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1. INTRODUCTION:

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

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inventory information is now no longer maintained in the DSCs, but is now managed in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

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

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



2. ERRATA/CHANGE LOG:

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

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

Version Date Person Page Description of Change

01

02



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

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

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

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

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

b. Core Catalog Materials


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

REQ. AGENT RAND NO. ACQ. AGENT
SAR ‘ V0319 DAC

IGRF 1985
INTERNATIONAL GEOMAGNETIC
REFERENCE FIELD DIVISION

MG-14D

This data set catalog consists of one 9-track, 1600 BPI, ASCIT magnetic
tape. The tape contains 16 files and was created on an IBM 360 computer. The

D and C numbers are as follows;

ot ot

D-71182 C-25271




o PROGRAN 8UNI

Bottowsice N(h) Program

troduction

T converling ground vased ionosonde

uction propram
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For each

ionogram

meters

e SR

tae Neluyer cusp Lo poordy ueffined or i the ionoprams can a0t Le
' better thun U1 NHz in Urequency and 5 kmoin viriual height

d on photographic paper, tor example).

The program uses frec-foruat data cards containing the rollowing

paremeters: =

K23 BTN GN GIN (10, 3F0,0) Those two cards remain

KZD GD GID DELF (10, 3K0.0) in the data deck at all
- times and rarely neca o
PITLE(1) = dine 1 (20A4)
TITLE(2) - line 2 (20A4)

IYR MO VD ITI DLAT DLONG HT N IP 1V XDATA (4I0, 35F0.0, 310, r0.0)

NV LVA RUN VAL START (210, 3FC,0) - Optional (see below)
F(1) HR(1) F(2) HR(2) .... F(i) Hp(i) 1 3
(100 F0.0) - O-trace data

F(3) HR(3) - = - = = = = = (N) HR(N) -

PAD(1), EFXD(1) -~ - - - — FXD(i) HPXD(i) )

. )(20 ¥0.0) - X-trace date.

. ) Optional
)
)

FXD(3), HPXD(3) - = - = = FXD(10) HPXD(10) (sive bulow)

3.1 Lerinition of the paramctery

KZN Number of trial starting frequencies - usually 8.
HTN Starting height - usually 150 km.

GN First trial starting frequenc - usually 0.1 ¥Hz.

GIN Incrament by which starting frequency is increased — usually Ui
RZD Number of trial starting frequencies ~ usuully 5.

vl First trial starting frequency - usualiy 0.06 Mz

GiD Incremont Ly which slarting f'roguency is inerecased = usualiy vl M
DELF Increment by which E-valley depth is increassd below foi -

6day 0.7 Wis.




v

NV

LVA

VAl

to the comp

pding

v0 cards ure used f'or providing &

The rinst card usually contains a general heading and the

contains a more spucific heading relating to ecuch ionogram.
Yoar

Month

Day

Local standard time (Hrs. Mins. Seon) e 172450

Geopraphic latitude {(north poal tive)
Geographic longitude (eust positive)

T less then 120 km ‘Daytime parametars'

assumed for calculating trial N(h) profiles.

1 + number of data points scaled from the O-trace.

If TP = 0, short version of output printed (see Section 4),
otherwise detailed version printed.

ial run (see below) re

= 1 if valley correction or sp
otherwise set IV = 0 in which case the card containing NV «
should be omitted.

AUATA = 0.0 if X-trace dala are available. Othnrwise sct XiALA
= 1.0 in which case X-trace datu cards should be omitted and only

one N(h) profile shouid be computed using the spocial run

facility (see beiow).

2 + number of data points scaled between x“:‘.n anda roE inclusive.

Number of trial valley dupths, i.e. 1 + LVA profilis «re Gomputed

tor vach starting frequoncy with depths of U, DELF, 2 U

LVA x DULE iHz.

RUN ie0 for spocial tun, in which cane VAL nnd

N, VAL and SPai

assigned values, otnarwiso i

¥inimim eicelron Goneontintion in the viLl Luy

earresponding 'to



vr -4 -

™
START f Staruing x'r(:que:\cl]‘

‘L i)

~

(1) HP(1) ¥(1) = 0.0 always. HP(1) = starting height (HT)

F(2) HP(2) F(2) = rmin HP(2) = virtual height of foane

?(3) HR(3) O-trace frequencies and corresponding virtual heights

& scaled at any frequency interval. It is unncessary to

F(N) HP(N) scale more than about 25 points.
FXD(1) HPXD(1)  X~-trace frequencies and corresponding virtual heights.

Ten points should be sealed, five of which should be

FXD(10) HPXD(10)  ¢lose o tha E-layer ousp. on ihe X-trace.
4. Lineorinter output

Two versions are available; a short version (obtained by setting IP = 0)
or a detailed version (obtained by setting IP = 1)

4.1 Contents of the short version

N O-trace input data
C Standard deviation and average difference between the observed and

computed X-traces.

Interpolated electron concentration at intervals of 10* electrons om 2.

Interpolated electron concentration at 10 im height intervals above the
E-valley,

Extrapolated values of hmFZ and NmF2.

Extrapolated values of elaotron oonoentration at 10 km intervals betwaen
hf(N) and hoF2,

4.2 Contents of the daetailed version

48 L.1 but also including:=

The magnetic dip and gyrofraqiency at the starting helght.

The e¢lectron concantration and gyro frequency at, and the height of,
the roflection point of the coded O-trace frequenciss,

Th

oS

computed X-trace.

A detailed comparison of tho observed and computed X-traces.
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RE AG90LA_compnter

moon tho R

The foliowing cards arec r ircd.

22 iuser name, NiDAT
)
)
ot ) Data cards
S
e
RUNJOB NHIOB, :user name,RUNBIN,LDRSKRS HSNii,CORE19000,,CR NHDATA,.LP,=
JORTIVEmMINS, TINERMINS
54l required
The mill time required depends on (&) the number of lonograms
(b) the number of trial N(h) protiles for each ionogram and (c) the
number of points scaled from the O-trace. It takea approximately 30 sec:
to compute ono N(h) profile from 5 duta points. Thus /4 ionograms \’.-.u‘
with 25 data points) which require 3 trial starting frequercies as

trial vulley deptns woula take

Lx3x(1+2) x30 = 18 minutes of mill time.
%0

The job %ime is approximetely 10 minutes greater than the mill Time.

The following example shows the cards required to procesy onc Gaytime anc

case of the duytimu donogram, three trial

one night-time ionogram, In thi

starting roequencies and two trial valley cepths (0.2 and 0.4 MHz) aro usod

with & adetailea printout of' the results,

1 sturting frequencies are used and & short version ot

requested.

INRUTS SABCIYZ,

5 150, 0.1 0.4

410,16 0u1 (.2

In tho c&se of the ailpht-time lonoirre.



DAYTINE TONOGRAN

703 A 51 GO0 7 e 8L S =75 780 v 25 SR MO ¢

91 240,010,0%

0401 80 = R EIER 0 S 4y S o W CORRT T 2 S e Sidinin
350" 125, 326 172,  3.32 2B0.  3ek 8. 3.500235.
O=trace data

2 AN 2325 3. 95 238 IR L A 2U 0RO SR By Rl T B SE250 o

5,0 265, 5,5 255, 6.0 257. 6.5 262, 7.0 265,

85012805 90 30631000335, 11,0 3858 .11.7 430.

42 275, L3l 265. ok 257. L.5 255, L.6| 255. 5
X-truce data

5.0 262. 5.5 270, 6.0 270, 6.5 270. 7.0 2.
VALLOPS ISLAND
NIGHT-TIME IONOGRAM
68 4 4 214500 37.8, =-75.47 150.15 0 0 Q.
0 SOREAED SRR 6R270 SaaiA B0 S o7 0L A b S 270 VIR 17 5 82756
2S0R2B5 SN 255 SE20 2 SN S OIS 20 5 EHS <5 85 20 LI S O3 3 0 ; O-trace data
Wbl 3551 5.0 38011 15,51 FL00, 15,61 430. 5,81 470, )
ieE8am18 SN0 310 Eiia ik oo g (s 0 oga L ix [gfati5 )
) X-trace dats
Lotl 3200 4o3 325, keS| 3300 LT 340e 49 345, )

ween

RUNJOB NHJOB, : ABCXYZ,RUNBIN,LDRSRS BSNH,CORE19000,,CR NHDATA, LP,

JOBTTHE 1EXINS , TREEHIN

7. Referencas

Doupnik J., R, and Schmerling E. R. 1965 J. Atmosph. Tu.rr, Phys. 27, 917

Sa0R30n Je e 1971 "Pha p'(f) to N(r) 3Inversion
problem in ionospheri
GSFC Report X-625-71-186

Piggctt . R. and Rawer K. 1961 URST Hundbook of Tonogran
Interpretation and Redustion
nlsevier, London.

soundings"
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“ach

ionogram

Li poopiy untined or it the tonoprams can nos i«

v Of better than U.1 MHe In Crequ

Y and % Km in virtw

(those recorded on photogriphic puper, lor example).

3+ | Data imput

The program uses f{ro rormat data curds containing the following

paraneters
R2N LGN GIN (10, 5r0,0) These

RZD GD GID LRLF (10, *F0,0) in the data deck at all

- e e times and ra

= dino | ( 20h4 )

- line 2 (20A4)

TYR MO ¥D TTI DLAT DLONG HT N 1P IV XUATA (410, 3F0.0, 31G, RO.0)

VAL GTART (210, 3FG.0) - Optional (see btelow)
F(i) HP(1) F(2) HP(2) .ovv F(1) HP(1) =

{100 F0,0) - 0-zrace data

il == == === F(N) HR(N) ~

L i GE R e TG )
i {20 ¥0.0) -
¥ )

5
X0(3) = = = = = FXD(10) HPXD(10)

trace d

)

wn0f!

e ofl trial starting frequencies - usually 8.

HTN Starting helght - usualiy 150 km.
Ry =t trial starting frequency ~ usually 0.1 Miz.

GIN s reme by which starting f'requency is increasea - usualiy v.i
RZD wer off trial starting o ncies = usuelly 5.

JGHBACY = Hsumaly

rement by which sturting f'ruguency is incre

increment by which E-valloy dopth is incresced below foF -

uanal.y 0.2 Mz,




LINTA

the computed wesul

Two capds ure used fop providing & neading to

b Cinst cand usually containi a general neading and the se

contalr cific heading relating to each ionogram.

more s

Yoan
Month

Day

Local standard timo (Hrs. Mins. Suees)  eg 17230
Geopruphic latitude (north positive)
Guographic longituce {east positive)

Starting height. than

20 km 'Daytime parameters'
assumed for calculating trial N(h) profiles.

+ number of data points scaled f'rom the O-trac

1 1P = 0, short version of vutput printed (e

dection 4 ),

wise detailed version printed.

1 it valley correction or special run (see below) required,
otherwise set IV = 0 in which case the card containing NV cte.

shouli be omitted,

ADATA 0.0 if X-trace data are available. Othorwise sot XIAVA

- 1.0 in which case X-trace data caras should be omitted anc

one N(h) profile shouid be computed using the special run
tacility (see oelow).

Z + number of data vpoints sealed between 1‘r i and fob inclusive.
= il

of

trial valley dupths, i.t. 1+ LVA profiles ave compuiod

for wash Stanting |

with depths of (

LYA S0 DL Mbz,

AN 0 o apocial cun, in whieh cane VAL and b
Ssignnd values,  OLhorwiso HUN, VAL and STARTD 0,0




- -

oK

l
J
L
’ ¥(1)

¥(1) - 0.0 always. HP(1) = starting height (HT)

F(2) HP(2) F(2) = HP(2) = virtual height of £, =

fmin
F(3) HP(3) O-trace frequencies and corresponding virtual heights

X scaled at any frequency interval. 1t is unncessary to
FIN) HP(N) scale more than about 25 points.

X~

ce frequencies and corresponding virtual heights.

. Ten points should be sceled, flive of which should be
FXD(10) HPXD(10) close to the E-layer cusp on fhe X-trace.
4. Lineprinter output
Two versions aro available; a short version (obtained by astting IP = 0)
or a detailed version (obtained by setting IP = 1)
L.1 Contents of the short version
O-trace input data
0 Standard deviation and average difference between the observed and
computed X-traces.

I

Interpolated elsctron concentration at intervals of 10 electrons am_z.

Interpolated electron concentration at 10 im height intervals above the
E-valley .

Extrapolated values of hmFZ and NmF2,

Extrapolated values of eleotron conceniration at 10 km intervals between
ht'(N) and hmF2.

4.2 Contents of the detailed version

A5 4.1 but also including:-
The magnevic dip and gyrorraguency at the starting height.
The electron concentration and gyro frequency at, and the helght of',
<he refection point of the coded O-trace froquencies.
&
The computed X-trace.

A detailed comparison of the observed and computed X-traces.



PGuATCd.

T |y fata cards
)
wenk
RUNJOR NHIOR, :user name N, LDKSKS BSNiL,CORE19000 , WOR

, TINBLVING

reguired

e mill time required depends on (a) the number of ionogram

{b) the number of trial N(n) protfiles for each ionogram and (o) the

numter o1 poin

scaled t'rom the O-trace. It takes approxamately 30 secs

to compute ono N(h) protile from 25 data points. Thus 4 tonograms (eact
wilh 25 data points) which require 5 trial starting frequencies ard -
trigl valley depths would take

4 x3x(1+2) x 3 = 18 minutes of mill time.
50
&

The jou vime 1s approxamately 10 minutes greater than the mill time,

The tollowing example shows the cards required to process one daytime ai

Lonogram. In the case of the daytime ionogram, three tria

one iph

stanting reequencie

5 and two teisl vellsy dopths (0.2 and 0.4 Miz) are usod

6 uetailec nrintout of Lhe pusultbos In the case of the night=tiwe {ounn

sterding

‘requencies are used and a ghort veraion off the

1SHE UV o) Bl
Ly 0.4 0



.z-,g,‘ L

\OPS

ISLAND

DAYTIME IONOGRAN

70+ 37459500 37,84 - =75:4.7.80 25 1T 1
9 2 .0,0.0.0,

0,0 80 1a5 102 1,75 440 2,07 1120
3,0 125, 3.26 172, 3.32 280, 3.4 28,
307 232, 3.9 2385 e 2U00 L3 AU8,
5.0 255. 5.5 255, 6,0 257, 6.5 262,
8.0 280, 9.0 306, 10,0 335. 11,0 1385.
Le2 275 Le3 265, bl 257. 4.5 255.
5,0 262. 5.5 270. 6.0 270, 6.5 270,
WALLOPS 1SLAND

NIGHT-TIME TONOGRAM

68 4 L 214500 37.8. =-75.47 1%0.15 O O
Te0 — 150+ Telb. 270, 2552705 ie5 270.
2.0 1285, 2.5 292, 3,0 305, 3.5 320.
Le5 355. 5.0  380. 5.3 400, 5.6 430.
1,88 318, 2,0 310, 2.5 298, 3,0 298,
Lot 5205 B3 325000 LoD 330, ko7 k0.
eene

Q.
2.5 115,
3.5 235. !
4.5 250. ) O-trace data
7.0 265, %
1.7 430, )
4.6 295, Z
X-trace data
7.0 2%. S
Q.
175 275- g
4.0 333, g O-trace data
5.8 470. )
3,9, 315.)
) X-trace data
49 3450 )

RUNJOB NHIOB, ¢ ABCYYZ,RUNGIN,LDHSRS BSNH,CORE19000, ,CR NHDATA, LP,

JOBDINE 1 EMINS, TIMEEMING

7. Refsrences

Doupnik J. R. and Schmerling E. R, 1965

JARRICHT G, By 1971
R. and Kawer K, 1561

J. Atmosph, Terr. Phys. 27, 917

"Mha pt(t) to N(n)
problem in lo

GSFC Report X-62

UK adboun of ione,
e

#lsevier, London.
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Memorandum MEW DoenmENTATION

DATE: 4 May 1971

National Space Science Data Center

Mr. John E, Jackson, Ccode 625

Program fox the Reduction of Ionograms to Electron Deasity

Profiles.

As you know, I have been requested to provide the National
Space Science Data Center with my computer programs £
the reduction of ionograms to electron density profiles.

The programs in current use at GSFC are written in FORTRAN IV
for the IB -360-91. These programs have been developed
over a period of about g years, and although they function
quite satisfactorily, they are not particularly neat from
a FORTRAN standpoint. Statement numbers tend to be com=
pletely yandom, Some FORTRAN statements are probably no
longer used, and documentation is incomplete. t has
therefore been decided to pyovide the Data Centex
a "cleaned!" up and ndocumented! version of the N(h)
program. This project, however, cannov be C
high prioxity, and it will take a few mont
iz, Since requests for these N(h) programs have a
arrived, I am sending at this time some nmunpolished’
Tl se quite satisiactoxry Programs, together with
» outputs for sample runs.

I. Basic Topside N{h) Programs

This provides the N(h) profile fxom the topside X T
It requires a 94 K memoxy and it should have a Field G D
gram supplied with it (although one could use an inverse
cube routine based upon FH at the satellite). The input
data is on caxds (no tapes required) , The usex t provide
the satellite position, as determined from a World Map and
the X trace virtual range Vs. frequency. Thie output gives
an N(h) profile for the scaled points and also at fixed
heights. It also gives altitudes at selected fixed

densities.

II. Comprehensive Topside N(h) Program

This is not supplied at this time. This program will
do the same thing as the basic program and include the
following options: i

Buy U.S. Savings Bonds R;gularly on the Payroll Savings Plan

\
il
il

i



a4

1) World Map interpolation,

2) calcula of ¥xS when the start of the X txrace
is not defined with sufficient accuracy on ionograms,

3) allowance for variable satellite position, and

4) calculation of O-trace from N(h) profile.
IV. Documentation

The only documentation available at this time is
Jackson's paper in the special June 1965 issue of the IEEE
on p. 960, Reprints are being sent to the Data Center for

distribution with its topside N(h) pxrogram.

IV. Program for the Analysis of Ground-Based Soundings

This provides the N(h) profile from the O-trace. Th
X trace is cumputed for various starts and E-valleys (day-
time ionograms) and compared with observed X txrace.

Input on caxrds include soundex ' position and O trace
virtual heights versus frequency. The required computer
memory is 100 K. (No tapes are required)

The program calls for Field G but again this is not
essential. Anothexr subroutine required is TAB which has
also been supplied to the Data Center.

There is no documentation available at this time.

You may if you wish quote this memorandum (oxr send
a copy of it) to the recipients of my N(h) programs.

Additional information will be sent to you as it becomes
available.

S, &, Sackon

©. Jackson ¥
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s THE P'(£) T0 N(h) INVERSION PROBLEM IN TONOSPHERIC SOUNDINGS
hy

Jolin E. Jackson
Laboratory for Planetary Atmospheres
NASA Goddavd Space Flight Center

- Greenbelt, Maryland
ABSTRACT

A general review is given of the inversion technigues

which are used Lo derive the ionospheric eieciron densi
N as a function of altitude h from group path P' versus
frequency £ measurements obtained by vertical incidence
ionospheric sounders. The paper discusses the medium
° under investigation, the experimental techniques used
to obtain the P'(f) data, the theoretical considerations

which iead to the integral equation relating P'(£) to

N(h). and the assumptions made in the inversion process.

The lamination inversion technique is then presented,

with special attention given to mathematical difficulties
arising from discontinuities in the pi(f) function,
infinities in the integrand, and in some cases unknown
integration limits. Methods outlined for minimizing the
uncertainties due to discontinuities include the use of
redundant information (i.e. the two distinct pP'(f£) functions
available for a given N(h) profile) and the use of models

based upon statistical data. Mathematical procedures are



SR

discussed which increase significantly the efficiency and
accuracy of the required numerical integratiions. Also
included are recent refinements in inversion techniques
which require fewer assumptions than are made in rountine
inversion. A number of examples are given to illustrate

some of the procedures mentioned and also to point out

their limitations. The accuracy of the inversion tech-
nique is deduced by comparing the resulting N(h)
profile with N(h) data obtained by simultaneous but

independent ohservations.



