAYL(YTHAXSRNDSErleS)
YININSANINL(YTRIRORNDSE,~]1,5)
TYMAYeAMAY] (TTHAXSENOSErDo5)
YTIRIN=ANTINL(ZTHINSRNOSEr=143)
OTHAX=A%AY]L [RTRAXSRNOSES2.0)

YTRAYun 8¢ INTL2, THAYe,990)
YTUINGDSOAINTI2,00 YTAIN=,999)

» JELIud s XTRAJCILL I YTRAI(LLD), ITRASTLD00Y,
VT2R00134 ), YRTRAJEL0D), VYTRAJIL L), VITRAJILON), TAPTRI(100),
PTRAICILC) o BXTRAICLULI Y AYTRAJ(LIZ 1, SZTRAJILLSIPROTRAS(SICYS
¢ PTRAY1DD)

’LOTED
»LOTER
pLATEY
sLOTES
SLNTER
s rTESR
rLOTFS
sLOTES
PLOTFA
PLOTES
sLOTEY
PLOTFS
rLOTES
PLOTFS
pLOTER
rLOTES
PLATER
PLOTER
PLOTES
rLOTEY
PLNTER
PLOTFY
PLOTFY
PLOTEA

rLOTTS
LNTYS
LOTTY
LNTT
sLNTYS
PLOTTY®
,LOTTR
sLnTT
rLOTTS
PLITP

BNUNDS
AQUNNS
TRIMNAY
TRIDAT
TRINAT
TRINAT
TRns Y

TepPT

rLoTT
PLATTS
sLOYTS
LATTS
PLOTYS
PLNTTE
rPLOTYS
PLOTTP
PLNTTS
LATTS
PLATTS
rLOTYP
PLOTTS
sLOTTS
°’Larvre
rLOTTP
nnrre
rLarre
rLOTTS
reaotrre
PLOTTP
LnrYe
PLOTTP
rmnvrs
PLOTTP
PLOYTP
PLNTTE
[{Siald
rLOTTS
(81444
Mot
PLOTYP
PLOTTR
rLOTYP
sLOTTS
rLoTYP
"narTTe
LOTTS

-

-
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anan

LY. LN, Y
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4

9
-

129

TTMAY=0,50AINT(2,00ITRAY4,999)
2304 INT(2,002THIN-,909)
CTHAX) o S*AINT(2000RTHANG,999)

CAPOUTE SCALE FACTNR

YVSTIEsYTHAX=YTNIN
TSEaPLTSTE/ANANTLYTSTIEIRTHAX]
TSFROSTSFORNOSE

CILL PLNTL40,=12.0s=2)

tYs2) PPOJECTION
DRAW AXES USING SUBROUTINE AXIS

CALL PLAT(0¢0s105=YTNINOTSF,=3)
NTCoINT(2,0(7THAX=2TMIN}41,0)

CALL AXT®0,0n)pNaCrlY osla (ITHANCTITHINISTSE,=NTC) 1504 0)
CALL PLAT(=TTNINSTSF, YININOTSFy=])
NTCoINT(2.0¢YTSTIZES1.Q)

CALL AYTSU0425040,14 »0eYTSIZESTSE,aNTC,2,P I IN2)

LALL PLOT() oD 9=YTHINGTSFy=3)

LASEL AND ANNOTATE 2-AXIS (4ORIZONTALY

FALL SCOLFITSF,TSF,1)

YCHe= 15 7TSF

TCHAINT(?TAINY

NIEU2el,0

LONTINIE

CALL WIPPLT(ZCH, YCH G odo=UelsZEHp 1Y
TEH=LCHADTCH2

TF (IEM LE, TTMAX) GO T 300
TCHeITMAXS,2ITSF

YPHee S5 /TSE

FALL CUIREZCHSYCHIDabre16sINT/R,S 3D
TCUaT24e 42 ITSE

CALL CHARIZCH, YCHIDobsolbs SHPLANET, 6}

LANEL AND ANNDTATE Y=AXTIS (VERTICAL)
YCU=ATNTLYTHIN)

nYCu2e1,0
TPHe IS /ITSE

. TONTTNYE

TF (YCUGMELDLD] CALL WIMNPLTIZZH, YCH=00  1TSFp%aV0lalp¥CUy 2}
YCH=YLU4+DYCH2

TE (YC4.LEoYTHAX) 60 10 135

MALII AL 1

YCHaYTHAYS,LITSF

CALL CHARITICH,YCH»0000e1453HY/R,3)

T1F (RPLNT oLE. €¢2) G0 TN 120

YEHaYEUS GRS ITSF

CALL CHARIICHM, YCH Do ralbobHPLANETSO)

NRAV PLANET AND LABEL PLOT

CALL SLIPS(14000432200010000005040500303)
FONTINIE

TCHMeA S {TTMAXGZTHIN) =] (2 /TSF

YCHeYTHIN=) T7/TSE -

CALL CMARIZCU,YCHpD40s002,TITLELSLC)
TCHaTCH4 04 FTSF

YEHeYC4alo3/TSF

CALL CHMARIZCHYCHIUGC20e12s TITLYT516)

DRAV (Y,T) PROJECTION

TYMAXTTRAYGRPLNT

YTRINSYTHINGRPLNT

CALL °LNT(0e0s0.0,3)

FALL SCALFITSFRG,TSFRE, 1)

CALL VECTORIZTRAI,YTRAJ)NTRAIs IslrluN)
PALL “RYPLTCITPAISYTRAS»TSFoTSFY

CaLl SLOTE(ITAAX, YTHIN,~3)

CALL PESET

(XpR) PROJECTION

NRAV) LABEL, AND AMNOTATE X=AXIS (YUORITINTAL)

NTCeINTI2,0#(XTHAX=XTAIN}¢140)
YrHeled

sLotTP
eLorYe
PLOTTP
LOTYP
PLOTTP
LOTTP
rLOTTP
PLOTTP
PLATTS
LortTe
PLOTTE
[4inadd
PLOTTP
PLOTTS
sLorTe
PLOTTS
PLOTTP
PLOTTP
rLOTTS
’LOTTE
PLOTTH
rLOTTP
rLNTTS
pLOTTP
LOTTS
PLOTTS
PLOTTP
PLOTT
”°"warTT
*LOTTP
PLOTTP
PLOTTP
sLOTTS
rLoTT
LOTTP
LOTTP
PLOTTP
PLNTTS
eLotrTe
sLavTP
PLATTS
PLOTT®
LOTTS
PLOTTP
PLOTYP
pLOTTP
°>qLNTYP
pPLATT®
PLOTTP
SLNTTS
PLOTTP
sLnTTR
*"0worre
POTTe
PLOTTP
({81044
PLOTT®
rLOTTP
eLOTTR
PLOTTP
PLOTTS
PLOTTP
PLOTTP
PLOTTS
PLOTTS
*LOTTP
PLOTTP
rLOTTP
*LOTTS
PLOTTP
PLOTT
PLOTTP
PLATTP
sLOTTP
pLTYR
pLATTP
rLOTTR
eLOTTS
sLOTTS
rLoTTP
PLOTTP
PLOTTP
PLNTTS
PLOTT?

Ano

aas

LYo

-203

2

1 3]

e

222
23,

243
2%0

TF (YISIZE=RTMAX4GE«140) YCHeD,3
CALL PLOT(®.0» YCH,=3)

PALL AXTS(3400000s1H »=l) (XTAAXXTRINI®TSFs=NTC515040)

CALL PLNTL~XTNINSTSFy0e0o=3)

CALL SCALFITSF,TSF,1)

RCHa=15/TSF

YCHoAINT(XTNIND

0Y(H2e1,0

CONTINUE

CALL NUIMPLT(XCH)RCH ) 040s=001s=XCHs1)
XCHaX CHDXCH2

TF (XCHLELXTHAY) GO TO 202
YCHeXTHIN=) 9/ TSF

PCHuw 35 /7SF

CALL FHARIXCH)RCH,0eGraldrdNXIR, )
YCHoYCHe 42 ITSF

CALL CHARIXCHpRCHINeDsaCHoBHPLANET,6)

ORAW, LABEL, AND ANNOTATE R=AXIS {VERTICAL)

NYCoTNTI2,0RTHAN1.O}

CALL AXIS(UeO20e051H sIoRTMAXSTSF,=NTC»2,PTINN2)
*rye1, )

NRCH2e1,C

YCHe o "5 7TSF

CONTINHE :

CALL NUPOLTIXCHyRCH4=aUS/TSFs0,Cr0elsRCHs10
RCHP CUSDRC H2

TF (PCU LF,RTHAX) GO TO 212

XCHe=0, A FTSF

PCHMaRTHAXGu 1/ TSF

CALL MATHIXCH RCHy 424 FTSFL40021)
XCUYCHe0.16/TSF

FALL PLATILYCHeLSS/TSFIRCH4,207TSF,2)

CALL CHARIXCHIRCHM,00Cr01451HY,1)

CALL CHAR(YCHoIA/TSFoRCHILIL1ITSFCadra6s1%251)
YCUsXCUSL 2 /TSF

PALL CHARIXCHIRCHIO0Ds010s2HO7,2)

CALL CHARIYCHOo2B/TSFoRCHIa117TSF,0e00006,14201)
YOMeYCHe,35 JTSF

CALL CHAR(YCUYIRCHI Dol »oddo2H/R92)

TF (QOLNT oLEe Co0) GN TN 215

YEHeYC 44,28 /TSF

CALL CHARIXCHIRCHIDaQroNBpBHPLANET, 6)

PRAV PLANET AND TONOPAUSE, AND LABEL PLAOT

CALL ELIPS(2405040010051099060506051806%93)
CONTINME

ATHINSATHTINGRPLNT

ATHAYSXTMAXGRPLNT

STMAXSRTHAYSRPLNT

CALL PLNT(Ge35 040,30

CALL SCALF{TSFRL,TSFROsID

N0 221 Te),NXHAY

TF (YRID(T) 46T ¥THAX) GO TN 23C

IF (vY8D(T1.GTLRTAAX) 60 TO 230
NRONYeT

CONTINUF

CONTINGE

N0 243 tal,NYMAY

TF CUSUK{T) oGToXTHAX) GO TN 250

TE (YSHK(T).GT.RTHAX) GO TO 250
NSUNKeY

CONTINUE

CNRTTINUE

CALL VECTIRCYBON, YAOD,NRNCYeLy{»1H )
CALL VECTNR (XSHI) YSHK)NSHOKp 12014 }
VCHEN G5O (XTAINGXTHAX } =] oL/ TSFRO
RCHe=0, T/ TSFRO

2ALL CHARIYCH, RCH)D 050420 TITLELNIV)
YCHoX(CH40.04/TSFRO

®CHeRCH=043 /TSFRD

CALL CHARIXCHIRCHI 00612, TITLXR,18)

DRAN (X,®) PROJECTION

CALL VECTNRIXTRAJSRTRAISNTRAJS 15151470
TALL MRXPLTUIXTRAJLRTRAJ,TSFyTSF)

CALL PLOTU(XTRAY;0,00=3)

CALL RFSET

RETURN

FND

’nLorTe
rarre
[18:1444
narre
sorre
rorre
rLotrre
notrre
rLorre
norre
norTe
rnovTTe
rLorre
norre
rnorTe
rLorTP
’LOTTS
rarre
rLOTTe
norre
rLorre
LOoTT
novrr
sLorTe
rLotrTe
rLorTP
poTTe
LOTTY
rarre
fLOTTP
°LOTTS
rnLOTTP
nnrre
worte
"norre
rLOTTP
norre
rorre
norre
rLorTe
rLOTTS
rnHorye
rLorTe
norre
PLOTTP
PLOTTe
rnorve
sLnrYe
rLOTTP
norTs
LOTTS
"oTTe
rLoTTe
PLOTTP
PoTT
sovTe
rLoTYP
rLoTTe
rLorre
nnree
noTTe
{51044
rLOTTP
PLOTT
(8044
LorTe
rLarTe
nnTYe
norre
"wnrre
’nwarre
rLOTTP
"worre
nLotTT
"LoTTe
sLOTTP
rLorre
(8044
fLorTe
rLOTTP
°nLorTe
wOTT
rLovTe
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CUNCTINN QUAD X, YsF,axP,ve)

THTS FUNCTI™M PERENRNS » CEMERALIZED OQUADRTLATERAL INTE®P

GIVEN THE COMDINATES OF THE VERTICES, TuE VALUES OF 75! gb::‘?:i
AT TMOSE POINTS, AND THE CONRDINATES OF TuE PaINT &t WHICH &
YALUE O€ TME FUNCTION TS DESTRED, (xP,YP)

T AND Y ARE TME COORDINATE ARRAYS AND F 1S THE EUNCTIAN APRAY
DIMENSION ¥(4),Y(4),F(a)

91-&.0‘!?-('(1!"(2)0!(3’0'(0'l
STOXCNIeNE2)N(I)=N (4}
$I=VILIeNI2)on )=V is)
S4meYl1)ev(210X(3)aX(4)
" Ae0SYP=(Y{1D0Y{210 V() oy at)
Yildevez)av(3ravia)
YILI=VE2)ev(3)erIs)

118Y0210¥(3)=v(4)
T3-53eT2

NeC10TI0820 ThaSIOTLag49T2

feSieTaaSaeT)

NeSOT(NSR=q,Qoaee)

€TAe=tenyy [T

TE CANSEETAD (GT, lor) ETAsETASD/A

XIn(S14FTACS2) 71SesETROSS)
0“!0-0.25‘(‘(ll'(l.ﬂ-i?ll’(l.ﬂ-ll)OF(Z)OI )=t .
. 0‘(3)0(l.L‘EYI|‘(l-JOI!)0‘["‘(%:005;::.:izz::::l

eFTION
fND

SURRDUTINE RERYN

COMATIN 7CONTZ RKVCON, VECONT23 ) pKRCON,REONT2Z™Y

LOMNAN JELOW XCE24,130 )5 YE 02951000 ,¥VEE20,159), PHOF (205 10 &)
FOUMON FRLINT/ THETAL25),RP(20,25),NLUNT

LEVEL 2, ve,vY

CONNINZYCONP/ ¥XE20,106), YYI2251000

CORANN FRNUNIS S XRDDCLLCYs ANDELOCI o FTHNCL DN YSHRELSC Yy

®  NPMAY,NYNAY, AMACH,GANMA, HRO, NHEND X

FANNCH FANS TINS ZPLAT,NTEND, HTADD, NXPLNY

LORTCSL LGRAV

FRANNIN/NURDNIXXCIIID, YV L1L00, 48N, LGRAY

COMPN JRINZ ANEPHANGN,XKACON,ACONTZZ)

LORTCAL LRERUNSLPPFL,LPRST,LPRCON,LPRN, L PLNT, TRAJ, LOSTET

CAPEIN JPROST S LRIRUNSL sUPLOTHLYP A, RS TRT
COMMNY FSUDCKS/ DRSDY L] [}
SONRON FAKPLIT/ NARKT, MARKT(22)

LNRICAL LPLTRY

FOMNON STPIPTZ LPLTRI,®PLNT, VINF ,RUNTNE, THPINE, RINE

CONRAN 7TRIDATZ NTRAS, TTRANCIDL ) XTRAI(IO 1, YTRAI(ICT), 7TRASLII ),
* VT'IJ(l:)erIY.II(l&Dl.VVYlAJ(le)oVITllJ'ZC)l."’TIJ(109‘9

. lv!ll(1;?lul"lll(:a)lylv'lll(losl.Rl'lll(lco).lﬂtllllloo)p

¢ PTPAJIISN

LOGTICAL LSUN

SOMMIN ZSINNAT/ LSUN, XTPAJS(1001, YTRASSC(1001.ITRAIS (100,
. CTRAIS(LICCI s ATANG, POLANG, Y1, Y ,AT])

NTMENSION PRI, )
FOMTVALENCE (Pefll,yYvil)
DTMENSTAN NK(100)

NATA NULANK /14 /oNSTARZINS)

THTS SUNRCUTINE REANS DATA FROM TAPES (WRTITTEN TO TAPE9 OM
4 PREVIDNX RUN) T ALLOV PESTARTING NF THE eRNGRAM USING
NIFFIRENT ZINTNUR YALUESs PLNT STTE, ANN/AR WAGNETIC FIELP
ANGLES, WITHIUT PEPEATING THE CALCULATIAN NF THE VELACITY
AND NENSITY ETEgNS,

CEADIAY NALUNT, MRMAX, ANACHA ) CA NG, HROG
GAuehAumy

TE (ARSCAMACH-AMATHA) o6T, 1,)S=3) 40 TN 109

1F LANSIGAN-CANA) oCTe 140E=3) 60 TO 100

TF (400 (1T, (,. oANDs HRO& oLT, 0ed) 60 ¥9 2
TF (ASSTHRN=YRO4) 6T, 1,0E-5) GO TN 100

€0 T 3

SEANIA) NADD, CXXIT),00(1),1e],4000)

CONTINGE

NXNAX=NALUNT

PRINT INPUT NaTa

G BNCRLWN

17

* ¢ &

Py

1

~

21

22
26

25

21
21

216
213
(3%
233
231

235

242

242
244
2458
R
262

263

267
283
2¢e9

VRITE {65230 ANACH, GAN
TF (uRn) 4y6,8

WRITE(S,214) NBNO, (XXEII,RRCT),1a1,4%00)

[ RUI]

VRITE(60216)

60 ¥n 3

TE (LGRAV) €O TO 1)1

WRITE(6,218) HRO

&0 10 o

WRITELS,219) RO

CONTTNUE

¥PLOTe=7PLOY

TF tLSUNE 6n TO 17

VRITE (6,231) ANGP, ANGN

CONTINUF

VRTTE(69233) LRERUNGLPREL,LPRST,LPPCON,LPRA,LPLOT,| TRAS
TF {.NDT, LTRAJ) GO TO 28

PCRPa1,L/RPLNY

MRITE(65260) LOLTRI,RORP, VINF) RHOIINE, THPINE

TF LLSUN) WRITE (502690 RINFoRX1,8Y1,027,874NG, POLANG
VPITEC6,263) NTRAJ, NMARKT

DN 21 NeloNTRA)

NNy suRANK

TE (NNARKT oLis 91) GO TO 24

N0 22 Tel,NMARKTY

ComaRXTL)

NK(X)auSTAR

CANTINOE

VPITE (802871 (NsNK(R)s TTRAJINI, XTRASSINIpYTRAISINI o TTRAISIND,
. Nel,NTRAJY

FANTTNYE

VetTE (e 28,)

WOTTEL5,242) KVCON

IF (KVEON (674 ) WRITE{89259) (VCONITIsTel,XVCON)
URTTE(4,244) KRCON

IF (XREAN GTe $) WRITE(Gs25:) (RCONCT), falsKOCON)
WPPTE(L, 2453 KACON :

NTORe 21745329252

ANGP=ANGPOD TOR

ANRNegNCNEATOR

TF InncON LGT, 29 WRPITE(Ls25)) (RCONITI,Tal,xaton)

EOPMATI/ /200, 25HINTERPLANETARY WACH NN, 8,F4,2
77250, 25MSPECTIFIC MEAT RATIO =,Fhe3)

CORMITI//2,Xp 46MNASTACLE GEMMZTEYL US SUPSLIFD COORDINATES =y
. YA TH POYNTS7/733%93HY/,11Y,3HR /07
. (IRY, FRL 49 0T, FBL40)

FARUATIIIZ20Xo A9HNRSTACLE GENMSTRYT OZFAULY A4CNETNPAUSE CNIRDINAT,
hd 2LHES = LQUATORIAL TRACE)

FORMATI 272X, 48HORSTACLE GEOMETRYY DEFAULT TNNNPAYSE COORDINATES,
. 75390y 36HENR CONSTANT SCALE HETGHT WITH 4/R38,Fé 421

FARAAT (/720%,7T5HINSTACLE GEMETRYS DEFAULT TONOPAUS: VITH GPAVITA
*TIONAL VAPTATION ENR H/0: e,F4,2)

FORMAT(/ /2L ¥y 4THTERNINAL NDUNSTREAM LNCATION FOR OLATTING X /R »,
.

Foa2

FORMATI//2,%Xs 5IMUSER SPECIFIED NEVIATION IN SNLAR WIND CONONINATES
123X p&THOF MAGHETIC FIZID SYMRETRY=PLANE CONPINENT ROV,
174 FLOW DIRECTION ®,F7,2,8H DFGOEET
1120y 30MSER SPFCIFIEN DEVIATION 1M SNLAR WIND CONRDIWATES
125X538HF MAGNETIC FIELD FROM MAGNETIC SYMMETRY PLANE e,
€Te22 94 DEGRFES)

FORMAT(/7ZIXs BHLRERUN o L2/ /20XeAHLPRFL =, L2//20%,84L%0ST o,12,

. T722Xp BHLPRCON 5L 27 720X, 8HLPRY SsL27720%, 04LPLOT 8,12,

sessve

L] 1723%28HLTRAS =L 2)

FPRNATIINLZ/ASY»4THVALUES SPECTFIED ENE CANTAUR CALCULATION/
. 437,40 (1M=-))

ENRNATL///120K5 120294 CONTOUR LEVELS ENe YELNCTTYY)
FORMATL/77723%902,20M CONTOUR LEVELS FOR NENSITYR)

120X9 34 AINTERPLANETARY TVENSERATURE [F133%8.1)

T20 X, S4YINTERPLANFTAPY PACNETIC FIELD 1
EDRNATE/77725Xs THRTRAS s 145157 ) SHNRARKT =, (37

¢ 30Y,45HI & = POINT TO AE WARKED FOR CRNSS PEFERENCE) 77/

¢ 28X 14N O X, SHTTRA S BX ) IHXTRA S, TH ) SHYTRA S, TX,5HZTRAS MY
FORMATO(2OK, L6s1XoALs BXoF20e4sSXoFO 0p2{4XsFa,4)))
ENPNATIASY) JONISUN=PLANET COORDINATE SYSTEm))
FORMATEISY,24H MAGNTTUDE =,E]243

. 135Xy 14HX~CINOONENT =pE11,3

F TOI77/2uX032044% CONTRUR LEVELS €NP MAGNETIC FIELN STRENGTHI)
ENEMATI/{1D%,6F10,3))
FNOMAT( 720K, AHLPLTRS o,(27
¢ IMIFIS0K, IZHINPHT FOP TRAJECTORY CALCULATION/
. IV 320140V 7 111
* T2uX, A4MRO/IRPLANET s FRo 6/
* VX IGAINTERPLANETARY VELNCTTY £11.37
* 720X, J4MTNTERPLANETARY DENSITY *sFl1e37
.
.