INTRODU

THE P'(£) T0 N(h) INVERSION PROBLEM IN TONOSPHERIC SOUNDINGS

by

J. B. JACKSON

TON
Tonospheric dataobtained by the vertical incidence
pulse sounding technigue havebeen used extensively to

derive profiles of electron density N versus altitude h.

The calculation of N(h) profiles from the P'(f) sounder data

requires the inversion of an integral equation of the form

p_ (L) 3
PH(eyE=m [ [N(p), £, B(p), w(p)J dp (1)
Py
where
P' = apparent range
£ = frequency
p = propagation path
ity & location of sounder
nr = location of reflection point for frequency [
n' = group refractive index (see nexi pavagraph)
N = electron density
—
B = amplitude of terrestrial magnetic field vector B
.
® - angle between B and direction of propagation,

The fundamental formula for n' is:

n' = n + fJ%%

where n is the real part of the refractive index of the
medium. The index n is given by the well-known Appleton-

Hartree formula, namely,



"3 = 1- 2X(1-X) (3)
201-X)-Yat Y7 +4( =)
where
X = (m)2/e’ (4)
where
N = plasma frequency = 8.98 X 1075 JE— (5)
(4N in MHz; N in electrons/co
Y = fH/f (6)
where
fil = gyrofrequency = 2,80 (7)
(fH in MHz; B in gausses)
YT =Y sing
YplimX cos &
+

T = positive sign in front of square root is for
the ordinary wave; negative sign is for the
extraordinary wave.

The ordinary wave reflects when X = 1 (except whend= 0)

or equivalently (as seen from Fq. 4) when:

£ = IN (

The extraordinary wave reflects when X = L — e (if VETRS 1)

and also when X = 1 + Y. In p'(f) terminology, however,

only the echo corresponding to XU=mE=R vy sfcalled

an oxtraordinary echo, and the echo corresponding t0o

X = 1 + Y is called the Z echo. Using Eq, 4 and 6 to

express the reflection conditions in terms of fN and fH

yields the freguency fx of the extraordinary echo:
tx = (oH -»V.xmﬂm), (9)

and the frequency fz of the 7 echo

fz.5/8x -840 (10)
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Equation (1) was written in terms of a generalized
propagation path p to indicate thac the sounder data
do not necessarily correspond to "vertical incidence.
The propagation path is, however, essentially a vertical
path, if the electron density distribution is only a
function of altitude (spherically stratified ionosphere).
Most P'(f) to N(h) inversion techniques assume that
stratification is essentially spherical within the
jonospheric region from which the sounding' echces are
yeceived and that the propagation path is vertical.
Except when otnerwise indicated these assumptions are
also made in the present paper, i.e. in Bq. (1) p is
replaced by h and® is replaced by (900 — § ) where @is
the magnetic dip angle.

The formulas given above (Eq. 1-10) provide all
the information required to evaluate p'(f) for a given N(p),
B(p) and @(p). it is sceu bhat these cailculations would
yield three pt(f£) functions since there are three
conditions under which reflection can take place. The
caloulations would require an explicit expression for
n' in terms of X, YT and YL’ which is obtained by a
straightforward substitution of Bq. (2) into Eq. (2).
The resulting formula (see Ref 1 p. 971) is rathexr
complicated and it is not required for the present
discussion. The complexity of the n'!' function makes

it impossible to evaluate analytically tho integral



shown by Bq. (1), except in very special cases
(h= 0 andd= 90 degrees). Numerical integration
techniques have to be used (even for a very simple
N(h) medel), and special care must be taken near
the reflection points where n' becomes infinite.

Tt should also be noted that B and ® in Eq. (1)
are net unknown quantities, since they ave specified
by the sounder location and can he calculated to a
high order of acouracy from a terrestrial field model
( Ref 2 ). Thus the only unknown in the inversion
process is N(h), letting h = p.

The inversion of Eq. (J) is, to a large extent,
performed using the same mathematical technigues as
are vequired for the direct evaluation of Eq. (). The
difficulties encountered in the inversion process are
due primarily to gaps and discontinuities in the P'(f)
data. The redundancy of the dava (avaitability of
more than one P'(f) function) helps cvercome these
problems. But in many cases it is also necessary to
have some knowledge of the gross features of the N(h)
distribution.

A complete discussion of the inversion process
must therefore include some basic inforiation concerning
#he medium under investigation and the limitations of the
PI(f) measuring teohnique. The characteristics of the
ionosphere and of the sounder technique are such that two

sounders (one on the ground and the other in an earin



HES L

orbiting SntclLan) are required to permit a complate
determination of the N(h) distribution at a given
location. The present paper will discuss the P (1)
to N(h) inversion prohlems associnted with both types

of soundings.

THE MEDTIUM UNDER INVESTIGATTON

Since the ionosphere is produced primarily by
jonizing radiation from the sun (offsct by subsequent
yecombination and/or transport of the electron-ion
gas thus ereated), the N(h) distribution depends upon
the level of solar activity and expericnces diurnal,
seasonal, and latitudinal variations. The terrestrial
magnetic ficld influences noft only the n' function,
put also the N(h) distribution. Boih pifects are due
to the field control (Lhrough the ‘7’x ﬂ'mnchanism) upon

rc induced oscillatiouns)

the motion (transport or radioy
of the free electrons. Since the magnetic axis is not
aligned with the rotation axis of the earth, the magnetic
control produces longitudinal variations in the N(h)
distribution (in addition to variations due to local
time aifferences).

Although the variability of the medium can
introduce Some aifriculties (or limitations) in the

N(h) caleculations, certain features of the daytime and

nighttime N(h) distribuiions aie sufficiently reguiar
~ at least at midlatitudes - to provide a basis for

the conventional division of the ionasphere into
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D, B, F1 and F2 regions. The houndaries hetween these
regions have never been precisely defined, bui it is
usually understood that the D region is below 90 km,

the E resion between 90 and 140 km, and F1 region

between 140 and 180 km, and the F2 region above 180 ku
The typical features of the midlatitude N(h) distribution
can be seen on Fig. 1, which shows a daytime and a
nighttime profile measured over yallops Island, Virginia,
An dmportant oharactoristic of the distributions is the
fact that the electrun density becomes signiticant at

an altitude which is ahout 80 km in the daytime and

about 150 ki at night (points Q on Fig. 1) and increases
almost monotonically up to the height of maximunm density
(hmaxF2, shown on Fig. 1 as point M) which occurs typically
at altitudes Letween 200 and 100 lm. The major

exception to this rule occurs in daytime in the region
botwaen 110 and 140 km (E valley). Above hmaxF2

(topside iunosphnrn) the elechron density decreases

monotonically and very nearly in exponential fashion.

MENTAL DETERMINATTON OF THE p!(f) FUNCTION

The ionospheric sounder, or jonosonde, operates
on principles similar Lo those of radar, and it provides
echoes from the iocuosphere over a wide range of operating
frequencies. Tho retlection conditions are such that

1) the ionosonde must utilize frequencies iower than

e



those normally used in radar and 2) a large number of
sounding frequencies are required in order Lo investigate
the plasma and obtain its electron density distribution.
This last requirement is best met with the Bwept-Ifrequency
system, although single or multiple-fixed frequency

sounders are also used for special applications.

ITonospheric soundings are typically conducted at

frequencies between 0.1 and 20 MHz, using 100 microsecond
pulses and a 20-to-60 pulse-per-second repetition rate.

A complete Iraquency sweep takes typically 15 to 30 seconds.

In the widely used swepi-irequency system the

received echoes are customarily displayed in the
"ionogram" format, in which the echo round-frip time
At is displayed (in the vertical axis direction) as

a function of the sounder frequency f. The quantity
(At)e/2 (where ¢ = velocity of light in vacuo), which
would be the target distance for a conventional radar,

is called the apparent range; it represents a distance

which is greater than the distance to the echoing regi

because the sounding signal is retarded by the ionosphere.

The apparent range P! is
() (11)
where
o U dp a
Av, = 2 (Y (22)
z Py v
(4
B Vp(nyz”:@ the velocity of the s ding signal,
3



Dice a reflection point for the frequency fr
and the integration is along the path taken by
the wave.

Gombining Bqs. (11) and (12) gives

p.
Sy
1 (|r) =

dp. (13)
G

In standard magneto-ionic nomenclature, the quantity
c/TG is called the group refractive index n'. Equation (13)

thin becomes

P,
P! o= pr n'dp. (14)

as given in Eq. (1). The vertical (round-trip) axis
of the ionogram is calibrated in terms of the apparent
range P! and the basic measurement provided by the ionogram

is the apparvent range P' as a function of frequency.

CHARACTERISTICS OF TYPICAL P! (£) CURVES

The three reflection conditions (Egs. 8, 9 and 10)
csive rise to the ordinary, extraordinary, and 7 traces
on ionograms. Conventional soundings from the ground
rarely yield usable 7 traces, but they normally provide
both ordinary and extraordinary traces. Bach of these
P'(f) traces can be used (with appropriate inversion
techniques) to derive N(h) profiles. The ordinary
trace is generally the most useful one on ground-bhased
soundings and the extraordinary trace is the most

€ p. 63 of Ref. 1},

useful one on topside soundings (s
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In both cases (topside and ground-based soundings),
the presence of at least one trace in addition to the
one used for primary data analysis provides redundant
information that can be used to check assumptions
made in the analysis (l.e. in the inversion of Eg. (1))
and to minimize uncertainties due to gaps in the primary
data. Further redundancy of information is also
available on topside ionograms, as the result of resonance
phenomena which occur at N, i, 2nd at the upper hybrid
frequency £T, which is given hy:
LT = VIN: + o (15)

These resonances permit the calculation of N and B
at the satellite, which is particularly helpful when
the propagation traces are not clearly defined at the
satellite. Since N and B (consequently N and fH) both
decrease monotonically with altitude in the topside
ionosphere, the P'(f) function is, in principle, known
for both ordinary and extraordinary traces for the
complete topside profile below the satellite (portion
AM of profiles on Fig, l). On ground-based soundings,
however, the P'(f) function is not defined for the portion
QR of the profiles on Fig. 1 (where R corresponds to
the minimum density for which echoes are obtained by
the sounder), and for the portion SI of the daytime
profile on Fig. 1,

The ordinary ray P'(£) functions corresponding to

N(h) profiles of Fig, 1 are shown on Rigs, 2 and 3 fon
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topside and for ground-based soundings. To permit

a direct comparison between apparent heights P' and the
actual refliection heights, the N(h) profiles have heen
redrawn with the density expressed in terms of plasma
frequency (using Bq. 5).

It is seen that topside and ground-based soundings
terminate at hmaxF2, which follows from the monotonic
variation of N and fx with electron density. Actually,
ihe soundings do not quite reach hmaxF2; the topside
soundings stop typically at a point M' (15 to 30 km
above point M of Fig. 1) and ground-based soundings
stop typically at a point M" (10 to 20 km below M).

The region M'M" can he derived from simultanecous topside
and ground-based soundings (Ref.3) or by extrapolation
of either type of soundings. This extrapolation usually
assumes that the N(h) distribution can he represented

by a Chapman function in the vicinity of hmaxF2, i.e.

N(h) is assumed to be given by:

N = Nmaxcxpﬂ(l—z—e_z) (16)
where

7 = (h-hmax) /1
and H = scale height.

The unknown parameters in Eq. (16) are determined from
the known portion of the N(h) profile near hmaxl'2.
There is one additional source of information

which can he used to check the total nrofile ohtained
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by simultaneous topside and ground-based soundings.
Topside ionograms frequently display echoes reflected
from the ground (ground trace or ground echoes).
These echoes, which are for frequencies greater than
the maximum frequency reflected from the iounosphere,
exhibit a delay which is determined by the total
profile ( and by the frequency of the sounder signal).
It is thercfore possible to check the accuracy of

the total profile by comparing the observed ground
echoes with the ground echoes calculated from the

total N(h) distribution (Ref. 3).

MATHEMATICAL TECHNTQUES USED FOR THE INVERSION OF EQ.(1)

The technique used for the inversion of Eq. (1)
will be discussed for the case of vertical propagation,

i.e. for the inversion of:

hy.
HH(GE) :II: n' [N(h),fr,ﬂ(h).ﬂ(h)] dan (17)
0
Equation (17) is written:
i=k- fh,
Bl (ER) S =B J h1+1 n'dh (18)
0 S
where
hk = hy

mita=dnit [N(h),fr,n(h), o(h)]

For each interval Ah =t l'i (or lamination),

el
the N(h) function is approximated by a simpie analytic
function. The number of laminations requived cau be

minimized by choosing a function which approximates

the N(h) distribution over large Ah increments. A



linear approximation is, however, adequate if small
height increments are chosen and this simpler represen-
tation will be used to illustrate the procedure. The
linear substitution:

hEssslsstaa

i i+1(N =Ny

i
dh = ai+1dN

gives for a typical lamination:
h, N.
i+l ' T ki 0
fhi n'dh = a1 JNL n'd\ (19)

The integral corresponding to a given lamination is thus
completely defined excepl for a constant a1 which
represents the value of ah/aN in the lamination. For all
laminations, except the last one (hk—l’hk)' the function
nUsEs finiLe* and the integral on the right hand side
of Eq. (19) can be evaluated with great accuracy by
numerical integration techniques, using, for example,a
Gaussian quadrature formula with only three coefficients.
The last lamination terminates at the reflection point
where n' is infinite. The integration in Lhis case is
based upon asymptotic expressions for n' near the reflection
conditions, which are of the form:

n' =a/ \)]——{3;\1‘

where « and B are constants appropriate for the propagation

% There is one exception to this statement, and this occurs
in the case of % echoes on topside ionograms wherc n'
becomes infinite at the start of the first lamination when

S (A e e

e
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mode used. By letting t2=]—ﬂN. the last integral in

BEq.(19) becomes:

N 2 .ft141
n'dN =-= "'t dt
Ni B ‘1

At the reflection point, bthe integrand n't is finite
since

n't =

Most of the technigues currently used for the

inver

concept. The laminations are implicitly specified by
the choice of sampling frequencies, as illustrated by

the following example based upon the ordinary h'(f)

function for a topside sounding. Let fl,f ,..‘.f” be
the sampling frequencies and hi,hi‘...,hé be the

corresponding h' values. Let Ni be the density at which

reflection occurs for the frequency l'i, i,e. (from Eq.

9

§ and 5) NEBS 1ZJUOFT, where Nj is in el/cc and Ly is

in MHz, Il is also assumed that N1 is the density at
'

the satellite, i.e, lll = (0),

Using the linear approximation of Bq. (19), the

virtual range values can be written:

i N
hy = a‘ﬂ[

N
' .[Nz e .fN3 e
hy = a, V) u (1”)dN tag)y 0 (.B)rh

2 ni(L,)aN
1

N
2 n 4
hyo=a,fy n'(I")dN ol ® a““{N u'(f )aN
1 n-1 )

(20)
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Each of the integrals in Eqs.(20) can he evaluated using g
techniques previously discussed; thus, the unknown ay
terms can be readily computed,

For the extraordinary ray the procedure is slightly
more complicated, because a knowledge of both fi and
the corresponding ".’\ at the height hi. are required to
compute Ni (see Eq.9). The procedure in this case is
to initiate the calculation of each new lamination with
an estimated value of B and to refine this estimate by
an iteration process (Ref. 1 p. 973-975 and Ref. 4).

The laminations commonly used for P'(f) to N(h)
inversion are of the form:

ho=h, + a“](\y— i)+ hi+1(“"‘l’,i)2 (21)°
where W is either n, fN or 1nN. When a parabolic
lamination is used (bi+1 # 0), the additional lamination
parameters are obtained by assuming that dh/d\i/ is
continuous at the lamination boundaries, i.e.

a

: o = 22
oy 2 P (Wgam = ST E Bliag (22)

EXPERIMENTAL CONSTRAINTS PLACED UPON THE P'(f) FUNCTION

Some diificulties arise in the inversion of Eq.(1)

due to the fact that the experimental data do not yield

the P'(£) function for the compls altitude range of
interest. These difficulties are encountered primarily
with ground-based soundings due to regions QR and ST

(see Fig. 1) for which the P'(f£) functions are not

available, In some cases on fopside ionograms, the @
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extraordinary P'(£) function is not defined with sufficient
accuracy at the starting point A. This usually arises

when the density at the satellite is less than 200 elec-
trons/cc. Some of bhe techniques developed for overcoming
the above difficulties are discussed in the following
sections.

UNKNOWN START ON TOPSTDE TONOGRAMS

If the density N1 at the satellite alt
unknown, it can he determined by the following method.
The equations of the first two laminations are assumed
to bhe linear in InN, i.e.:

ho=h) + ualn(N/Nl) for hy £ h & hy
and h=nh, + nHln(N/Ng) for h, ¢ h & hy
It is then assumed that the corrcet value of .Nl will

Various values of N, are tried (by an

yield a,=: 3" 1
iteration process) until a, and ag agree within one-

v technique

tenth of one percent. This slope matchi

has been tested e

tensively with ionograms where N1
could be nccurqtoly measured by conventional scaling
techniques. It was found that, for ionograms where Nl
is well defined, conventional and slope matching tech-
niques have comparable accuracy, Results obtained with
the slope matching technique have cast considerable
doubt upon the determination of NJ using the method
introduced by Hagg (Ref. 5) which is based upou topside

sounder plasma resonance observations under conditions



of low Nl‘ This method yields values of N1 which are
typically one-third of the slope matching technique
values. Furthermorve, the Hage beat values (so-called
hecause they are determined from the observed beat
frequency hetween the fII and T resonances) yield
rather questionable N(h) profiles (see Fig. 4).
Lockwood (companion paper) and Colin (private communi-
cation) have also used the slope matching technique (or
similar procedures) to compute Nl and they have reached
similar conclusions concerning the Hapgg beat. The

Low N1 Hage beat values have been atitributed to plasma
wave dispersion effects associated with the fi and T

resonances (Ref. 6).

UNKNOWN STARTS ON GROUND-BASED SOUNDINGS

The P'(f) function for a ground-based sounding can

be written:

h h his
K hidn = hy + (ln n'dh + fhl\ u'dh
0 0 R

where the letters Q and R refer to Fig. 1, and where

hk refers to a reflection point above point R. The
altitude hQ is the altitude bhelow which n' can be
considered equal to unity for the frequencies of interest.
The group index n' cannot he considered equal to unity

in the region QR even though this region vields no

echoes on conventional ionograms. The procedures used
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are different on daytime and on nighttime ionograms
and these two cases will be discussed separately.

{a) daytime ionograms
une solution (See Ref, 7 p. 120-122), which is
similar to the slope matching technique, is to assume
that the region QR is & simple analytic extension of

the profile above point R. Another approach, based upon

rocket results (Fig. 5), is to as t the density
is 1000 el/cc at S0 km, and that it increases exponentiaily
up to point R, This gives fairly good results with
midlatitude, midday ionograms.,

(b) nighttime ionograms
Analytic extensions of the profile above point R
could also be assumed for the region QR, but more
reliable results can usually be obtained by making
use of the ordinary and extraordinary traces which
are of comparable quality on nighttime ionograms.
The procedure is to assume an arbitrary density

value at Q and to compute from the ordinary trace

the corresponding N(h) profile. 1e extraordinary

P'(f) function corresponding to this profile is

theii computed and compared to the observed extraordinary
P'(f) function at m values of sounding frequencies.

Tae standard deviation o between the computed and

the observed extraocdinary P'(f) values is:

o =\!;3(df/m) (23)
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where d. represents the vertical height differences

i
at f = Yj. The process is repeated for other assumed

at  which yields

dens s at Q and the

the minimum value of o is taken as the starting

density. The quantity o for typical nighttime

midlatitude ionograms is shown in Fig, 6 as a function

of the assumed plasma frequency at Q. A value of

nQ = 150 km was used for this calculation. Also

indicated on Fig. 6 is the altitude at which the

electron density reaches a value of 105 el/ce.

Extensive tests of this technique have given a high

degree of consistency in the 150 km startiag value

obtained at one sounder location (Wallops Island), namely
0.2 Miz ¢ (£N) £ 0.4 MHz.

Thus an empirical starting value of fN = 0.3 Miz

could be used in cases when the two traces cannot

be scaled with sufficient accuracy to permit the

above determination of NQ'

THE VALLEY PROBLEM

The valley ambiguity (unknown region ST) can
in principle be substantially minimized by using
a technique similaf to the one described for the
unknown start on nighttime ground-based soundings.

itrarily

Tn this case a model of the E valley is
selected and the gquantity o (Eq. (23)) is computed

for various valley depths. The desired valley is
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the one which yields the minimum value of o . The
effect of the assumed valley upon the resulting
N(h) profile is shown in kig. T, which is for

a Wallops Island ionogram obtained on 7 March 1970
at 1519 BST. The shape of the valley (a triangular
wedge on this semi-logarithmic plot) is one of many
assumed by other authors (Refs. 8 and O} A ISISTEU TS
physicaily unvealistic but convenient for computer
programming,. [Furthermore the shape of the valley

is too variable to justify the use ofa more aesthetic
representation. The purpose of the ralley is to
improve the accuracy of the profile above the valley
(rather than to provide meaningful data within the
valley). The profiles shown in Fig. 7 would

from the ordinary trace. These

normally be der
profiles and two additional ones for a 90% and a
70% valley respectively have been used to cowmpute
the corresponding family of extraordinary traces above
Emax shown in Fig. 8, The solid points which represent
the observed X-trace are seen to agree hest with a
valley of 80%.

The valley determination illustrated by Figs. T
and S was possible because the X trace was well defined
for rrequencies immediately above the extraovrdinary ray

E-region critical frequency fxb, This requirement

is often not met aud it is seen, hy inspection of Fig, 8,
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that the comparison would have been much less meaningful
if the ionogram had not shown an X trace for frequencies
less than say 4.5 MHz (particulaily in view of the 5 km
scaling uncertainty).

The valley calculations (when feasible) yield

sults, and thesa results can

fairly consistent r

be used to estimate the valley depth in cases when

be used for ihis

the extraordinary tr:
purpose. For midlatitude midday conditions both
valley caleulations, as illustrated above, and rocket
data (Refs. 10 and 11) show that the minimum E-valley
density is typically 80 to 90% of the density at

Emax (point S of Fig. 1).

PROBLEMS ARTSTNG FROM NON-VERTICAL PROPAGATION

The routine procedure for the inversion of
Eq. (1) is to assume that the P'(f) function repre-
sents virtual heights measured at vertical incidence.
This assumption would, for B = 0, be equivalent to
stating that the sounder is receiving echoes from
a spherically stratified region of the ionosphere.
This region for a ground-hased sounder would be a
vertical cylinder having a diameter of typically
10 km. For a topside sounder, which can move
horizontally up to 200 km while a complete ionogram
is obtained, the spherical stratification would

have to hold over a vertical region whose projection
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on the earth's surface would be roughly a 10 by

200 km roctangle. There is usually a change in

altitude (and also some minor changes in B and o)
associated with the horizontal motion of the top-
side sounder. These effects can be taken into
consideration (see companion paper by Lockwood) by
assuming that the N(h) profile is a function of
altitude only and that the successive soundings begin
at a new reference altitude (nnd corresponding density).
The spherical stratification concept usually
applies to the constant electron density contours
and. for B = 0, this assumption would yield constant
phase index contours. The presence of the terres-
trial magnetic field introduces modifications in the
constant phase index contours, and causes the ray
paths to be deviated from the vertical mostly near
the reflection points. Theoretical investigations
of this problem (Colin, private communication) indicate
that no serious errors are introduced in the virtual
height calculations by assuming that the phase
index contours are the same as the electron density
contours. A more important effect of the magnetic
field is the occasional presence of field-aligned
jrregularities which can act as wave guides and
cause echoes (in the extraordinary mode) to be

field-aligned. This can be recognized by an
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experienced observer, and in this case the analysis
(done for @ = 0) yields a field-aligned N(h) profile.
From a sequence of these field-aligned profiles,

a sequence of vertical profiles can be derived. The

results of an analysis of this type are shown in

Departures from spherical stratification cau
sometimes be inferred from a time sequence of ionograms.
Tn the case of ground-based soundings it can be detected
(when severe tilts are present) from the fact that
multiple echoes (two-or-more round trips) do not
give virtual heights in harmonic relationship to
the first (one-round trip) echo virtual height. For
example, if h' is the finst echo virtual height, the
second echo virfual height should be 2h' for spherical
stratification, If the constant density contours make
an angle Y with the horizontal, the second echo virtual
height is 2h' CosY . Departures from spherical
stratification could also be inferred from a closely
spaced network of ground-based sounders. Analysis
technigues which can take into consideration these

departures from spherical stratification are

=

currently under investigation (scp companion paper
McCulley). Routine inversion techniques, however,
assume that the N(h) distribution corresponding to

a given ionogram is a function of altitude only, and
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that this N(h) distribution does noi change
significantly during the 10-t0-30 seconds required

to obtain an ionogram,

ACCURACY OF THE INVERSION TECHNIQUES

The accuracy of the mathematical techniques

used in the inversion of Eg. (1) has been tested

to 0). These

extensively (see Ref. 1 p.
tests have shown that the integration techniques

do not introduce significant errvors in the inversion
of Eq. (1). For example, on topside ionograms the
error in altitude for a given density is typically

less t one kilometer.

Some errors are introduced in the inversion of
Eq. (1) for ground-based soundings due fo the
discontinuities in the P‘(f) function at the starting
point and at the E valley. These discontinuities
introduce errors in altitude (up to 10 km) at the
corresponding places on the N(h) profile, more
ifically at the starting point aund just ahove
the E valley. The ervors for the N(h) profile above the

E valley decrease monotonically with altitude and

near hmaxi2 the caloulated N(h) profiles are affected
at mosu by 1 or 2 km by the uncertainties at the
lower altitudes.

It would therefore he expected thal ionograms

obtained simultaneously by a ground-based ionosonde



and by a topside sounder directly overhead would yield
N(h) profiles which should agree near hmaxF2. Comparisons
of this type have yielded disagreements (Ref. 3) which

are several times greater than the errors attributable

to scaling accuracy and to the mathematical techniques
used for the inversion of Eq. (1). The results suggest
that the eérror is roughly proportional to the lengih of
the propagation path., Since the maximum propagation
path (within the ionosphere) is usually several times
greater for a topside sounding than for a ground-based
sounding, one would attribute this discrepancy primarily
to the calculated topside N(h) profile. On this basis
the topside profile appears to be too low by about 3 to
5 percent of the distance d between the topside sounder
and the reflection point. One test for the accuracy of
the resulting total (or composite) profile is to calcu-
late the corresponding total content f’{])h Ndh (where
hs is the satellite altitude) and to compare the results
with an independent measurem . .¢ of the total content.
Comparisons of this type using data from GE0S-2 to
compute INdh have shown consistently thal the total
content for the calculated composite profile was too
low. By raising the topside profile by 3 to 4 percent
of the distance d, the two measurements of deh can be

brought into agreement. In some cases, an additional



check was possible using the topside ground trace. This
procedure is illustrated by Fig. 10 and 11. The compos-—
ite profile (solid line) shown in Fig. 10 was obtained
from simultaneous topside and ground-based observations.
The corvesponding ordinary and extraordinary ground
traces are shown in Pig. 11 (solid line). The points
(with indicated error bars) scaled from the observed
ground traces are scen to be significantly lower than
the computed ground lLraces. By raising the topside pro-
file as shown hy the dashed line in Fig. 10, the corres-
ponding compuied ground traces (dashed lines in Fig. 11)
are brought in much closer agreement with the observed
values.

The small but puzzling discrepancy between topside
and ground-based sounding suggests that some cumulative
errors arise in the observations due perhaps to irregu-
larities in the ionosphere causing the propagation paths
to deviate from the vertical direction. The discrepancy
does not seem to be due Lo large-scale departures from
spherical stratification, as could be inferred from the
analysis of ionogram sequences.

Another possibility not discussed in the report is
that cumulative errors arise in the analysis due to one
of the many assumptions made in the magneto-ionic theory

(cold plasma treatment of the jonosphere, WKB approxi-



mation, idealized reflection conditions, group velocity
representation of the signal velocity, etc). Although
these approximations have heen accepted for several
decades, a complete evaluation of their effects has not
been made in the topside ionosphere.
SUMMARY
1)The P'(f) to N(h) inversion in ionospheric soundings
is based upon the following assumptions:
a)spherically stratified medium (except in special
techniques under development which make allowance
for gradients),
b)mediun which does not change during the sounding,
c)vertical propagation (except in more elaborate
techniques used, for example, to deal with
geomagnetic field-aligned propagntion), and
d)simple ray theory of wave propagation in the
ionosphere.

2)The most acecu. & inversion technique is hased upon:

a)lamin:

h)lamination model optimized for representative
N(h) distributions,

¢)numerical integration with change of variable to
keep the integrand finite, and

d)iteration (with topside extraordinary P'(f)

function) to find the upper limit of integration.
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3)Special problems arise, particularly with the P(f)
function obtained hy ground-based soundings, when the
p'(f) tunction is not defined over the complete alti-
tude range of interest. This leads to:

a)starting point problem, and

h)valley probhlem (for daytime ground-based soundings
4)The solutions to these special problems are based upon:
a)redundancy of the data (ordinary and extraordinary
pr(f) functions);
b)estimated parameter values derived from statistical
data acoumulated from previous P'(£) to N(h) inver-
sions, or from other techniques, such as in situ
rocket measurements;
c¢){in some cases) extrapolations or "slope matching
techniques" .
5)The accuracy of the N(h) profiles derived by inversion
of the P'(f) function is typically better than 5 per-—
cent of the length of the propagation path in the iono-
sphere. The errors in the N(h) profilgs ar- apparently
due to assumpbtions made in the analysis, since they are
several times greater than the error attributable to
the mathematical techniques used in the inversion pro-
cess. Although the human element was not stressed in
this paper, it is an important factor in the ultimate

accuracy achieved with a given inversion technique.
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The human element enters in the initial recognition
and accurate scaling of the P!(f) function, in the
evaluation of the validity of the assumptions made for
a given experimental condition, and in the final accep-
tance (or rejection) of the results given by the inver-

sion process.
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FIGURE CAPTIONS
Vertical electron density distributions based upon
simultaneous topside and ground—b:\sed observations
at Wallops Island, Virginia (latitude 37.840 N
longitude 75.47° W, fH = 1.45 MHz, ® = 69°%). The
daytime curve is for June 18, 1968 at 126G EST
and the nighttime curve is for June 4, 1968 at
0245 EST. The two N(h) profiles corresponded
to the same magnetic index (Kp = 3) and 10.7 cm
solar flux (Sf = 14d). The altitude difference
between S and T was made about 15 km greater than
observed in order to show the E valley more clearly.
Vertical distribution of plasma frequency (dashed-
curve) corresponding to the daytime N(h) profile of
Fig. 1, and corresponding ordinary ray p'(f) functions
(solid curves) for topside and ground-based soundings.
The virtual range scale is one half the altitude
scale to keep the ionograms from overlapping.
Vertical distribution of plasma frequency (dashed-
curve) corresponding to the nighttime N(h) profile of
Fig. 1, and corresponding ordinary ray P'(f) functions

(solid curves) for topside and ground-based soundings.

The virtual range scale is one half the altitude

scale to keep the ionograms from overlapping.



Fig. 4
Fig. 5
Fig. 6
et
Fig. 8
Fig. 9
Fig. 10
Fig., 11
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Comparisons between two N(h) profiles derived from
the same ionogram using the Hagg-beat start (dashed-
curve) and the slope matching start (solid curve) .
Rocket results (Ref. 12) showing D and E regions.

The lower part of the profile (for which the P'(f)

function is not normally available) can be approx
by the indicated straight segments.
The function 0 versus plasma frequency at 150 km for

typical midlatitude nighttime

of the starting point upon the resulting N(h) profile
is indicated by the dashed line which shows the altitude
at which the density is 10° el/cc.

Effect of assumed valley upon calculated N(h) protiles.
calculated X traces for N(h) profiles of Fig. 7 and

for profiles corresponding to two additional valleys
(not shown in Fig. 7). The observed X trace values
are shown by the solid points.

Electron density contours derived from topside
field-aligned traces.

Composite profile obtained by simultaneous topside

and ground-based soundings at Wallops Island, Virginia.
Solid curve is for calculated profile. Dashed curve
is for revised profile based upon the ground trace
calculations (see Fig. 11).

Ground traces for calculated and revised profiles of
Fig. 10. The ohserved ground trace data are the

points with the indicated error bars.



ALTITUDE (KM)

1000

Fig. L

900
800
_~DAYTIME
700
ol NIGHTTIME— <
500T |
400 - M\ J
M
M M’
300 it
T Y
PEea 7
200}/,»— R :
¢ = VALLEY\
oL e S
0 R J
e e o L
10° 10" 10° 10

ELECTRON DENSITY (EL/CC)



ALTITUDE (kM)

Fig.

1200
P'(f) CURVE FCR j
TOPSIDE SQUNDING {499
(SATELLITE ALTITUDE = J‘
_ 1000 KM)

St — 600
S =
e

N S — 800

GROUND -

BASED SOUNDING——N__—--""/
- — 400

4oj— & ,
\\ i
L P'(f) CURVE FOR }, a0

|

‘[

PLASMA FREQUENCY (MkHiz)

(53

VIRTUAL RANGE (KM)

VIRTUAL RANGE (KM)



ALTITUDE (KiM)

1000 —

900 |-

800 -

700~

600 —

500

400 —

300 -

200 |~

100 [~

i oo e s
1

0

P'(f) CURVE FOR

= 1000 KM)

e
L
o

TOPSIDE SOUNDING
/(SATELLITE ALTITUDE

P'(f) CURVE FOR al
GROUAD - BASED SOUNDING |
et o i )

2 3 4 5 6 It

PLASMA FREQUENCY (MHz)

N
-

Fig.

200

- 400

1600

800

1000

600

400

200

3

VIRTUAL RANGE (KM)

VIRTUAL RANGE (KM)



ALTITUDE (KM)

@
3000 T
\\
\\ AL-2 {ONOGRAM
= N 27 JAN 1968 042713 GMT _|
R X LAT: 75.84°
L)
2000 START =)
1500 - SLOPE MATCHING —
S S
1000 - |
| |
500
10 102 108

ELECTRON DENSITY (EL/CC)



ALTITUDE (KM)

&
130 1 T T T T ] I/I
11201} =
{
110 / i
NASA ROCKET 14.117
100 11-23-64 ;,"’ B
WALLOPS ISLAND, VA S
90l I07RUTE S 3o
L NASA ROCKET 14.34
01— A 3-26-64 e
WALLOPS ISLAND, VA.
70l 1701 UT 4]
60 1 ' 1 I l i L | 1 cope
102 102 104 105

ELECTRON DENSITY EL /CC

108



o (km)

o (km)

a(km)

50 e T e (e
40 e : 270
30N s ) — 260
20| 250
a
10 |- _//.\A
0 T e et s e
e e g e Y
S .
40 Rt — 260
30 = 250
o
20 | e
10 = B
0 | | it 1 It L
5 0oy epem ot [ [ Sl
40 —\\\___\\ . 250
30 | e lnou0
20 P 230
J
10 e
b e i MR
0.2 0.4 06 0.8

PLASMA FREQUENCY (MHz)

h (km)

h(km)

h(km)

Fig.

WALLOPS ISLAND
4 APRIL 1968

2145 EST

hmaxF2 = 380 km
Nmaxf2 = 4.8 x 10°

WALLOPS ISLAND
23 MAY 1968
2215 EST

hmaxF2 = 380 km
NmaxF2 = 7.6 x 102

WALLOPS ISLAND

28 MAY 1968

2145 EST

hmaxF2 = 370 km
Nmaxf2 = 6.8 x 10

6



ALTITUDE (KM)

-1

Fig.

300 ——— 7T T T T b L e s IR

- WALLOPS iSLAND 3
7 MARCH 1970
1519 E.S.T.

A . ASSUMED DENSITY AT 80 KM
B ; MINIMUM DENSITY AT WHICH

2207 £CHO IS OBTAINED ON IONOGRAM 5
i C : NmaxE |
D : (0.8) *x NmaxE
180 E @ (0.6) x NmaxE —
140 - S
100 =
.__.N__o‘—"”—’ -
A
60 .._.__X_J__‘\_JJ_J_J_[J___J__I_J—LL‘_lJl S S P e
10° 10* 10° 108 2x10°

ELECTRON DENSITY (EL./CC)



w

®

VIRTUAL HEIGHT (Km)

300‘ll|llllll‘|||[l\lly7
LY d
0.60
0.70\
0.80\\
[ 0.90\\
250/|—
NONE
WALLOPS ISLAND
7 MARCH 1970 1519 EST
- © OBSERVED X TRACE
ixE  ——CALCULATED X - TRACES
200 | | e | I [ i | [N B S | l [ o) L l | e S |
3.5 4.0 4.5 5.0 5.5

FREQUENCY (MHz)

6.0



®

7

"ELECT hON DENSITY
IN UNITS OF 10% EL/CC

ALOUETTE il
JUNE 11, 1968

121514 10 122030 GMT
(LONGITUDE: 76° W)




ALTITUDE {KM)

Fig. 10

600 e e
\ |

\ REVISED

500 N\~ TOPSIDE

NN N e

1 1968 DAY 145 \\
450 032033 GMT e N\ )
AT R7i0pitse N i
LONG ~ 74.86 N &
2221 LMT !
400 N
ENDOF — — )|
IONOGRAMS ~~_ /' |
350 i
// ‘
0 WALLOPS ISLAND
3 Ok N MAY 23, 1968 |
= 2215 LMT

200 e e e |
(EpEy e b e e

ELECTRON DENSITY (IN UNITS OF 10° EL/CC)



VIRTUAL DEPTH (KM)

Kig. 11

500 I I | I | w
|/ SNTELLITE HEIGHT = 541 KM
T A U RABR P e S s o ar =
-+ GROUND ECHOES SCALED
é FROM MAY 24, 1968 032033 GMT
ALOUETTE 2 IONOGRAM
600 - —
SOLID CURVES CORRESPOND TO THE INITIAL
COMPOSITE N(H) PROFILE. DASHED CURVES /:
ARE FOR THE REVISED COMPOSITE. e -2
o
650 - e -
COMPUTED
0 TRACE
(INITIAL PROFILE)
700 =
7
COMPUTED
X TRACE
750 = (INITIAL —
PROFILE)
R
00 I —
850 |- =
| COMPUTED O TRACE A
900 = (REVISED PROFILE)
COMPUTED X TRACE
| (REVISED PROFILE)
950 | | | | | |
7.5 8.0 8.5 2.0 95 10.0

FREQUENCY (MHz)



AT JOR L5004 ool o MAD YA GHOO0 ) y Jd P e MSGLEVE L= 2A001 L
/7 EXEG FORTRANH
AXDEFALYT PRAC HILK=E] fgeiccoc

XXSOLRCE
XXSYSLAN DO

G22000
930000

350 W UNTT=0L LK

XX ND) o X00040000
IEFCE3 1 - SUBSTIT VEG) e ROUND)
XX 1ZE=3209) 5500

00060900

0007000C

XX'SY SRRUNT O
RXSY SPUNCH DD

CE=1 ST HUKE T 2R
09 HLKSTZE =)