[

ERYN
rERUN
SERUN
TN

tERIN
PEMIN
RERYN
T
rEPIN
REMIN
¢

ERUN
o IRUN
EPIN
eERY
L

]
REPUN
RER!N
PEIIN
rERIN
REPN




1St

anan

Y.}

AMO" NneA

LX)

XX X3

;.
kL]

73574 14HY=CONPONENT  2,E11,3
735X 14HZ=CONPONENT @rE1l.3
17207, 29HATTRUTHAL ANGLE "2 811437
720, 29H4POLAR ANGLE *sE11.30

REAN DATA GEMERATED AY ALUNT w09%Y COOE

READIA) CJ1,THETALII S DRSOXCLIS (T2oRPUTS IV Tol  NRMAXD, o2, NOLUNTY
0N 10 Je2,NRLUNY

®
READIA) Wl LisWCllo ddoYCiTo Vo VXITodVs¥YLT ) ,QH0F(T,d) s TolpNPRAY)
. CONTT Nt

READ DATA GENERATED AY MARCHING CNDE

L LUTI

NMTENDNALUNT

MITeNBLUNTe]Y

AN 2%, JeNTT510)

READ(&) J1,2,0RSO7()

TF (INTIENE(5)) oMEe U) £ TN 20
TF (¥F{1,3=1) (€T, IPLOT) 60 TO 3§
NIARPeNTADNS,

N0 21 TelyNRMAY

REANCS) TI,YS(Tod)oVXIL It VYITs D oRHNFIT, YD
MAATRILE

CONTINUE

CONTENGE

ectTueN

ORINT ERRNR NESSAGE 1T TIPE4 IS NOT TUE SAME £ASE AS
SPELTFIEP TN CARD [NPUT = PANGRAw IS STAPSER

VRTTECS,1200) AMACHsGAM,HRO, ANACHA,CANG, 4ONS

; FPREATIIHL, 19X, 5(149),2X0 20HEXECUTINN TERMINATED 2X,5(14e) /7201,

J4HREPYN DATA ON TUPESL DOFS NOT AGREE/28X»JIHWITH CASE

. PAUSPECTFIED ON CAPD INSUTI//28X, BHUMALY NOes 6N, 5HEANMA, 0L,
. ANHIIC 7120 LOHFRO® CARDSILANIF10.41 717X, 10HF20% TAPES,
hd AGFI0. 4N

<tnp

ENN

SUNRDYTINE RITAT{ IND)
COMPANN FRIN/ ANGP s ANCHsKBCAN,RFNONT23)

COMMAN JYRJOATS NTRAS, FTRAJCLIDUD0 XTRAJCLIIN)I 4 YTRAI(1000,ITRA JL100),

* YTOAS(LUD I, VRTRAJIZOD ) VYTRAJCLGE ), VITRAI(LL3)oTHPTRIL D),
®  AYRAICIOC Y BXTRAJLLIOON, RYTRAJ(L100, N7 TPAILITN),ROTRAI(IILYY
* PYPA3(100)

-

176T00L LSUN
Cnllﬁn ISUNDAT/ LSUMSXTPAJSLI00), YTRAISELIOC), TTRAISILIOZ ],
RTRAJIS(100V o ATANRY POLANG, SX1, 0V ],RTY

TE (TunLToCt 63 77 100

TRANSFORN TRAJECTORY AND FREESTREAM R=FTFLO CODRDINATFS
TA SNLAR WIND CNDRNIMATE SYSTEM™

TEMPATeATANGS 1745229
TENPOLePOLANGS, 21745329
SAT=STN(TEN®AT)
CASLAS{TENPAD)
CPNLSTINITENS QL)
CDOL'CG((TEN'UL'
01 Tel,NTRA)
xraAJi(ll-!leJ(ll
YTRAIS(TIaYTRASLT)
TTRASE(T)Ie2VRAS(T)
CONTIVIE
AN 2 fe)l,NTRA)
lY!lJ(!l-(l'llJS(T)‘C!!-VYlAJS(l)'Sl!l.r-nlo'rlllsll"S’ﬂl
YYPAJ{TIoXTRAIS(IIOSAZOYTRAJC(TIOCAY
TIRAI(IVo=(FTRAISIIIOCAT=YTRAISITICSAT)I@CPOLE7TRAISCIICCPOL
YYRAJUIYm=XTRAS(IY
YIRAJUI VoY TRAI(IY
CONTTNE

CALCULATE AMGHM AND ANGP

RERIN
RERUN

WT
"y
TRIOAT
TRIDAT
TRINAT
TRIMAY
SHUNDAT
SUNNAT
SUNNAT
ROTAY
ROTATY
RATAT
ROTAT
eITAT
ROTAT
MTAT
ROTAY
0TAT
ROTAT
anTAT
*ITAY
ROTAT
enTaT
RITAT
eTAT
ROTAY
MTAT
RATAY
T
ROTAT
ROTATY
MY
"OTAT
"TAT
*0TAT
WTAT
anTAY
RITAT

ann

XYl

LY Y)

BY:Y:]

ann

—ann

10

w
‘-

“

~
-

4

-~
<

10

<

1

123
130

. N AX10CAT=AYLSSAZISCPOLOBTLSSPOL
AYeNX1oSAZeAYLIOCAL
L34 AXIOCAZ=BY10SATINSPOLORTLISCPOL
(34 X
Rysepy
ANGPoATANZ(BY,BX)
ANGNSATANZIB?,SORTISX s Y4RYIAYY)
RTADe 3T, 29578122
ANGPa ANGPSPTOD
ANENs ANRNSR TOD
RETION

CONTIWIE
PETURN
END

FUNCTION ARINF(Ty4)
THIS RNUTINE CALCULATES R/RINF AT THE (ToJ3% GRID POINY

COMMON FANURNS/ XAGDLIICI>YAND (100 » XSHKEIIVE ¥YSUKLIDLY,

& NRMAX NYMAX g AMACH, GAMNA HRO) NHINOX

£ONRON FFLONT XC(2953003,YCE29,200),VF(20,1330,RHNF(2€,100)
LEVEL 25 XSTHYSToNUPST,NST

COMMAN FSTREANS XSTUSCo152)sYSTISCo1520,NUNSTLSUINNST

TF POINT TS ON SHOCK BOUNDARY R/QINFel,0
TF (T oL T, NRMAX

eRINEL] 0
RETIRN

¢AND, ) oFT4 1) 67 T2 1D

ROACKET PNINT AY TWO STPEAMLINES

COANTINUE

Ye¥Cils 4)

YeYCUIsJ)

9200.0

AN 2t JISTelsHST

NNeNYINST IS T)

an 30 Xel,NN

1F (YSTLIST,K) 5T, X) 60 TN 4

COANTINGE

«sNN

rANTINUE

320457

118J5T=)

"2ew2

TE (X 4E% 1) R2Z=Y¥ST(J2,1)

TE (% oGTa 1) R2e¥YSTIJ2,K=1)elX=XST(I2,x=1})
. SLYSTEI2,M)=YST(J2oK=12 D 7(XSTLI2sKI=NSTCIZoX=11)
1€ (R2 6T, Y) €0 TN &¢

CONTINIE

1F (J2 €0, 1) €0 TO 192

TNTERPOLATE FOR R/RINF

VINELaYST(ILN 1)

RINF2eYRT{I2,1)

PRINFuY 7 {PINFIO({RINF2=RINF1IO{VY=R]1)FIR2=RL))
PETIEN

HSE SYMMETRY AYIS AND BODY FNR TERN=TH STREAMLINE

CONTINYE

T€ (X +8T, =led} GO TO 110
OPTNER] 04T /R20(R2/YSTI1s10=1e0)
RETURN

N0 120 Ke2, NIMAY

TF (X LLEe XCE1,K1) GO TN 13
CANTINUE

RInYCUl, Kol 34 0N=XCIApKal}IO(YC U], K )=YCLL,K=1)1/(XCLLeK)=RC],xX=1))

PINFle).0
60 11 70
FND

ROTAT
RATAT
ROTAY
PITAY
TAT
OTAT
MTAT
ROTAT
ROTAY
ROTAT
ROTAT
fOTAT
ROTAT
ROTAT
RATAT
RATAT
RTAT

DWR NG NGRS EN



st

A A AAfmAOcANAD

-~

©

12
2

ANOAND

EYa T s

anon

nn

CUNRNITINE SERCHEL, Ko KODZoAs INTN) 1K NXY,KOD2 s NVAL» ALy A2 ACONT )

CONTOU® PROGRANS AP, VALK, SERCY, ENTER, A¥D CHECY
WEITTEN AY REESE SORENSON, NASA=AMTS RES, CTRys AICes 19740
(YNNTFIED VETSTONY

THIS SURRDJUTINE CHECKS WHETHER & CONTONP LINE AT LEVEL NVAL
PASSES THRNUGH AN INTERVAL WAVING INATEES 3, AT {TeS
. LEETINAN2e2) 00 ADTTNNIKNANZEl) POINT,

AINENSTON A (1Yo ACMT(L),TCUK L4 1)
TPEXLI ¥ Yegotk=1)0JNIN

50 10 t1,21,X002
TolDEYIIyveld

LU L]

TeIDEXT IO, KD
A2edl)
ToInEXLS, )
Aleatyy

VE(A)=02)4,5 5,5
(]

Alea}
&N TY A
Aueat
Alea2

VAL@ACANTINVALY
TEIVeLtT.aLY &0 TH 12
TE(VALLATeAH) 60 TO 22

cALL CN’CK(lCNK.IIV.IDnZ.J.K;IVAL-laﬂal
TFIXNNR,E0,2) 6D TN 12

KNo3a}
Gh T 20
np3ey
seTURN
FND

SURRNUTYNE SCTUBLIPLAT,TRACHS5AR, IANYY)

TUTS QIWTINE ESTARLISHES PLOT NPIGTIN, DRAVS
NN LASELS AKES, AND WRITES TITLS,
NCE PLOT SURPOUTINZGS USEN ARE
PLITSAXTIS o NUNPL T CHAR,SCALS,
GRIEXIMATH, PLTLN, NNTLN,

NINENSION TITLFIL2) s TITLEA(2)

OTWEYSTAN TITLESC2) o TITLEGI3 ) TITLET(2)0TITLIA( )
NIMENSINN TITLEFI2)

FONSNN ISTALES NSE, YSFy XWAX) YUAX, XLNATH, YLN3TH

DATA PT2714570796337

TATA TITLEL,TITLE2/QUVELOCITY,» ANDENSTTY,/

TATA TITLEI (L), TITLESC2)/10MSTREAMLINE, 1N/

NATE TITLFA(L), TITLEA(Z) /IS HTENSCRATYR, (4E/

PATA TITLESC(LDo TITUES (21710 (PARALL St , IOHCINPINENT I/

NATA TITLES (L), TITLES(2)» TITLES(INZL04(PERPENDIC,1CHILAR CNuan,
1

SHNENTYS -

“nata TITLEZ(R) o TITLETU2V710H(NNRNAL €0y JONNSONENT) 7

NATA TITLS6(1 1o TITLSE (20/104MAGNETIC FoSHTFLD,
NATA TITLFC /3MCONTIURS/ o TITLEFCL), TITLESI2IPISUFIELD LINE,1HS/

SEY NRIGIN AT LEFT &NO OF X~-AK]S
CALL PLOT{uadrledr=3)

XSa¥SE

YSsYSE

CALL SCALFIXS»YSs2)

NRAW AND LAREL X~AXISe WNNTE THAT SUARNUTING AY]S
REOWIRES PARARETERT IN INCHES, NAT USER UNITS,

NTCoINT(2,0¢{XNAX®1.5)¢1.0)
CALL AYTSIDG2524020H 50, XLNGTH,=NTCo15040)

SET PERMANENT ORIGIN AT Xs0

SETHP
SETU®
SETUS
SETYP
St TUe
SETYS
SETUP
cETIP
SETUS
SETMe
SETU®
SCALE
SEMP
SETUs
SETU»
SETU
SETHP
SETUS
SETUS
SETYe
SETIP
SENY
SETHP
SETHP
SETUr
SETYS
SETYS
SETYP
SETUP
SETUP
SETUP
SETY®
SETUP
SETUP
SETUP
SETU®
SETUP
SETUS

- ere
NN D B P RS BN

LY Xal

LN

ann

LT

Aann

LELE]

AnA

ono

1

~

-

>

CALL PLNT(14550e0,+30
YSeXSF

YSavSE

CALL STALECXS,Ye, 1)

ORAV Y-AXIS

NTCOINT{YNAX) oL
CALL AYTSI0.00000s2H 0, YLNGTH, =NTC,2,912)

LAREL Yedyrs$

YCHew 4 /YSF

XCHeQ 5 0XML Y=, TS=,21/XSF

TF (IRONY,£Q41) 69 TD 2

CALL CHARIYEH, YCHaUeloelts3HYIN,3)
61 Ta 3

CALL CHARIYCHIYCHIO el »od8p3HX/R,3)
YEHeX 4o 42 IASF

FALL CHARIXCHoYCH90400a0551H0,1)
CONTINE

ANNQTATE Y=AXTS = WOTE ANNOTATION IS ®OSTTIVE LEET,

YYo=, 157YSE

res,

¥YYeul ¢
NELY=FLAATIIN)SC,S
YOX=YYeNELY

CALL NMIMBLTIXOX»¥Ysieus=0s1s=XDXs1}
TYaTvYe)

TFIYNXLT.XPAX) 60 TO $

ANNDTATE Y-AXTS AT SIDE ENGE 1F PLOT

257XSF

TUXCH Yo ou57YSFrledo=0alsYYe 1)
YTTCuYCHS, 4 16 FXSF

CALL CHIR(YTIC, YY= o 05 /YSFsDa0s409s14=011
TELYY,LT.YHAX) €0 TN 10

LAREL Y=avTs,

YLHea1o5e0 85 /XCE
1Tl -l.b"t.’;‘b.!-.:T/VS‘

«FQel) €1 T0 1
TOLL CHARINCU,YCHIdebral4s3HRIDsDD
0 12

TALL CTHAR(YCM, Yy deGye b, 3uRIN, )
TCHeXCHe 42 JXSF

ALL CHARIXCHoYCHI 04000059 1HO) 1)
rONTINUE

NRAV TITLE, [PLOT DETERNINES WHICH TITLE
SHNULD 8F DRAUN,

YCHaYRAYl o 87YSF
YCHR=14T4De 45 /XCF
I8CIPLNT,£0,2) GO TO 15
TFLIPI.0T4F0.3) €D TO 20
TF CIPLAT.EQa4) 6N TO 14
TF (TOLNTa6Te k) &N TR 23

VELOCITY storT

CALL CHAPLYXCUSYCH» 00 Cre205TITLEL,9)
YCHoACHe2,/XSF

CALL PLTLNCIXCHa YOH, XCH YPRe 2/YSE)

CALL CHAR(NCY4,05 /XSFoYCHIC 02 02s 1MV, 1Y
NCHUBACWe 425 IXSF

CALL PLTLM(XCHMy YCHs XCH) YCHE 027 YSF)

CALL CHARIXCHOOS/XSF,YCH 0600 025 2H/V52)

“ALL MATHIXCHOL 4 7XSF YCH=g05/YSFy 415 /XSF00,2015)

0 T0 25
TENPERATHRE PLOT

CONTINUE

FALL CHARIXCH,YCHoOl 2020» TITLFAS 1))
YEHaATHO2,4 JUSF

CALL CMARIXCHsYCHI040re20IMTIT,3)

TALL MATHIXCHO oS 7XSFYCH=o05/YSEy 415 /YSF,0,0,19)




£€GT

AN

Moo

LX)

1

>

2.

4

b3

21

6o 1" 2%
NENSTTY PLOT

S ONTTINIE

CALL CHARCNCH, YCHPGalna 2o TTITLEZ» )
XCHeY 42, IXSF

FALL AREEN(XCH YCHy 4250605170

CALL CUARIYCH402/XSF,YCHs0,0s0R0 1N/ 1)
CALL AREENINCHe,35/XSFy YCHy 425 040,17}

CALL MOTHIXCHO44S/XSFoYCH=o0D3/YSFp L3 /XSFsdeds13)
&N 1 2%

STREASLINES PLOT

CONTTNNE
CALL CHARIXCHI YCHodalro2 0 TITLE3P 11D
20T 28

WARNETIC FIELD PLOTS

CONTINYE

2ALL PUARCYCH)YCHIOL0oVe2» TITLS6,15)
YCUSTC4e,2 1 1SF

CHLL CHARIXCH, YEMp Dl sl a2 s 4MHIB/N, &)

FALL MATHIXCH® TS IXSFpYCU=o 35 7YSF, s L8 FYSFp 14150
CALL CHAPIXCHG0,9/XSFeT0HeD6003e22141,1)

1€ (IMOT LE0s 6) GO TN 22

1 (ToLNT,£0,T) 61 TD 24

CALL THAR(XCHOL 2/XSEpYCH=005/YSF 91457080001, 2He,1)
TCHo=1456% 4/ ¥SF

YCHeYPL 217788

CALL CHAPCACHSYCHI2405041C> TITLES)2Y)

N TN 23

2 CALL CHARIXCHOL,1S/XSFpYCHED4,57YSFe3a14160041s 14T 1Y

YrYaal 54,4 7YSF

YOV UAN =], 1/ YSF

CALL “HAREXCHs YCHpvab sl o) 0o TITLES25)

6n T 23

CALL CAARINCAOL 15/ XSFp YU 15 /YSF3)eDs0elsTUN» LY
YCHow145¢,,47XSF

Yruaye 1s17YSF

CALL AR(XCHIYCHIDoCpColO» TITLET,2))
VCUnYULX=1,3/YSF

rdea1,808,6/%SE

CALL FUARIXC4,YCH 0eD001Cr TITLEC,B)

FALL PLTUNIXCHE1 L/ XSFoYCHo YCHOL oS FXSF, YO H)
YOHOYNAYa; 5/YSF

FALL THARIXCHYCHIO o0 »N 10o TITLEF,1Y

CALL MITLNC XML LIS 7XSFIYOHPXLHAT LS /XSFHVRU 2050}

APAW MACM NUMRE® (M) AND FATIN NS SSECTFIC
HEZATS (GAnmAd,

CONTINIE

YCUnYMAY=, ) fYSE

YCHeal, 50,4 FXSF

CALL CHARIYCUSYIHs S ol po202HM2)

PALL WIPLTUXCH4 o 4/YSFpY HpTelra2s TIANH, 1Y
YCUaYCHeL 4 FYSF

PALL GREENIXCU, YOMy 42,
FALL CHARCIXCHALZ/XASF, V!
CALL NUMPLY (XCHeo A7 XSFYCHa Loalre2s6A%02)

TP N
END

RUBRNUTINF SFCALC{XSHK, YSHI, NTHAY)

THIS RONTTNE DETERMINES CCALE FACTPRS AND SUYE OF PLAOT,
COMMAN 7SCALE/ XSF YSF)XRAX) YHAX) YLNGTH, YLNGTH

NIMENSTON XSHK(1),YSHKIL)

nATA YSTITIE/840/

CALCULATE XMAX AND YMAX SASED ON LAST POTNT 9F SHICK WAVE,
AMAYS ATNTIXSHKINTRAX) 14C4 5

TFEYNARGLTo XSHRINTRAX]) YMAYsXMAYe,S
YPAXSAINT(YSHRINTNAX) 141,00

SETUP
SETUP
SETyP
SETUP
SETUP
SETue
SEnP
SETIP
SETYU®
SETHP
SETUP
SETHP
SETUP
SETUS
SETUP
SETUP
SETUP
SETUS
SETU
SETY®
SETUP
SeTye
SETI®
SETU
SETUP
SETyR
SETU®
SETYS
SETU®
SEYUP
SETUr
SETUP
SETUS
SETIP
SE]I].
SETHP
SETYS
SETUP
SETU?P
SETU®
SETU
sETIe
sETYP
SET®
SETIP
SETUP
sETIP
SETUe
SETP
SETIS
SETUP
SETye
SETP
SETH®
SETYP
sET
SETUP
SETHS
SETUP
SETU?
SETHe
SETIP
SETHIS
SETUS
SETUS
SETUP

SFCALC
SECALL
SECALE
SECALY
SCALE

SFCALC
SFCALC
SECALC
SECALC
SFCALC
SECALE
SFCALC
SFCALC

YL L

ansa

nANANAANnA

aoan

A

-

~A A

THUT® SUNRAUTINEZ CALCOLATES THE PARAMETERS QCQYTRIN TO D%AW THE
VERTICAL AXIS NF THE TPAJECTORY DATA PLOTS

11,

i,

13

o

40

43y

“2

-

43

TFEYMAXGLTa 3401 YNAXSY.0
TFEXMAY(LTeua5) X9AN=0,5

ETY PLAT STZE IN Y-DIRECTION

4DJUST SCALE FACTIRS FO® EQUAL X AMY Y SCALE FACTNRS

VLNETUaYSTVE
YSEeYLNGTH/ YaaX
YSFuYSE

YLNGTHsYSFOIXAAXS] 5 )

PETHAN
FND

.ﬁn-anu::n:)srost(t!-!lnt.rl':!!-Fs;.:ws:tr.nn.ntlt:,tnvn.lnEL-
E

LF e 1 VELODCITY
® 2 TEMPERATURE
* 2 NENSITY
w4 WAGNETIC

CANRAN FTEINAT/ NTRAJSTTRAIC100) o XTRAIC1001,YTOAJI2CIV, ITRAI(1DDY,
¢ VISAJELL D VYTRAJCIOI) s VYTRAJCILL ), VETRAST100), THPTRICL00),
S ATOAIEIDI N AXTRAICI0I NS AYTRASIILUD N ZTRASIINO I, RATRAS (303D,

¢ RTOAIC(1LO)

FIELD

£0 TN {1000 20003009 4C005LF

VELOTTTY

PIPALALL T

N0 11. V=, NTRAJ
TF (VXTRAS(T) LT,
CONTINE

nO 12% Te1, NTRAY
TE (VYTRASET) LLT,
CONTYNIE

DN 139 Tel, NTRAZ
16 (VITORASIT) oLT.
CONTINIE
FMINesFMINCEINE
EWAYeEINF

£n 10 1¢0

TFUPERATIRE

FHtNar,,
FUAXE DL

AN 215 Tel,NTRAS
TE (THPTRI(T) LOT,
AAnTINNE
EMAYRFNAYSF [NF

LU G AT

NENSTITY

no 3te 3o NTRAJ
TE (RATRAIIT) 6T,
CONTINUE

ENAYe EMAYOF INE

50 TO 73¢C

WAANETIC FIELD

EMINe, 0

FuAKeY, "

D0 41 =i, NTRAY
1F (2XTRAJIT) oLT,
CONTINUE

AN &4 Tl NTRAYS
TE (RYTRAJ(T) LV,
CONTINGE

010 430 Tel,NTRAJ
TE (RZTPASLTY oLT,
CONTTNYE

N0 640 Ts1,NTRAJ

FNIN) FAINaVXTRAJIT)

FRINY FMINSVYTRAJIT)

EMIN) FRINsVITRAN(T)

FHAXY FHAX=THPTRIIT)

FRAX) FRAYeRQTRAJIYY

STRENGTH

FAIND ENIN=RXTOAYLIT)

FMIN) FRINeBYTRAJITY

FHINY FMINeRITRASTY

SFCaLe
Skcatc
SFCALC
SECALY
SFCaLC
SFCALC
SFCaLC
SFCALC
SECALC
SECALC
SFCaLC
SECALL

senee
sense
SENFE
SFoee
SEoef
SFNEE
SEQFE
SENEE
SENEE
SENFF
SENEE
TRINATY
TRINAT
TRINAT
TRINAT
sEqee
SFOFF
SENEE
SFOFF
SENFE
SFOFe
cegse
SFOFE
SFOSF
SFOFF
SFOFF
SENFE
SENFE
SENEE
SFOFF
SEnEE
SEOFF
SEnEE
SEQEE
cepee
SEnFE
sEqQee
SEnEE
CENEE
sencE
<EOFE
sepee
SFOFF
SEDFF
Sknee
SFENFF
sFoee
SFOFF
SEQFE
SEOFF
sSEnce
SENEE
SENFF
sEqer
SEnRE
SENEE
CEQFE
SEOFF
SEOFF
SEQFE
SFOFF
SR
SFOFE
SFOcE
sepee
SEEF
SENEE
SEOrE

ot ad
PAPWNNEMOL IO NS WN



VST

LY Y11

€
[
c

Ana Anno

ann

k24

T4) 41CNe1,

TE INTRASIT) o5Te FRAX) FRAXBTRAJ(ID

440 CONTTNIE

ENAYaFMAYSE [NE
ENTNeENTNOR INF

EIND MRNER "F MAGNI TUDE

70) CONTINIE

FNTFFoFMAT<FATN

FLNG=ALNGIN (ENTFE)