<

XX % LOWING CA oY XQDga2000
X% /4 SOURCE o 8Y DSNAME=DECK,5YS0UT=R g 0900
XXSY:SUTL DO UNIT=LINK, 5PAC NELK 3 )) Q6109
IEFE =LY IPKeSPACE = (72390 4 ( 1)

XXSY &U7 ACE=(TiK 3 (1 41)) 2011

SOURGE
; TED SYSL TN

=~ AL ICAT SysLr

= AL LI CATE DT 5 Y 5Pkl
ALLOCATED  TO SYSUTY

AlL
AL

B e &



|
YE( 65 ) 05/3 FORTRAN H | DATE 71‘;\20112.10.33
|
COMBRILE MATH TR0 L THECNTES 8, SOURCE « EBCDI CoNOL ISToNODECK ) LD AD ‘AP.'A‘JH'\II » LDWNUXREF r
fi CCCCCCCCECEECCCLCCCCECCCECCCCCCeceCcCcecceCcceceeacececece ‘
fed c C i
c c IDTNARY [ TRACE TOCOMPUTE N=H PROFIL < ‘ F
< « c I
¢ (sl el ol ol elof el el el (e e el el el el e X el L LA Al s ] LA A A A e e{

REAUXB(A=H0=2) |
SIUAT 3 DL GG s HT 3 DATE « HGT 3 BNy A e BV s ATy T ETLE( 402) !
AL HE G100y E CEQC)HTH TN )y DEN(ICO) 7SS (20 ) yW (a0 )y EH (100 o I
(2001 yY3(200) 4 THZ (200 4 ED2 (200 ) vAALID0 )y |
(£ \DENT 00V ZINT (ACO) |

TSN QC0E

s dnoe

i
D oyoe I
TEnlont s

BRCL
3R (2:) = 0o I
< IN T EALT CARE T FTEIER G BM T SIFECTHIS  SURRCUT INESNOT TAVATU AR Es
!
OO 85 EOERFTCIENTS)
CALL FIEUD G(=a0 yuy=~3280 Ny 150001900 by HE DBV BT)
it
(A7 7) DLAT o DLONGy ATy DATE v By BE
ad (nmadog Yo ool X i fa @ @ K s iliTe v 22 2ede2X 12842 %X1F12, .
47)
(65 BATHT FEFRENCE DENSITIED FOR INTEFSOLATION REAR 2 TITLE CARDSS
VRITE (68020
02 HERMAT(EHINS FERENCE: DENSITIES IR INTERRPOLATION)

1
L
18 IR Ey AL
Te 807 Il6eb)
1 10 TITLE
1St DL UEMA T (A AG)
c s
i) SFAD I MAND PRUCESS TANGGRAMS ONE AT AT [ME
12 100 BEAD(S 1103 JEND=A000) Ny IYRLDY o171 |
1 LOATLIOY) /265204190040
T
15
(g I 106 Ny THED P ARATOLLCT T LG N
TEN 065 §01, FORMAT(A120)

@ - 09 5 8 g0 0 0 o
én.ﬁann..mm...



lq" e e 9 9 O @O e ‘il ® @

® di? @ ‘|I ® © © © ©

I PAGE 002

FAD(S 103 RIPWEREOLAT

ADCCEV103) CHRICT) o701 oL
i Poead |

CELTITLE

145K 20AL/IH 45X, 20A4)

{ECMETHAD = 1) 5007506 201

WEITE( £4S502) I

FORMAT CLHD 2 SHETELD Gy LINBAR INSLus (M) ) i

T

5 v
WALTE (£
A FORMATIH
WRITE( A
AL IHO YRR INRUT SDATA)
601 34) IYF IOY LT
MATLIHA L BHYEAR 10124 6Xs
Slckee (2 HTGH)
SAg A EAENAT (110 B THLOZATION . FROM WERLD. MAP, ESTIMAYED DTS AND SHSL) I
WRITE (%41 0%) HTaDY Py FHR DL ATy GLONG
SO0  FORMAT LIH 4 SHHTAE A425X 4HDIPRFIC
£ Xy BUDLENG=F L0
WEETES (F )
MATLCIHAR A X TRACE)
RLTE 6y 1 08)

GePARARSLIC PN L EREND)

DAY L&y Xy dHY g red-7) i

s 4 BX G AHEHE =F 1246 45X SHOLAT=E 16

Lot MATAIH GO CEX, JHFE 36Xy 2HRP 3 2X )) |
v EOoy 07 ) CF (T ) HECT) s T=15 M) |
V0T TEMAT 0L IF B w3y F 1) 1
i |
5 TEEDGTTO F DIy [N PLA IF VALUES
G T BAY LABE » 0OMI T THIS CALL.
ren CALL-FIEUOC 2 BEGAVLIET) !
150 BT = !
I &h FVo= iy
1:5h HH SORT(FTax2 ~ Fyxxd)
Tl AV BV/ZHH
1 iE ATAN(RYH 3
i FHIN=HT*E w800
I (R HEEEY
I flsia)
LS 1 YW TEHLACATION FRO# WARLD MAP. DIB ANE FHS AT SATELL ITE CO
3 ELELD G
S R HSy BLAT, DLANG
(&

SORT (DTRADTR)
{5410 8. I
FOEMAT (VHD A X g IHE s FE Xy aHELCC 14K yaHHETGHT ¢ 6 Xy 314 EHAT LTON 2 X 2HE My

ALK VAHBREVIOUS HGT s 9Ky SHISL CFE )

Gi7S A=(9 =0 IB)/LGT 25577

CRH=LCUREA)

gt = g

TH ) =y

&
007€

aloan
fc MUST BFCGREAT THAMN FrS
FENYT Y0459,6 |
L £00D I Kl
e 00 ) [




B

1

96006094..0,0.50

a

y o=
WALTE( 60
FORMAT (1

H/ B TIGE

iyl

DUENCY HEAD THG LOW O INPUT DATA 20INT MO.I2,2X,
MEAR IN LOG(N) FOB FEMAINDET TONDGRAM )
S(FCL)=-FH(1)))%12400,2

)

e =
v it s L B S S PR SRR RO

HEDQF FEE1D)
IF(FFEC-TEST) 2512412
e pie=1
FA FOr)

THOL T |

DATA P CINTS ARE FEOECTED TN DEISZ

DO HE L= AL
HP (I ==creieg)
E(L)Y =" F (L1
Wi TR A L) S
FORMAT (11 » 11HDATA FOF F=Féaai@xedZHHAS RF EN REMECTED)

1) RASED URGN Bt /PERGCENT  [MCREAS IN DENSITY
—(FT=1 )% (F(I=1)~FHOT=1)0) /(2 995%FE (1))
L) =FHCL)

IF(AAA
FHOL) LA ERFH(T=1)
S LRG = FH )
THTR=TH(T=1%)

TEl (=1

RAREA

AT R ERUECT DN -RRTNT

¥ H(1) /ZFA
HGTA = Tin( 1)
GYRO FHIT)
JEMaT

ECJ=19% (F (U=1) =FH (=19
FLU)Z R ~EHC D))

FHEI=1)/FA

FHOJ) ZEA

YZEAEA

SRS SR AR

Obi VARTARLE- X TO VKA TABLE (T
Gee (XA 20T 0 0= Yot b, S

T AE AR MUL AT CHANGE Y W ETH TN L AMANAT

PAGE

onz

£y



ILOG(Ya/YT) /340
y X2/ K1)
(UIrl) 35qlqa1n

Abt
CTHCII=THOI=1)=AA(T)&V)/{VxY )
FAACT) YERE( )=V
ARCTHL)ZAACT}

TEL G O= (X271 S0=YR)Y)

0=1)15141514959¢

TATEGRAND AT THE BEFLECT.ION - BOIMT
Sal=Y) /UL e UmY)) S0 B/ SR T (N o CHERHACOH) ) )
Tl o0+ (3,00C0% AT MY/ 2w =Y ) ) )

YLE =iy CRH
YT2 =0 YRYR (1o D =CPRIHaCHH)

NUA OB 604y (R0

THlyO+RER)

REJECTS RAT

Y P e
Giailem 9 X) 202 5.0
ol il X) R OEL R
(Pt B¥CsnY /)

P ER GE NSl e

SV = Sy R W e
IR 3 LI XGADL D (1K 2K 1),
sals A (k)

PAGE 004



£ns

ADD G

NTINMUE
=51 % (

B=g o 0% (1A= YE) 255
=AN(J) %A A J)*RSUM
24 CONT INUE
p% - IF(T1=2) &C
B¢ AA(Z)=-HR(2)/ASU
TH(2)=TH(1 ) +AA (2 ) WG (XZ/X1)
ANTL = AALGR)
G i &2
IF(METHOD= 107047
[ (LO=2) 7o v 7t 71
70 AB=(DP=HP (1)) 7 ASUM
Fit (-2 ) STH (L=ie) +-A5

1310

BH{X2/X1)

AA(CT )
BE(L) =20
(G8)
D—1) 65Ty 27
74 Y= AA (T ) * AL UM=HE ([ )/ HS M
(KE/X1)
HOT =) FAA(T)AVERBT [F XUV
T80 INSURE THAT. SUC HTe ARFE WITHIN O 01 KM
MY FOR CABT L AMENAT LN (M=1 ITESATICNS MAX ¢ NOa
EH AT ITH POIAT. IF NOT AVAILABLEy REPLACE

E=CURE ARPROXIMATIOM
=)

GWING [HVE
71 JO+HT) /(2371 4HGT (1) ))

PR
HE Lah

(Es)

A0, BN B BV BT

o FH(I)
CI) (R L) ROF (T =FHOT) ) ) ¥124 O¢C
ELECC = DEN(I)

HY AT ILEASTI 00l PER. CENTt

LE(A)aTydb 1a

LOG(RZ/X1)

= yrER (T

175 (G 37 S FLEC o H

WAT(AH 5 P23 v6XyFIE 4 vBXs

Eea)

5l CAOMT THUE
dlF R DOLA

2104 GYRNIVHGTAWAAT
445 Xe T2 9BXy A2

VT T NE

By EXyF12:4 46Xy

PAGE 005

6...“000000..0.00....



v &

1D
B

216

381

Z2A THL) |
228 = THUL+3)
B=Z2A) /(DE

¥ M)
ZINTOM) =22
M=y
(i)

28)Eleh
TM) SRl !
THOG=1) 51Ty 817451
2A+ (ALUG(DY )=

L) H

1 /02A).

M A+AA(LHI) #VABE(L+1)FEVEY
MM+ Y
DEALATE ML)
ZINT ()=
M=t

CONTINUE

T iy AA )

FDE XS (Y3(1))
(B 702)
F 3 (XBO TN DEN (1)
FORMAT (6 (2 X o7 € ol WEAT 9000

130 B84

IR XA =X

¥ (2100

PAGE 006



)

ren-lopas
) 15 ¢
)

AT I

HGT o

XED HE[GHTS) )
MGT o

OF N,

DEN

56 ECTIVELY

FESPFECTIVELY

R IECT IVELY.

(FIXED DENSITY INTE
(SCALED AND INTERPD

CINTERPALATED AT FI

PAGE 007



CEVEL

€

cGta
UoGS
0006
Gen7

EPTI69

MO LE R

XK =XUA X
IF(XK=X(1)
A =AK=REMNT
IF(XK) 145140t
XX{1)=X(1)
YY(1)=Y(1)

Xx{1)

(1

0S/2EC . FORTRAN M

SEySOUSCE s ESCOI CoNOL IST+NOBECK o -
METHOD, A%, O )

SLIMECNT
IMT pXMAK ¢ XK YY o NXX'y TFL A

= HA TN« OPT =
ELXITIXY AKX
AL#ALA=H,

V3,5

IFIRT2=RTL)1C 1141

1F( XKy 1
PTI=

XX C)

(88}

YY(J)=Y(I)

d+i
0 90

KK =X KTHT
IF(XK) 14,146,171
XK (J) = XK

LF (HETHID=1) 20420921

DEL = ner)
FCoEL) (i

WAT (2 s

Fwqio

YYAAII=XCE) + XX (D) =BT 2) =Y (=1 =Y. [)) /(RT1=PT 2)

SHE (1) =0 .01
g

1)+ (=AALT)=DE0RET(AA(L) %AA (1) =4 0%BE(TIF(RTI=XK)))/(2.0"

GEH BUM DATA TIUE HGT - AND FILECTEON DEN FOLLOW/Z)

FORMAT (RE1595)
FHL

D MAR,AND

TE i710120/12,10:36

I
+DIT. IDhWNOXREF



?eQQOQ.O.

SYS 711204 T 2, CRINCD PASSED
VoL - BES
SY5711 20

NOSG=

JONR VRO N005T SYSQUT

BELE

M1
ils

RVOG0 W LBIEJOOZ ¢ YO0 3069 DELFT

SYSIN

08 MINST (CRU
S

SRR ERE G L AN K Gl
XXDEFAULT RROC NULK=
EXEC RGM=| IMKEEL LTy PARMSYMAR LIST !y CONDIE(EVLT)
DD DSNAME=MMEOAD /D ESRESHP
Thiss DB DUH
XXSY.EL- 10 DD DSNA
XX
%X
XX
XX
XX
XX LD [BSN=SY51 {COBLIE
XXSY SLMID DR

Y.
SYS1eDUMM YL
UMM Y DT

COBO1060

00001100
“y Xa0001200
XX 5072 CEMBLKG 26 ,1)) yDCB=RLKSI ZE=307 00001300
IEFGEER T SUBST T TUTION JCL = SPA (307 Dyl sDCB=
XX SY/SPRINT DD SYSOUT=ALDCH= (RECFM=FAA,LRECL=121BLKSIZE
T4 0D BRACE=(3072) (ENELKv20))yUNLT
1 SUBSTTTUTION UCL -~ SPACE=(3072, (250,200 ),UNT
XXTAPEL LR 00 D UMUY. 01 SB= (010 KEER) UNLT=( 24205, , DEFER

L ODANDA:

0000

142
Q00C150

XX RELCF" ByLFECL STZE=326Q)
XX SY-SLIN Db MO0, DTSE= (0L
XX DD IBJECT

Z/LING «OGRUECT 0D #

SYEPRTNT
SYHUTE:
SYSLTN

ALL
ALLD
ALLLOCA TS

ALUDCATED

s3I
0D T

«05)

00



TEFRES Y MMLOAD wEDT
vor
SYS 10 UMMY KEoT
VOL SER NOS= M2DRMi.
SYS1aDUMMY REPT
VOL SER Nas= i
SYS1FNRTLIR KEDT
VoL SER NOSH .
SYS1.PLILLE KEDT
KERT
KEOT
TEF2E5 1 wenT
CO0 W LBIESIDE« LEDMED PASSED
SYS5 LU

.

IEFI73T STER /Lthw s
TEF3 7411 STER /LINK ’ n
- STEF 02 - TINESS 1Rl MINS= (Cpll=

W COLCELLS

XX GO EXEC PaMEx g LINK s SYSEMOD y CONE

XXET:CSFE0C] 2002100
XXFFLOF6o1 < 37 BLEKS 1 ZE=7265) B0GR2200
XXFTC7ECOL S0 HBLKSIZES3200 ) X00002300
LLCSWING -CARD TO YRUR DECK X060024a00
AML=DECKYSY.SOUT=!
Gt

no 1ZE=T72¢

VoAskRt 137 ok

ALLOCATED
ALLOCATED
ALLOCATED
ALLOCATED [T SYspe INT

) P M=% . DR

Ta <

01,

CoF O

200, 10=
«0 00 TE

a1d)
200

B @ o &



515t 349951

-






1

£C H1=S SCALINGy N=H ESULTS)

ICY SCALLING -TE
ERYEMBER 19684 |

FLELD

. INPUT DATA |

DAY J1R PIME FA4S30

LOCATION
PLONG=" 12744500 i

HT= 18
|
B 7 HP. £ HO F i HP
2 565240 600 p.300 (63540 K65 80
< 780 annen 31040 220.0
3 3 945, 26040 | [7eD0BH 5T Oe 107040
1
L NCATTAN R e
MT=1018 =59,,5900 12744500
PEEV IS HOT S0 PE

1004, 8117

1

3

1 T Q876

1 1573
3 it

1
1

66441893
Ari.n11a
EERR LR

e & e 6 o e & = ¢ o © © o o

' {
7 W2377
1 38 28650909 29ua604 q
i 20 250641 41 -390 ¢ BEHT
i 19 27544086 =63 H603F
' 1 £5: 263.0947 —1alds TESSE q
&7 « 3000300 a5 0.4600000 05 q
D 62 0oQ00n 05 0 9411000090, 06
42 0 $2500000D Q8 Q50000008

TFD VALUES (AT EIXED| HE IGHTS )
1 261D 05 GA1.B C.2 SBSD. 05
oF

Na2334070

G504} 0.R450420 05 .
0, 30B1960

3233360 05

750




08 0.569037D 05 6AH1.3 046173650 06  650.0 2.71£0390 05 164442 07238120706
N 3100 08 0, OB1 168D 05 - 55840 091122180 06 55040 0.1173960 06 | 536,0.0,127314D 106
ch 04211571006 844574 06 409+6 0.2713A40D 06 2,2890360 06
0 2397 32241 06 30040 06 1 .0.547432D 06

¢

. (INTERPHLATED

420 80040 o5 5 04465500D 05
¢ 0 50040 ofi-a +£11871D 06

e =2 5 e & ® o 6 = e o O 6 © ¢ e



IDNBGRAMS USED  FOR AGENCY SCALING TESTs SCAL INGy
TESTER BOUTINES 7 SERTEMBER 1569,
FIELD GPARABGLETIC TN LOGIN)
INPUT DATA
NEAR TsEes PDAY. 218 73116
LOCATION FrOM WORLD HAR. I8 AND FHS.
HT= 170 4H,7865 OIB=  -A 0,000 FH5= 14100 DLAT= - ~28,9200
X TRACE
F
€D
2t e e
g0 s 1504
8,500 G000, 107060 ada0r L1700
LOCATICN ATELLITE COMPUTED FROM FIELD-G
HT = 40 & 7R2A pTP=E = LT FhSs 0590 DL AT =
F F1.CC HEJGHT LTER AT I ON FH

JGOOnN
8600
400000

G Vi

AY9B.7645 3
S GO0

«50000

203674 g
il a B 4 % W0l
37901350

o e M S B S e e e L P e S i

26T

(CRIEXE DR NS TIRY A LA AROATION ),
QNN ¢ ORI EARTOOHIE 76w
3 6 R 1830 000 O & R R
PRNER0NTY e 1ya QemOpaaan 06 43508
() (2}
TRVHATLS NEN LS b i Ll (STALEDSARNDR "NTETPJLAT!:K‘, VALUESIAT

i ! b8

N=H

RESULTSY)

CLONG=

RLON

80

Caet0ta oD
Cyl1H00000
00500000

FIYENTRETGHTS

PREVIOUS HGT

o
06
a'&

133, 1700

138,1°700

7 B42T
96740830
S46,4007
2740

G099 17
832,4983

onn

86242033
BaA. 1872
82245529
798.6128
T738, 5286
755, 0769
718, 33506
637.2034
E£60, 7014
638, 3555
614,2945
55746796
520, 3084
96 THAB
AEARG1a
4846828
420, 3675
400, 7511
3791353
3

32749288
317.6037

30B« 0725

TER b
58441

42144

l=3n0

g1z
=285+5657C
=752, 4307
=~ iT T+ 6570
—257,3399
841009
=232.6359
-194,8370
=182 484
~137.0401

HeS

=147 .2/53
=141 45702
=430e4398
hatt W= SCR o83

SR

oy WL SEIOCS

16544718
~219.0402
-26145520

=505 3601
=B90.0122

39488

DeA0N00OD 0OF
02500000 06
046000000 06

|
|




Cla 2857350

L ECER

a0

00,

By

LATED AT

anie 50

30841

XED

HE IGHTS

PR Y

151

364

a7p

22 ¢

31 i o

7

a

raniemacnies
04724050
C.6231560
0.109097D
0.205179D
«420905D
+769008D

o
05
a5
il
(<]
06
06

O0.0000...OJ



LEVEL 18 ( SEPT 69 )