MLNRe INT(FLNG)

TE (FLNG oLTe UeC) NLOGeNLNG=]

EIND TNCRSHMENT AS PNUER NF 10 TIES o1, 425 R o5

ANTECQENTEE ], o #0(=NLOG)

TE LADTFE 46T, 243) €0 Tn 72N
APELeG,2

NA=NL O

(LR G I8 79

eANTINGE

TF (AIFF 46T, 5,0) 60 TO 730
ADFLeD,*

NASNLNG

£n 1Y 740

=

73, CONTTNUE

ANELeCel
*NLOGHL

1}
TE INS (NEo 1) GO TO 730
ANELeanELe)
NieC
A10N=1,3

75, TNNTTegE

CALCULATE SCALE AND DFESST

ANIN=3, D

TE 1E%IY LT, LeD) ANINS] 01,06
MUINSINTEFMINZCADEL SR ON) =B NIN)
SuAYe ) =T, yE=b

MEATEINTCFMAN/ (ANEL®SLLN) ¢BRAXD
RYICNenMAvaun]NG)
ARTNSELOATI M INI S0 EL
AVAYaELNAT AT }OADEL
ENFESTaAMINSATIONICINF
FSFaOLTSTE/[{ANAN=ANEN) SALON)
EOFLaANTLOAS INOFSF
FSFEufSFeFINF

RETHON

L

SYRSMTINE STOUT

THIC SHARMITING PRINTS THE STRZAMLINES CALCULAT:EN
I8 SUSPIUTINE FLIWST

FOMMAN ZRLYUNTZ THETAL25),RP(2),25) N LYNT

rORRNN JAQUNDS/Z XR0011003sYRODE1 ) p YSHKE YD pYSHKE) 30 ),
4 NRMAY,NXMAX, AMACHsGAMMASHRO) NHINDY

LEVEL 2, YST,YST,NUNST,NST

TANRIN JSTREANS KSTUSGLA132),YSTE5,,2521 oMU STIS. )pNST

REVERSE SIGN NF XST FOR DUTPUT

AP 2 Yel,NST
NNsNUNST{X}

N0 2 Jel,NN

YT (€ ) )m=XSTIK, )

~

STREAMLINES ENR MAGNETOSPHERE

WRITELS,600) NST

TFINYINAX,EQ.1) 6D TO 1

"N 10 KelsNST

VOTTE(8p6100 KoTST(R,1),YSTI(K,1)

TECXSTIN,1106EaCoi) WRITECS,620) THITA(NS1) @0 (NPNAY, K1)
NN=NUAST (K )

VOITEL6,630) (XSTC(XedIsVSTINSI) s wl,sNN)

1) CONTINUE

SENFF
SFOFF
sEgee
SFCFF
SFOFE
$eqee
seqeg
SFOFF
senee
SENEER
sfoee
SFOFE
SFOFF
SEOFE
SENEE
SFOFF
SEnEE
SEncE
senes
<FOeF
SFOFFE
SEREE
SFOFF
SEnce
senec
SENEF
senre
sEncE
SENEE
SFOFE
cengE
SENEF
SFNEE
esqnep
SENCE
sepee
SEpes
sEnce
ecqEE
SENFE
REnNEE
SEnce
<EneE
SENCE
Sence
SENnEE
Sence
sence
SENEE
SENEE
sEnce

STMIY
croyr
sTogY
ey
STyt
BLINT
39UNNS
LLI1U LAY

nan

~n0

~an AN

Aannn

-

1

»

-

€y

.

€0 TO 4
STREAMLINES FOR TOMOPAUSE SHAPE

N0 11 Xel,NST

WRITE (656113 KoUSTEK, 1 YSTING])

IE (XSTUN,L) oCEe 900) WRITECH,621) THETAIY41)s RPUNPUIX,Ke1)
NMeNYNS T{XK)

MPITEC6,6310 (XSTIKsIIpYSTIKed)pImlsNN)

CANTINUE

CETTNOE STIGN OF ¥ST

CONTIN'E

RN 3 €=l T
NN=NURST(X)

NN 3 Jel,NN
YEV(K oI ) nakSTIK, )
RETURN

ENRMATIIMLZ 749X, IIUSTREANLINE TRAJESTNOY CALAULATINN/AOX,33 (1Mo )/
711305125230 STREANLINES CALCULATED)

510 FORMATC/7/77154 STREAMLINE N0, 1p 72,1940 STAPTING AT X/0 w,FP, 4,
*

BH, RID =,F8.4)

E1L FOPMATEZ /7777354 STREANLINE NO4st25264, STARTING AT N/P( o,F8,4
. ;

GHy R/RD e, F8.4)

€20 FNRMATIIIN, 234(CNRRESPONDS TN THETA o5F8,2,94 NSGREES,,2Y,
.

AHRPID =, F8.4s1H) )

420 FOPMATIIZN,23H(COPRESPONDS T THETS =oF6eZs9H NEGREESes 2Xs
. TURE IR wy 69, 401400

€33 FORMAT( 7L pVHY /D2 2Xp3HR /D /(X F1C4s3YpF13,44)

621 FOPMATI/IZN s eHYIRCy L1Xp4HR RO/ (9N pF2044,3%,520440)

.
.
.

»
>

o

80

ENn

Q®MITINE TAXUSITIMESFyTNFESTPLYSTFaNAX TS

SWASPUTINE TAXTS CALC'HLATES THE SCALS ©4%TNR NN OFFSET FOR
THE TIME AXIS, AND PARAMETERS REJUIREDN TN NEAV THE AXISe
WHEM NAYIS=1,2 THE TINE AXIS IS PLOTTEN

CARWAY /TRIDAT/ NTRAJSTTOAJ(200)s XTRASC1001,YTOAILICH), ITRAICLIC),
VT®AI(123), VITRAJ(ILID, VYTRAJCLIC), VITRAI(1001,THPTRICICC),
RTRAICID 1 BUTRAI (LW o AYTRASLLSI o R7TRASCIZ 2] ROTRAJ(L D)

*Te A1)

FIND TYE RANGE AND INCREMENT REQUIREND
INCOSMENT TS POWER OF 10 TIMES olsa2s N° .5

TF (NAYIS oCTq %) 60 TO 150
NAYTSeD

THINSTTOAS( )
TRAX=TTRAJINTRAY)
TDICEaTHAR=THIN

TINGeALPGLL (TOIFE)
NTINRaTNTITLAG)

TE ATL0Gt Tedad) NTLOGeNTLOGSE
ANTECaTNIRF@;, ¢ {-NTLOGY
1F [AN]EF,RT 2400 5N TN 20
4NFLe 2,0

NASNTNG=,

(L I8 GO

COMTINUE

TE ANIFFGTa542) 60 T 47
ADELs5 .

NQeNTLAG=]

LR L IFY]

CANTINYE

SCFLe=Lof

NASNTLNG

CONYINUE

NieNis?

ADELsADEL®),]

A10%=10, ¢0NA

LF (NA.LY.0 .0f, NAWGT.1} 60 Tn 100
ADEL=ADEL®ALIN

S1GNe1, >

NAXTIS=2

CALCULATE SCALE AND NFFSET

STAT
sront
STOUY
sTout
sTouy
sToNT
sTour
sTmY
SToMY
STOMT
STouT
STOIY
sTouy
STrUT
STMIY
STout
sTout
sTOIT
sTUT
svonr
sTmIT
STout
STONT
sTyY
sTAUT
SToNT
sTOUT
TT
sToUT
STMmTY
SToUT
STMT
STt

Tavie
Tavys
TAXLS
TAX]S
TaAY1S
TAXIS
Tegnar
TRIDAT
TRINAT
TRANAT
TAXIS
TAYIS
TAYIS
Taxts
TAYLS
TaYLS
TAXTS
Taxts
TAXIS
Taxre
TAYTS
Tarrs
TavLS
TAYTS
Taxrs
Taxre
TAXIS
TAXTS
TAYTS
TANIS
Taves
Taxts
TAXTS
Taxrs
Taxts
TAXLS
TAXLS
TAXTS
TAYLS
TAXTS
TAXTS
TAXIS
TAXTS
TAXTS
Taxes
TARTS

ORPWNITRIWN



SST

ann

o Xal

2nAAn

LT

100 CONTINUE

1

2

-

L]

<

-

-

A3 {20sied b

ANIN=0,0

LLIY (1. 1Y)

TF (TRINGLT40e0) BMINa1, 0=1,0E~6

TF (TRAY,GT4D40) BMiXs) 14 0€~6
AFTRSTeAINT(THIN/(ANELSALONI =B PIN) ¢ADEL
ALASTwAINTITUAXZLANELSALOND #84AX) ¢ADEL
“TICKINTI(ALAST=AFIRSTI/ADEL®LeOE~S) ¢
TOFFSTSAFTRSTOAION

TIMESFoot TSTE/CIALAST=AFIRST)#410N)
TNELsANELOALUNSTINESF

RETURN

DAV AXIS ONE INCH 4P FRNN PLOT SNUNNAEY

. CONTINUE

CALL PINT{4,05=12409"))
CAtL PLATIL4I52400=2)
TALL AYTSE alpue0slH =1, PLTSTF =TI 1, 40}

ANNITATE AND LaWcL AX1S

YUsm, 18
TCHe3,Y
ACMsATIRST
LLIE
FALL NIMPLTUTCH, YCHo  aire. g 10 ACHSY)
TOHaTOHOTNEL

ACHeALAsANEL

FARTINJE

LLETE

TF (NAYTS.%0.2) GO TC 250

TCUel (56 (PLTSTE=1e4)

AL oM TCAPYEM) Dol s e tes JHTINE 1.50%
FALL THORITCH,C1oYCHIIDp o 2Te MY, L)
YNA=ELNATINGY

TALL WIMPLTITCNOL4265 YNHe 110 de0ra( A N, =)
oeYI)PN

CONTINGT

TEUs G50 LPLTSYE=e55)

THLL THARITEH, YC 40 Yel 2o 140 HTINE, &)
eETHRN

)

SIMPNYTINE TIAJEC

TYTS SUARNUTINE CALCULATES THE VALIZES ¢ THE FLAW FIELD
AND TUE PAGMETIC FIFLD CAPONENTS ALNNG 3 SORCIFIED
ToaECTARY

LEVEL 2, QP ARA,BPIRPBNNPM, QWA R ANS

ANBNAN JRCOMSSS APARAL20, 1000, l’3’117|r"ﬂ'1(2¢-lt"-
6204100}

COMMAN FRTNT ANGPRANGN,XBCON,B3CONI2Z™Y

CRwenN 7ANINNTZ X3ODL1I%) s YRMELJNXCUNTILINN, YSHNEIr Y,

®  NOWAY,NYMAY, AMACH, GAU A, HRN, NHIVDX

LEVEL 2, ANGyNITH,NEG
~OMUNN JDRD/ ANGT205 1020, DYTHILCD)HDER
COMMNN FFLONT XC(20020009YCT225 10200 VFE22,1000, RANE(27,100)

CAMMAN FTRJIDATZ NTRAJ,TTOAIL1, 30 XTRASEIINI A YTRAIILCIIL2TRAIC1ID),
¢ YTPAJ(ILD)s VRTRAJCLI00 o VYTPAZI U e VITRPAJ(IrA), THOTR (LI ),
¢ ATOAJULO0)sAYTRAJ(10D)oAYTRAJIILC), N7 TRRIC14L)H»RITRAIN2' L),
* eTRAJI30O

LIGICAL LPL TR
CANNAN JTPIPTS LPLT®J,00LNT, VINF, RHATRF, THPINE, AINF

t'llllanrVAL"(Ol‘VAll[nJlo(..ﬁ-ul)‘Vllll‘lulll'o
SCOTOVALIT Jel) o 1,C=0T0eVALIT 4L elVs(l,t~0))

FANANS NS TANGN)
TNLANGN)
GPernSLANGP)
(lNG"SINllNGPI

CONVEPT Xo¥eT FOP TRAJECTORY FROM MNITS NE PLARZT RADII
TO UNITS OF [ONOPAUSE NN®E eANIl

TF {PPLNT o €04 Cod) €O TO 20
A0 1C Nel,NTRAS
ATRAJ(N)=XTRAJINIORPLNT
YTRAJINIoYTRAJINI ORPLNT

TAXIS
TAYIS
Taxts
TAYTS
TAXIS
TAYIS
Taxts
TAXTS
TAXTS
TAXTS
TAXIS
TAXES
TAYTS
TAXTS
TAYTS
TAVES
TaXlS
TaNtS
Taxys
TAYTS
TaNTS
TAYYS
TAXTS
TavYye
TAYTS
Tavge
Tavls
TAYTS
TAXIS
TAYYS
Taxte
TAXTS
TavLE
TAYIS
TaYNS
TAYIS
TAYTS
Taris
TANTS
TAYIS
TAYTE
Taxrs
TAYTS

TeAJEr

séampe
AN
aniNne
AYMAS
nen
L]
FLPY
TRJDAT
AR LTINS
TRINAT
TRINAT
TRNOT

TRAJEC
TRAJEC

non

2 ¥aXal

nmo

R

a0

1)
20

4

K

-

TTRAJINISITRAJIMI SRPLNT
RTPAIJ(NISSARTEITRAJINIC®24YTRAIIN) 002
CANTINUE

CANTINUE

ROTATE SR0UT X=AXTS UNTIL Ts),0

NN 129 Nel,NTRAJ

THETe ATAN2CZTRPAIIN) , YTRAJ(NY)
CTHET=CNSITHET)

STHETeSINITHET)

XOuXTRAJ(N}
YPOYTRAJINISLTUETATTRAJINIOSTHET
TPe N

INTERPQOLATE FAR FLOV FIELD

CALL TITRPAJLXPIYP,TsJsQT,QI,MFLAG)Y
TE [MFLAGY 83,40,9)

FANTTNUE

‘Hl-‘f"l)'lplulNG)

THPTO JEND=2 ol o LUBANNA=LL 2105080 ANACHES2 )% (1, 2=VTRAS (NI ® 62}
CouTasnc(PH]Y

SPMTeSTN(OUT)

VYTRAIINI eV TRAJINYI S CPHT

VYTOAJ{N} oV TRAJIN)OPHTOCTMET
VITOAJIW)IaVTOAI{NIOSPHI @S THET

TNTEQPOLATF FO® MAANETIC €IELD

SPARSTSFTOAI(T,JpR04ARA)
TE (1 o£0. 1) I=2

JtIsJenpenn)
T'lJll-JleUll)

"Te

OSTaFTOAJIT 52, NANG)
TPSYTLSINIPSTY
CPSternsS(PS )
AYINC D ANENOCANGP

ANEPPaATAN2(AYINFP, *XINFP)
SNCNTOATANZ(RTTNFP o SOPTINYINFP 2 0AYINFPOY))
CANGOPsLOSCANGPP)

CANGNISFOS(ANGNPY
6

TVCANGNPY
AMENPOLCPHT *CANG
ANENPE [SPHTSZANGP
SANGNPS ANN2PT
SYTOAJ{VImaye
CYTRAJIN)nRYPSCTHET-RT
QTTOLIINI=NTPACTHET o8

STUET

THET
ATRAS(MIaSORT(NXPEs24BYPEO2eATIPRO2)
tn Te Qe

PAINT IS INSIDI IONNPAUSE

FONTINUF

TUDTO $iN}ny 40
V!Y'ill'!'D.O
VYYRA J(NYe,
VITeaJIN)e
aTRAJ (MY
AXTPAJINIe],)
AYTRAJINDI =,y
[SALTRTTIE RO
(LU LA 3714

POINT IS AEYOND ROV SHOCK

. CONTINYE

VIR INI® ¢

eNTRA (N1,
'IFTlJ(‘!-l.o
JiNIely
vvrv11«nv-~.e
VITRAJINYI=),)
ATRAJ(NI®L, 0
SXTRAJIN}aCANANSCANG?
AYTRAJINI =CANGNO SANGP

TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
TeagEC
TRAJEC
TRAJEC
TRAJEC
TRAJEC
EC

TRAJES
TRAJEC
TRAJE”
TRAJEC

TRALEC
TRAJEL

Ylll‘c
TRAJEC
TeAJEC
Ted)Er
TRAIE"S
TRAJEC
TeREC
Teager
TRASEC
TRAJEC
TeajcC
TRAJEL

TRAJEC
TRAJET
TeuyEe
TosIEC
TRAJEL
yeaser

TRAJEC
TRAJEC



96T

ann

Aannan

LY 1

nannn

LLY. Y.

100

%

-

S2TRAJ (N S ANGH
CONTINUE

OUTPHT TRAJECTORY INFOPMATION, AND CREATZ PLATS 1F REQUIPED

CALL TeOUT

IF (NIT.LPLTRI) 60 TO 29C
CALL PLDTTP

CALL *LntFs

CONTINJE

RETURN

L} ]

SUBROUTINE TROUT

TUIS SUARNUTINE PRINTS THE TRAJECTARY CPIRDINATES AND THE
FLAY CIELD AND NAGNETIC FTELD COMPONENTS ALONG THE TRAJECTARY
AS TARLES WTTH TIME AS THE REFERENCE QUANTITY

“ORMIN IATNZ ANGP,ANGN, KBCON,R( ON(20)
“OMNAN 7ANYUNDS 7 XS00(LIC)YAODCIIC 1o XSHKILIS A, YSHK(ILED o

& NRWAY, NXSAXp AMACH, GAMMA, HRT ) NHINDY

LORICAL LRERUNSLPREL,LPRST, L PRCONSLPRB, LOLNT,LTRAJ,LRSTRT

CORNTN 7P90PT/ LRERUNSLPREL,LPRST,L ORCOAN,LPRA,LPLOT,LTRAS,LRSTRT

CORNON 7TRIDAT/ NTRAS,TYRAIEIIO NS XTRAIIL)YTRAI(1C0), 2YRAS(1IC),

®  VIPAJC1001. YXTRAJC100), VYTRAJILI0CI,VETRAJCI00), THPTRI(ILA),

¢ RTRASC10D)4PXTRAJCILO DI BYTRASCICOILNZTPAIIILG),POTRASCICON,

¢ BTRAN(100)

LNGICAL LPLTRS

FONRGH FTROPT/ LPLTRI,RPLNT,VINFsRHOTNE, TP INE, SINE

LORICAL LSUN

CAMNAN 7SUNDATZ LSUN, XTRAJS 11001, YTRAIS(100), 7TRAIS(LLS),
RTRAISII0C) s ATANG, POLANG, QXL oY1, 073

*
NINEMSTON YXTRAJSI100)) VYTRAISILIION, VITRAISI1001,RXTRAISIID),
.

BYTRAJSI100),AITRAJIS(10D)

WRITE COMRDINATES (Y,Y¥,7,8) AS A FUNRTYAN NF TiNME,

T UNTTS GF BOTM RL AND RPLANET
BNNSEnle 0
TF (RPLNT ,GTe 0403 PNNSE=],0/7RPLNT
WPITECL,15000

WRTTE (4510011
MRITE(5,1100) RNOSE
VRTTE(5,»1200)

N0 20 Ne1,NTRAJ
YRPLMToYTRASIN)ORNSE
Y

YTeXTRAS (N}

VRITE(6s 23300 NoTTRAIINIoXT)YTRAJ(NISTTRAS(NIHRTPAJ(N)» XPPLNT,
¢ YRPLNT,IRPLNT,RAOLNT

2). CONTYNYE

WRITE AUT FLOV FTELD AND MAGNETIZ FIELD COMPINENTS
NON=NIHENSTONAL WITH RESPECT TO FREE STREaM

WRTITE(6,13uG)

VRTTE (651302}

WRITE(S,2400)

VRITE(5,1%30)

N0 &) Ns]oNTOAJ

WRITE(602100) Mo TTRAJIND, VIRAIEN) ) VETRASIND ,VYTRAS(NI S VITRAS(N) ,

*  ROTRAI(N) »TNPTRIINISBTRAI(ND 5 RXTRAJINDI o BYTRAJ(ND , B2TP AJ(N)

A0 “ONTINUNE

VRTTE OUT ELOW FTELD AND MAGNETIC FIELD SONPQNENTS
DIMENSIONALIZE BY INPUT FREE STREAM vaLDTS

SANGNeSTN{INGN)
CANGNSCNSEANGN)
SANGPSINLANG?P)
CANGPaCOSIANGP)
XO=BEINESCANGHOCANGP
YOeRINFOCANGNOSANG?
Z0sATNFOSANGY
VRITF(6,1300)

WRITE (6,1001)
VRITECS,2820)

TRAJEC
TeRIEC
TRAJEC
TRASEC
TRAJEC
TRAJEC
TRAIEC
TRAJEL
TRAJEC
TRAJEC
TRASEL
TaFC

TeQUY
eyt
TRT
T™ROUT
TROIY
Ty
agv
|NUNNS
ANINDS
sRNe T
*ROPT
TRINAT
TRINATY
TRINAT
TRINAY
TensT
™oet
SUNNAT
SUWRAT
SUNNAT
oY
oMy
eamT
TonUY
TROUTY
Tem?Y
TeMY
TR
TeUT
ToUT
TR T
Y
eyt
TeOMY
™ot
Temty
TOM)Y
TROUTY
MY
TomMY
Teput
TRWY
TeONT
TRy
TemT
TeMWTY
TROUTY
Te)T
™t
TRUT
T™”OUY
™Mt
TROUT
™Y
oYY
TRWT
™Y
TRYT
TeOUT
TROUT

TROUT
TROUT
™007
TT™mOUT
mouY
Tmour

PUNDVRIUNBNBNN SO I SWN

14

s en

L]

Annn

LLY. X1

63

7.

-

?