08/360 FORTRAN H

DATE

71.22B/15.264481

COMPILER OPTIONS - NAME= MAIN'03’7=00-LINECNT:SB'SDURCE.EBCDIC'NDLIST-NJDECK«LOA)-MAP.NUEDITmID.J(REF

anoocn00n

1SN 0002
1SN 0003
18N 004

ISN 0005

1SN 0006
{SN 0007
1SN 0008
1SN 0009
ISN 0010
LSN 0011
LISN 0012
TSN 0013
ISN 0014

ISN 0015

ISN 0016

LSN 0017 10000
ISN 0018

ISN 0019

ISN 0020

ISN 0021

LSN 0022

ISN 0623

ISN 0024 77

ISN 0025

ISN 0026 802

ISN 0027

1SN 0028 801
ISN 0029

ISN 0030 3010

LSN H031 100
ISN 0032
LSN 0033
1SN 0034

CCCCCCCCCCCECCCCECCCCICECCCLCCCCCCCCCLCECCECCCCCCaCCecececeecccect
PROG?AM PROVIDED TO NATIONAL SPACE SCEIENCE DATA CENTER. NASA/GSFCs
J.E. JACKSON ON 5 MAY 1971

c =
= EXTRAGRDENARY TRACE USED TO COMPUTE N—H PROFILE. C
c c
cceceececceeccecceeceececeacce CCCCCCCCCCCCCCCCCCCCCLLceeecceccecccececec
IMPLICLT REAL¥8(A—~H,0-Z)

REAL#4 DLAT+DLONG+1iTsIATESHGT +BNBEBV,BTTITLE{40)

OIMENSION HP{300)sFi100) . TH{100) 2DEN(100) sSS(20) +W (203 ,7H (100},

D DENL ( 200) « X3(200) »¥3{200) 4 TH2( 200) »ED2{200) s AAL100)
D BB(100) «DENREF (56) s DENINT(200) - ZENT(200)

DATA DENREF 7/ 1.0E2, WOE2:2+s5E2:3.0E2+6,0E2,5.0E2,6.0E2:7.0E24
D BeOE2+940E241sGE3s1e25E34125E342e0E3¢9245E39340E3
(5] 440E 3454053460 7+0E348.0E3,9:0E3,140E441+2E%4

D 1e6EA, LiBEG s 12B8E4,200E6,243E4,2.7E443.0E44345E4,
(¥] 440E4 250 0FE496e0E437a0E43Bs0E42900E44100ES5,1425E5
{5} 14565420 22 45E51320E59305E51440E5 444565+ 540E
o 6+ 0ESs 70 DES 1B+ 0ES,9.0ESs140E64Lsa25E6 3 1.5E0,240E6 7/
SS5(1) = 0.77459667

55(2) 0+,00000000

55(3) 5S(1)

Wit 0455555556

W(2) = 0.88888889

w3y wil)
AAL13=040
B88C1 0
BE(21=0.0

INLT IAL CALL TU FiELDGe OMET IF THES SUBROUTINE NOT AVALLAdLE.
La = i

WRITE(6,10000)

FORMAT( 1H1y 21HSERT. 65 COEFFICIENTS)

DLAT = —6000

DLONG = — 18040

ALT = 10040

DATE = 1960.0

CALL FIELD G(=60s0y—=180s0:100.0,196040+204+L0+BNyBE,BV,BT)

WRITE (6577) DLATDLONGyALT sDATE s BNy BEWBV,8T

FORMAT (% '.F7.2.2X'F7.2-EX‘F(:-l-f!r.FL‘..!.22i;FlE-‘%.EX-FlE.A’Q.ZX.F\2-
1442XsF1244)

PRINT REFERENCE DENSITIES FOR INTERPOLATION. READ 2 TITLE CARDS»
WRITE(6,802)

FORMATL LH 1, 37HREFERENCE DENSITIES FOR INTORPOLATIONY
WRITE(G,B801)(DENREF(K)+sK=1+56)

FORMAT(2X+EEL14.5)

READ (5,3010) TITLE

FORMAT (20A4)

READ IN AMD PROCESS [ONOGRAMS ONE AT A TIME,
READ({H52 1013 END=6000) Ny IYRSIDYSITI
DATE=FLOAT(IYR)+FLOAT(IDY)/ 36540419000
METHOD= i

METHORL = 2

By



ISN
ISN
1SN
ISN

ISN
ISN
ISN
ISN
1SN
ISN

TSN
LSH
IS
SN
SN
ISN
ISN
ISN
LSN
ISN

ISN

1SN
1SN
LSN

SN
ISN
ISN
ISN
IsSN
ISN

ISN

0035
0036
0037
0038
0039
0040
004y
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054

0055
0056
0057
0058
0059
0060

0061
0062
0063
0064
0665
0066
0067
0068
0069
0070

0071

0072
0073
0074

0075
0076
0077
0078
0079
0080

0081

3011

500
502

501t

504

803
503
104

(o]

o

2115

108

2007

METHOD 1=L INEAR IN LOG Ns METHOD 2=PARABOLIC IN LUG N
FURMAT{4110)

READ(5:103) HTDIPfFHS,DLATDLUNG

READ (54103) (HPCI)F(I)sI=14N)

FORMAT (BF10.4)

WRITE (6+3011) TITLE

FORMAT (1H135%420A471H 45Xs20A4)
IF{METHOD=1)500,500,%01

WRITE(6,502)

FORMAT( 1HOs 25HF IELD G sLINEAR IN LOG({N))

GO TQ 503

WRITE(6,504)

FURMAT( 1140 27HF {ELD G2PARABOLIC IN LOGIN))
WRITE(G.803)

FORMAT{ 1HO» LOHINPUT DATA)

WRITE (64,1043 IYR,IDY,ITIL

FURMATELHO W BHYEAR  19E2+6Xs 3HDAYI 436X 4HTIMELT)

WRITE (0y2114)

FURMAT{ 1HO+4 7HLOCATION FROM WORLD MAP: ESTIMATED DIP AND FHSe)
WRITE (6,105) HT,DIP,FHS.DLAT.DLONG

FORMAT (1H 4 3HHT=F1044 sSXs4HDIP=F 1044 35X +4HFHS=F 1044 45X+ 5SHDLAT=F 10
Lea 3 GHDLONG=F 10.4)

WRITE (642005)

FORMAT (1HOs 7HX TRACE)

WRITE (6+106)

FORMAT( IH 93X, 1HF, 6X, 2HHP 4 2X))
WRITECEIOZICFL L) sHP L)y 1=14N)
FORMAT( 901Xy FOe3s 1XsF601))

USE FIELDG TO COMPUTE FH AT SATELLITE AND DIP., IN PLACE OF VALUES
READ IN ON DATA CARDSe IF FIELDG NOT AVAILABE, OMIT THIS CALL.
CALL FIELDG(DLAT.DLONG.HT,DATE,20,L0,BN,8E+8V,BT)

FT Eh

FV = BV

HH =DSART(FT**2 — Fyax2)

BVH = BV/HH

DIP =DATAN(BVH)*57.29578

FH(1)=BT*2.8000E~-05

FHS = FH(1)

WRITE (642115)

FORMAT( LHD» 72HLOCATION =ROM WORLD MAP. DIP AND FHS AT SATELLITE €O
IMPUTED FROM FIELD Ge)

WRIVE (64105) HT.DIP+FHS.DLAT,DLONG

DIP =DSQRT(DIP*DIP)

WRITE (6,108}

FORMAT (1HO 3 6X ¢ IHF ¢ 16X3 4HELCC 314X ¢OHHEIGHT s 4X3 IHI TERAT ION» 8Xe 2HFH:
111Xy 12HPREVIOUS HGTs 99X SHSL OPE)

A=(90+0-DIP) /57426577

CPH=DCOS(A)

FH{1y = FHS

Tr(1) = HY

TEST=FH{ 1)40.001

FREQ = F(1)

EXTs RAY EXIT FREQ. MUST BE GREATFR THAN FHS
IF (FREG = 15:0 ) 4000,9,9
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SN
ISN
ISN
ISN
SN
ISN

I SN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
1SN
ISN
ISN

0082
0083
0084
0085
0086
0087

0088
0089
0020
0091
0092
0093
009%
0095
0096
0097
0098
0099
0100
0101

0102
0103
0104

0105
0106
0107
0108
0109
0110

o1ll
0iiz
0113
0114
0115

ISN
ISN
1SN
ISN
ISN
ISN
ISN

ISN
ISN

0117

118
0119
0120

o121
o122
0123
o124
0125
0126
0127
0128
0129
0130

0131
0132

4000

13

900
901

IF (FRFQ — TEST ) 9410410
(i )

I

1

= TEST

METHOO = 1
WRITE(6413)1

FORMATC 1H

154H/PROGRAM IS LINEAR IN LOG(N) FOR REMAINDER
10 DEN(1I=(F(1)*(F{1)~FH(1)))%12400.,0
ELCC

FORM
FHUL

Do
DP
1a

2

E(6, 173)FAELCC HT

= DEN(1)
FOL1)
N

+ 46HFREQUENCY READ TOO

AT(IHOWF 12449 6X 1 F12-4:6X:F12.4}

)
#

= FHS
I=2,N

0.0

0

IF ([=NL)Bs 8. 28
TEST
FREQ
LF(FREQ=TEST)I299i2+12

NL
FA

= Fli=1) + 0.001
= F(I1)

NL=1
FLIY

METHOD = 1

BAD DATA

DO 33 L=I.NL
HP (L)
Fle)
WRITE(64 11)FA
FORMAT(1IH » 11HDATA FOR F=F6e3:2X,17HHAS BEEN REJECTED)

GO

INLTIAL FHOI) BASED UPON Ol

T

Q

FHOL )Y

AA

HG

=a

A

FAFA

M

2

= HP(L+1Y
= FCEH1)

15

LOW ON INPUT

POINTS ARE REJECTED I[N DO 33

DATA POINT ND.I2,2X.
UF TONOGRAM)

PER CENT INCREASE I[N DENSITY

=F(1) —(F(I-t}R(F(I=1)—FH(I=1)))/(0.999%F (1)}
Lo lS¥FHCI=1) —FHEID
IF(AAA) 900,901,901
FHOL)
GIRO
THOD)Y

= 1a15%FH(I-10
= FH(IL)
=TH(I-1)
HEI—1)

1y

FA%FA

YR=Y AT REFLECTION POINT

YR

HGTA
GYRO

FHUL)/FA
THCL)

= FH{1)

J=Me 1

(I)&(FCII=FH{J))
FH(J=1)/FA
FHES)/FA
F1F1/FAFA
F2F2/FAFA

CHANGE FRUM VARIABLE

0.0

X

(J=1)*(F(J=1)-FH{J=1))

TO VARIAHLE

DSORT{140-( X1/(140=YR)))

T
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St

A 4

ISN

1SN
ISN
ISN
ISN
1SN
1SN
LSN
ISN
1SN
5N
1SN
ISN
ISN
ISN
ISN
1SN
TSN
(SN
1SN
ISN
ISN
SN

SN
ISN
1SN
SN
1SN
ISN
1SN

ISN

ISN
ISN
1SN
1SN
ISN
LSN
iSN
1SN
LSN
ISN
ISN
ISN
ISN
1SN

ISN
ISN
ISN
1SN
1SN
1SN

0133

0134
0135
0136
0137
0138
0139
0140
0lal

o142
0143
0144
0145
0146
0147
0148
0149
0150
0151

o152
0153
0154
0155

0156
0157
0158
0159
0160
0161
0162

0163

0164
0165
0166
0167
0168
0169
0i70
o171
0172
0173
0174
0175
0176
0177

o178
0179
0180
o181l
o182
0183

©

506
155
151

152
153

19

508
154

156

20

601

Y]

602

604

608

609

603

52=0.0

B9 AND C9 ARE USED IN FORMULA
B9 = DLOG(Y2/Y1)/3.0
V=DLOGIX2/X 1)

1f (V-1) 19,18318

T2 = 040
IF(METHOD=1)151,151,5806
IF(I-2) 15141514155
IF(IQ=-2)151y 1524152

AL M 1.0
RA = 140
RA = 00
GO TO 156

AACLY = AAL

TO CHANGE Y WITHIN LAMINAT [ON

BBCI) = (THET)=TH{I=1)=AACL)*V)/(V*V)

AACT+1)=AACT)+(2.0) *EBCL )%V
ALIM = AACT+L)ZAACTD)

GU TO 154

T2=DSART(120—{ X2/{ 1 0-YR) )}
IF{METHOD- 1) 1514+151:508

ALIM = 1.0

RB BE(J)/AATIY

RA 1.0+RB*V

C9 =(DEXP(B9)—140)/(VkRA)
GAUSSIAN INTEGRATION

DU 605 K=ie3

= 0.5%¥((T1=T2)*SSCKI+T1+T2)
=(10-T*T)%(1.0-YR)

DLUGER2/X}

<> x o

IF (T—0.0002) 601.,6C1+602
Y = YR

= Y2/((1.0+CO¥AH(L,0+RBA( 2 0%V=A)) )¥¥3)

UX 15 VALUE OF INTEGRAND AT THE REFLECTION POINT
UX={0s707107%L(260-Y)/{1+0-Y))*(1e0/DSART(1+0+CPHXCPH) )}
/0 1e0=Y)¥DSQRT( 140+ {32 0%CORY*ALIM)/(1:0=Y)))

GO TO 603

YRt vi i G R

YT2 = Y#Y%R(1+0-CRH¥CPH}
IF{CPH-0.0009) 60846044604
R = ¥T2/(2.0%YL)

R

= R/ZL140-X)
PSI=0ATANIR)
A=(1,0+DSIN(PSI))*DSART( 1+ 0¢R%R)
SX = 1.0-A%YL
GU TO 609
PSI = 1.57079
SX = 1a0 = (Y%Y)/(1e0-X)
B = X/SX
LF (09992990

REJE
U =DSARY (Le0-8)
C = (1e0-SX)/{2.0%5X)

D=1e0+( 1 0¢X)ADSINIPSI)/(140-X)

UP = (10 + BXC*D)/U
Ux =(ur ® Ti/X
51 = S1tUX¥W(K)

PAGE 004



ISN
ISN
1SN
1SN
1SN
15N
1SN
1SN
1SN
1SN
1SN
ISN
HE
ISN
1SN
[SN
IsN
ISN
TSN
ISN
1SN
TSN
1SN
ISN
iSN
ISN
ISN
ISN

IsN
1SN
isSh
ISN
1N

ISN
ISN
IShN
ISN
IS
ISN

ISN
1SN
ISN
ISN
ISN

ISN

o184
0185
0186
0187
0188
0189
0190
0191

0192
0193
0194
0185
01386
0197
o198
0199
0200
0201

0202
0203
0204
0205
0206
0207
0208
0209
c210
o211

0212
0213
0214
0215
0216

0217

0218
0219
0220
0221
0222
0223

0224
0225
0226
0227
0228

0229

¢
©
C
C

(o

6l
510
70

62

27

66

30

172

28

X#DLUG(X/X1)
2+UX2%W(K)
CONT INUE
SASSIA(T1-T2)%0.5
ASUM=220%( 1.0=YR)*SA
SH=S2%(T1-T2)%0e5
BSUM=4.0%(1.0-YR)*Sb
IF(J=1) 23,25,25
OP=DP=AA{J}*ASUM=BB ( J) *B SUM
CONT INUE
[F(I=2) 60:+60:61

23==HP (2} /ASUM
HOLMHAALR) #DLOGE X2/X 1)
AAL = AA(2)
GO TO 62
IF(METHOD=1)70470,510
LFE(1Q=2)705, 7L 71
AB=(DP=HP (1)) /ASUM
THEEI=THOI= 1) +AB%DLOGE X2 /X1 )
AACTLI=AD
BBI19=0.0
HGT=TH( 1)
IF(METHOD=1)624 62427
BEI1 =(DP-AA(IL)*ASUM=HP{ 1)) /BSUM
V=DLOGIX2/X1)
THOI)=THEI=1)#AAL 1) %V+BBIT ®VV
BB(1) = BBIL
HGT =TH(I)
CONV
A= HG
A = 0.0001- A%A
1F(A) 27,30,30
1@ = 10+1
ITERATE ONLY FOR LAST LAMINATION {(M=I),10 ITERATIONS HKAX. NOe
IF(1G=9)663+66+30

USE FIELDG 7O COMPUIE #H AT ITH POINTe [F NOT AVAILABLE, REPLACE
THIS CGALL WITH THE FOLLOWING INVERSE—CUHE APPROXIMATION:
FHUI)=FHS*{ ({6371 +0+HT) /(6371 +HGT(L)})#%3)
WHERE HT=SATELLITE HEIGHT.
CALL FIELD G(DLATDLUNG:sHGT :DATE,20:L 0 BNBEBVBT)
FH(1)=8T%2.8000E~05
GYRD = FH(L)
DENC )= (F O ¥ (FOI-FHOE)) )% 12400, 0
ELCC = DEN(I)
A = DEN(I) - DEN(I-1)%1.001
IF DENSITY DOES NOT INCREASE BY AT LEAST 0.1 PER CENT,REJECT PY
IF(A)29, 14414
V. = DLOG(X2/X1)
AAT = AAT+(2.0)%BB( 1)V
WRITE(6 ¢ 172)FASELCCaHGT 9 GG YROAGTA AAT
FORMAT(IH +F 1265, 6XKsF12:4s6XsF120446X0I2,6XF12:646X:F12:446X,
1F12+4)
COMT INUE
INTERPOLATION ROUTINE

TEST TO INSURE THAT SUCCESSIVE HT. ARE WITHIN 0,01 KM

PAGE 0085



et

ISN
ISN
ISN
I8N
1SN
ISN
ISN
1SN
1SN
i5N
ISN
ISN
ISN
1SN
ISN
ISN
1SN
1SN
ISN
ISN
1SN
LSN
1SN
1SN
1SN
TSN
LSN
ISN
ISN
LSN
1SN
1Sh
ISN
LSN
ISN
1SN
ISN
ISN
ISN
1SN
ISN
LN
I5N
1SN
ISN
ISN
ISN
ISN
ISH
LSN
ISN
LSN
ISN
L5N
ISN
1SN

0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
ozas
0245
0246
ca47
0248
0249
0250
02s1
0252
0253
254
0255
0256
0257
0268
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
Q272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
c283
0284
0285

813
814

819

815

N = NU

00 280 [=1,N

DENL (1) = DLOG(DENCL))

N=N-1

M=1

K=1

DO 816 L=14N

K=K=1

DPA = DEN(L)

L2B = DEN(L+1)

Z2A = THIL)

ZpPB = TH(L+1)

H = (228-22A)7/(DENL{L+1}=DENL{L})
K=K +1

D1 = DENREF(K)
IF(D1-D2A)B10,812:813

DENINT{M) = D1

ZINTA{M) = Z2A

M=M+ 1

GO TO 810

IFED1-D28)8144815:816

DENINT(M) = DI
IF(METHOD-1)817,B17+ 819

ZINT(M) = Z2A+(ALOG(DE)-DENL(L))*H
M=M+1

GO TO 810

V= DLOG(D1/D2A)

ZINTAM) =Z2A+AA(L+1)#V+BB(L#1) * V%V
M=M+1

GO TO 810
DENINT(M)=
ZINT(M)=228

M=M+ 1

CONT INUE

MM=M= 1

WRITE(64701)

WRITE(6+700 ) (ZINT(M) DENTNTIM) s M=1 s MML

N = N+ 1

XMAX = 3000

GGG = 50.0

CALL FIXILT (TH » DENL 4Ny GGGs XMA X+ X3 ¥ 3 sNX3 I FLAGs METHOD+ AR» BE)
DO 281 [=1yNX3

DEN( 1) =DEXP(Y3(I))
WRITELO,702)

WRITE (6+700)(X3CI)4DENCI) S
FORMAT(6(2XsF6e11E13:6))
XC=3000 .

IF(X3(1)=XC) 283,283,284
XC=XC=50
G0 TO 282
12=1

D0, 287 “I=2 3
IF(X3(1)=XC) 286,285,286
TH2( 12)=X301)
ED2( 12) =DEN( )

I2=i2+1

1

s NX3)

PAGE 006
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ISN
ISN
ISN
1SN
1SN
1SN
ISN
ISN
1SN

1SN
ISN
1SN

1SN
1SN

0286
o287
0288
0289
0280
0291
0292
0293
0294

0295

0297
0298
0299

XC=XC=5H0e
6L TD 287

286 IF(I=NX'3)287,288,

287 CONTINUE

288
WRITE(6y 7032
WRITE(6+T700) (TH2¢ 1) sED2CL )} k=10 20

701 FORMATCIHOs62H T HGTe DENe ~RESPECTIVELY (FIXED DENSITY INTE
LRPOLATLOND )

702 FURMATCIHOVB2H T. HGTs DENs  RESPECTIVELY (SCALED AND INTERPO
LLATED VALUES AT FIXED HEIGATSH)

704 FORMAT(1H0.69H T. HGTe DEN. RESPECTIVELY (INTERPOLATED AT F1
1XED HEIGHTS ONLY))
GU- T 100

6000 STOP
END

RPAGE 007
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LEVEL

ISN
ISN
ISN
1SN
ISN
LSN
1SN
ISN
ISN
[SN
iSN
ISN
LSN
ISN
I5N
ISN
Isn
ISN
ISN
1SN
1SN
ISN
ISN
ISN
1SN
ISN
ISN
18N
ISN
ISN

ISN
ISN
LSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
LSN
ISN
1SN
ISN

18" ¢ SEPT 69 )

0002
0003
0004
0005
0006
0007
0008
0003
0010
00lLl
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
o022
0023
0024
0025
0026
0o27
0028
0029
0030
0031

0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045

COMPILER OPTIONS - NAME

10
il

23 YY(J
18801))

22

90

0S/360 FORTRAN H | DATE T14228/15+26457

MAlN.DﬁT:OO.L[NECNT:SB.SuukckcﬁdCDiC‘NDLlST-NDDECK.LO#D.MAPmNDEDlY.lD'KREF
SUBROUT INE FIXIT (¥ sNXs XINT o XMAX ¢ XX oYY 9 NXX s IFLAG +METHOD s AA,BE)

IMPLICIT REALYB(A—H0C-2)

DIMENSION X{1)2Y{ 1) s XXC1)aYYL1)aAALL),BELL)

IFLAG=0

XK=XMAX |

IFCXK=X{ 1)) 3s252

XK= AK=XINT

IFAXK) 1451651

AXCEI=X4 L)

YY(1)=Y (1)

PTI=X(1)

J=2
DO 50 I=2,NX

PTR2=X(1) |
IF{PT2-PT1)10,511,11

IF(PT2=-XK) 13512411

PT1=PT2

XxX0J) (1)

YY{d)=Y (1)

J=d+d

GO YO 90

XK= X=X ITNT

IF(XK)14s 14411

XXCDP=XK

LF (METHOD=1)20420421
YYCII=Y L) (XX CII=PT2) % (Y CI=1) =Y L)) /(PTL=PT2)
GU TO 22

DEL = BB(I1)1%BB(1)—-0.01

IF(DEL) 204 20423
V-1 34 (~AALL ) =DSART TAATL) $AA (T -4+ 0#BB( 1) #{PT1-XK}J))/(2.0¥

J=U+1

XK=XK=XINT

IF{XK)14y 14410

CONT INUE

GO TO 15

WRITE(64700)
WRITE{6+701) (X (L)el=1sNX)
WHITE(G, 7010 (YL I=1,NX)
IFLAG=L

NXX=J=1

RE TURN

FORMAT(1H 4BH BUM DATA TRUE HGTs AND ELECTRON DENe FOLLOR/Z)
FORMAT(BE15:5)

END

S




@

LEVEL

ISN
ISN
1SN
15N
ISN
ISN
1SN

SN

1SN
1SN
ISN
ISN
1SN
ISN
ISN
15N
1SN
1SN
LSN
IS
ISN
ISN
1SN
1SN
ISN
iSN
I5N
1SN
1SN
ISN
1SN
1SN
1SN
13N
(SN
1SN
1SN
i5N
15N

18 (

0002
0003
0004
0005
0006
0007
0009

0010

0011
ootz
0013
0Gi4
0015
0016
0017
0018
0019
0020
0021
o022
0023
0024
0025
0026
0027
0028
0029
0031
0032
0031
0034
0038
0037
0038
0039
0040
0041
0042
0043

SEPT

COMPILER OPTIONS - NAME= MAIN,O3T=00,LINECNT

69

)

DS/360 FORTRAN H

MsNMX sl X sYsZ:F )

SUBROUT INE FIELDG {DLAT:DLONG,ALT:
EQUIVALENCE (SHMEITs TG)
CUMMON/FLDCOM/ZSTCT+SPHCPH R BT BP s HR ¢ B, NMAX

COMMON /COEFFS/TG(18+18)

DIMENSION G(18,18)GT{18s18)+sSHMIT(18518).A1D(15)

I (A.E0.6378.165) IF(L)19s1 42

DATA MAXN, TZERDsJsK/10419604+0:0/4G/

X0 +0s—3042659s— 1536613130009 +95T26+= 22747 +4948570eF 2448 949:8%0es57
X74eB8y=21610633000e2+~1987¢09802:81359¢59607+=57e24647 +9:8%0as—1
X949aB:s20403,1585039129044+50206123103444545 63=BeB174+8%004=431a0
09— 13060087102+~ 39400,=3142+—241e7+70 1308:,—-15,6:8%0¢4152.0
P6Beh12+9,-250a5+27104s=15743 102 9=26obs=3a3+11:4+8%04a8e09121¢
X21—116000=11004479499=650250e5s=1537aly11a1:8%0, 3=11:9, 102846049
X9=27 2 12583=1146y=109a L sl dals=5e6s1eeB%00 =549 —24+43—F413242:27
Xabv=21e19-200135s8s 1073 9%00c6ed9=12e235089=17403206423 +64-2e5 1
KG o0y Galin126,B8%009—22e0015.6095el 305+= 1281946411241 90e2472:54125:15
X2%0 e/

DATA GT/

K090 200599-2540712¢661-0+86+2¢55,=070,11%0 173494 36+02,121,10.0
X33 1e94,-0+08+0e99+11%0 1346094~ 1 50 7Bs—=0a70s1063s—1ei7sie53:028551
XE*C 22908891 2:934-9:24 1630s=0s541—0e6352s 11 311%004ie?7Te~154,3018,
X=524B:=44174=0a724105 1 1%0503404+2¢88y—148691+25,008001+64,=0e09,
X11%0 es—1039:0a12s10531=0073+9-00064+0:4540006+209%0, 7/

A=6378.165

FLAT=Lls—1+/2984 3

A2=A¥E2

ARFLAT ) %2

AZB2=A2%( Le—FLAT*%2)

A4BG=AGE( 1a—FLATH%4)

IF (L)14514,2

IF (TM=TLAST) 17419417

READ (5+3) JsKsTZERD,ALD

FORMAT (21 1s1XsF6els+15A44A3)

L=0

WRITE (644) JyKyTZERDWALD
FORMAT (213, 5X6HEPDCH=sF 71 +5%15A40A3)
MAXN=0

TEMP=04

READ (546) NaMyGNMoHNALGTNMoHTNM
FORMAT(213,6F11.4)

[f {NoL.EsO) GOTO7

MAXN=(MAXO (NoMAXN) )

G(NyM)=GNM

GT (NsMI=GTNM

TEMP= MAX1(TEMPs AHS(GTNM))

IF (MeEQ.1) GOTOS

GUM= 1N F=HNM
GT (M= 1y NI=HTNM
GO 170 S

WRITE (6,8)

FORMAT (6HO N My OXLHG s LOXIHH s 9X2HGT s IX2HH T/ /)
DU 12 N=2vMAXN

DO 12 M=14N

O S W= —O00 N

1
2

3

55

F S

o

67

69
70
s
72
73
74

DATE

7122841527011

B84SOURCE »EBCDIC,NOLIST ¢ NODECK+LOAD s MAP3NOEDITy 1D+ XREF




ﬁfﬁ’.@.ﬂ.%ﬁ.@.ﬂ@.ﬂaﬂ.

ISN
1SN
ISN
ISN

15

ISN
1SN
15N
1SN

iSN
ISN
ISN
1SN
15N
1sn
ISN

0044
0045
0047
0048
0049
0050
0051

0052
0053
0054
0055
0057
0059
0060
0061

0062
0063
0N64
0065
0066
0067
0068
0069
0070
0071

0072
0074
0075
0076
0077
0078
0079
0080
0081
0083
co84
0085
0036
0087
0088
0089
0090
0092
0093
0094
0095
0096
00897
0098
0099
0100
0101

0102
0103
0104
0105

10
it
12

16
17

20

el &

MI=M—1

IF (MsEQ.1) GOTOLO

WRETE (619) NaMiGINsMIoGIMI NI sGTINsM) sGTEMESN)
FORMAT (213, 4F11.4)

GO TO 12

WRAITE (6s11) NoMsGUNyMEsGTINsM)

FORMAT (213:F11a4,11X%F11.4)

CONTINUE

WRITE (6,13}
FORMAT (1HL)

IF (TEMPsEQsOe) L
IF (KsNE.0) GOTOL?

SHMITC1,1 1o

DO 15 N=2sMAXN

SHMEITEN 1)=SHMETAN=L s 1) ¥FLOAT(2%N=3) /FLOAT(N-1)
SHMIT(1sN)=0.

JJ=2

DO 15 M=2,N

SHMIT(NsM)I=SHMET{N,M-1 YHSORTIFLOATL (N=-M+1) ¥JJ) /FLOAT(N+M=2)}

SHM AT (M= Lo N)=SHMITONM)

Jy=1

DO 16 N=2,MAXN

DO 16 M=1sN

Gi{Ng M) #SHMTTLN, 1l
GTENsMI=GT (No M) ESHMI TN, M)

TF (MsEQal) GOTULG
GIM=1yNI=GEM— 1 s NIFSHMI TE M= o)
GT{M=1,N)=GT (M= 13N} *SHMIT(M—1,N}
CUNT INUE

T=TM-TZERO

DU 18 N=1sMAXN

DO 18 M=1sN
TGINsM)=GINsMI+THGT{NsM)

IF (M.EQ.1) GOTOLE
TGIM=1sN)=GIM—1,N)+T#GT{M=1 :N)
CONT INUE

TLAST=TM

SINLA= SIN(DLAT/57.,29578)
RLONG=DLONG/ 57429570

CPH= CUS(RLUNG)

SPH= SIMN(RLONG)

IF (J,EQ.0) GOTD20
R=ALTH6371.2

CT=5INLA

GOETO 2
SINLA2=SINLA%#2

COSLAR=1.-S1NLA2

DEN2=A2-A2B2%S INLAZ

DEN= 3QRT{DEN2)

FAC=(((ALTXDENI+AR) /(CALT¥DENI+32) ) %%2
CT=SINLA/ SORT(FACXCOSLAZHSINLAZ)

R= SORT(ALT#(ALT+2.#DEN)+(A4-A4B4XSINLAZ) /DENZ)
SORT (1 .~CT¥%2)

i MOCMME s MAXN)

CALL (FIELD

Y=872

82|

100
101

103
104
105
106
107
108
109
110

115
116
117
118
119
120
121

127
128
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@

1SN
ISN
ISN
ISN
1SN

SN
ISN
IsN
ISN
SN
1SN

0106
0107
0108
0109
0110

ottt
o 8 4
0113
o114
015
o116

23

=8

IF (J) P2,23,22

X==8T

Z=-8R

RETURN

TRANSFORMS FIELD TO GEODETIC DIRECTIONS
SIND=SINLAKXST— SQRT(CCSLAZ) *¥CT
COSD= SORT(1+0-SIND*¥2}
X=—BT*COSD-BR*SIND
Z=BT#5IND=BR*C0OSD

RETURN

END

129§

130
131
132

1337

136

137
1138

PAGE

003



LEVEL

1SM
1SN
1SN
TSN

TSN
ISN

1SN
1SN
1SN
1SN
ISN
15N
1SN
15N
Isn

Pl ju §

SEPT 69

) 0S/360 " FORTRAN H

DAJ“E 71212371 3506500

COMPILER OPTIONS - NAME= MAIN,OPT =00, LINECNT =58,SOURCEs EBCDIC,NOL 1ST+NODECK s L OADy MAP s NOED [ T4 1Dy NOXREF

00062
0003
0004
0005

NO0E

0007
ooce
0005
0010
0011
0012
0013

0014
0018
0016
0017
0018
0018
2020
0021
Qo2
0023
0024
0028
0026
0027
002#
0029

T o Tt B o WMo W W WP a R o'

IMPLICIT REALAE(A-HC=Z)

REAL %4 DLAT sDLONG sHT yDATEWHGT s BNeBFEy FV e ET

COMMON /BLOKL /Z DEN(100) ,TH(100) , AA(L100)+sAAT,RAT 1D, HMAX, DMAX,N
BIMERSION HP(100) +7 (100) 455 (20) yW(20)sFH( 100)¢ DENL( 200) ¢ X3{200) + Y3
D(200), 1H2(200),ED2(200) yBR(100) , HINT {40 )s CINT(40)+5TDDC2), STOV( 215

ADENREF ( 86) sDENINT(200) s ZINT(200)s HPA(S0) 3 HPX (100 )y FX(100), TETLE(S

30) s HPP{50) s HEXD {5 0) +FXD (S0} \DIFF {501, FZ (50) HPXX{ 50 ). HP AB{ 1003
DATA DENPEF /1 oE4 420 B4 y3oEh s 4eF435:E4+6E4 1T eEGs 82E449 43 1.0ES,

D1 .XFE'l.El—‘ 21 +3EB 21 44EB )1 o5ES 910 6ESs1 oTESy1e8E5+1 496

D ES 12e4E542 e5FE 5+ 2+6E5+2+7E5, 24BES4 24965,

D 33245 47 ,6E52348E5)4 s0ES44e2ES44 4 ES5y4e6EEs 4 0 BE

D 2504 ED 25 oBES 15 eBEH 10 c0EH 16 2ES1 0 14 ES16:6E516+8EDy 7+ 0ES
D 7e2ECS37a4ES 7 6ES 4 7.8E5480ESy8:65ES:90ES5:9 5ES31 «0E6s 141E6,
Dt s2F €91a3EG 1 00EGylebEO 1] $6EOyIeTEAYL «OEGs 1 e 5EGy2 20EG; 22F 6+
D 2eGEE+2eHEDG 12 4BEG 930E6 1342664 304E6:3:0F6)» 348EG4 .08 »4.2E6,
D GeAF S45:6F6 4 A6 +5.0E6/

CCCCCC’CCCCCCCCCCCCCCCCCCCCCECCCCCL,‘fCCCCCCCCCCFCCCCC(CCCCCCCCCCC cce
C {el
PROGRAM PROVIDED TO nATICAAL SPACE SCIENCE CATA CENTER, NASA/GSFC,
JeE e JACKSON GN 5 MAY 197l.
c GROUND ANALYSIS BASED CN TORSIDE FROCRAM. <
N ORDINARY PCINTS ARE SCALED FOR INPUT, AND 10 X POINTS. THC C
CCMEUTED X-TPACE IS INPUT TO TAE AND THE RESUL TING CURVE Is c
INT OLATED AT INPUT X FREG TO COMPARE WITH SCALED X=TRACE (&
C
e
c
C

IF X-TRACE NOT SCALED, INSERT 3 ELANK CARDS IN DATA DECK, SO
ALL SFT TC ZEROs

THAT THE FX AND H'X AR

annann

[dedda At dddelddadeleldddddeeele (dddddddadaeelddealddddaadadadelae

SIN({X) = DSINIX)

cos(x) pcesx)

ATAN(X) = DATAN(X)

SO0RT(X) = DBSORTIX)

EXP(X) = DEXP(X)

ME THCD =1

MEYHED = 2

METHOD 1=LINEAR IN LOG N, METHOD 2=PARAEOLIC IN LOG N

SS(1) = 0,98940094

S5(2) = 0.94657502
S5(73) = 0.86563120
SS(4) = 0.75540641

=0.61 7TE76524

= 0s45B01678
# 0.28160365
= 009501251

=55(8)

es(10) = ~8s(7)
SS(ININ=E=S S (0)
s5(12) = -SS(5)
S50 =554
(14) =S S(R)

SS(E1EY 2}
s8(:18) = =851
SS(17) = 0477459667
SS(1R) = 0,00000000
$8(9) = =S8(i1 7

U S
2 OUIOMS ZDE

e © © & &€& & © e o e © o e © ©® D



I PAGE

TSN 0033 WiL) = 0.02715246
SN 0034 W(2) = 0.062253582 1
< ISN-- 0035 w3} C«09518861 T —

0 ISN 0036 Wl4) = 0,12462897
1SN 0037 W(S) = 0414659599 4
e

ISN 0028 w(6) = 0.16915652
1SN 0035 W(7) = 018260342
1SN c040 wi8) 0418945061
ISN 0041 w(o) = wee)

ISN 0042 w(1c) = wi7)
ISN 0042 W(11) = wi6)
iSN 0044 wil2) = W(s)
1SN 0045 wWiia)y = wia)

1SN 0036 W14) = W(3)
1SN 0047 WE158) = W(2) +
ISN 0048 WOLRY = uer) |
ISN- 0045 W17) = i
1SN 0039 WO1E)
@ 1SN 00&1 W(16)
@
WRITE (6:6003)
. 65003 FORMAT (¢ LAT 175X s 'LONG 36X s "HT * 35X * CATE® 4 OX s 'EN* 3 12Xs PRE" 12Xy
TIBV 12X, 8T ¢)
ISN 00SE DLAT ~-60s 0
e ISN O00ES DLONG = ~-180.0
1SM 0060 ALT = 100.0
. ISN 00€1 DATE = 1960.,0
e CALL FIFLD G(=50s0s—1804031 000419600720 +1-0sBN1HEsEV.RT)
X WRT TE (6,5004) OLAT DLONGSALT +DATE S ENsHEs EV BT
ISN- 0064 £004 FORMAT (1 1 F7.2,2XF7+%:2X sFhel o2X s FEols 2X3F 12049 2XeF120402%F 124
i 14:2X4F1264)
ISN 00€€ RTTE( 64802 )
ISN 2066 802 FORMAT(1H1 + 327HREFERENCF DENSITIES FOF INVERPOLATION)
- ISN 0067 WRI TE( &,801 Y(DE RRFF (K) yK=],84)
4 1SN 0né8 EQY FORNAT(2X,8E1445)
ISN- €065 READ (5:8005) KZNsHTN:GhyGINKZDsED. IDNELF
. ISN 0070 6005 FORMAT(ILIO03F104/110+3F1004)
(< {ei =
(e C CARDS FOR STANDARD RUN3 REMAIN IN DECK AT ALL TIMES, KZNy HTN C
g & c JGNyGINT # STARTSINITIAL HT,STARTING FREQ., FREOQ INCREMENT AT C
(¢l c NIGH T3 USUALLY=E 3000 3061 90ale KZLsGlo GINT # STARTS, STARTING C
e c FREQ Y FREQ—INCREMENT FOR CAYy INIT 1AL T=80" KMt OSUALUYE35 e 16316
ﬁ [ {4 DELF=INCREMENT TN VALLEY DEPTH FCR STANDARD CASES. DAY sNIenT ¢
C < fS PETERMINED-BY-HTREF (SFE BELOW e o
€ C <
e ISN 0071 READ {84600 5END = 6000} TITLE
ISN 0072 £001 FORMNAT (2044)
ISN 0073 100 READ (S 101 sENI=H000) NhIYR MO MOy 1T 1y IBY o MVLVA
e 1SN 0074 10! FORMAT {8110)
¢ G ¢
{65 C FIRST (NV#1) LAMINATIONS ARE LINEAR IN LOG(N) TO SIMULATE fc!
G C VALLEYs JUNP (CCURS PBETWEEN (NV=1) AND (NVI POINTS, LV = # e
g o] C OF VALLEY CORRECTICNS FOR WHICH CALCULATIONS ARE TO BF DONE. C
]

L

an



ISN
15N
' 1SN
1SN
ISN
1SN
1SN

0075
Q076
0077
0078
oo07¢
0080
0081

7

=

103

000

< C
LV = 1 + LVA

Kw = NVv+2

DA TE =1 LOATL IYR)+FLOATUIDY)/365.0+1900.0

METCD = METHCD
READ (5,102) HT, DIP, FHS, DLAT o DLCNGy XDAT Ay RUNy VAL START
FORNMAT (6F10e8 F4 el 42F8ed)

HTREF=HT
¢ c
HTREF=REFERENCE HTe IF HTREF < 120 KN, DAYT IME DATA IS ASSUMED TN

BOTH STANDARD AND SEECTAL RUNS. OTHERWISE. NIGHT DATA 15 ASSUMED.
JA==1e0 Ir X TRACE UNSCALARLE « SET TO 0.0 OR LEAVE BLANK IF 0K«
NSCALARLE » 3 BLANK GARDS MUST BE INSERTED IN CATA DECKs

FOR A NCRNMAL Run (CR LEAVE BLANGY ¢ RUN=1 FOR A SPECIAL RUN.