.
93

VRITELG,17000 AMACH, CAAMA,RINE, VINF, X0, ®UNTNE, Y1y TAPINE,Z0 ot
VRTTE(S,1820) ™"y
NN 60 Me1,KTRAS et
VDTHaVTRA (N} SVINF AT
VINTINeVATPAI(NIOVINE TRMT
VYDIMeVYTRASIN) OVINE TRO0T
VIDIMVITRAJIN) OVINF TRAYT
RYODYH=RATE &I (N) SRHOI NE 1304
TEODTNTRITRI(N) STHPINE TRWT
SNTMeATRAI(N) ORINF TROUT
AYIIMeRYTOAI(N) SRINF Tt
RYNTeRYTOASINISAINF TRMT
ATNINeRTITRAIINISOINF TemY
VOTTE(S,2250) No TTRA(NISYNTN, VXDTNVYDTH,VINTH,RHODT R, TFPDTR, TROUT
*  ADTH, AXOT M BYOTM, AZDTN TROUT
CAmMTINGE Ay
IF (LS"™) 60 TO 70 oYY
CFTURN TROUT
™out

TRANSFORM DUTPUT QUANTITIES TN SUMSL4NET CAIROINATE SYSTSM  TROUT
™ont

CONTIwE RN T
NN 75  Nei, NTRAY T™ouY
XTRAISINISXTRAJS(N) ORPLNT TROUT
YTRAJSIN)=YTRAJS (N} SRPLNT ™ouT
TTRASSINIa2TRASSIN) #PPLNT Tenyy
FONTYNIE TROUT
TERPATuAZANGS 201745329 TROUT
TENONLaPOLANG®.0)745320 ™t
CATeSIN(TE®PAT) oMY
LATaCOC(TERPAT) eyt
SPOLeSINETENPOL]) LLLUL
£P0LsCNSETENSOL ) Tmout
0N AY  Nel,NTRAJ TonUY
° SIN)eSORTIVTRAISINISYTOAISINI#TTOAIS(N) €7TRAIS(N)) TROYT
VITRAIS(N) 2=CAZOCPOLSVXTRAJENI=SATPVYTRAI(N)CAZOSODLOVITRAJINY Te oYY
VYTRAISINIaSAZOCAOLEVXTRAJINI=CATVYTRAICNI S TOSPALOVEITPAJINY et
VITOAIS(N)e=SPOLOVITRAIINICPILOVITRAJ(NY eyt
QYTRAIS (NI o=CATOCPOLOBXTAAS(NI=SATANYTRAJ(NI=CAZOSPOLEATTOA SN TeQUT
RYTRAISIMISATOCPOLOBXTPAJIN)=CAT#AYTIAI(NI 4SAT0SPOLONTTRAJINY TROUT
NITRAITINI e =S POLISTTRAIIN)SCONL BT TRAI(N) eyt
LONTINYE Tyt
ANSe=rdTOr®NLOX0-SATSYI-CAZOSPOLO D TRONT
SCPOLOXO=CAZOYDsSATESPOLSTN TROUY
OL+X0+CPOLSZO Tenuy

THT

WRTTE CINROINATLS (¥pYs?,R) AS & FUNCTION OF TINE mor

TN UNITS OF 8OTH €0 AND SPLANET TeONY
Tamt

WRITE (8,1360) TeON?
WRITE (6,1502) Tewr
VOITE (8,1109) ONNSE ToUT
WOTTE (6512000 TeOUT
AP 90 Nel,NTRAJ ™ouy
YPPLTCaYTRASS (N} SRNDSE Tenyt
™oyt

m®wnur

PRPLTSaPTOAIS (NI ORNOSE TRRUT
ATSeX TORJSIN TemyT
VPTTE (692 uud NoTTRAJINIXTS,) YTRAISINI»ZTRAISINI,RTRAISINI, XOPLTS TROUT
» YRPLTS S ZROLTS,RROLTS mmT
FONTINUE TROUT
TR

WRTITE FLOV FTELD ANO MAGNETIC FIELD COMPONENTS TeOUTY
NNN=RTMENSTOMALTZEN WITH RESPEST T9 FREESTRIAM TRT
TRUT

WRITE (8,1300) TTROHT
WPITE (6510020 ™oy
VRITE (65,1400 TRWT
VRTTE (£,1500) TeOuY
00 95 Nel, NTRAJ TomY
WRITE (8,2000) MaTTRAJINI,VTRASINI ,VXTRAIS(NT, VYTPAIS (N, TRUT
. VITRAJSINISROTRAJENI o THOTRIENT ,STRAI (N1, AXTRAIS(ND, TROUT
BYTRAJSINI,BTTRASS IN} ™Y

L. ONTEINUE TTmoUut
TRIWT

WOTTE FLOW FTIELD AND NAGNETIC FYELN COMPONENTS TROUY
OIMENSZONALIZED BY INPUT FREESTREA™ VALUES TROUT
TROUY

WPITE (6,1300) Ty
WRITE (6,1002) TROUT
VRITE (6,1600) TROMT
VPITE (6537000 ANMACH, GAMMA,RINFoVINF, XOSs OUNINE, YOS o THP INE, 708 ROMT
VRITE (6,1701) AZANG, POLANG TR



LST

~nn

AND AAAAnNAN

WRITE (4,.0u3)

N0 100 Nel,NTRAYJ

VOIS YTRAJIN}SVINF
VIRIRaVITRAJS(N)eVINF
VYNTRSVYTRAISINIOVINF

VINIMeVITOA JSINISVINF
PUNDT=POTRAI (NI SR JOTNF
THOOTMaTHITRI(N) S THOINF
ADIMeRTRAJINI OB INF

RXNTM LAY TRA JSINIOSTNF

aYnImn IS (M) enTNs
AINTRaRTTAAISIN)ORINF

URTTE (8p220i) NoTTRAIINI, VDTN VDTN, VYNTH, VIR N, 0400 M, THEDTN,
DT, 2XOIW, BYNIw, 87N e

L]
10 FANTINNE
TE (eNITe LOLTRYY 5N 10 2r

TOANSFNO R COPPONENT DATA TN SUN<PLANIT £I701VINATFS

AN 159 Nel,NTRAJ

VET®S IVIeVETOAJC (N

VYTRAJIVM)eVYTRAIS(N)
TTRAJINI o VITRAJS(NY

IVIeXTRAJS(ND

JINYeavTRASS (V)

RITOAJ(N)aRTTRAIS(N)

FONTTyig

LLURAL O b

TN

120 FROMATIIHLN 52X 22HTOAJINTARY CALOULATTIONSSIV, 32 (_ue))

1GOL €NEMAT (£ X, 3u4{SILAR VIND FANEDINATT SYST 4))

42°2 CNOMAT {5 X,3GH{SUNPLANET COVRGINATE SYSTD W)Y

1100 SORMITE/777530322UTRASERTIRY CNDRDINATSES /530,220 Ha)
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YReQReSTNIYY)

TKNeX NAX =]

ND 2 KelpXmax

YYeFLOATI(K=1)/2KN

PPESSarReYYS(PS-P)

RHNeRRSYYE(RSRA)

HVEL=UReYY® {US=-UNY

VVELaVReYYE(YSayB)

DTe1.,0/N(ds K}

Q¢ JsKs1)RUOSDT

00Jp% 2 aRMOCUVELSDT

0€JIs¥, 31 =RYOCVVELSDT

2 0CJpKsb Il PRESSOCANITORHDI(UVEL G224 VVEL$42)¢0,519DT

CoooREFLECT METRICS AND OEPENDENT VARIAALES AMOUT PLANE OF SYRMETRY
DN 4 Xel,XMAx
ND={~1,301%04CS
fNefelaDi0eiCs
NlleKYuni2, X1 eDD

YEN(1pKollneXEX(2,Xol)
YEV(2oXr»1VeXEY(2,Kp 1}

XEXL1,Kp 218 XEX{2,Ky 2)
XEYI1sK» 20w=KEY(2,Ks2)
N0 5 Nelyd

0C19%,u1n0{2,KsN)4DD

0l1,K,31==01(2,K,31000
PETUIN
END

-

'y

CUARINTINE INTEER

CONMNANIEON], £ JRAX S KNAX S JMp KMs XNACHS BLOHA g RAUGBANMT S CNo DT SMI,TPRTy
> CHORD)NCA)NCRINCCs AR pHsOMESAI NI NLTTp TA' TTERHENT,PTNRT, PINF,
€O INE, ATNE L INF) JCS) TRaCLISH P THHORNS RNVSESNCASES NPUNCY

LEVEL 24 00EF,5,6,48

CORMAN 70937 QLA 200400 EFTA20 4155205 8) s FL RN ARIA,4)

CosolNMMOUTE ENRCTING FUNCTTON AND STOVE TEMPOPARTLY TN S dmRay
CaLt eds

CooehN FOURTH DEDER NISSIPATION TO SHOOTH SOLUTION
caLL 91sSTP

CeesSALVE £NP QeRAR=RAR
N0 1 N=2,KN
CoasFTLL ELEMENTS NF Je4sDX & FOR BLOCK TRIDIAGONAL TNVERSION AT EACY
Coeok TH LEVEL
CALL LALTRPA(K)

CoesINVERT 8LNCK TOIDIAGINAL MATRTX 4T K T4 LEVEL AND STOPE SOLMTION IN
CooeS ARRAY

SALL RTRI(2,)m)

rM ol Lslsé

NG 1 de2pdn

1 SUSeKsLIREFTg LY

CoeeSILVE €NT Qobiae

AN 2 Je2pln
CoosFTLL ELEMENTS OF Te4eDY 8 FOR BLOCK TRIDIAGOWAL INVSISXUN AT EACY
Coned TH LEVEL

CaLL LALTes (D) ‘
CooslMVEPT ALOCK TRINTASONAL MATREX AT & TH LEVEL AND STORE SOLUTTION IN
Cesel ARPAY

CALL 8TPI(2,¢m

nn 2 Lelyré

nn 2 Xe2,xn

2 0UJeX L) sEFIRoLI®QEI KoL)

INTTTA
INITIA
INITIA
INITIA
INTTEA
INITTA
INTTIA
INITIA
INTTTA
INITIA
INTTIA
INTTIA
INTTYA
INITIA
INITTA
INITIA
INTTIA
INITTA
INITTA
INTTIA
INTTTA
INTTYA
INITIA
INTTIA
INTTIA
INITTA
INITTA
INEYIA
TNITTA
INITIA
INITIA
INTTEA
™ITTA
INITTA
INTTIA
191714
INITIA
INTTTA
INITTA
INTTEA
INTTTA
INTTTA
INITIA
INTTTA
INTTTA
INTTTA
INTTTA

INTEGR
cnmy
€y
cory
fowy
£y
INTESR
INTEGR
14TERY
INTEGR
TNTEG®
INTEGR
INTEGR

P Ry e L

TayeTAULDT
RETURN
€MD

SUBROUTINE LBLTRA(K)

CONMONZCONL 7IMAXy KMAX) My KMy XNACHS ALPHAoGAP) GANNL ) CNoNT o SNUH IPRT)
> CHORD, NCA, NCBy)NCCo AR)HsDNEGASNUNLoITo TAUS TTERSENT,PTORTS PINF,
COINFSQINF CINF JCS) THaCLUS» PToHORNSRHOSESNEASEp NPUNCH

LEVEL 2,0,EF,5,GsA8

CNUuON /CON37 0€40s 200415 EF LA, 4)0S(4502058)06001,4R(4s4)

LEVEL 25 Ay MeCHpHD

CONRON FCOMGs A04D0 628000140040 41,CL805 4541,40040,454)

AR 1 e, gnax

CooolTAD ALNCK & MATRIX EVALUATED AT N TH LEVEL FO% ALL J INTO D aRRAY

CALL ARMATX(JpX51)

0N 1 malss

NN 1 L=lss

1 MO{IsLpMhenn(Ll, )
ConsFTLL OFF=NTAGNNAL AND DIAGONAL ELEMENTS BASEN ON 4 2-ND ORDER
CoesCENTRAL DIFFERENCE

nO 2 I=25i

no 2 N=l,4

A0 3 Lalys

$0JslaMIealDldI=Tt, M) ™Y

*lJols™1ep,0

3 CldploMinunidel, Nl oy
CeosFILL FORCING SUNCTIUN FROM 5 ARRaY
TFIIsMraSs,K,n
C-oo?ET A PN THE DllGﬂNlL REPRESENTING THE IDENTITY ATRIX TO ONE
2 AtI,M,m)e) .0
RETHON
wp

SHARAUTINE LALTRA(S)

FARRONSCOML 7IMAXs KMAXp JMe KMpXNSCHo ALPHA»GAMoGANY]L, CNe DT 5 SHY, TPRT,
> CHOROsNCASNCBaNCCo AApHsONEGAS NUSNL, T Ty TAUS TTERSENT,PTORTPINF,
"'“F.OI“F:CXﬂ‘pJtSo'F;CLUSo’Y:NDII-IIU‘E.N?A‘F.N'UNC*

LEVEL 2,0,EF,S,Cs4

FOMAON 7CON3 S Ol‘?v!l'OlnEF(ﬁovti-S(lo-zo.l’-ﬁ'Q)alﬂlinhi

LEVEL 25 ApRsCoMD
CORMAN 7CINQ7 ALADP&s4) 0N (4004, 41,CEALL424) s HNI40,4,4)

LS L) Y T 7Y 1

ConelNAN ALACK R WATRIX EVALUATED AT N TH LEVEL 10 ALL K INTO 9N ARRAY

CALL ARMATYX{JpKp2)

N0 1 Melyé
"0 1 tL=l,s

L MBI, Le™)eaBil,m)
CoosFTLL OFF=DTAGONAL AND DIAGONAL ELEMENTS AASEN ON A 2ND QRNEW
CooolENTRAL PIFFERENCE

NN 2 Xe2,kn
WAE-ELLIYY )

N0 3 Lelye

AlKpL a9 maypin=1sLsN) e

A(KeL,"120,0

3 CUXLyMIaH)(KelsLoNIoH
CeasfTILL FOPETNE Funcvtun FROM § aRRAY
FR{¥sM)aS),x
CaaoSET B NN THE D!AGUNAL REPRESENTING THE IDENTITY MATRIXY TN ONE
2 NK,M,m el 0

PETURN

END

SUARNUTINE LUDECIA)
DIMENSION Al4rd)
QEAL L11501215L22,L3150325L33,5L40,142oL 435144
CORMAN 7LUDS LI2,L215L2250L32,L32,133,L435042,103,L44,V1,¥2,VIpV4,
¢ Ul2,U13,U14,U23»U245U34
C SURROUTINE COMPUTES L=U DECOMPOSTTION 3ILEMENTS
111 = (1,1}
vl = 1.711)

INTEGR
INTEGR
INTEGR

LBLTRA
com
com

LBLTRA

LaLTRA
cam

com

com

com

coms

come

tomy

LT
LaLTes
LALTRY
toLTes
LatTes
LaLres
LaLTRY
taLres
LaLTRn
LatTes
LaLTas
LoLTey
LaLTes
LaLTRN
LaLTen
taLTes
LagTes
LaLten
LaLTes
LaLTRS

LUDEC
tupse
LD
tuo
Lun
tuosc
LyDEC
Luoec

OBINCUNLGNEBNN

CBPAIUNBNI WA

wTWrwNwN



P9t

H12 = VieA(1,2)
Ul s ¥ 1,3
U1s = vieA(31,4)
L21 = at2,)
L22 © a12,2) = L21%0]2
¥2 = 147022
N23 = 1 Al253) =1L210U13)e ¥2
MZA v 0 AL2,4) = L214U1000 ¥2
L31 = 4(3,1)
L32 = A(3e2) = L3J0U32
L33 = A13s3) = 13261113 -L320U23
V3 s 1,7133
Y34 % C AL3540 - L316UL4 = L320U24)0 v3
L4l = 4te,1)
L&2 = 404,21 ~ La1ep]2
L6 =.a04,3) = Léde1) = La20y23
L4 = 2140k) = LALOULS =La20U24 =L430U34
Vo o 1,040
SETURNY
un

SURRPUTTINE NRLPTS

CORNOR/COMLZIMAX P KNAR 5 JN, KMo XNACH) ALPHA» CANS GANAY ) CHYNT s SMI, [PRT,
> CHNPD,NCAS NCBaNCC, AL p o NNERAL NU, ML, T T, TAY, ITE NT s PTDRT, PINF,
CRINF; QINF, CINF) Sy TN, CLUS) P Ty HORNy RNDSE, NCASE, NPUNCH

LEVEL 2,X,Y,XETHKEXSYEYSD

CONRNN JCOM2/ XU40, 200, YE40, 200, XETC43,20, 21, XEN(40,2052),
* XEY(40520,2050(43,200

LNGICAL LOEERUNSLPREL,LPRST, LPICON,LPRALLPLOT,LYRAJ, LOSTAY

CONRON FPP0PT/ LRERUN,LPRFL,LPRST,LPRENM,LORQ, L PLOTSLTRAS,LRSTRY
CANSON FALUNTE THETA(25),RPU25,25),N3 INT

ConofHTS SUBPAUTINE DETERMINES THE ¥ ANMD Y ENCATIINS OF THE NONE POINTS

NTHET®1,57079633/(FLOATINALUNT)=],5)

Cooele” FOR CYLINDE®, Js] FOR SPUERE,

NELTIw[GARN Lo XNACHO #2020 ) 7{(GANOL OV SYMALHEE2) 87, 7803,500(1=JCS)
TEIXNACHLT 34) DELTCS12,024750{XNACHS] 0251062-5,631905{ XNACH=
P 1e2%)104e4) Fa L0 CS

TE tHOPN LT, GeD) GO TN 313

TFIMNEN oLTo Dol oANDe HNRN o5T, C4IEN TN LA

ANGS9), 15742057795

CALL MPYIYG0, %00, RNDSEs SNGs HIPNH)

PELTOPELTO®C142730 4500090 TALCH) #3490 440456556 40%N)

NELTINZLT 603,957 ORNGI B85 CHORNGS2 )4V
20263 711GANIT, JSYNAL U021 100049 o SEHARNY

CeesaceenaNINY SHADE

THETe (FLNAT())=145) *DTHET

TF (LRSTRT) THETSATANZIYIJr1)s1,0=-X(J,10)
CALL RIDY(YReXRe ENOSES THET» 4P N)

The iR

CosssvoeaSHNY SHAPE

45

IF (LRSTRT) 60 70 20

TE (NN oL T, ) GO TO 13

TE {40"N.LTedel +ANDe HOWNLGTaleJ) 60 TN 15

1F [ oETs NSLUNT) &N Tn 12

NARGNELT] 026 (1 o= STNCTHETI®O2) FSINITAETIO02/ (2, ¢NELTY)
FNURACe6,SRAB0{144DELTy)

VAol 4{ARR=SQRT{ARB*S24FCURAC) 192,5

TRET0001,470796326879

TFIITHUETTUETI0) oGFa Col) XASL (¢ (BASESOOTIRARNGE24EQURAT } 15,8

2 YASNZILTAOSORTICLoeNELT))=(10=NA)) 7SOUTI1,4N2ZLTI)

20 TN 39

CINTINE

TF (3 46T NBLUNT) THETeATAN2(YA,14=TA)
NELTol1400,0000THET 0024, 169THETO*4) #DELTS
TF (3 4T, NSLUNT) GO TN 17
¥aeled~(242¢DELTIOCOSITHET)

17 Yae U1 ,Q0DELTISSINITHET)

&0 Tn 30

. TONTINIE

XheXlJpumax)
YAyt S XRAX)
«eo CALCULATE NODAL POINTS

DY (XA=XN) 7 IXN
AY=tvA=YRI/ZIKA
NO 40 NelpKRAX
TKeK=]

Lunec
LYDEC
LunEC
Luotc
Luoec
LyotEC
LUDEC
LUDEC
Lupnec
Lunec
LUDEC
LInEC
Lume
Lyoec
tupse
tungc
LUDEC
LineC
torc
tuoss

NDLP TS
cm
cowm
comt
cor2
carz
ramg
(44124
T
ALYNT
(e Ty
nnLeTs
LLILS {3
nDLOTS
e TS
HILPTS
noLP TS
uALPTS
NOLPTS
NOLeTS
NOLP TS
LTS
NOLPTS
LLI3as]
NOLPTS
e Ty
NDLP TS
NP TS
NDLP TS
unLeYs
NOLPTS
NALe TS
uHLe TS
NOLPTS
NOLPTS
NOLPTS
nnLeTS
NDLPTS
NOLPTS
NOLPTS
NOLP TS
NOLPTS
NpLeTs
Lo TS
NOLETS
RDLPTS
NDLPTS
nngers
NDLPTS
NpLeTs
upLeTs
NOLPTS
NOLPTS
NDLSTS
LTS
NDLPTS
noLete
NnLeTS
NOLPTS

NIt T OB VNUNEWN PWNN

-

1?

YtJ,K)eXBIRODY
Yidov )=YReIKeDY
CONTINUE

N0 55 Kel,KmAx
LN IeN(2,K)
Yi3,X1ea¥(2,K)}
CONTINYE

ETYTN

(11

4

bt

-

SURSATINE QUTPUTIL)

CONNANTCON]L 7INAY, KNAX ) JN, K, XUACH, ALPHAS GAN, GANNY ) CNy DT, SMI, TPRT,
> CHORD, MCAy NCBONCE ) AL oty ONECA) KUs Lo TTo TAH, TTERSENT,PTORT,PINF,
CUINE, QIME,CINF) $CSp THICLUS, PT)HORN)RNOSE) NCASE» NPUNCH

LEVEL 20 Xs Yo XEToXEXSXEY,N

CONNIN JCANRS XUADs 20), Y40, 200, XET(40, 20,21, YEX(40520, 21,

* XEY(4D52)02)50(4D,20)

LEVEL 250,5FsS0Cpa8

CONRIN 7CANS/ QUADR2058)5EFL6D,4) S T4022%04106140,400454)

DINENSTON SLE40),CONEBY

60 19 {152,30408)0L

FONTINUE
CossdUTPUT FLOVFIELD DATA
NS g, 0

rER

0s0

MTTNEaGAN/GANNLOPINEFRINFAOINF#0240,%
VRTTE(S»111)

MM 17 Kel,KNAx

AN 6 Jal, INAY

ENaQl 15 K41 000J,K)
RM0e0lI,K,100003,K)

PaCAun S{ENRHDNC T (USUSYIVY)
UTaGRNIGANN ISP IRMOSD 39 (SYsYeY)
GANe® /RHA)
(MT=HTINE)*100,0/MTINF

TFUPERP L CT, PERRNY) PERRNX=PERD

SHTAPNTIPERRSS

SLEJ)eSARTIUSNEVOV) /SS
5 COMTINUE

a0 11 J=3, Jmax

TEOUSLUI)oLEaloloANDaSLIJ=1)0lEq1e01a0RelSLEINeBEelodoANDSSLLd=1)

€ lEelefVICOD TO 12

€N ™™ 1t
12 IsL=y

ISLneISL-]

LAEF(1o0=SLOJSLMIIZESLEISLI=SLUISLA})

ASLeX{ISLM, K)SCOEEOINLISLoKI =X (ISLM,K))

YSLoY(ISLMsXI4COEFOIYLISLoKI=YISLN, %))

Y8 Y, =xSL

MRITE(S5113) XSL,pYSL
11 CoNTYWIE
ad CONTINGE

ONSeaSORTI(PASIFLOAT{INAXOKNAYY)

MRITE(59107) PERRMX,RNS

SETYIN
2 CONTIWIE

CoasDITPUT E AND F CONSERVATIVE VARTARLES

VRTTE(5,133)
NN 7 Kel,mat
VPTTE(S,104) K
f0 7 Jel, dNAX
CALL EFCON(JSKs 1)
NN 9 ¥=1,4
B8 FON(NIG{N)
CALL EECONIJNKs2)
nn 9 wNsl,e
NNoNos
9 CONINNI oG IN)
T VRITELS,105) S (CONIN),NalsaY
RETURN
3 CONTINUE
RETURN
& CONTINUE
VeLITEL6,109)
VPTTELE,109) (lJ:K:IlJ.K!pV(Jp():llEYlJpK.l).lEl(Jploll:l!VlJp"l'
> olele29eN( oK) pKaloRNANDpda], SNAX}
RETURY
5 CONTIWME

NOLPTS
NOLPTS
nOLPTS
unieTs
mLers
NALPTS
noLeTS
noLeTS
nOLeTS

ouTeNY
cqmg

conl

canl

con2

con

con

£o"3

con3

ouTeuT
ouTrT
aqyTeuY
MTeUT
oYY
ayTuT
ouTPUuY
onTeuT
T ur
DuTHUT
ouTeyY
nyTeyT
ayreyT
ouTrUT
ouTRUT
onrTeyT
quTeHY
outeuT
ouyY
ouTeyT
oyTenT
ouTRUT
auTruY
outTeyY
ouTryY
ouTuT
ouTPUT
ouTeUT
aTeyT
ouTenY
auTent
nyysyT

TPy
oUTINT
uTPUT
outent
YT
oureuT
oyt
QuTePyY
ouTrT
ouTeYT
WYY
ouTPUT
YT
ouTeHT
oIty
outeirT
ouTPUT
outsur

OB ACWNSUNIENN



S9T

PETUP N

03 FNARMAT(IHOL ITXpI2HCCCC FONSERVATIVE VARTARLES »>>>}
104 FOPMATIIMOK®» 27740y 1HIab Xy 2HE L9 210X 2HE 25 13X 0 2HE IS 1CY, 2HE 49 1 Xp

> 2HF1,10X02HF2,10%, 2HF3, 10X, 2HF4/)
105 SORMATITIS,PEL244)

107 FOPMAT(21HO€CCC T EOPOR IN HT o,E1244537,224RNS OF T FERROR IN 4T »

? SE12449 54 2222y

108 ENRMATIIHLY 3XoEHIo Ao 14K, BXo 24X, 11X 1HY, 10X, 4MX [=T, 8X, HX[=X, 8T,

> AMXT=Y, X, SHETA=T o 7X, SHETA=Xs TXs SHET A=Y, AX, 14 /)
109 FNRMATI215,9F12,6)
110 FORPAT(SHoYSLeyFTohp3Xs A4RSLE,FT04)
1) ENRMATL//26H FINAL SONIC LINE LOCATION/)

£

SURRNYTTYNE RHS

COMMAN/COML/JNAN o KNAX ) JNp KMy XHAC A, ALPUASGANG GAMNT, CNy DTy SAUH TPRT,
> CHONINCAI NCBo NCLp RASHIOMEGA, NUSNL T T, TAUS TTER , ENT,PTNRT, PINF,
COINE, QINEY FINFs JCSo TN CLUSS PTo HNRNy ENDSE,NEAST, NPUNCH

LEVEL 2004EF»SyGoAn

COMRON 7€0M37 QLAJp2Us& 10 EFTA28),S(ALS2708) 56100 AR 4,4
CoooTHIS SUNRDHTINE COMNPUTES THE RIGHT HAND SIDE IF THE DELTA FARN

CaookOQUATIAN

CoaofNON € CONSERVATIVE VARTARLES ANN DIFFERENCF, STORE TN THE § ARRAY

AN 1 Ke2pKM
nn 2 JelpdNax
CALL EFCONL UK, 1)
NN 2 Nelpd

2 SFLJaNI=GIND

CasoCENTRAL NIFFERENCE € CONSEPVATIVE VAPIA®LE

Ny 1 Nel,é
BN 1 Je2pin

1 SEIpR NI (EFIIel,NI=EFLJ=1,N)I%H

ConoFNAM F CONSERVATIVE VARIARLES AND NIFEERENCE, AND T PREVYONS S

CacohROAY
NN 3 Je2p N
N0 4 Kel,KNAY
CALL ESCONEI,X, 20
a0 4 Nel,4
& FE(K,NIeGIND
Cooos®FNTRAL NIFFERENCE F CONSERVATIVE VARIANLE
3 Nelps
no 3 Ke2pxn
SUIH N @S (JpKyN)=LEFIXILNIEFIK=1pN1 ) oW
3 CONTTNME
PETUON
ENA

SURSNUT INE SHOCK \

CORMONZCOML FENAYp KNAN ) JMs KMo XMACHp AL OHA s EAMp CANMI S CNo , Vo SHUS TPRT,
> fNU'U!NCl-NCF’NCC.AA.H:O‘EGlaNUerol';Yl“nl'E';ENTr'TﬂlY,'INF-
€O INF, QIVF, T IN‘.JCS;TI:ClUS:"p“Ol"pl‘"Sf)‘FlS‘pﬂ'Uifﬂ

LEVEL 20XsYoXET,XEX, XEVs

~nneaN sCIN27 l(#)u!ﬂ)-V((Col)'nl!V(OJ-2!;2):"!(60:1!,1)-

* YEY{A),2052),0(40,20)
LEVEL 25 00EFsS,Goan

FARMAN FCORIS 0(40s 200400 EF (40 6),8(42520,43,6(4),A8(8,4)
FOMNIN 7PUV /7 Pl‘o;’l:'ll(lCl:'ETl(Qb‘uUl63;31;UIIIQl|:UETl(#7lv

¢ VIS0e 31 oVXTCA0N o VETAL40) s R(4D,

CoeeZDMPUTS THE FLOW VARTABLES ONE "54 INTERVAL A€t W SHOTK

PNS=0,D
0SENa), 0
FLLTYLTE LN ]
FLLELLTS 281
Lyl ! Kel,3
NO 3 Jad, dnax

ENaKNAX=3 oK

Tele0’QtI9KKs 1)

REJox)e0l s XKs1)00LdsKK)

UtI,x)e0ld,kKXy2)07

VidrK1eQ{Jo kKo 3 )07

F2oQ03oXKs40100(J,KK)
3 PUIsXIBIE2=0.50R(JpNI(UIIHRISE24VIIeK)402))0GANN]

CoaoCNMPUTE P=Xl; U=XI, P=ETA, U~ETAs AND V-ETA NEQTVATIVES

NN & Je2ydW
PYT(INIalPLIel; 3)=r()=1,31)40,5
UXTEII= (UL L5 3)=UlI~1531140,3

Tyt
ourrytT
nuTsyT
ouyTrUT
ourTeUT
U TeYY
ouTruT
ouTuT
[ilgdidg
ouTryT
auTeyY
nTsuT
ouTuT

LL A
cnm
cnm
cnm
can3
€=y
L}
S
ye
24s
(L1
[ L]
RYS
R4S
*HS
[ L1
”0qs
/UYS
(13
[ TH
eus
[}
(111
[T
(£ 14
pag
LLL Y
Pus
[
[ L1
L1 1]
pus

sS40k

FEE LR LY IR

P INNENG BV INN

4 VETLIIo(V(Ie1p3)=ViJ=1230190.5

PXTt1Ve=PXT(2)

WYT (L )eafYI (2}

VIT(1)=VXI(2)

SXT(IMAX Do {3, 00PLINAN,3I=4,CO0 ¢ IM,3) 0P JNN,31100,5
UXTEINAX el 3,0%U(JNAN,3 SUCIN, N el INN, 2D ) 40,5
VITEIWAX) e (3.0¢VIINAX,I) AL IR ZELLIRRRALIY |
BN 3 Jel,gmax
PETACII=(3,00P(p3)~4,00P10,2040(51)160,3
UETALII = (Y, 00U(I53)=4,00U(Je20¢UlJ51))00.5

VETAGI) o (3. 00V1153) =4 00VIdr2IeVidrlr)ec,”
TFIJeECelaNReJSEQINAX) 6O TO &
P{Js2130(J41,3)¢P(0=193)=2,0%P(J,3)

CANTTNUE

Pl1,2)e012,2)

PE{INAYp2)8),0

N0 1 Jslpdnax

LT TY

“

CoooNETERNINE SHOCK ANGLE DELTA=ARCTAN{=ETAY/ETAX) JyKMAX

NELTASATANI=XEY(JoKo2)/XEX(I0Xp20)

SPeSTNINELTAY

COsCNSINELTAY

UlTeQINFeCh

MRARSAETLS Ko OULI I IOYEXTIoN, D4V IISXEYLS,Kal)
VAAREYETEIp W20 00 a3)0YEY(IpKs2)eVis31eTEY{IoK,2)

> IVEJs3VIYCIa XV OFLOATLICSYY
P2aP(1,3)0PTAUSDTO0,2000100P(),2)
TEU) oEQs JMAXIP2e2,0P{IN;3) =P }N=},3)
TFLP2.LELI.0) 6N TN &
Tehid%el 0
XAXSSQRY (Lo 5/GAMCIP2/PINFST4GANML))
ASsCINEOXRY=ULT
€3,1)
53

RIGAMR] 4D 5O0RAS(UASS20VRSeD)

UZYI P ElLeL=XNXOS2I0CINF 7{(GAMI] 000 XNY}eULT
2o RINFOLP2 /PINFOGANNLITI /{020 GARMLI ?#P2IPINF)
NImAINFeSNee24U2TeCD

V2sQINFESNerD~y2T4SD

E2e P2 /RaunL 4y 50R20(U20024Y2047)

C.-oCWN'UVE CONSERVATIVE VARTARLES AT SuncK
114

"! I.JIOIJ.K'

rphheE20ng
C.-.?ETE"!“' ANGLE OF XIoCONST LINE WITH X-AYIS

KeKMAY

TECARSIYEY{ JoNp1)1=0e0ICC00LY 75758
1 7“?'1'1.!7)19633

20 10 9
8 CONTINIE
AN(!‘X(J.K,X!ll!'lJ;'v!l)

Ceeal®PUTE !“Dfl SPEEDN IN X AND Y DIRECTINNS

RETA«THETA=DELTA

OSEmOS/CNSIBETAY

TFEARSINSEY oGEs ANSIQSEM)IJIISe)
TFCARSIOSEY oGEe ANS(QSEMI)OSEM=ISE
PRSe®NSHOSESS

YSTawQSFOCOSETHETA)
YSTeQCECSTINITUETAY
THETASTHETA®37,29578

CanoPRIPAGATE SUNLK

YEIaW¥oX Iy M haxSTODT
YUIX)e¥{IpXI4YSTENT

CesodNJUST OTHER GRIN POINTS
n

N 2 Ae2,xm
INFACFLOAT(X=1)77KN
X(Ip¥ 1ol XCIpKMAXI=X(Js1 ) IOTRFACIXLI,1)
YOI 1ot YD, KMAX Y=Y {Jpl}) *IXFALOYLIHD1)
CONTINNME
CONTINIE
PMSaSAT{PNS/FLOATCINAY Y)Y
VOTTEL6»122) IT,RNS,0SEM, JO®
RETURN

L)

]
TEII=VBARIPETALII~-RCSO(UXT (IIOXEXT JaKod) e
P VFTLIICYEY UKo ) eETACIVCTEAC o Ko 2V eVETALIIOXEY(JpKp204

$HOCK
su0CK
Tt
suock
suncx
SHOCK
s4ock
$HOCK
$HOCK
SHOCK
tynex
eHpEK
SUNCK
SHOCK
sHOCK
suntx
SHOtK
SHNCK
SHDCX
SuacK
sunex
L
$HOCK
supek
YLK
sunex
$HOMK
sqoex
$uoCK
SHOEX
sSuncx
cwuneK
ha il
S4CK
SHNCK
suncK
S$u4ock
sSuntx
syock
SUNCK
s$HocK
SHneK
sunck
sunex
sHoex
suncK
suotx
suncx
sUnex
Sunck
s
sunex
<HOCK
sHocx
sunLx
SUNEK
L4
LA
sHnCK
s4nnK
sunex
sunex
tunck
sUNK
uorg
SHNCK
suncx
SHOCK
sunex
SHO%K
pL 4.9
SHNCK
sHncK
SHNCK
sS40k
T A
s40acK
$4oex
s4anex
$4nCK
Suonx
SHECH
wnex
tuneK



991

5 CONTINIE SHOCK
U'IYE(&IIO!' JoP2,0 13V PTAY SHOACK
sTne SHNCx

1u2 FORMATEION TTERATIONS T4»4X,194RNS OF SHOCK SPESDes1PELL 403y SHOCK
®  2CMNAYINUR SHOCK SPEED=»ElledsbH AT Jeo,12) sHUNCx
13 FORMATIIHE, ALMNECATIVE ®RESSURE DETECTED 8Y SHNCK AT Je,J27 SHOCK
* IXSIUMNSL1PELOLI S 3Ny IHPO®» 3N, E1C &30 3N SHOTAI S, E104 30 SHOEK
(11} syock
SURRNUTINE XTETAD (TFLAG) TT1ETAD

FOMBMON/CONL FINAX KMAX s SMy KMo XNACH) ALPHAS GAMs GANN], CNpDT,SMU,TPOT, COML
> CMORDsNCA)NCBoNCCy AR oo OMEC A, NU, NL T Ty TALL TTER,ENT,PTORT, PINF, caw
COINEs QTNESCINF JCS) TH,CLUS, PT, HORN,RNNSE, NEASE,) NPUNCH c9m
LEVEL 2,XpYsXETHYEX,XEY»D
COMNON 7Ca%27 XTAD 2000 YIGCS2I),XETI40520,2) s XEX(4M,2052))
* YEY{AN,22,2000040020)
LEVEL 2,0,EFsS»GyAl
CAMRON JCONIT OLAUs 208D EFTAD 41, ST8D52904),0041,A004,4)
fO 11 Kel,KMAY
N 11 Jdel,anax
YET(IoXp i100,0
TETUIsKs2)mUel
11 CONTINIE
FLLIEL 3
(LTS
CoeolNMPYTE Y=XT AMD Y=XI3 DXT AND NETA e ]
PO 3 Nel,xMaAX
N2 Je2e3M
TEVULM, 290 (X{Ie1,K)=K{d=1,K1100,5
XEXLIoMp 21 u(YIIoLpK)=Y{J=1pK}I 00,5
YEYL1 K200 (=3gu X (1K )04 ol oN(2oKIaX3,KIVED, "
XEYEINAY )0, 29m (3,00 X CIMAN KD =beDOX( SN KIAY(INN, K} ) 9C o2
VEYIL,¥p2)a(=3,00Y(1,K)e OY{Z,X1=T(3,K)I®I 5
1 CEXCINAN ) Rp 210 (3,000 IMaN KImbg0®Y(IMNa KISV INM, K} 40,5
CooolNPPUTE Y=ETA AND Y-ETA
RLIERNTDYSLYY §
NN 4 Xe?, KN
YEYE o1 o (XTI Kol V=N TJpn=1])0),5
TEX IoWp datY SNl )=Y(JpK=2)) o[ ,5
YEY(Js1p1)n(=3e00X{Is1)0a, ‘IIJlZ’ ALIp 31000,
YEYUIo MY, 110 03,00RCJoKNAX =l (X EJp XM ax ll“'l'.(o’
YEXCIolo11oU=3000Y(JsTe40loV(S,2)=Y00,30000,8
E] lFllJp"‘l'pll"!.ﬂ"(-h'!l"-i.ﬂ"(J-"’OV(JQ'!!”‘(’.—
CouslNUPNTE. ¥Tay, YIeY, ETA=X, AMO ETa-Y
rN 5 Kel,XMAX
N0 5 Jel,IMax
NT=3e0/IXEX LIS, 1IOXEY (N 2)I=NEVISo o 1IOXENTI,K,2))
niTeny
TFUILAGLFO4O) 60 TO 7
CoeedDIUST CONSFRVATIVE VARIABLES MASED ON NEW wESYy
N 6 Nelyh
4 0LJ,MMiell Jp X, NIENCI, I /DEY
T PANTINUE
CoseTHE GFONITRIC JACOSIAN IS DEFINZD HERS AND STIQFN [N THE O APRAY
Ipnyanty
YEYLIp%, 1IaXEXT S, N5 1) #0]
YEYCIp®,1leaXEY(IpKol) D]
YEY(IpKe2)e=XEY(IyKs2 )oNT
5 YEY(So¥,2)10XEY(JoNe2)0D]
CoaoEFLECT “ETRICS AND DEPEMDENT VARTIAALES ASOIT PLANE OF SYMMETRY
IFUIFLARLEQen) 60 TN 8
D0 9 Kel,xXMAX
NhatélatierICS
nN{1,¥1=0(2, X) *DD
YEX(LoXs3)omXEX(2sKol)
YEY(1oX,10aXNEY(29Ks 1)
YEVALoK, 2)a XEX(25Ky 2)
YEYLLaKs2)0~YEY{25K»2)
or 16 Ws1,4
QU1 5KpN)e0Ql 2o Ko N} SOD
011,%,312=0(2,Ky3)90DD
CONTIMIE
SETUPN

£%D XTETAD

"~

»

SURRQUTINE RARCH naARCY

100

116

el ol ed
WNEDODACINS WS s W NN

COMWNY 7IDVARS/RX,ETALG]Y) "II’(‘llpU‘!ll‘l'nb'YlE(hlh"E'hY'(N’
CORMONZJOEZILRoCFLoCF 2o ZLFH 2T

R8Iy PRPW,OTDPH,
. 'CT:I[)TI‘I; DTDR,ACT, TCONS T, GANs CONSTINPEGONSI RS RS T, RSPH T, RST, RS 7T,
* RSPy

i LLUL ALY 1Y) mum.ul. PU2a541), UL24,41), VI24s010, WI24,41),

. r0R(43) » POB7(41) "MNOH s WINFL&LY

. ROAPHIALY 413 » PRI(41Y 5 RRPHIAL)
. NTNPH(24s 410 BCTI41) nDTnl(Zh‘lhlﬂoi(Ql) » MCTEALY
. TCONSTISO) , GAMI2C) ,» CONSTISI) ,NREGIN s PSE1)

A4 2STL41) » PSPHILALY, PSTUALY » ®SITHA1), ’SDNIHQH
COMNIDNISYARBITS T s PUY  , DT » Y » OPMT » TINT ,
- END , PY s ALPHA GaMmwa 5 ST5®A , XWACH » TA®EL ,
. TAPEZ , DISK] , AL®M , DIS¥2 , SIG™ , NPRNT , DINT ,
. orneK , In s THUD , THLA , TWd  , TML 5 TT®
. TIRL » R? » * » NTPHT » NTT s KPHI » wYTER ,
. MPAT 5 NPHI] , NOUT2 , NPHIY 5 Neuwl , NOHYZ , NOHEY ,
. L » KTL » NT2 s NT3 s ®HIFD , NCNNE , ®ADI
. PHIF  , METHN0, LAR s NSC s PINT 5 RHOIN » JINE

®QTNFe GASCONgNREAL, NPUNCH
LANNON /DNSTRMZ Z0LOTsNTTND,NTADN, NXPLAT

»

CALL SETDAT
CALL R2NMIE o,PH]P.N'H!.";'N,&C7,la'hY"'ﬂ'l
STGUACATAN(CE2) 57,2957
TeONSTIGRY ]
CAL INIT
TF (7 AT, I5ND) 67 7O 19
NITER=lCO~NTEND
MASH LI BN
SYPETEaNTL;
FALL WNARYNLE2)
0N & MNTsY,NITER
TEONST(S)=JudT
CocasweaslO"PTE ANTONATIC S\'E’Sl‘l‘
1€ €1UNT 4E0e 1) 60 1O
TF (")I‘(J'IDX.XCUNSYHNI.NE.” €5 11 5
CaLL FTGENA
TE INT7 o7, 1.3) GO YO &
N7ATesTRS7E
ATeN70Te0T
NINPUSNT FDETA
H CONTINE
CALL DT®FR
eloeasWITTF NATA FDR QERUN DN TAPCO
AND STORF IN ARPAYS USED AY CONTOU® RANTINGS
TatL onveTA
TE L7 oGT, 7INN} &N TN 19
FONTINIE
19 FANTINGF
oBLL BATA REQUIPED FOR RERUN DF THIS £ASE TS NOW NN Tapto
FILF @

ETUTN

61D FOIMATIIHL//54Xp20HMAPEHING CALCHLATION/SAY, 20 L 11O ) 11/
. 2s WHSTED NOLp4Xs 1IMNOUNSTREAN LOCATION, 4%, 13HAGOY OPNTNATE,
. A 144SHICK ORDINATEZY
(LY

ROARQUTTINEG ANDRYM{KD )

COMMAN/ENTRO/SEA1)e TRS, 7FLD, [TPRTA, ITPRTF,NCASE,NTNSNS

LEVEL 2 RUDsPyMy VoV, ROA, RO 7 VINF, VINF,ROAPH, R 8, PR7,P 2 0u,0TN0Y,
ar

. TOZ, NTOR, ACT,ICINST, CINSTHNREGNN, RS RSTHRSPHTHOSTHOSTT,y
o« pEeNTY

~ONNON SPVARSS BHNC2454105 PU245461)0 UL24,410) VI245433) V(245410
. ®na(41) » ROBICAL) o VINFLA1) , WINF(41} ,

. PDAPRIALY - LLITIN] » WRTLAL) 5, REPHIAL)

L4 DINPHI26p410 ACTIAL) HDTINT(2654110TNRIALY » AETL4I)

. TCOMSTI50) o CAMI2T) 5 CONSTLSI) HNREGTY » RS L& I3

. *ST(41) » PSPHTIALY, RSTIAL) » RSITL4L), RSOMITIALY
CANMNNISYARRIT, 2 » P » DT [ 14 » OPMI 5 TINT

* TEND  , PY » BLPHA » GAMMA » STGRA » XMACH » TAPEL »

A TAPE2 5, DISKL » ALPH » DISK2 » SIGM , N®PNT , OINT

. 0INPH 5 In » TAWD , THLD , TuW » Twp s TT®Y

. TIsL , #7 » A7 » KIPMT » NIT » KPHI » MITER ,

. NPHT » NPKIL » NPHIZ » NPHIJ , NPYML , NPUAZ , NPHAD

b4 'ﬂ » NTL » NT2 » NT3 » PHIFN , NFONE » RANT

. o WETHODs LAG » NBC » PINF 5, RYNIN , UTNE ,
.olll‘pGlSCnl;NIEIL.N'UNCH

I0VARS
INE
VARY
PYARR
YAy
PYARS
(2711}
PYARY
*ViRY
oVaRy
pyaey
SVARSY
SVara

LLLTAL)
ENTRN
(A L1L]

-

1%
DINT OB YFP NI WN IOBNC B PWNNN

- -
GIBACRLNINOOINP AR S UNN



NIMENSTON PKl!l‘ll-PIIG(#X':FKZI(0!]:!!22(61'.?!13(01)

LNGICAL IT2N
A!tYNlA'-AS!'ﬂAl
AN TN (10518,110,K1
19 CONTINUE
CooWELX OR €
NN 9 Xe3,NPHT
OKAe1,0/SORTIRBIIK] *9201,0¢{0APH(KY FRALIK})®e2)
PKYIn=RRT(K)SPK 4
PK2ePKS
PK3e=QAOH{K ) JRAIK) ¢ PKA
TY2NNa, FALSE,
OSO'U(!-!N‘?OV(!o(l“IOV(!-K)“?
TFIPL3,X) oG Ealol) GO TI
Coo NERATIVE SURFACE ’lESSUﬂE
TCHECK»1
Yelele?

T€ 1K oFQq 3) WRITE(E,1ILI) YXpPUIsKIpRHUNLIKI,N(30K}pVIIsK)

(3, 18P INES(],=0,50GANNA)
LLUIE RS SR 1 PISIH)ee(]1,0/7GAM,)
Q3Xe€ 10T (10 0-P(3 K} FRHOII KD )
HE3sXIsU(3) K)SQIK/OSOWe0, 5
VIR YeVi3, K}S03K/QS00eC, S
WE3,N1eW(3;,K)0QIK/QS Qe
0w K2

4 PONTINIE
TE(RUN(3,4) ,GEe 00160 TO 5
TCHEFKa?
Yol te?

TE 4% LEQs 30 WRITE(G,103) Yoo 03,K),24n{d,k),U{3,%),V(3,K)
{

K)ZSEX) ) eel],0/0aMn4)
3, IPH3EI,K))
NI, NI=ll{3,K)0QIN/0SNe00,5
V{3, XIeVI3, N)e0IN/Q500e(,5
VI3, 1ewi3,K)*Q3K/050%0(,5
H CONTINIE
Pr5sSORTLOS Y
SelON]1®I I, K)+PX2AV (I, K IePKISUII,K)) /PXS

61

T3oK}IRHMO LK)
PRAPRSEN2] PXP
PN10s0¢9=-1,0

TELOXIL o6Tq G40IGO TO 6
TCMECKe?