FOR A SPECIAL RUNI VAL = FRACTION CGF THE DENSITY AT EMAZR wHICH

REPRESENTS THE NAXINUM CIERS ITV IN THE VALLEYS START = FRACTION

OF ~THE FREQUENCY AT EMAX WHICH REPRESENTS THE STARTING FREQUENC Ys

C

MP=10

READ (5,103) (HF(T) SF(T)I=14N)

FORNMAT (8F10e4)

NNZ N NV

READ (89103 ) - CHPXD(J) +fFXDUJ)s J = 1.MP )

DO 3 M=1.N

HPAR(M) = HF(M

HPA(N) = HP (M)

CONTINUE

KZD

Cc

GI=GID

IF ( HY «liTs"120+0)-6C-T.C 7000
HT=HTN

KZ=KZN

G=G i

GI=GIN

CONTINLE

DO 4 M = Lyh

HE{ M) = ~HPAP(M) + HT

CONTINLE

LOOF OR VALLEY DEPTH.

DO 2B2EF KV=1LV
FVU=DELF*FLOAT (KV) =DELF

IF (RUN oliy 040) GO TO 7001
FU=F (NV=1) ¥ (1 ,0=SART(VAL))
KZ=1

G=F (NV-1) %START

LODF ON STARTING FREQUENCYS

DO 2E2E KF=1,KZ

F1)=G+GT#F LOAT (KF-1)

WRITE (6,6002) TITLE

FORMAT (IHL $5Xp20A471H $5X020A43
[F (METHOD=1)500 5000504
WRITTE(£4502)
FORNAT(LHO s 29HT NVERSE CURE, LINEAR N LOGEN))
GO~ 70 503

WRI TE( 4504 )

PAGE
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1SN
1SN
1SN
ISN
ISN

ISN
TSN
1SN
TSN
1SN
ISN
1SN
15N
15N
1SN
1SN
ISN
TSN
15N
1SN
1SN
15N
isN
1SN
1SN

1SN
15N

1SN
15N
ISN
ISN
ISN
ISN
15M
15N
ISN
1SN
15N
1SN
1SN
15N
1Sh

ISN
ISN
1SN
TSN
15N
1SN
1SN
1SN

1SN

1SN0

o

FORMAT(1HO s 32HT NVERSE CUBEs PARABELIC IN LOGIN))
£03 WRITE (6.303)
£03 FORMAT(L1HO s 1O0HINPUT DAT A)
WRITE (€6+104) IYR,MOsMD,ITI.IDY
104 FORNAT (1HO ¢BHYEAR 1912 43X ¢SHMONTHIA,3Xy 2HDAY T4y 3X 3 19HLNCAL ST AND
1ARD TINE 17 +3Xs7HDAY NOe14)
WRITE (6.2010) FV
3010 FORMAT (' DERPTH OF E-VALLEY = 'WF7.2," MEZ ot )
WRITE(6,2005)
2005 FORMAT(IH ,7HO TRACE)
WRT TE(€41061)
106 FORNMAT(IH +5(3X ol HF 46X s BHHP 42X ) )
WRITE {0 ed 07)VIFCT) sHRPATT) yI =1 N).
107 FORNAT(S(IXF6:351X3F6a11)
CALL FIELDG(DLATyDLCNGHT yDATE20+LQyENyBE.BV,BT)

R BT

W AV

HH = SGRT(F TH*2 ~F Wk +2)
BVt BV /HH

OIR = ATAN(BVH) #57:2067%

FH( 1)=BT#%2., 8000E~
FHS = FH(1)
WRI-TE (642007) HT
2007 FORMAT (1HO s 'CIP AND FHS AT ',FS
WRITE (65105) DIPFHS DL AT DLONG
105 FORMAT (1H »'DIP=%,F10e4 43X »* FHS=!,F 10,43 3Xs ' DLAT=" WF10 443X, ‘DLON
16 vE1-Cedr)
WRTI TE(64108)
108 FORNAT (1HO ¢6X s 1HF 16X 4HEL CC 14X EHEETGHT o 4X s QFITERAT ION 8Xs 2HFH
111X 412HPREVIDUS HGT 92X SHSL CPE)
nrp SQRT(DCIFXDIP)
A=( 20, 0=DIP)/ET 23577

s KM COMPUTED FROM FIELD Get)

= HT
=F (1) #F (1) *12400.00
DENCL)
= FLL)
= N
WRT TE (62173 )FALELCC oHT
173 FORMAT(1HO ,F1204 46X sFL2 04 46X 3F1204)

FH( 1) =-FHS
{0} Wit sy €

15 DR = 0.0
10 0

IF(T-NL)B,8 28
8 TEST = F(I-1) + 0,001

FREQ [FARE)
IF (FREQ=-1540) 40C0 2949

4000 IF (FREQ=TEST) 20 ¢l 2412

26 NL NL=1
fiA FOL)
RBAD DATA POINTS ARE REJECTED IN DO
DO 33 LshaNL
HFE(L) = HP(L#1)

]
w
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o ‘l

ISN
SN
ISN
1SN

1SN
15
15N
SN
1SN
1SN
1SN
15N
1SN

ISN
1SN
1SN
1SN
1SN
ISN
1SN
ISN
1SN
1SN
1SN
ISN
1SN

15N
ISN
ISN
1SN
ISN
1SN
1SN
15N
1SN
1SN
ISN
18
ISM
1SN
1SN
ISH
1SN
1SN

o17e
Q173
01174
a1 s

Q178
0177
0178
0174
0180
018!
0162
ore3
otEs

01E5
01EBF
01E7
0188
o1 &S
0159
0151
0152
9197
0163
DEgE
o1se
0157

o1se
0185
0200

0201
o202
0207
0204
0202
0z0€
0207
0208
0209
0210
0211
0212
02172
n21a
0218
Q21¢
0217
9218
021¢
0220

0221

500
S0L

4c02

4001
4C0%

£08
184

HPA (L) sHPACL+L)

i)

FiL+i}

WRTTEC 6911V FA
FORNAT (1H
BE CHECKED s %)
GO TCO 18§
CAONTINLE
FHU T)=FH(T=1)
= FH(1)
=TH(I ~1)
HGT=TH(T=1)
FA= F(1)
FAFA = FAWFA

GIRO
TH(T)

M= 2

JDATA FCR FE*E6:30*

YR=Y AT REFLECTLON PCINT

YR=04
HG YA
GYRC
nn ga

0

THL

1)

= FH(1)

J=M

15 (J=nV)

F1FE1

(F(

G0 10 4003
= F(J=1)*F (J=11)
= F(J)*F(J)
FHOJ=1)/FA
FH(J) ZFA
FLIF1/FAFA
F2FR/F AF A

F1E1
FaFe
Yi=s
Y2 =
X1
x2
CH
Tt

W > o

Ca

BO AND GO ARF USED IN FORMULA T O CHANGE Y WITHIN L AMINATION

A9 =

12 =

NG E

FR

bR
40014,40024+4001
J=1)=FV)I*(F(J-1)~FV)

OM VARIABLE X TC VARIABLE T

SGRT (1.0-(X1/(1.0-YFR)))

04
0

0

DLOG(Y2/YL)/3.0
V=D LEG (X2/X1)
il (G300 3

O

0

99218518

IE(C NETHOD=1)161 o1 51 (506
IF (I=KW) 151,151,155
IF(IG=1)151 4152 152

ALI M
RA =
RE =

1.
Do

1.0
0
0

GO: 1C 156

AALT)
BR(I)

ALTM

AA

1

HAS

BEEN PEJECTED

(THOI ) =TH(T 1) rAALT )%V )/ (VEV)
AAC I4+1)=AACT)+( 2. 0) *BELTIAV

AAL

GO 10 154
T2 = SGRT (1e0-(X2/(1.0=-YR)))
IF ( PETHOD=1 1161 41514508

ALIW

1.0

T+1)/7AALT)

NE(J)ZAACIY
+ Q4 RB XV

(EXP(EB) =1 20}/ (VERA)

GALSSTAN

INTEGRATECN

= VALLEY

SHO UL D

PAGE 005




ﬂlbﬂ".ﬂ...ﬂ'

15N
1SN
15N
15N
TSN
1SN

TSN

1SN

1SN 0280
1SN 024t

ISN 0242
o

ISN 024€

JSMN-0 248
1SN 0249
ISN. 0250

ISNTO02E3
ISN 0288
ISN 0255

ISN
1SN
15N
1SN
ISN

ISN 0261
1SN 0262
ISN 0267
1SN 02&a
1SN 0265
1SN 026
1SN N2E7
ISN 0268
1SN 0269

ISN 0272
ISN 0273
ISN--0274

€09

(D =

605

25
€0

€1

71

DO ECS K=l 416

T = Qe SH((TI-T2)IRES(K)+T14T 2)
X=2(1e0=T¥T) 2{140=-YR)

A = DLCG(R2 7))

Y = Y2/0(1s 0+CORAR(L sO+AAR(2:0%V-A) ) }ux3)
YL =l YiMCRH

Y12 = YxYx(1e0-CPHXCEH}
IE(CPH=0,0009) 603:£04,604

R o= YT2/(2.0%YL)

R = .R/(1e0=X}

PEr =ATAN(R)

A = (1 .0+4SINIPST))*SQRT (1.0 +R¥R)
S0=1.0+YLA

G010 609

PSL -2 1.57079

UX=T/( XXkSQRT( Vs 0=X))

GO TC €03

B=X/£0D

IF(1.0C0000 =R)I29 29,612
REJECTS AAD DATA CARDS

U =“8ORT (1 +0-R}
C=(1.0-50)7(2.0%S0)

D=1 0=((1s0+X) X SINCFST /(1 0-X)
UP = (1,0 + B#C»#D)/U

UX“ B CUE- *T)/X

S1HUXEWCK)

XADLOG (X/X1)

+LUX2¥W(K)

CONTINAD

A SUN 1%(T1 -T2)

BSUN=E2%(T1 =T2) 22,0

IFE(J=1) 23325,25

DR=DF=AA(J) *ASUN-BA (J) *ESUM
CONTINLE

FIRST LAMINATICN COMPUTED WITH L INEAR METFOD
IE (I=KW) 60:60 61

METHCD = 1

GO 1C 70

ME THED =M TOD

IF( METHOD=1)70,70,510

FIRET ESTIMATE CF HGT CEMFUTED WITH LINEAR METHCD
IE(1Q=1)70,71 471

AR=(MP-HP(L)) /ASUN
THCI)=TH{T1=1) +AB#DLCG(X 2/ X1 )

AAL T)=AH

IF (I=KW) 7547576

BA( T
HGT=TH (1)

[F( NETHOD=1 )62+ 62427

BRIT =(DP-AA(I; FASUM=HP{T)) /BSUM

V=DLEG (X2/X1)

THE I THOT = 1) +AAL T XVEBEBIT #Vi\V

BR(I) = BRIT

HGT =THOT)

CONVERGENCE TEST /TO INSURE THAT SUCCESSIVE HT. ARE

WITHIN 0.01

KM

PAGE 006




TSN
TSN
TSN
ISN
150

1SN
15N
1SN
15n

15N

15N
1SN
157

15N
ISN

15N
1SN

15N
ISN
1SN
ISN
TSN
ISN
IsN
15N

iSN
1SN
1SN

ISN

6207
0308
0369
0210
0311
0312
0313
0314
0318
0216
QR
n318
i3 b

o

i NAGE

HGT=HG TA
A = 0,0001= AXA
IF(A) 27.:30.30

27 10 = 10+1

M=I
ITERATE ONLY FCR LAST LAMINAT ION (M=1),10 ITERAYIONS MAX. ND.
1F( 1Q=5) 66466430

€6 FHUT) = FHSH ((6371,04HT)A(637103EG61 " w3
DEN(E) =F{I)4F (1 )*12400+00
ELCC = DEN(T)

A = DEN(I) = DEN(I=1)%1.,001
1F DENRSITY DCES WOT INCREASE BY AT LEAST 0.1 PER CENT.REJECT P T
1F(A)29,14414

20V = DLECG(X2/X1)

AAT = AAL+(2.0) 4BE( 1) %V
WRITE(E4172)FA,ELCC sHGT ¢ ICy GYRO:HGT A AA T

172 FORMAT(IH yF120 546X F12:446XaF12:4 16Xy 129 6XsF12:646X2F120496Xs
1F1244)

26 CONTINUGE MAINL 360
CALL NHMAX(IFLAG)

If (IFLAG «EQ. 0) GEC TO 176
WRITE(6. 173 )

174 FORMAT(1HO, 'CALCULATION CF HMAX AND AMAX ASSUMING PARABOLIC PEAK O
1IF THE FOR ZIH o5X 48N = NMAX (1~(H=FEMAX ) (F=HMAX))/CONSTANT ')
WRI TECE2 175 IHNAXDNAX yRATID

176 FORMAT(1HOy 'HMAX = ' Ffals? KM AND NMAX = #,09.3,' EL/CC.'/ 1H .
F LTHE RATIO -OF THE LAST TWC SLCPES [S3',Fé.3)

WRITE(E,1792)

179 FORMATIIHOW2X 44 (1ALT.* 4AX DENSITY ! 54X) )
KB =N+1
KC=N+1C
WRT TEC 6,700 )€ TH(K) sDENCK) oK =KE 3 KC)

GO TC 180

176 WRITE(E,177)RATIO

177 FORMAT(1HO *RATIO OF LAST TWO SLOPES IS TOO CLOSE TO UNITY FOR PEL
11ARLE EXTRAFOLATICNs RATIO = ?,F6.3)

180 WRITE (6,6002 ) TITLE

CALCULATION OF EXTas RAY VIRTUAL HEICHTS
FX(L) = (FH{1I+S50RT (460%F (1 )RFCIIAFH I *EEC1)) ) /20
HPX(1) = HT
DO 1C2E I=2.NL
DP = 040
FX(T)=(EHCT ) #SORT (4 204F CIVRFCL) +FHETIXFRCT))) /240
FA = EX(I)
FAFA = FA%FA
Y= FHOL) ZFA
O 1024 J=2i,1
IF (Jmhy) %004 ,5002+5001
5002 FIFY = (F{U=1)=FVIH(F (I=1)=FV]
GO 76 5003

£Q0Y - FIF 1 = FElJ=1)#4F(J=1)
£003 F2F 2 = FUJU)»E (J)

Y1 = FHJ-1)/FA

Y2 = FHCDZEA

X1 = FIF1/FAFA

X2 = Far2/F AF A

007

wm o



@@93@90..0003000000‘0.

ISN
TSN
ISN

1SN
15N
1SN
1SN
1SN
15N
15N
TSN
1SN

1SN
15N
15
TSN
ISN
TSN
TSM
I8N
188
15N
1SN
ISN
1SN
1SN
1SN
ISN
ISN
1SN
1SN

1018

1€19
1154

1602

1604

1608

1€6C9

1603

o
o
ai

CHANGE FROM VARTARLE X TC VARIABLE T
T1 = SQRT (1,0=(X1/(1,0=-YR)))

81 = 00

§2 = 0.0

BG AND CQ ARE USED IN FORMULA TO CHANGE Y WITHIN LAMINAT ION

Be = DLOGEY2/Y1)/3.0

V = DLCGIX2 /%x1)

IF (J-1) 1019,1018,1018

T2 = 0.0

GO 1C 1164

J2 = SGRT (1e0-(X2/(1+C-YR)))

rB BE(J) Z7AA L))
RA = 1+0+RB*V
Ca = (FXP(RQ)=1.03/(V*RA}

GAUSETAN INTEGRATION

DO 1605 K=17,19

0p SA((T1=T2)XES(KY+T1+T 2}
X=(1e0=THT) {1+ 0-YF)

A = DLEG(X2/X)

Y = Y2/((1.0+CO¥AR(L L0 EREXL2.04V-A)) )¥k3)
YL = Y *CPH

YT2 = Y%YX(1,0=CRH*CPH)
IF(CPH-0+0005) 1608160441504

R = YT2/(250%YL)

R o= R/(1.0=X)

PSI = ATAN(R)

A = (1e0+SIN(PSI))I*SCRT (140 +R%R)
SX = 1.0-A%YL

GO 10 1609

PSI = 1.57079
SX = 1 o0 = (YAY)/(1e0-X)
B = X/ZEX

BO = 1.0 =8

IF(B0) 1029,1029,1A12

REJECTE BAD DATA CARDS

= SQRT(BN)

C = (1.0=5X)7(2.0%5X)

140 4 ((140+X)ASIN(PST) I/ (1.0-X)
UR e e 0 = B A G D) AU

(LP % TH/X

S1+UXHW(K)

LXADLCG (X /X1)

S2HUX2 AWK

COMTINLE
SA=SIH{TFE—T2) 40
2. 0=YR=YR)
ELTL=T2) %0
S0%01 a0 Y R)
D= D B=AAC IV FASUM=EE (J) ZESUM

CONTINUE

Gl 10 1028

DP = 0.0

HPX(I) = =DF + HT

WRTTE (6420000 DIF

EORMAT (1HD s 2ZHCOMPUTED EXTRAORE TRACE G Xy
WRLTE (641

DIP=F10.4)

PAGE 008
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-

-

1SN
1SN
18N
1SN

TSN
1SN
1SN
1SN
1SN
154
15N
15N
15N
15N
ISN
15N
15N
1SN
1sM
1SN
1SN

T8N
ISN
I5N
158
1SN
1SN
18N
ISN
18N

0377
03ve
n37g
Q380

0401
0402
0403
0404
0408
0407
0409
0410
0411t
0413
0414
0415
0416
0417
0418
navg
0420

0421
0422
n423
04z4
0425
0427
0428
0425
0431

a

2345

817

€68

-

PAGE 009

WRTTE (Ae107) (FXCI)HPXUI) oI=14NL)

URESEL

NW = NV

IF ( NV «GE+ 1 ) GO TC 2345

IF ALL POINTS ARE ABCVE VALLEY ( E«G: AT NIGHT), USE ALL BOINTS
EXCEPT THE FIRST, WHICH IS SET BY THE PROGRAMs FOR THIS INTERPOLATION.
NW=2 i
DO 17 LL = MW.N

HPR(LK) = HPX{LL)

FZOLK) = Fxiticl)

LK = LKk + )

CONTINLE

NJ = LK={

WRITE (6.4668)

FORMAT(1HO»66H EXTRACRDINARY TRACE COMPUT ED FROM DRDINARY- TRACE AM

1D IARUT TO TAB

WRITE (6,106)

WRITE (64107) ( FZOI)HPP(I)s I = 14080 )

ROUTINE TO COMPARE COMPUTED X-TRACE WITH SELECTED SCALED EXT POINTS
LIML = -4

STONVT=0+0

DO 26t I=1.2

LIM1 = LIML+5

LIM2 = LIML+4

STD (+30)

STODV = 0.0

D0 250 JK=LINML,LTWM2

FXX = FX0(JK)

HPXX(JK) = TAB(FZ JHPPsNJsT, FXX)
DIFF (JK) HPXX (JK) = HPXD{ JK)
IF (FXxXx FZCIR)NESG BRTIGH 210 3]
LF +GTs 120.0) GG TO 294

IF (FXx
DIFF(JK « 0

ETORV=STOD VADIFF( JK) #4232
STD= = SCTDEDIFF UKD
CONTIMNLE
ETOVLI)=SOR T(STDDV/S,0}
STDD(I)=STD /5.0

WRITE (64,670) 1

FZ(NJ)) GO T( 294

670 FORNAT (1HO ,55H INPUT EXTHACRDINARY TRACE SCALED FROM INNDGRAM - P

678

€66

6510

49

1AR | +12)
WRITE (64675)
EORMAT (00000 1y (SFXD? 44X » "HPX DY y 3¥j )
WRITE (6£+107) { SXD(J)s HREXD(J) s J=LIM1.L IM2)
RITE (6.666) 1
FORNMAT (1HQ .70H INTERFOLATED EXTRANRCINARY TRACE COMFUTED FROM ORD
1INARY TRACE = PART +I2)
WRITE (648610 )
FORMAT (' ¢4 1X, S(IFXD* 4% 4 HPX X' 4 3X))
WRTTE (6,5107) (FXD(J) HEXXTJ) s J=LIML L IMZ)
IF CXDATA o LTe 060) WRITE (6.49)
FORMAT (1HO 4*THE X TRACF WAS UNSCALAELE FOR THIS IONOGRAM.f/1H o

OO@@.QOGOOOO‘.O.....