Yolel =7

TE ¥ (EO, 31} U'lYE(ﬁplOC’ YpP (s K )pRHOLIL KN UT35KY, V2, )

°oK1D=3,*
o¥Gal,s
PXRSPKS €E2/PKQ
OHNII,KIeGAN(T)*P I, K)/PKE
9IKaS0RT(140=0(3,X) FRHOI3,KID
WX 1 olll 39 K) $QIKIOSOSS 5
VI3oMVaV(3,X)0QIN/QS0¢4D, 5
NI3,KIsv {3, K)eQIK/QSQeel, "

6 FONTYINUE
PK1)=fANNACPKIFSORT (PKIO)

KI®(1.0=-PK1LIOPKT4PXI20PKTOS2)
[TLLTY S1(rx10003,5)
TEPWLa(RARNNAGL,0)*PKGE04/5,0
TEPM2u={50)0T oL 0GANMA=2,S0GANNASO2 ) 0PKQe83 /4,0
TER®3s 5,00 {GANRANL L IEPKIOO27I,0
TEINL24,0/340=2.0¢PK9
COFFEIRFACTORG(TERVLIEVERN2eTERNIGTERNG)
PTESTePK]13(K)=P(I,XISCNEFFIOEPATo0Y
TE (ARS(®XTI LT.AN8004010060 TO 122
¥M] = SORT{PKQ)
CALL PHMTURNIXML,PKT 5 P2P1 s NTTS ) BANMAY
PIRNE = PI3,K}eP2PL
*TEST = »TRUE
123 FONTIWIE
OK13{NIaPTEST
PRIAIKIIPRLIIIKI/SERIIOSLL,{/GANNA)
*x15e502T{1,0-PKII(K) /PKI&IXK))
PNIHeOUpIPKSOPKL
K TeUL3,K) $PK1GORNT(K)
PK18eV(3,K)=PK1b
P19eW(3,K) sPRLESRAPHIX) /RRIK)
PK20aSGPTIPKLT 0240 K]1809024PK19062)
PN24=PK1S /PR
PK21IX}2PK240PKLTY

L] CONTINUE
1

L ANGLE CORRECTIONS {USES ®RANDTL=MEYER RELATIONS)

KQEC(GAMMAS L CIOPKI #2204, 28PK10)F{4,00PK1CO02Y

BNDR YN
MNRYN
BNORYY
SNDRYN
BROR YN

ANNRYH
ANAR Y™

Coo RESFT BNNY VARTAARLES TN THOSE CALCULATED BY 49BETTS SCHEME

N0 12 Fa3, NPyl
°t3,K1ePKII(K)
QHO(3 K)o PKLA(K)
E3,X 1ePK22 (X}
VI3, M) ePN22 (%)
wi3,x)ePKz3 (K)
12 CONTINIE
an TR 21
18 FONTINIE

[4
CooAPPLY REFLECTION PRINCTPLE AT PLANES OF SYMMETRY

RN 1 Kal,2

Megha=i

LeNPUTeK

NaNPUTK

I ] IeIHNT2
PUALI X eRUNL S, ")
LM E AL LN PY )
PLIyXKIsPEI, MY
PLIsLI®P LI, NY
JURTLEEIUF L]
HeIet Vit Iy N
Ve, Kievid, 0}
VgL deVis,N)
VIlpX)wati(y, )

lllJp'llbﬂ
1 CANTTWIE
2l FONTENIE

o FORMATIIN,, 4QUNEGATIVE PRFSSURE AP DINSTTY NN &ODY DZTECTEN 8Y o
. 11UANDRY AT X pF743/30p3409e,10E1%0393%, 342 40%,£10, 3,3,

. A4VYR®, 310,353y 4HVRB,E1C, D)
PETHAY
enn

cNARQUTINE NIFFR

LEVEL 2,ETEMO,E{pF)eGleH

LAMRNN 7EVADRS ETEMP 4pal), EOL4,24
. FUrle,24sel) » GLlbr26081) »
LEVFL 25 OHOyPsUsVsWsROB,RONZ, VINF,VIN

s 41}
unt

a

281)
HoRRyRAT,RAPH;NTDPY,

* ACT,NTD?, 0T R, ACT S ICNSTGAR, CNNSTINPIGPN)RTpRSTH)RSPHIHRSTHRSTT,

s ptoyry

FAMANN /PVARRS BHNE24,0000 PU24561105 (245610, V(2458105 WI240810,

bd POR{4LY » PONTZI4L) » VINFUAL) , WINF(42) ,
. ROAPHIALY RY(&1Y » RITLLLY 4 BPDULLLY o
. NTDPH (2404105 ACTE4L) . OTAT(24,621.0TNPL4L) , ACTCAYY
. TCINSTESL) » GANE20) , CONSTISZ) #NREGAN » RS H4Y) »
. 2S7141) s PSPHTLA1), PSTI4) » !*l'(ﬁlll PSPMIT(4L)
AOMMNN/SVARSST, T s T s BT s N7 0PYI  » ZINT
. IENY , Pl s ALPHA , GAMMA , SIGMA , X®ACH , T4PF]l ,
. TAPE2 , DISXY , ALPYH , DISWZ , SIfM 4, NPONT , DINT ,
. PINPY , 7TH s THYD , THLA , THV s TMg » TTRN
. v, &7 » A2 » NTPUT , NTT s XOMT , NITE® ,
. MPHT  , NPUIL , MPHI2 , NOMT3 , NPHML , NPHN2 , NPuM3 ,
. NT » NTL » NTZ » NT3 » OHMIFD , NEANE , 2AR]
PHTF 5 NETHOD, LAG » NAC » PINE , RUAIN » HINF
tovus.GAscnu,nlrnl.n-uuﬁu
c..s;l- CONSERVATIVE VARTARLES AT ALl ®OINTS

sLt IDENNCYY
nn 1 K 3,NPMT
ng 1 Je3,NT2
a1 Nslse
TF{J. 29,N72) /N TN 2

Ceo PRENTCTN® STER AT 200Y AND IN FIELD

ETEMPINS oK IaEQIN2 JpK)=tDTDT*FGIN, o1, X)=FI{Ny JoK)}
. ¢DTOPHELAOINS Jo K1 V=GN, S5K) DeDTOHI (Np Jp X))
enTA
CONTTINUE

CeoPIENICTNY STFP AT SHOCK

E'E“Noh( 1SEUlN, I oK )=(DIDTO(FOINS JoX1=EO(Ns J=1pK))
ENTDPUSIGLINS Jo X411 =ROINs JpK ) )eDTOMTING JH X))

f-ﬂ ™m1l

1 CONTINUE
Ta7en?

CoaDELNNE 'nNS!lVA‘XVt VARIABLES
calL_1nco

Cos CALCMLATE PlFDlCYED SHOCK VALUSS
FaLL SHACKM{1Y

BNOR YH
LELISL ]
BMDRYN
BNORYN
BNNRYR
aNnRYR
ANDRYH
annRY™
BNDRYN
annevm
eepRYN
ANDRYN
AnneYn
AMNR YN
runRY Y
RYNO VM
ANPRYM
aNDR Y™
N YN
BNDRYM
"NNRYY
BNORYY
aneys
ANNRYR
aneYs
ANDRY M
ANNRYE
ANPRYH
ANNRY
eNnRYH
anR YN
aNnRYn
SNNRY M
SNNeYY
ANNRYY
"NNRYN
LLLIA L]

- -
OB NP MOINC RN PRI NI DANCRIWN LI N



89T

CnotllgUl:T::D:;?;E'Rlc FACTARS PASED ON MEW AONY AMD SHOCK GEOMETRY
CosA2PLTES PLANE OF SYNMETRY ROUNDARY CONDITIONS
¢ 'l%l SNDRYN(2)
eoFORM TNTERMENTATE COMSERVATIVE VASIABLES AT ALL #NIN
FaLl tocoNc) L ropurs
N0 3 KPHT=3,NPYT
DN 3 Je3,NT2
N 1 Nelss
Ak PUT
CoeDISCTPATION FUNCTION
:!‘3-0-0
CONSTUAILNELCoD oOR, CONSTUS)(NELL,00 74 L4
Tee9. €0.as 8; ’a o) 0%, oNES, LL DISSPAIN,J,K,015S)
TELJsZ0,NT2) 60 T 5
CoaCIRTECTNR IN FIELD
‘fE"("OJ.li-t.!‘(EOll;J-l)'ETEHPIN.J'llo("lU'OI‘OIN;J.K)

‘:;0;:;:-1-‘ll‘Dln'ﬂ‘lcﬂ(‘:l;l'-ﬁ’(lplll-ll|¢D70ﬂ0(ﬂulpllibﬂlsﬁl

H CONTINE
f..fﬁ"FCYOI AT $HOCK
""'(‘,J;"-0.5‘(ETEF'IN:J.K)OEO(N.J.K'-(ﬂ’ﬂf'(‘b(”:l,ll

‘:;0:;-:‘lvlll‘"70’“‘(60(N-Jul'-GO(N-J-K-l)"”l'"o(ﬂolnll)00!(§l

9 TONTINIE
CoaCNCPEFTAR AT BODY
.:7=n-(~.1.li-c.s.(:finv(n-dnl)0so(u,1,un-(nravo(;o(u,‘.K,_‘o(".,‘(
*1eNINPHS (GO IN - -
3 FONTINIE 23sKI=GE INo 3o KoL) 1 eDZ642(N,3,%) ) 4NTSS)
CoobZCnnE ro*(zlvlrlvz VARTASLES
CALL I7CONt2
CeolaLrliLaTE conlscrso SHOCK VALWES
Coerattitiris Gonner
v GENMETRIC FACTORS BASED ON ALN "
TALL GEOML(2) £ LN ANDY AND NEW SHOCK GEORETRY
CeoRESETS AANY VARTASLES
TALL BNDRYN(L)
CeeAPPLIES PLANE OF SYNMETRY AOQUNDARY CONDTTIANS
LALL INDRYN(2)
PITURY
£NA

SUARTYTING NISSPMINGI,KsDTSS)
LEVEL 2,ETEMP,ELS®2960, 4
fﬂn’ﬂﬂ TCVARNZ ETEMPL4, 245410, EDL424,01),
Fathe24,43) 2 GLUANZAraL) » M NT424541)
’0"0! FINVARAIRK S ETACAT) 5 PHIPI41)DTIL (4L »DTTLE(41},0ETAITPI24)
LEVEL 25 2400 Pylte Vo ¥y RORSROAZ VINFSNTNE, RNABY, DA, 087, RAPH, HTOSY,
* "'10707.DTDR.ACT;ICON‘T.GA".CON‘T."l‘G“'n'S.lS?.lS’Hl;"T;ﬁS'Yo

L4 PSO4TT

Lo LLULY IPVA!BI lNUle-‘l)n PU24s4L)s UL24,610, V240410 VI2649413,
. USR8 POATCALY » VINFI43) , WINF(41)

L RONPHIGLY LLIC2Y] o RATIALY 5 RAPH(ALY
. DYPPHMI24541 00 PCTIGY) »NTDZ(240411,NTDRI4L) » ACTIALY
. TCONSTISC) » GAMI2C) » CONSTIS0) HNREGON s PRULANY »
. esS7(41) » RSPUT(41)s RSTH4LY v RS7T(410), OCOMTIT(A])
COMNINISYARAIT, 2 » PHY » O + N7 s DPYL , TINT
* IENY 5 PR s SLPHA » GAMNNE , STEWA 5 XXACH , TAPF] ,
. TAPE2 » DISK]1 , ALPH , OTISKZ , STEA , NPRNT , DINT
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Catalog page number index for plasma streamline, velocity magnitude,
density, temperature, and unit magnetic-field maps for
various solar-wind flows past planetary ionopauses

(Page No.) (Page No.) (Page No.) (Page No.) (Page No.) (Page No.)
Streamlines Velocity Density Temperature Parallel Perpendicular
magnitude p/o,, T/T,, magnetic magnetic
fvlsv, field field

H/R M_ ({Bl/B_) w (el/s ),
.01 2.0 179 179 180 180 181 181
3.0 182 182 183 183 184 . 184
5.0 185 185 186 186 187 187
8.0 188 188 189 189 190 190
12.0 191 191 192 192 193 193
’ 25.0 194 194 195 195 196 196
.10 2.0 197 197 198 198 199 199
3.0 200 200 201 201 202 202
5.0 203 203 204 204 205 205
8.0 206 206 207 207 208 208
' 12,0 209 209 210 210 211 211
25,0 212 212 213 213 214 214
.25 2.0 215 215 216 216 217 217
3.0 218 218 219 219 220 220
5.0 221 221 222 222 223 223
8.0 224 224 225 225 226 226
12.0 227 227 228 228 229 229
25.0 230 230 231 231 232 232

H/R, M Streamlines lvlsv, p/p,, T/T, (IB|/B_) (Is]/B,),
.10 2.0 233 233 234 234 235 235
3.0 236 236 237 237 238 238
5.0 239 239 240 240 241 241
8.0 242 242 243 243 244 244
v 12.0 245 245 246 246 247 247
25.0 248 248 249 249 250 250
.20 2.0 251 251 252 252 253 253
3.0 254 254 255 255 256 256
5.0 257 257 258 258 259 259
8.0 260 260 261 261 262 262
12.0 263 263 264 264 265 265
Y 25.0 266 266 267 267 268 268
.25 2.0 269 269 270 270 271 271
3.0 272 272 273 273 274 274
5.0 275 275 276 276 277 2717
8.0 278 278 279 279 280 280
12.0 281 281 282 282 283 283
25.0 284 284 285 285 286 286
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4.0-

FIELD LINES........
3.0-
2.0~
R/R shock WAVE

M=25.0 y=1.67]
MAGNETIC FIELDs

(PARALLEL COMPONENT }
CONTOURS e

H/R.=0.01
(B/B.),

1.3 1.0 Ol. F] 0.0
4.0 -
M=25.0 v=1.67
MAGNETIC FIELD:
U PERPENDICULAR COMPONENT )
CONTOURS
FIELD LINES......
.0
2.0~
R/R: swock wave
1.0- =

196

H/R«=0.01
(B/Ba),

1.00
1.85

1.0 o3 .0



8.0~

M=2.0] ¥=1.67 H/R.=0.10
STREAMLINES

7.0-

§.0-

5.0~

X/R.

3.0~

M=2.0] ¥=1.67 H/R.=0.10
VELOCLTY» IVI/Va

7.0-

5.0~

X/R.
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M=2.0
DENST
7.0
5.0
5.0-
e
R/Rs

~

y=1.67 H/R¢=0.10

[Ys pP/Pa

.50
1.20

ITONOPAUSE

7.0-

6.0-

5.0-

M=2.0 ]
TEMPERATURE T/Ta

03 L0 L8 2.0 L5 3.0 3.5 4.0 ~1.5 5.0 5.5
X/R,

y=1.67 H/R«=0.10

o
R/Rs
3.0
2.0-
SHOCK ¥,
16
1.0 i
Y
. T ONOPAUSE
2.
e.2d
£.3¢, N S T S S
1.5 1.6 0.5 0.0 -0.5 <1.0 -1.5 -€.0 -£.5 -3.0 -3.5 -4.0 ~4.5 -5.0 -5.5

X/Re



R/R.

L a P S S VN Ty VU S S S S|
1.5 1.0 0.5 0.0 0.5 -1.0 -1.5 -£.0 2.5 -3.0 ~3.5 4.0 -4.5 -5.0 5.5
X/R.

M=2.0] ¥=1.67 H/R¢=0.10
MAGNETIC FIELDs (B/B.),

( PERPENDIC(LAR COMPONENT )
CONTOURS
FIELD LINES

. . bk 4 S S G
.8 0.5 0.0 0.5 -£.0 ~1.5 2.0 2.5 -3.0 -3.5 —4.0 -4.3 -3.0 3.5
X/Re
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6.0

M=3.0 ¥F1.67 H/R.=0.10
STREAMLINES

§.0-

4.0-

3.0-

e ////"9 .
j/ e

N N s N " " L N N L . ,
1.5 1.0 0.3 0.0 -0.5 -1.0 -1.3 -2.0 -¢.5 -3.0 -3.5 -¢.0 -¢.3 -35.0 -5.3
X/R.

M=3.0 7YkE1.67 H/Ri=0.10
VELOCITYs IVI/Va

4.0

OPAUSE

L 4 " " I " i . 1 " n " J
1.3 1.0 9.5 9.0 -0.5 -1.0 -1.5 ~-t.0 -t.5 ~-3.0 =3.5 -4.0 -4.5 3.0 ~-5.3
X/R.
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§.0-

M=3.0 7F1.67 H/Ri=0.10
DENSITY»| r/n

§.0-
4.0-
.0

R/Rs

2.0~

10 0.5 0.0 0.5 1.0 1.5 2.0 2.8 3.0 3.5 4.5 0.5 .0 5.8
X/R.

6.0-

M=3.0 ¥E1.67 H/R.=0.10
TEMPERATURE T/T.

8.0~

4.0~

.0

R/R.

CPAUSE

l.l.! 1.0 0‘.! 0.0 —0‘.! -1:0 -1.8 -{l.ﬂ 2.8 -3.0 ~-3.3 4.0 -4.5 -5.0 ~-5.8
X/R.
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M=3.0 7YFl1.67 H/R«=0.10
MAGNETIQ FIELDs (B/Ba),
(PARALLEL COMPONENT)
5.0 coNTowRs
FIELD LINES...|.

R/Re

=5
5.0
M=3.0 vyFl1.67 H/Rs=0.10
MAGNETI( FIELDs (B/B.),
{ PERPENOICULAR T)
5.0- CONTOURS __ 1
FIELD LINES...|..
R/Rs
1.00
== 1.28
OPAUSE
T 0.5 L0 SL3 T2.0 &5 3.0 3.5 Th.0 6.3 5.0 -5.s
X/R.



$.0-

M=56.0 v=1167 H/R«=0.10
STREAMLINES

4.0

R/R.

RUSE

Q.0 -0.3 -1.0 -1.5% -!:0 -L.5 ~3.0 -3.5 -4.0 ~4.5 -5.0 -3.%
X/R.
5.0 1
M=5.0 v=1L67 H/R.=0.10
VELOCITYs [VI/Va
4.0
2.0
R/Rs
2.0- 0.94
SHOCK WAVE
0.9
1.0-
1‘.5 1.0 0‘.! 0.0 '0‘.! -1‘-0 '1‘.9 -t..o ‘l‘.! -!‘.0 '3‘-5 -4‘.0 -0‘.! -!..0 ’!..S

X/R.
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204

"* M=5.0 v=1}67 H/R.=0.10
DENSITYs |eo/n
4.0
3.0~
R/R.
2.0+
SHOCK WRVE
1.0~
AUSE
1.3 1.0 0.5 9.0 -0‘.! -xl.n 'l‘.’ -C..o ‘l‘.’ -".0 'S..! -4.0 ‘4‘-’ -5.0 -,J.!
X/Re
8.0~ 9
M=5.0 ¥=1}67 H/R.=0.10
TEMPERATURE T/T.
4.0~
2.0-
R/R.
2.0~ 1.9
SHOCK WAVE .0
1,0-
AUSE
1.9 1-0. 0.5 0.0 ‘C‘., -1‘-0 '1:5 ‘l‘.ﬂ 'l‘.’ -3‘.0 ”‘-9 -1‘.0 '0‘.5 -!..D -%5.9
X/R.



$.0-

M=5,0 ¥=1]
MAGNETIC

(PARALLEL COMPONENT )

4.0+ L

L 67

IELDs (B/B.),

H/Rv=0.10

il 0445

§.0-

M=5.0 ¥=1]67

H/R.=0.10

MAGNETIC FIELD, (B/Ba.),

( PERPENOICULAR COMPONENT )

CONTOURS
FIELD LINES
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“* M=8.0 ¥=1167 H/R.=0.10
STREAMLINES
4.0-
. - 7/,/;/7
NS e =
R/R /
-I:Q '1‘.! —l.Lﬂ 4—!‘.! -Sl.ﬂ -!‘J —QJ.? T4‘.5 -!l.ﬂ -9‘-3
X/R,

5.0~

M=8.0 =167 H/R.=0.10
VELOCITYs [VI/Va
4o
.0
R/R.
2.0
SHOCK WRVE
1.0
13 1.0 0.5 CR N S RS NC 71 B B M MR 1 R~ vy e or R~
X/Rl



8.0~

M=8.0 ¥=1167 H/R.=0.10
DENSITY; |e/e

31.0-

R/R.

2.0-

SHOCK WAVE

8.0-

M=8.0 ¥=1L67 H/R.=0.10
TEMPERATURE T/T.

207



208

8.0

R/R.

M=8.0 ¥=1}67
MAGNETIC FAIELD:

{PARALLEL COMPONENT )
CONTQURS
FIELD LINES

H/R«=0.10
(B/Ba),

N L
2.0 -2.5

X/R.

~1.8

“* M=8.0 y=167 H/R.=0.10
MAGNETIC FIELDs (B/Ba.),
( PERPENOICULAR COMPONENT )
CONTORS
FIELD LINES ...
“e ;
3.0
R/R.
2.0- .
sock wave o e e e
1.0-
1_::; T 3.0 3.5 6.6 i85 5. 5.8

X/R



$.0-

M=12.0 v=1l67 H/R.=0.10
STREAML INES
4.0-
2.0 ) //"_ =
R/Rs
-L.T -1.5 -C‘.O -z.8 —)‘.n -;.! -4.0 -4.% -5.0 -SJ!

5.0-

M=12.0 y=1}67 H/Ri=0.10
VELOCITY [VI/V.

RUSE
s — - " - " " L N -
.0 -0.§ -1.0 ~-i.5 -¢.0 -z.5 -3.0 -3.5 -4.0 -¢.3 -5.0 -5.5
x/R.
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¥ M=12.0 v=1187 H/R.=0.10
DENSITYs |e/en
4.0~
1.0~
R/R.

2.0~

SHOCK WAVE

1.0-

RUSE
Por e 0.9 0.0 =W P R WY S R o P T ) 5.9
X/R.
" M=12.0 v=1]167 H/R.=0.10
TEMPERATURE T/T.
4,0-
2.0-
R/Rs

2.0~

SHOCK WAVE

1.0~

HUSE
l‘-’ 1.0 0‘.! 0.0 -OL.S -1‘.9 -1‘.‘ -l‘.ﬂ ?!j -3‘.0 -’l.l -4‘.0 -.‘.S -5‘.0 '5‘.5

X/R.
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CONTOURS
FIELD LINES ........

M=12.0 v=1l67
MAGNETIC A

{PARALLEL COMPONENT X

TELD,

H/R«=0.10

(B/B.),

4.0
T s
R/R: -
2.0
SHOCK WAVE ... f 0 W oy
.-
\.es TONOPRUSE
100
0.90
....... 748:18
P 1.8 0.5 O T S Wy =S W R Y Ty B = R
X/Rs
5.0 -
M=12.0 v=1L.67 H/R.=0.10
MAGNETIC HAIELDs (B/B.),
{ PERPENDICULAR CONPOMENT )
CONTOURS  ——
FIELD LINES........
4.0
3.0-
R/Rs
2.0- 0.90
£
SHOCK WAVE 2.00 .50 °°
1.0
TONOP|
1.5 ST Y S ¥ S oY e Y R S S I JE™ DY R 04 T O R R
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“* M=25.0 ¥=1]67 H/R.=0.10
STREAMLINES
4.0 -
3.0 —
R/Rs Z =
.0 kr—— Z
=
SHOCK WAVE /T/ = =
1.0- // 7 4
/
/ TIONOPRUSE
1‘.’ 1.0 ﬂ‘.! 0.0 '0..’ -1‘.0 -X‘.; '!..0 'l‘., -3‘.0 "‘.’ —4‘.0 -0‘.’ -’fﬁ ”‘.’
X/R.
5.0~ L
M=25.0 v=1L67 H/R.=0.10
VELOCITY» [VI/Va
4.0-
2.0~
R/R.
2.0
SHOCK WAVE
1.0
0.49 IONOPRUSE
0.30
0.20
0.10
13 F P T B W = R S W S R Y R Y M= Y R - R 7% S
X/R



M=25.0 v=1]
DENSITY
"
"o
R/R.
e
SHOCK WAVE

1.0

o 67
P/ Pa

H/R«=0.10

AUSE

-5.3

P W S e B R R Ry R g S O L P R T )
X/R.