LH
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15N
TSN

1SN
1SN
1SN
1SN
ISN
1SN
1SN
1SN
1SN
1SN

1SN
1SN
1SN
15N
1SN
1SN
1SN
1SN
1SN
1SN
15N
1SH
15N
ISN
15N
1SN
15N
18N
1SN
1SN
18N
15N
1SN
1SN

667

668

292

£CCC
G

280

812

£13
814
819

20T THEREFORE COULD NCT BE COMPARED TO THE COMPUTED X TRACES')
WRITE (6,667) STDV(I).STLOCL}Y

FORMAT ('0', 1X,y *DIFFERENCE BETWEEN INTERPOLATED AND SCALED X TRA
1CF* 48X 4 *STANDARD DEVIATICN = *,FOed 45Xy 'AVERAGE = P LFOe4)

WRITE (646685)

FORNMAT (9 *4 1Xy SCTFXDYy 4Xs *DIFFE®, ax))

WRITE (6+107) (FXDCJ)WDIFF(J) s u=LINILIN2)

STD VI=STDVT+STDDV

STD T=SIDT+STDDCT)

CONTINLE

STD VI=SQRT(ETOVT/1040)

STDI=STDT/2.0

WRT TR (£,292) STOVT,STDT

FORMAT (1HO ¢ *TOTAL STANDARD DEVIATION ' +FQe%s5Xs ' TDTAL AVERAGE L

1Seé )
CONTINLE
INTERFOLATICN KOUTINE
N = NL
DO 280 I=14N
DENLCI) LLAGIDENCI) )

K=1
PN EL16 L=1,N
K=K=1
PENCL
DENCL+1)
THIL)
THOL+ 1)
D1 = DENRFF (K)

IF(D1-D2A)B10,812,813

DENINT(M) = DI

ZINT(M) = Z2A

M=M+1

GO 1O A10

IF(D1~-D2B) 814 815,816

DENINT(M) = D1

V= DLOG(DL/D2A)
ZINT(M)=Z2A+AA(L+1) #VHBE (L+ 1) KVAY
M=M+1

GO T1C EiQ

DENINT(M)=D1

ZINT(M) =228

M=M 1

CONTINLE

N = N+

ZINT(M)=THONY

DENTIRT(M)=DEN(N)

HTR1 =DFLOAT (1FIXCSNGL (TH{NV)+1040))/10)%10.0
IF (HTREF «GE s 120.0) HTR1=DFLCATCIFIX(SNGL(ZINT{1)410:0))/103%104
IF (HTR] «LTe 14040) HTHL=140.0
HTRZ=THIN)

IF (HTR2 «GTe 500e0) HTR2=500,0
MM=TFT X( SNGL(HTR2=HTR1)/10.0)+1
DO E20 L=1,NMM

PAGE 010
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) PAGE
) ISN- Qa7 HINT(LY=HTR1+DF LOAT (L=1) %10 .0

ISN D4RH 0 DINTCL)=TAB (ZINTyDENINT o¥ 93 sHINT (L))

1SN 048G MM= MM+ {
” 1SN 0460 HINT(MM) =TH (N)

ISN 0451 DINT(MN) =DE NCR)

ISN 0482 WRITE (6+5002) TITLE
) 1SN 0457 IF (METHOD—1) 504+50,51

ISN 0464 50 WRIIE (€,502)

1SN 04CS% GO/ e 52
) 1SN 0466 51 WRTTE (6,504)

ISN 0467 22 wR11E (6,A0%) |

ISN 04648 WRI TE (64104) 1YR,MCyND,ITI,IDY
> ISN. 0499 WAL TE (6,2007) HT

ISN 0500 WRI TF (6,105) DIPFHS.DLAT, CLONG

1SN 0504 WRI TE (6453) DER(1)pHT
S ISN 0502 53 FORVAT (1HO s *ANALYSIS ASSUMES THAT THE ELECTRON DENSITY 1S: 94 F7al, [
y 14 ELAGC AT b FHe0a® KN3tZ1H o6X+ 10,0 EL/CC BELOW THIS AL T ITUDE + AND

5 INCREASING '/1H +5Xs 'EXPCONENTIALLY UP TO THE FIRST CATA POINT SCAL
3ED FROM THE ICONCGRANe '} |

] ISN 0503 IF (HT «NEs B0.) GO TC 54

16N 0805 IF {FV-—~LTe 0001) GC TC 57

15N 0SC7 DMIN=(FNV=1)=FV)
2 1SN 0508 OMIN=DNMINFDMINEL24000

ISN 0806 VAL =DMIN/DFE NCRV=1)

' 1SN 10510 WRT TE (6 =) THONV=1) sDENINV=1) s THINV) CEN(NV )y CMIN y VAL
1SN 0§11 56 FORMAT(IHO s 'CALCULATICNS ASSUME A VALLFY EETWEEN 1y FSels ! KM ('4F7
1609 ' EL/CC) AND I yFEel ! KNOZLH y5Xst (13 F7 00t EL/CC)e THE MINIMUM

SDENSITY IN THE VALLEY IS '9F7e00° ELZCC ot AlH +5Xs Y LIsEs Ly FdeZy

> 31 % (DENSITY AT EMAX)e®)
Q 1SN 0512 60 10 54
. ISN 0513 57 WRITE (£458) TH(N\I—])vDFI\(NV-l)-TH('\V)y[‘.FI\(NV)
ISN 0514 25 FORMAT (1HO +'CALCULATICNS ASSUME NO VALLEY BETWEEN !'oF5elst KM (0

1F 7+ 04® ELZCC) AND 'sF5sly’ KMEZ1H +5Xe? (1 gF7e0s? EL /CC )et )

i 1SN 64 [F (XDATA .GE. 0.0) GO T0 59
1SN WRITE (6449)
1SN GO 10 48
D 15N 59 WRI TE (6456) STDVTsSTDT
IsN 664 FORMAT (1HO 5 * STANDARD DEVIATION FOR DIF FERENCES BETWEEN SCALED X-T
1RACE ARND'/1H 55Xy 'X=TRACE COMPUTED FROM O-TRACE = ! WF7y2y ! KMO/1H
D 24, YA VERAGE DF DIFFERENCES BETWEEN THESE TRACES = '2F7.24+7 KM )
TSN 06821 48 WRITECE.,701)
1SN 08522 WRITE (6+700) (ZINT(K)DENINT(K) K= oM
ISN 0523 700 FORNMAT(4(2X sF6e14E1D03))
ISN 0524 701 FORMAT (1HO ,'ALTITUDES (KN) AND ELECTRON CENSITIES (EL £4CCY AT SELE
1CTED DENSITIE S*/1H +S5X s HIEXCERT IN E=-VALLEV )®/ALE v 2XsA( PALT o* 93Xy !
9 1DEMSITY 5 X )0
1SN 0525 WRITE (6.821)
1SN 0526 WREITE (64700) (HII\T(K).DII\T(K)-K:lol\”‘l)
B ISN 052 821 FORMAT (1HO s 'ELECTRCN DENSITIES AT SELECTED ALT ITUDES ABQOVE THE E-
FVALLEVI/IH 2Xe0CTALT . ¥ 93X SRENS ITY ! 24X )
18N IF(RATIOWGT0.97)GC TC 181

WRITE(E,174)

WRT TE(E 4175 )HMAXDNAX 4RATIO
WRITELE,173)

WRT TELE, 7NN CTH(K) ¢ DERCK) sKEKBeKCH
GONYQ 2828

15N
= 1SM

1sn

19N
@ 15N

& e ¢ o © © 6 & 6 ©
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9903000.. L

5609000

18N
TSN
15N
15N
15N

0535
0536
0537
0528

083G

181
2E28

£0a0

WRITECE4177)RATIO

CONTINLE

GO 1C
STOP
END
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® TEE2AST  SYS?71123,70G226 1 4R V000, LS JE JOOT« CEINOD PASSED |
[EF2ASL  VOL SER NOS= M2 SCRE, |
3 IEFPRBT  SYS711224T052251+5V000s L5 JE JOOT7+ RO001 11 0 svscuT
TEFZHET  WOL SER NOS= M2 ECRa, ;
LEFPASY  EYS71123.T0922514R V0004 LEJE JOO74ROQ01 1T L DELETED }
a VOL SER NOS= M2DRMie

JEFSHST  SYS571173.T05225 14RV000. L5 JEJ007.R0O00111 2 DELETED
>
R

T'EF28SY VoL SER NOS= M2DRM1.

TEFLRS Y 23e7 1 4R V000e LEJE JNO 75000111 3 SYSIN

LEF28S1 VOL SER NOS= M2SCR2.

IEF2881 SYS71123%T0 51.R V000, LEJEJOOD7.50001 113 DELETED

LEEZ885 1 VOL SER NOS= M2SCR2.

IEF3731 STEP. /SOURCE ¢

12F 3741 STER /SOURCE 7 . QOMIN 03«0 7SEC-MAIN 288K LCS oK

SR STE? TIME = «11 MINS=(CPU
I0 IN SECS. DISK= 2.9 5, DRUM= « 22, TAPE= a0 CRILL= 2 0

2 05 ,IC% W06 )
OTHR= 200

/7 EXEC L INKGDWREGIONGC=200K

; XXDEFAULT PROC NBLK=200 00000100
XXL INK EXFEC PGM=L INKEDIT,PARN=IMAP,LI ST '+ CCAD=(5,LT) REGICN=200K 00000200
XXLOADL IB DC DSNAME=MMLOAD D T EP=SHR 00000300
XXNEWL IN DD DUMMY 00000400
. XXSYSL IR OBD DENAME=SYS1,DULNMY,DISP=SHK 00000500
X X DN DSNAME=SYS]1 .DLMMY,DISP=EHR 00000800
XX DD DSNAME=SYS1 sFORTLIB 4D ISF 00000700
! XX DD DSNAME=SYS1.PLILIB NISPE 00000800
XX DO NENAMF=SY S1 . GEFCLIRDISF=SHR 00000900
- XX DD DSNAME=SY S1,8SP,DIS SHR 0C001000
4 XX DD DSN=SYS1.COBLIADISP=SHER,VOLSSEF 2SYS2 JUNIT=2314 00001100
XXSYSLMOD 0D DOEN=LELODMCDIGSFO) +DISP=(NEWIFPASS) JUNTT= XD 00031200 1
' XX SPACE=(3072,( ENALK 42041) ) +CCB=EBLKS 12E 06001300
TEFE53T SUBSTITUTION JCL = SFPACE=(3077 (200 +2041)),0CE
Q XXSYSPRINT DD SYSOUT=ADCR=(PFCF MNSFBALLREC @14+ BLKS12ZE=2509) 0C001400
XXEYSUTL DD SPACF " 3072, ( GRBLK v20)) +URI T=LINK 0001500
. 1EFE53T SUBSTITUTION JCL = SPACER(3072,(200420))4UNIT=LINK
XXTAPEL IR DD DUMMV,D I SP=(0LN +KEERP) s UNIT=(2400=9 4+ DEFER) oL AEEL =( 4BLP )y X00001600
D XX DCH=(RECFM=FB +LRECL=L0 y8LKSIZE 00001700
XXSYSL TN ch CEORJMED DI SP=(OLD yDELETE) yDCR=RECSM=FE 0C001800
XX oo NONAME =0BJECT 00001900
i /L INK«QBJECT DD %
IEF2361 ALLOC. FOR LSJEJOC? LINK
=Lzl ALL/ACATED TG LCADLIE
100 ALLUCATED TC SYSLIB
4 €0 ALLOCATED TG
1C0 ALLQOCATED TO
' LEF2371 "336 ALLOCA ijle;
TER2AT I IE ALLOCATED TC
BER2ATISEI s ALLOCATED 7€
i TER2RZINARE ALLNCATED TO
FER23IT I Ao ALLOCATE TC SysLMoD
NG R e TAIGEsE 41 ALLOCATED TO SYSPRINT
. IEr2d 13 a ALLOCATED TO SYSUTL
I EFR237: 14333 ALLOCATED TO SYSLIN
REF23 00 ALLOCATED 710

oot
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e%@ﬁﬂﬂ.&’.,‘...'@liuibvv

154K LCS 0K

STER TIME =

TEF2861 MMLOAD KEFT
1EF28ST VoL SER NDS= M2LCAD.
HEF2RE] SYS1.DUMMY KEPT
LEE2RS ] VoL SFR NOS= M2DREM1.
IEF285 T SYS1aDUMMY KFEFT
IEF2ES 1T VOL SFR NOS= M2CRM1.
1FF2A81 €YS1FORTLIA KEFT
TEFeBET VOL SER NDS= M2DRM1.
1EF2861 SYS51.PLLILIB KE® ©
1EF288 VOL SFER "05= M2 EYS4.
1EFER5] SYS1.GS-CLIB KEFT
1EF28%1 VoL SFR NOS= M2EYS2.
TEREAEY SYS1w:E5R KEPT
1EF23€&1 VOL SER NOS= M2EYE2.
1EF28ST SYS1.COBLIA KEFT
1EF2851 VoL SER NOS= g
IEF2A5 1 SYS71 :1-1’09??51-!?\400-’.7.L")JF—'J“/)7-LODNEU PASSED
1EFE8ST VOL FEF NOST M2 SCRG.
LEGR8ET EXYS71123.T0922515\000. L8 JE JOO7RO0O111 A SYSCUT
IGFZAEL VoL SER NOS= SCRéE.
1EF2881 SY571123.7052 51 P V000. LG JEJDO07aROT011ES DELETED
1EF7851 vOL SER NOS= M2 SCRE.
TEFEEET EYS?IlZZ-TO‘;E?hI.G\nﬂh.LSJEJO(‘?-GEJNCF DELETED
TEEZ8 5T VOL SER NOS= M2 SCRS.
IEF2861 S\.‘?7ll?3-TvJ‘72251.W\OUG-L5JFJﬂO7-SOC\01Hﬁ SYS N
IEF2351 vOL SER MNOS= M2SCR3.
IEFERST SYS711224T052251sR V000 LEJE J007.5000111 8 DELETED
IEF2851 vOL SER NOS= M2:5C
IEF3731 STEP /L INK / START 71 3.1304
1EF3741 STERP /LINK /7 S10P 7112341304 CPU  O0OMIN 00 SEC MAIN
= p. 02 -

10 IN | SECS. DISK= 9 .45, DRUM=
XXGO EXEC sLINKy SYSLMOD 'CCF'P=(51LLT)cWEGlON:l’?OK

XXFTOSF001 DD

XXFTOAF 001 DD - EYSOUT=
XXFTO7F00! DD DUMMY sDCB=( RECFM=FB .LRECL:“O-Fl.KS[ZE:??D’))

X Xk
X X3

XXSYSPRINT DD SYSOLU

ATAS
L,DCE=(RECFM=1RALRECL=1 27 BLKS IZE=7265)

T0 GET A DECK, ADD THE FOLLCWING CARD TC YOUR CE CK

//GN.FTC7E 0C1 DD D SNAME=

ECK,5YSCUT=8B

=0

//GD.DATAS DD *

77/

LER23ET
HEE2ERT
IEF237T
[EF2371
IEFZ371

LAT
—60%00

+DCB=( FECFM=VEA yLRECL=4 37 +BLKSIZE=7 265)

ALLOC. FOR L5JFJOCT7 GO
334 ALLOCATED TO PGM=%.DD

234 ALLNOCATE

o JC F105FC01

= k<h ALLOCATED TC F T06F004

2

LONG HT
= 1F0+00 100

ALL.OCATED TC SYSPRINT

DATE AN BE
o0 16€0.0 QABZS,9102 7857.0898

BV
-6NE21 6289

24769 TAPE=
0¢002000
06002100
0CCO02E00

XD C002300
X00002400
00002500
00002600

BT

«21

£1913.9961

MINS=(CP U=
s 0D CELL %

w01 +10=
00 OTHR=

«20)
«00
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REFERENCE DENSITIES FOR INTERPOLATECN
08

0100000
D..%0000D
0e+170C0D
0.25000D
0360000

52000D
D.58000D
0.30000D
0.160C0D
54280000
0a400000

cs
06
ce
ce
06
0€
0
07
c?
(&)

0200000 0F 0300000
C+ 100000 06 0.11000D
Ce18000D 06 04120000
0260000 D& 0.270000
C.3A000D 06 0.40000D
Ce54000D 0€ 0560000
0.70000D 06 0720000
€+95000D 06 0100000
C.17000C €7 0.18000D
C+30000D 07 0+320000
Cea 60COD 07 044 8000D

05
06
06
06
06
06
06

D.500000D
Del 20000
D+200000D
D«28000D
D+420000
0+58000D
0740000

gz/"u.l 10000
7 0190000

o7
07

D+340000
0.50000D

05
06
06
06
)
o
06
07
07
o7
o7

0 «50000D
0.120000
0.210000
0290000
02640000
0 4600000
0760000
0.+120000
0 4200000
02360000

05
06
06
06
08
o€
0e
07
07
Q7

0.60000D
0.140000
0220000
0+200000
0.460000
0+62C00D
0+780000
0.130000

220000
0.380000D

05 0.700000
06 0150000
06  0.23000D
06 _~"Ge320C0D
2

06 0.430C0D
06 0640000
06 0.80000D
07  0.14000D
07  0.240000
o7 0+400C0D

05
06|
a6 |
06|
06/
06

06

c7
07

0.80000D
04160000
0.240000
0+340000
0500000
0660000

0150000
0.26000D
0420000
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