5.0 -

M=25.0 v=1l67 H/R.,=0.10

TEMPERATURE T/Ta
e ] .
10 .

2s.25
R/R.
2.0 ] 23.00
SHOCK WAVE
%‘“.1 V.U Ty

1.0- . 1

176.0QONOPRUSE
190.59
291,00
207.e3
1:! 1.0 Di! 0.0 -0:! -1:0 -1:! -l:o -l:! -S:Q -S:! -0:0 -0:! -!:0
X/R.

-5.9
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214

8.0~

MAGNETIC FIELD:

(PARALLEL COMPONENT X

R/R«

M=25.0 y=1’}s7 H/Re=0. 10

{(B/B.),

I W R R
X/Re

8.0- -
M=25.0 Y=l+57 H/R.=0.10
MAGNETIC FIELDs (B/B.),
{ PERPENDICULAR COMPONENT )
CONTOURS
FIELD LINES ...
‘- ]
3.0-
R/R.
2.0-
0.80
.......... 8
SHOCK WAVE 2.00 1.50 ™
1.0
10NOP
1.5 O T T S X B~ Y R WY R WY e P R B Y- R Y R Iy R =
X/R.



9.0~

M=2.0 7¥=1.67 H/R«=0.25

. STREGMLINES
7.0-
.0
5.0-
R/R.
4o
/

A

L P U S S S S S S S
1.5 1.0 0.5 0.0-0.5-1,0-1.5-2.0-2.5~3.0-3.5-¢.0-4.5-5.0-5.5
X/R.

M=2.0 ¥=1.67 H/R.=0.25
VELOGITY» IVI/Va

9.0-

7.0-

R/Re

4.0~

.30
[

TONOPAUSE

X/R.

215



216

9.0~ 3

M=2.00 ¥=1.67 H/R«=0.25

8.0~

7.0-

¢.0-

3.0-

3.0-

8.0~

§.0-

R/Rs

4.0~

3.0

1.9

1.9 1.0 0.5 0

DENSITYs p/pa

IONOPRUSE

I e S e N B O o S
1.9 1.0 0.5 0.0-0.5-1.0-1.5-2.0-2.5-3.0~3.5-4.0-¢.5-5.0-3.3

X/R.

M=2.d ¥=1.67 H/R«=0.25
TEMPERATURE T/T.

1.49

IONOPAUSE

S S Y U O W W SO N S— —
.0-0.9-1.0-2.9-2,0-2.9-5.0-3.9-4.0-4.5-5.0-5.9

x/ Rl



" M=2.d ¥=1.67 H/R.=0.25
. MQGNETIC FIELD> (B/Bal,
' (PARALLEL | COMPONENT )
CONTOUR$  — N
FIELD LINES ... ol
7.0- :

TONCQPAUSE

M=2.(Q
MQGNé

( PERPENDIG
CONTOUR
FIELD L

—a_
.5 1.0 0.5 0.

B T S S S S S S
0-0.5-1.0-1.5-2.0 -2.5-3.0 -3.5 4.0 -¢.5 -5.0 -5.5
X/R.

y=1.67 H/R.=0.25
L1 TIC FIELDs (B/B.),

LULAR COMPONENT )

NES ........

IONQPRUSE

"
1.% 1.0 0.5 Q.

4 5 i 2 F R S S
0-0.5-1,0-1.5-2.0-2.5-3.0~3.5~-4.0-4.5-5.0-5.5
X/R.
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M=3.0 |r=1.67 H/R.,=0.25
STREAMILINES

6.0~ -

5.0- W

40 4

R/R.

3.0- 1

. %/j”'

SHOCK

1.0-

15 1.0 0.5 0.0 0.5 TLO SIS0 . 30 S5 o0 -i5 5.0 5.5
"~ X/R.

7.0- .
M=3.0 |¥Y=1.67 H/R.=0.25
VELOCITYs IVI/Va

6.0

5.0~

4.0

R/R,

3.0-

2.0

SHOCK WA 9uy,'§"5

1.0

INOPAUSE

. . P " P " " . R )
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.%
X/R.



" M=3.0 ]y=1.687 H/R.=0.25

DENSITY: ~,/pa

w
X
o
[e)
x
=
D
-
o

2
~
P

o s by »

¢ @ @ 7 ?

2 . . .
\\
5
3

g
(=4

hINOPAUSE
1:5 1.0 015 9.0 -0:5 -110 -1:5 -i{ﬂ -t:i -J:O -115 -4:0 -0:5 -5:0 -5:5
X/R.
7.0- -
M=3.0 |y=1.67 H/R.=0.25
TEMPERATURE T/ T«
6.0~ B
5.0-
4,0~
R/R.
3.0-
2.0-
757 1.35
.9
SHOCK WA of
zGJﬁ
2.92
.0 3.25%
3.5¢  TONOPAUSE
3.73
3.92
3.%7
1.% 1.0 0.5 0.0 -0.5 -1.0 -1‘.5 —l..n -Z‘.S -3‘.0 -J‘.S -‘I‘D -‘..5 -5‘.0 —5‘.5
X/R.

219



M=3.0 |y=1.67 H/R.=0.25
MAGNETIC FIELDs (8/8.),

UPARALLEL COMPONENT)

s.0- CONTOURS L
FIELD LINES].......
5.0- ]
4.0
R/R.
e
3.0- ﬂ

DNOPRUSE

2 i 1 " " n L 4 . n N )
.5 1.0 0.5 0.0 -0.5 -1.0 -t,5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.,5 -5.0 -5.5

X/R.
7.0- .
M=3.0 |yY=1.67 H/R«=0.25
MAGNETIC FIELDs (B/Ba.), )
.0 | PERPENDICULAR COMPONENT) .

CONTOURS ——
FIELD LINES......

DNOPAUSE

i " N 1 " " L 4 £ " ;
0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4,0 -=4.5 -5.0 -5.5
X/R.
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8.0~

M=5.0 ¥31.67 H/R.=0.25
STREAMLINES

8.0~

4.0~

R/Rs

L L N 2 s A L s N L L 1 ;
1.3 1.0 0.5 0.0 -0.5 -1.0 -1.5 2.0 -£.9 -3.0 -3.5 -4.0 4.5 -5.0 -3.3
¥R,

M=5.0 vE1.67 H/R.=0.25
VELOCITYs IVI/V.

5.0-

L N N N N " L s s L N . s
1.5 1.0 0.5 0.0 -0.5 -1.0 ~-1.5 -2.0 ~-£.5 <-3.0 ~-3.5 -4.0 -4.5 -5.0 -5.5
X/R.
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6.0~

M=5.0 ¥
DENSITY:
$.0- W

R/R.

H/Re=0.25

=1.67
P/Pa

OPAUSE

M=5.0 7]
TEMPERAT

3.0-

4.0

3.0~

R/Re

2.0

SHOCK WAV

1.0~

N L 2 N : L R . L L )
.0 -0.5 -1.0 -1.5 -t.0 -2.% -3.0 -3.5 -¢.0 -4.5 -5.0 ~-5.9
X/R.

F1.67 H/R+=0.25
URE T/Ta

IONOPRUSE

L n
1.8 1.0 0.5 9.

L s " L n 4 n a4 n n J
9 -0.5 -1.0 -1.9 -Z.0 ~-Z.5 -3.0 ~-3.5 -4.0 -+¢.35 -35.0 -5.%
X/Re



6.0-

M=56.0 7YFl.67 H/R=0.25
MAGNETIQ FIELDs (B/B.),

(PARALLEL COMNP! )
e CONTOURS
FIELD LINES....|.

0.45
OPAUSE
9.0 -0‘.5 -lT-l‘.! -¢‘.n —:‘.5 -3‘.0 -J‘.! -GJ.(T -0‘.! -!‘.0 -;‘.!
x/R‘
5.0 B
M=5.0 YFl.67 H/R=0.25
MAGNETI( FIELDs (B/Ba),
( PERPENDICULAR CDMPONENT )
4.0
1.0-
R/R. 0.90
2.0~ 138
oPAUSE

s s
.0 -0.5 -1.0 -1.5 -£.0 -¢.3 -3.0 -3.8 4.0 -¢.5 -5.0 -5.5
X/R.
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8.0~

M=8.0 y=ﬂ+s7 H/Ry=0.25

STREAMLINES
“e
.0 ﬁ
R/R.
2.0

/ - ~ —

s / / 1
/ IONOPRUSE
1.9 1.0 n'. E) 9.0 -T.S -1‘. [ -1‘. L] -:‘. 0 -l‘.? TS:O -!‘. ] -0‘. Q -0‘. L] -!‘.0 -!.. s
X/Re
5.0 P
M=8.0 v¥=1[67 H/R.=0.25
VELOCITYs |VI/Va
4.0-
0.4
3.0~
R/R. 0,92
2.0~
SHOCK WRVE

1.0-

RUSE

L L A s A L i 1 " .
1.9 1.0 Q.5 6.0 ‘=0.5 -1.0 -1.% ~-2.0 -z.5 -3.0 -3.5 -4.0 -4.9 -5.0 -9.%
X/R,



" M=8.0 ¥=1]67 H/R.=0.25

DENSITY, le/e
4.0-
1.0~

R/R.
.0~
SHOCK WAVE
1.0-
3.30 IONOPRUSE
3.90
4.00
4.20
I.l.! 1.0 0.9 0.0 'ﬂ..! -1‘.0 '1..! -!‘.0 -t‘.’ -!‘.0 -!‘.! -6‘.0 '0‘.! -!‘.0 4’!‘.!
X/R.

.0~ -

M=8.0 v=1167 H/R.=0.25

TEMPERATURE T/T.

.49
R/R.
(91
'l‘.! .- ',‘.5 -0‘.@ -0‘.5 —!‘.0 -9‘.!

X/R.
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§.0-

M=8.0 ¥=1167 H/R.=0.25
MAGNETIC FIELDs (B/B.),
(PARALLEL COMPONENT )
CONTOURS R—
xR
e 1 PP -
R/ Rn .........................................
2.0
SHOCK WAVE /7w e 1.00
1.0 ...
l.l.! 0 0.9 0.0 'it! -1‘.0 -1‘.! -l:ll -&:9 -!..ﬂ -3‘.! ﬁﬂ —0‘.5 TS-LO -5‘.9
X/R.
$.0-

M=8.0 ¥=1L67 H/R.=0.25
MAGNETIC FIELDs (B/B.),

(PERPENDICULAR COMPONENT )
CONTOURS
FIELD LINES.......

R/R.

1,00
1.4

-5‘.!

X/R.
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5.0~

M=12.0 v=1]67 H/R.=0.25
STREAMLINES
§.0~
2.0
R/R.
2.0-
SHOCK WAV 2 ;
e ;47?'/
/ TONOPRUSE
1.9 1.0 ﬂI.S 0.0 -0‘.5 -1‘.0 -1‘.5 —l‘.ﬂ -!..3 -S‘.ﬂ -J‘.S -4‘.0 -4‘.! -5..0 -5‘.!
X/R.
8.0~ -
M=12.0 y=1]167 H/R.=0.25
VELOCITYs [VI/V.
4.0~
0.94
3.0~
0.92
R/R.
2.0~
» 0.9%0
SHOCK WAVE
1.0+
RUSE
.l.‘. S 1.0 0‘. 5 0.0 -0‘. S -1‘.0 -xl. L] -Zl.ﬂ ‘!‘. 5 T!‘. [] '!‘. s -4‘. 1] -0.. 5 -5.. ] -S‘.!
X/Re
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§.0-

R/R.

228

M=12.0 r=1]

H/R¢=0.25

DENSITY /:://////////////////////////////////////

5.8
X/Ra
s.0- .
M=12.0 v=1167 H/R.=0.25
TEMPERARTURE T/Ta
o
689
EN
RY
R/R.
2.0-
10,12
SHOCK WRVE
1.0-
“_c; TONOPRUSE
47.09
.se
0..5 9.0 ‘0‘.5 -]...Q ’1:5 -l‘.n 'l‘.! -’l- ‘3'. -“. -4, -5‘.0 "‘.
X/R.




M=12.0 y=1L67 H/R.=0.25
MAGNETIC HIELD’ (B/Ba),
(PARALLEL COMPONENTY e e
CONTRS | e
FIELD LINES.....
4,0- 4
T e
RIRe | B e I e i
2.0
SHOCK WAVE /
1.0 L
"""" 1.2%  1oNOPRUSE
....... 1'00
~f0.90
........ R ,
1.5 1.0 0.8 0.0 -0‘.3 -ET -1..5 -l..ll -!..9 -3.0 'T-T -4.0 -QI.S -3.0 -3‘.5
X/R.
5.0-

MAGNETIC F

{ PERPENDICULAR COMPO
CONTOURS
FIELD LINES.....

R/R.

IONOP]

M=12.0 v=1]

67 H/R«=0.25
IELD, (B/Ba),

NENT )
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6.0

M=25.0 v=1}67 H/R.=0.25
STREAMLINES
4,0~
1.0- 1 /
R/Rs
|
2.0- ’;;zéééé
SHOCK \mv
/ TONOPhUSE
13 Y R IR T B W Y W A= o S R By R - B Yy R Sy S
X/R.
5.0 ;
M=25.0 ¥=1]67 H/R.=0.25
VELOCITYs |VI/Va

0.92

=
X/R.

4 n n
-t.8 ~5.0 5.3



§.0-

DENSITY,

4.0

R/R.

2.0-

SHOCK WAVE

M=25.0 y=1]

L 67
P/ Pa

H/Rv=0.25

RUSE

1.5 1.0 0‘.! 0.0 -Ol.! ?1‘.7! -1..5 -l‘.O -tl.J -s‘.n —:'.s -4‘.0 -QT -II.O -!‘.!
X/R.
8.0~ b
M=25.0 v=1+s7 H/Re=0.25
TEMPERATURE T/T.
4.0~ 25.28
3.0-
32,00
R/R.
2.0- 40,59
SHOCK WAVE
: ]
1.0« b
RUSE
1‘.5 1.0 0‘.9 0.0 -0..! -1:0 -1‘.! -!‘.0 -2‘.! -3..0 -!l.! -4..0 -0:! -".0 -5‘.!
x/Rl
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8.0~

H/R«+=0.25
(B/Ba),

M=25.0 v=1}67
MAGNETIC WIELD,

R/R.

P e Y S o Y 1 S T By R PURNCT P I R Ty
X/R.
8.0 .
M=25.0 v=1L67 H/R.=0.25
MAGNETIC FIELDs (B/Ba), ) [ e
{ PERPENDICULAR COMPONENT ) . e
CONTOURS =7
. FIELD LINES ... E s A
1.0
0.80
‘ 1.00
2o 4]
SHOCK WAVE
1.0
TONOPRUSE
1.5 1.0 0.8 0.0 '0‘.’ -ﬁ Q‘LS -C.T i! -".ﬂ 'J‘-S -0: -4,3 -!‘.0 ’5‘.5
X/R.



M=2.0] ¥=1.67 H/Rs=0.10

STREAYLINES
7.0 :
§.0- 4
s.0- 4
o 4

[ONOPAUSE

. P S S S N S S T
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 4.0 4.5 ~5.0 -5.5
X/R.

M=2.0] v=1.67 H/R.=0.10
VELOCITY» IVI/V.

[ONQPAUSE

X/Re
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M=2.0] y=1.67 F/Ri=0.10
DENSITY: /e

1.20
.

TONOPRUSE

" 2 ' n " I S PR
1.9 1.0 0,5 0.0 -0.5 -1,0 ~1.% -2.0 -2.9 ~3.0 -3.5 ~4.0 -4.5 -5.0 -5.5
X/R.

1.0~

M=2.0] v=1.67 HA/R.=0.10
TEMPERATURE T/T.

7.0-

4.0
R/R.
3.0-
2.0-
o
SHOCK W) e
(1]
1.0-
.80 [TONOPARUSE
£.21
z.L9
ese |
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 ~2.5 -3.0 -3.5 -4.0 -¢.5 -3.0 -5.5

X/R.

234



8.0~

7.0-

M=2., 0

MRAGNE[TIC FIELDs (B/73.),

COMPONENT )

( PRRALLEL]
CONTOUR!
FIELD L

¥y=1.67 H/R¢=0.10

Re
R/R.
3.0
2.
SHOCK ¥,
1,03
1.0-
' TONOPAUSE
Ll.s 1.0 ﬂ‘.S 0.0 '0‘.5 -1‘.0 ‘l‘.’ —l‘.o ‘Z‘.’ -3‘-0 '3‘.5 “‘:0 '0{?‘5‘.0 ’54.5
X/RC
2.0- . b —
M=2.0| v=1.67 H/R«=0.10
MQGNE%IC FIELD: (B/B.),
7.0 { PERPENDICX AR COMPONENT )
ZONTOURS —_—
FIELD LINFS
6. 4

. P S S VI
1.5 1.0 0.5 0.0 -0,5 -1.0 -1.5 ~2.0 -2.5 -3.0 -3.9 -4.0 ~4.5 -5.0 -5.3

X/R.
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“* M=3.0 +vE1.67 F/R.=0.10
STREAMLINES
8.0~
4.0~
3,0 i
R/R, ‘E%%%%%%%%§§§§§§§§§§§§EEEEEEEEEEEE
2.0 /
SHOCK u = e
o ///////i
/ IONOPAUSE

L " L L L . L L N N N
1.5 1.0 0.5 0.0 -0,5 ~1.0 -1.5 -2.0 -2.5 3.0 -~3.5 -4.0 -4.5 5.
X/R.

M=3.0 YEl.87 FH/R,=0.10
VELOCITYs IVI/V.

705.,3.95

OPAUSE

N i a i L i " 4 L N
.0 -0.% -1.0 ~-1.5 -2.0 2.5 -3.0 3.5 -4.0 -4.5 -5,
A/R.
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§.0-

M=3.0 vk1.67 HA/R,=0.10
DENSITYs| ~/e.

5.0-

R/R

-1.0 -1.8 2.0 -2.5 3.0 -3.5 4.0 -4.5 -5.0 -3.%
A/R,

M=3.0 vFi.67 F/R.=0.10
TEMPERATURE T/1.

5.0 J

X/Re
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MAGNETI

M=3.0 vEL1.67

H/R.=0.10

FIELDs (B/B.),

{ PRRALLEL COMPONENT)
CONTOURS L
FIELD LINES. .|.

’ TONOPAUSE
1.00
0.30
.l.l.s 1.0 0.5% 0.0 —n'.s -1‘0 -1..5 -24.0 -?.‘.5 -J‘.n 4—3‘.5 ~4. -9, -BJ.
X/R.
6.0 -
M=3.0 ¥EL1.67 H/R.=0.10
MAGNETIQ FIELDs {B/B.), g

¢ PERTENDICULRR CPMPONENT !

CONTOURS L
FIELD LINEF ... .

X/R.




8.0~

M=5.0 v=1167 FH/Re=0.10
STREAMLINES

3.0

R/R.

2.0-

SHOCK WAV //////<’

Lo ;7;f(
13 1.0 s P = N R Y S WY Rt R 30 S - R Y R W R I Sy
X/R.
s, 1 —
M=5.0 ¥=1L.67 H/R.=0.10
VELOCITY)» [VI/Va
4.0
3.0-
R/R.
0.9¢
2.0-
0.92
SHOCK WAVE
R.75 °
1.0- '-F
0.40 IONOPAUSE

6.30

0.20

0.10

Poc 1.0 @ 0.0 o8 S0 S8 i s 3.0 B T Y R o S 5.
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5.0~

M=5.0 v=1167 H/R.=0.10
DENSITYy le/a

R/R.

- .5
X/R.
S, b -
M=5.0 v=1L67 H/R.=0.10
TEMPERATURE T/T.
4.0
3.0
R/R.
1.97
2.0
L2
SHOCK WAVE
1.0-
RUSE
1.8 1.0 0.5 8.0 0.8 TL0 L8 20 chd 3.0 3.8 60 a5 . Bes
X/R



§.0-

4.0-

R/Rs

2.0~

SHOCK WAVE 7/,

1.0-

R/ Rl

M=5.0 ¥=1}67 FH/R.=0.10
MAGNETIC AIELDs (B/B.),
" PRRALLEL COMPONENT
CONTOURS —_—

FIELD LINES ... ... J

e 0. 45

AUSE

5 1.0 0.5 0.0 s = I R T R 3 ] = w0 =)
X/R.
1. —
M=5.0 7=1.67 H/R.—0.10
MAGNETIC RIELDs (B/B.j,
{ PERPENDICULAR COMFONENT )
CONTOURS  — —
FIELD LINES.......
.20
1.00
1.25
o 1.0 9.5 I Y = W B W R Y S R B R DY S Bt R P St o R
X/R.
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' M=8.0 vy=1l67 F/R.=0.10
STREAMLINES
4.0-
3.0- h
R/R.
J//
2.0~
SHOCK WAVE
1.0~
I0ONOP
1‘.5 1.0 Otl 0.0 'ﬂ‘.! -in —1‘.5 -1:0 -l‘.? —;tﬂ -3‘.5 -01.0 —‘:5 -4‘5-0 '5‘.5
X/R.
$.0- - —
M=8.0 ¥=1167 FA/R=0.10
VELOCITYs [VI/V.
4.0~
3.0
R/Re
2.0-
SHOCK WAVE
1.0~
0.40 IONOPRUSE
0.3%0
0.20
0.10
1‘.5 1.0 0‘.5 0.0 ‘0‘.5 -1‘.0 '1:5 -?.‘.0 -Z‘.S —31.3 -?.5 -‘l.o -0‘.5 io -?.5
X/R.
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5.0-

M=8.0 v=1167 H/R.=0.10
DENSITYs [e/A
4.0~ 4
3.0 k
R/R.
2.0-
SHOCK WAVE - i
.20
60
1.0- -
AUSE
1..5 1.0. 0.% 0.0 -0‘.5 -x.l.o -1‘.5 -l‘.n ‘l..ﬂ -3.0 -3.5 -0‘.0 -4.5 -5.0 -5‘.5
X/R.
5.0 - —_
M=8.0 ¥=1}67 H/R.=0.10

R/R.

TEMPERATURE T/ T

RUSE

=3
X/R.

243



8.0

M=8.0 ¥=1L67 H/R.=0.10
MAGNETIC FIELDs (B/B.),

{PRRALLEL COMPONENT )
CONTOURS e
FIELD LINES

R/ Rl

. N N N " . " N N " ,
1.8 1.0 0.5 0.0 -0.5° -1.0 -1.5 -z.0 -Z.5 -3.0 -3.5 -4.0 -¢.3 -5.0 -3.5
X/R.

M=8.0 ¥=1l67 H/R.=0.10
MAGNETIC FIELD, (B/B.),

C PERPENDICULRR COMPONENT)
CONTOURS .
FIELD LINES.....

1.00
1.2%

. H e’.‘
. - g ;
4 o P
. : ; r
: iy el
H & &
: A s i
R/R. .: K 7
) 7 T o 0.80
¢

IONOPRUSE

H t " " : s s n n " n
1.9 1.0 0.5 0.0 -0.5 -1.0 -1.5 ~2.0 ~-2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5
X/R.
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9.0~

M=12.0 v=1l67 F/R.=0.10
STREAMLINES
4,0-
3.0- ,/,/ =
S
R/Re
2.0 f
///? -
SHOCK WAVE — 2=
/,/ ' ~
1.0- ////
/ IONOPRUSE
l..! 1.0 0‘.5 0.0 -0‘.5 -1‘.0 -1‘.5 T:.Lo -l‘.! -J‘.O '3‘.! -0‘.0 ‘0‘.5 -5‘.0 -5‘.5
X/Re
5.0~ - — ’
M=12.0 ¥=1L67 H/R.=0.10
VELOCITYs |IVI/Va
§.0-
3.0-
R/R.
2.0-
SHOCK WRVE
1.0~
QUSE
1.9 1.0 0.5 0.0 -0.9 -1.0 -1‘.5 -!‘.0 -l..S -JL.U ';T -0‘.0 '4‘.3 -9‘.0 ’5‘.5
X/R.
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" M=12.0 v=1]67 A/Re=0.10
DENSITY, |/
4,0 -
3.0 1
R/Rs

2.0~ 4

SHOCK WAVE 55 : :

1.20
460
1.0~ 4
LUSE
1.3 1.0 0.5 0.0 -0‘.5 -1‘.0 '1‘.5 --:‘.o -El.l -J‘.T j.i -0..0 '0‘.5 -!‘T j.’
X/Rs
" M=12.0 v=1}67 F/Re=0.10
TEMPERATURE T/T.
4,0
3,0
R/Rs

2.0-

SHOCK WAVE
1.0~

41.92 TONOPRUSE
44.60
47.09
49.5¢
1.3 1.0 0‘ E) 6.0 -0:5 -I.I.U -;.5 -z'.o 'Z‘.ﬂ -3‘.0 -31.! -“.0 -“.5 -ST °5l.5

X/R.



S.0~

MAGNETIC F

(PRRALLEL COMPONENT
CONTOURS

M=12.0 YzﬂT67
TELD,

A/R:s=0.10

FIELO LINES ... |
40 L
- 4 el
R/R:
2.0
SHOCK WAVE ...
1.0
1.28 IONQPRUSE
....... 1.00
0.90
....... 0.45
N e . . R A s
1.3 1.0 1.3 9.0 -0 3. 3.5 4.0 4.5 5.0 5.5
5.0

M=12.0 v=1]
MAGNETIC F

( PERPENDICULAR COHPd
CONTOURS
FIELD LINES........

3.0
R/R.

2.0-

SHOCK WAVE

L 67
TELD:

ENT )

H/R.=0.10

0.80

1.00
1.23

" A s
~3.% -4.0 -4.5 -5.0 -5.5
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“ M=25.0 y=1l67 F/R.=0.10
STREAMLINES
“or e
"o . =
R/R. >
2.0~
=
SHOCK WAVE % =
1.0
NUSE
LI.? 1.0 0‘.5 0.0 ‘ﬂ‘.S -;.0 -1‘.! -a‘.o -Z‘.! —3‘. -S‘.! -0‘. -0‘. -5‘.0 ’5..5
X/Ra
" M=25.0 v=1167 HA/R.=0.10
VELOCITY: [VI-V.
4.0 4
S T 0.34
J.0-
R/Re ~0.92
CRLL 0.90
RUSE
0.0 -0‘.5 —L‘.O 'L‘.S -2.‘.0 —11.5 -J‘. '3‘.5 -0‘. -“. ?0 -!‘.5
X/R.




8.0~

M=25.0 y=q
DENSITY:

R/R,

L 67

P/ Pa

H/R=0.10

X/R. -5.8
5.0 - _
M=25.0 v=1L67 H/R«=0.10
TEMPERATURE T/Ta
1.0
es5.28
.0 ] )
R/R.
33,00
2.0
40.59
SHOCK WAVE
1.0-
178.9LONOPRUSE
1%0.58%
201.00
207.25
1‘.5 1.0 0..5 0.0 “04-5 -LT '1‘.5 -l‘.o 'Z‘.! -3.. -;.3 -‘1.0 ~4.5 -5‘.0 T".!
. X/R.
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5.0~

R/R.

5.0~

R/R.

250

M=25.0 v=1L67

MAGNETIC FIELD»

(PARALLEL COMPONENT
CONTOURS
FIELD LINES........

H/Re=0.10
(B/Ba),

{ PERPENDICULAR COMPONENT )
CONTOURS
FIELD LINES.......

~~~~~~ g5 TIONOPRUSE
4 1.00
<1098

..... ¥, g.45%
1.0 0.5 N N S WY B W R R Y- S B = 3 Y M Y ~5.0 =)

X/R.
M=25.0 ¥=1}67 H/R«=0.10
MAGNETIC FIELDs; (B/B.),

—_
~5.0

M " s
-3.0 -3.5 -4.0

X/Ra



9.0~

M=2.0 ¥=1.67 H/R.=0.20
STREAMLINES

7.0  —
R/R. .

' i/

VA
3.0 é =
e
t.0- / e
SHOC %‘

4 " " s " " " " " i " . J
t.5 1.0 0.5 0.0-0.5-1.0-1,5-2.0-2,5-3.0-3,5-4,0-¢4.5-5,0-9.9
X/R.

M=2.d ¥=1.67 H/Re=0.20
VELOGITYs IVI/V.

9.0-

6.0~

a

-
?
.

IONOPAUSE

N S U WS S T S S Y
1.9 1.0 0.5 0.0-0.5-1,.0-1.5-2,0~2.5-3.0-3.5-4.0-4.5-5.0-5.%
X/R.
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9.0~

8.0-

7.0- E
s.0- 4
5.0- 1
R/R.
4.0

M=2.d ¥=1.67 H/R.=0.20
DENS] TY: £/pa

TONCPAUSE

i
1.5 1.0 0.5 ¢

3.0 N

M=2.0
TEMPE

P S S S S S VN S T
.0-0.5-1,0-1.5-£.0-2.5-3.0-3.5-4.0-4.5-5.0-5.5
X/Re

y=1.67 H/R«=0.20
'KATURE T/7.

5.0-
R/R.
4.0
1.0-
2.0-
SHOCK
1
1.0- 1.99
.q0
.12 | JTONOPAUSE
g.21
e.2d
[ 251 S S U S S S G S S S
3.5 1.0 0.5 0.0-0.5-1.0-1.5-2.0-2,5-3.0-3.5-4.0-4.5-5.0-3.5

X/R.



" M=2.d ¥=1.87 H/R.=0.20
.. MAGNETIC FIELD, (B/B.),
{ PRRALLEL | COMPONENT }
CONTOUR! —
FIELD LINES ........
7.0~ -

R/R.

IONOPAUSE

L s
1.5 1.0 0.5 0

9.0

M=2.0
MAGNE

¢ PERPENOX
CONTOUR!
FIELD L

P S S S S
.0-0.5-1.0-1.5-2.0-2.5-3.0-3.5-4.0-4.5-5.0-9.5
X/R.

y=1.67 H/R.=0.20
FTIC FIELDs (B/Ba),
ULAR COMPONENT }

JONCPAUSE

18 10 0.5 0

P S S S Y S S
.0-0.5-1.0-1.5-2.0-2.5~3.0-3.5-¢4.0-¢.5-5.0-5.5
X/R.
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7.0- 1

M=3.0 |v=1.67 H/R.=0.20
STREAMU.INES

6.0~ 1

R/R.

IPNOPAUSE

. L 2 N N P " " N " s
1.5 10 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -¢.0 -¢.5 -5.0 -5.5
X/R.

7.0- 1

M=3.0 |y=1.67 H/R.=0.20
VELOCITYs IVI/V.

NOPAUSE

1.5 1.0 0.5 0.0 -0.5 -1.0 -1.3 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5
X/Rs



M=3.0 |y=1.67 H/R.=0.20
DENSITY:. ~,/A«

2.0
1.20
SHOCK WA o
1.0~
IPNOPAUSE

i L I N " e " n i n n " —
1.5 1.0 0.5 9.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3,5 -4.0 -4.5 -5.0 -5.5
X/R.

7.0- -
M=3.0 |¥=1.67 H/Re=0.20
TEMPER&TURE T/T.
6.0~ e
5.0~
4.0~
R/R.
3.0-
2.0~
SHOCK wA
1.0~
DNOPAUSE
. 3.‘374‘
1.5 1.0 0.5 0.0 —OL.5 —1‘.0 '1‘.5 -Z‘.O -:‘.s -S‘.O -3‘.5 -0‘.0 -QI-T -5‘.0 -5’.5

X/R.
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7.0-

M=3.0 |y=1.67 H/R.=0.20
MAGNETIC FIELDs (B/B.),

(PARALLEL COMPONENT }

§.0 CONTOURS
FIELD LINES|....

—/
P

’.o— e /4
L e gt

/'/
/-’

R/Rs

o " " . x 2 " — —_ " J
1.5 1.0 0.5 0.0 -0,5 -1.0 -1.5 -2.0 -2.% -3.0 -3, -4.0 -4.5 -5.0 -5.8
X/R.

"% M=3.0 ly=1.67 H/R.=0.20
MAGNETIC FIELDs (B/B.),
6.0 { PERPENDICULAR COMPONENT )

CONTOURS
FIELD LINES].......

1.00
1.28

BNOPQUSE

. — P P PR . s
0.0 -0.5 -1.0 -1.5 -2.0 -2.3 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5
X/R.
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6.0

M=5.0 vE1.67 H/Ri=0.20
STREAMLINES

OPAUSE

R —_— R - " " L L L s _
1.5 1,0 0.5 0.0 -0.5 -1.0 -1.§ -2.0 ~-2.5 <~3.0 -3.5 -4.0 ~4.5 -5.0 -S5.5
X/Re

6.0

M=5.0 vEL.687 F/R.=0.20
VELOCITY]s IVI/V.

5.0- {

OPRUSE

s " " L A " " " x ;
0.0 -0.5 -1.0 -1.5 -2,0 -2.5 -3.0 -5 4.0 -¢.3 -5,0 -3.5
X/R.
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R/R.

6.0

M=5.0 vYEL1.67
DENSITY,

A/R.=0.20

P/Pa

OPAUSE

8,0~ N
M=5.0 ]
TEMPERAT]

5.0 4

i.0 g

3.0- -

s " - s " P n " o ;
.0 <0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.,5 -4.0 -4.5 -5.0 -5.5
X/R.

=1.67 H/R.=0.20

URE T/T.

0PAUSE

o i " L " s " " ,
-1.0 -1.5 2.0 -2.5 -3.0 -3.5 -4.0 -¢.5 -s5.0 -5.%
X/Re



6.0~
M=5.0 vEL.67

MAGNETIC

H/R.=0.20

FIELD, (B/B.),

[PARALLEL COMPONENT}
5.0 CONTOWRS L
* FIELD LINES

R/R.

OPAUSE

M=5.0 7|
MAGNETIO

{ PERPENDICULAR C
5.0 CONTOURS

FIELD LINES ... .

.0 '013 -1.. [ -ll. 5 -Z‘. [ -l.. 5 —3.. Q '3.- 5 -4.
X/R.
=1.67 H/R«=0.20
FIELD, (B/B.,
DMPONENT )

I0

OPAUSE

1.00

1.2%
1.50

X/R.

" " " 2 n n
.0 -0.5 ~-1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4,

— .=
0 -4.5 -3.0 -35.5
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§.0-

M=8.0 ¥=1]67

STREAMLINES

R/R.

H/Ri=0.20

8.0-

VELOCITY,

M=8.0 v=1}67

VI/ V.

A/R.=0.20

X/R.



5.0- - =
M=8.0 v=1167 H/Re=0.20
DENSITY: |/~
e
IS
R/R.
2.0-
SHOCK WAVE
1.0
3.50 IONOPRUSE
250
4.00
[ 4.:0 i A A A 4 i 1 A i
1.5 1.0 0.5 Q.0 -0.9% -1.0 -1.5 -2.0 -2.9% -3.0 3.8 -4.0 "..5 "‘-0 -5‘-5
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Table 1l.- Ordinates of Various Ionopause Shapes

Yi/Ro
v B
*m P e————— - o———
x/R
IONOPAUSE IONOPAUSE IONOPAUSE IONOPAUSE IONOPAUSE
H/Ro = 0.01 H/Ro = 0.05 H/Ro = 0.10 H/Ro = 0.20 ﬁyRo = 0.25
B x/Ro Yi/Ro x/R0 Yi/Ro x/Ro Yi/Ro x/Ro Yi/Ro x/R° Yi/Ro
0° 1.0000( 0.0000 1.0000] 0.0000 1.0000( 0.0000 1.0000| 0.0000 1.0000]| 0.0000
2° 0.9994| 0.0349 0.9995| 0.0349 0.9995| 0.0349 0.9995| 0.0349 0.9996| 0.0349
6° | -0.9946| 0.1045 0.9950| 0.1046 0.9953| 0.1046 0.9958( 0.1047 0.9960| 0.1047
10° 0.9851)] 0.1737 0.9861| 0.1739 0.9870| 0.1740 0.9883] 0.1743 0.9888| 0.1744
14° 0.9709| 0.2421 0.9727} 0.2425 0.9746{ 0.2430 0.9771| 0.2436 0.9781] 0.2439
18° 0.9520] 0.3093 0.9550| 0.3103 0.9580 0.3113 0.9622] 0.3126 0.9638| 0.3132
22° 0.9285| 0.3751 0.9330} 0.3770 0.9374| 0.3787 0.9435{ 0.3812 0.9459| 0.3822
26° 0.9006| 0.4393 0.9068{ 0.4423 0.9127| 0.4451 0.92111 0.4492 0.9243| 0.4508
30° 0.8684] 0.5014 0.8764] 0.5060 0.8840| 0.5104 0.8949} 0.5167 0.8991| 0.5191
34° 0.8320| 0.5612 0.8419| 0.5679 0.8514| 0.5743 0.8649| 0.5834 0.8701| 0.5869
3g° 0.7916| 0.6185 0.8035| 0.6278 0.8148| 0.6366 0.8312] 0.6494 0.8374| 0.6543
42° 0.7474| 0.6729 0.7613| 0.6854 0.7745| 0.6973 0.7935} 0.7145 0.8009]| 0.7211
46° 0.6995]| 0.7243 0.7153| 0.7407 0.7303| 0.7563 0.7520| 0.7787 0.7604] 0.7874
50° 0.6482| 0.7725 0.6658) 0.7934 0.6824| 0.8133 0.7066| 0.8421 0.7159| 0.8532
54° 0.5937] 0.8172 0.6128| 0.8435 0.6309} 0.8683 0.6571) 0.9044 0.6673! 0.9184
58° 0.5363]| 0.8582 0.5565| 0.8906 0.5756( 0.9212 0.6035| 0.9657 0.6143| 0.9831
62° 0.4761] 0.8954 0.4971{ 0.9349 0.5168| 0.9719 0.5456! 1.0261 0.5569| 1.0473
66° 0.4135] 0.9287 0.4346| 0.9761 0.4543] 1.0203 0.4504| 1.1147 0.4947| 1.1744
70° 0.3487| 0.9581 0.3691| 1.0142 0.3882| 1.0665 0.4163] 1.1437 0.4274| 1.1744
74° 0.2820] 0.9833 0.3009| 1.0492 0.3184| 1.1103 0.3444| 1.2010 0.3548| 1.2374
78° 0.2135{ 1.0046 0.2298) 1.0811 0.2448) 1.1517 0.2673| 1.2574 0.2764{ 1.3001
g2° 0.1436} 1.0219 0.1560] 1.1098 0.1674] 1.1908 0.1845} 1.3130 0.1915) 1.3628
86° 0.0724| 1.0354 0.0794] 1.1355 0.0858| 1.2276 0.0956| 1.3677 0.0997| 1.4254
90° 0.0000{ 1.0454 0.0000) 1.1583 0.0000| 1.2620 0.0000} 1.4218 0.0000] 1.4883
94° -0.0736| 1.0523]| -0.0824] 1.1782] -0.0905| 1.2943| -0.1032| 1.4753| -0.1085( 1.5516
9g° -0.1485( 1.0566[ -0.1680( 1.1955| -0.1861] 1.3244 | -0.2148| 1.5284| -0.2271| 1.6156
102° -0.2251| 1.0591) -0.2572| 1.2102] -0.2875| 1.3524}] -0.3361| 1.5813} -0.3572| 1.6807
106° ~0.3040| 1.0603| -0.3506| 1.2226] -0.3953]| 1.3785| -0.4686} 1.6343| -0.5010| 1.7472
110° -0.3861| 1.0607| -0.4488| 1.2330f -0.5106| 1.4027 | -0.6142| 1.6875| -0.6608| 1.815§
114° -0.4723| 1.0609| -0.5527| 1.2415] -0.6346| 1.4253| -0.7753] 1.7414]| -0.8400[ 1.88686
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Table

1l.- Concluded.

IONOPAUSE

IONOPAUSE TIONOPAUSE IONOPAUSE IONOPAUSE

H/R0 = 0.01 H/Ro = 0.05 H/Ro = 0.10 H/Ro = 0.20 H/Ro = 0.25
8 x/R° Yi/Ro x/Ro Yi/Ro x/R° Yi/Ro x/R° Yi/Ro x/Ro Yi/Ro
118° -0.5641| 1.0610| -0.6638] 1.2484 | -0.7690) 1.4462 ] -0.9551| 1.7963] -1.0427 1.9610
122° -0.6630| 1.0610| -0.7835| 1.2539| -0.9159| 1.4657 | -1.1578| 1.8529 ~-1.2746| 2.0397
126° -0.77081 1.0610| -0.9142f 1.2583| -1.0782| 1.4840 | -1.3890] 1.9118} -1.5434 2.1243
130° -0.8903) 1.0610] -1.0587| 1.2617} -1.2597| 1.5012 ] -1.6562] 1.9738} -1.8598 2,2165
134° -1.0246| 1.0610| -1.2209| 1.2643| -1.4654| 1.5175 | -1.9703} 2.0403] -2.2393 2.3189
138° -1.17831 1.0610| -1.4064 1.2664 | -1.7027| 1.5331 | -2.3465| 2.1128 -2.7047] 2.4353
142° -1.3580) 1.0610}) ~1.6229) 1.2679] -1.9817} 1.5482 | -2.8081] 2.1939 -3.2913§ 2.5715
146° -1.5730| 1.0620| -1.8816| 1.2692 ] -2.3176| 1.5632 | -3.3909| 2.2872 -4.0570| 2.7365
150° -1.8377| 1.0610( -2.1999{ 1.2701 | -2.7338| 1.5784 | -4.1545| 2.3986] -5.1025 2.9460
154° -2.1754| 1.0610) -2.6057) 1.2709) -3.2686] 1.5942 | -5.2045| 2.5384 -6.6208} 3.2292
158° -2.6262| 1.0610| -3.1471| 1.2715| -3.9884| 1.6114 | -6.7470| 2.7260 -9.0300| 3.6484
162° -3.3654( 1.0610{ -3.9152{ 1.2721{ -5.0210{( 1.6314 | -9.2448( 3.0038{-13.4322 4.3644
166° -4.2564| 1.0610} -5.1047] 1.2727) -6.6450| 1.6568 }-13.9882]| 3.4877 -23.9161) 5.9630
170° -6.0204| 1.0610} -7.2230| 1.2736 |-10.1609| 1.7004 }26.3596| 4.6480
174° 1 -10.1111) 1.0610{-12.1370{ 1.2758 |-16.8192{ 1.7678
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Figure l,-Illustration of ionopause shapes for atmospheres with various

(i) constant scale heights H/R, and (ii) gravitational variation
included in the scale height H/R.
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Supersonic region method
of charactistics
solution

Inverse iteration
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Bow shock
wave .
Magneto sionosphere boundary

(axisymmetric)
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(a) Former method.
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Shock-capturing marching
solution
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Euler equation

HEEURRN

(b) Present method.

Figure 2.- Comparison of former and present computational
procedures for determining the gasdynamic flow properties
of solar wind-magneto/ionopause interactions.



Physical plane Computation plane

Figure 3.- Transformation from physical domain
to rectangular computational domain.
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Implicit unsteady | Steady Euler
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Figure 4.- Illustration of capability for providing an additional

flow-field segment to the obstacle nose solution in the
computational procedure for determining the gasdynamic
flow properties of solar wind-ionopause interactions.

294



Bow shock

Streamline

lonopause
s v )

i vR )x

Figure 5.~ Illustration of quantities used
for streamline calculation.

. ) Bow shock
Field line

Streamline

Figure 6.~ Illustration of quantities used for magnetic
field-line calculation in the plane of magnetic symmetry.
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2p Bow wave
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Figure 7.- Illustration of the components of the
three-dimensional magnetic field.
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North Ionopause

Towards
sun

Figure 8.~ Illustration of sun-~planet (¥g,Y¥g,2g) and solar
wind (x,y,2z) coordinate systems and the azimuthal ()
and polar (¢,) solar-wind angles, both shown
in a positive sense,
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Ionopause

Figure 9.- Illustrationof solar-wind (x,y,z) and (X,Y,Z)
coordinate systems and the interplanetary magnetic
field and magnetic-field angles (ap,an).
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Bow shocks

| | | ] L |
2 4 3 8 10 120

Figure 10.- Bow shock locations for M, = 8.0, Y = 5/3 flow past
constant scale-height ionopause shapes with H/Ro = 0.5 and 1.0,
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Bow shocks
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Figure 1ll.- Bow shock shapes for flow past an ionopause shape with
gravitational variation included in scale height with
B/R, = 0.25, ¥ = 5/3 and M, = 2.0 and 3.0.
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Ionosphere Bow shock
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Figure 12,-~ Overall features of Pioneer-Venus orbiter
trajectory crossings of solar-wind/Venus-ionosphere
interaction region.
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x/RO

Figure 13,- Illustration of typical flow-field grid density for
gasdynamic solution; M_= 3.0, Y = 5/3,
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©—O Trajectory based on inbound
interplanetary s.w. direction:
aberration =6.5°, polar
angle = -1,4°

@—® Observational bow

B8 shock crossings

B--48 Trajectory based on outbound
interplanetary s.w. direction:
aberration =°4.9 , polar

Bow Shock Legend angle = 7.6

Mo ¥

13.3 5/3 Ionopause, E/Ro = 0.03
13,3 2 /

3.0

Planet, &,/Ro = 0.97

-1 0 1 2 3

Figure 14.- P-V Orbit 6 trajectories and observational bow shock crossings as viewed
in solar-wind coordinates based on inbound and outbound interplanetary solar -
wind directions; also, various bow shock shapes for different
interplanetary solar-wind conditions.
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Figure 15.- Comparison of observed (OPA) and theoretical time histories of ionosheath
plasma properties for P-V Orbit 6 based on inbound and outbound interplanetary

solar-wind conditions using a gasdynamic solution for M_ = 13.3, ¥ = 2.0.
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Figure 16.- Comparison of observed (OMAG) and theoretical time histories for
the magnitude of the magnetic field for P-V Orbit 6 based on inbound
and outbound interplanetary conditions using gasdynamlc solution
for M_ = 13.3, Y = 2.
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Figure 17.- P-V Orbit 3 trajectories and observational bow shock crossings as viewed
in solar-wind coordinates based on inbound and outbound interplanetary solar-wind
directions; also, various bow shock shapes for different interplanetary

solar wind conditions.
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Figure 19.- Comparison of observed (OMAG) and theoretical time histories for the

magnetic field for P-V Orbit 3 based on inbound and outbound interplanetary
solar-wind conditions using gasdynamic solutions

M, =7.38, Y= 2.0 for
inbound and M, = 5.96, Y = 2.0 for outbound calculations,
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Figure 19.- Concluded.
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Figure 20.- Comparison of observed (OMAG) and theoretical time histories of the magnetic
field for P-V Orbit 3 based on inbound solar wind interplanetary conditions using a
gasdynamic solution for M_ = 3.0, Y = 5/3,
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