APPENDIX 8. SAMPLE CASE

A sample case is included with the description of the program for
three reasons., First, it demonstrates the use of the program. Second,
it illustrates the three types of output available (printout, punched cards,
and ray path plots). Finally, it serves as a test case to verify that the
user's copy of the program is running correctly. This last point is es-
pecially important if the user has had to make many modifications in
converting the program to run on a computer other than a CDC 3800.

Although the ionospheric models in the sample case demonstrate
the use of the program, they don't give realistic absorption for the radio
waves. The absorption in the sample case is too low for two reasons.
First, although the Chapman layer has a realistic electron density for
the F region, it has much too low an electron density for the D region,
where most of the absorption occurs. Second, the collision frequency
profile in the sample case is designed for use with the Sen-Wyller for-
mula for refractive index rather than the Appleton-Hartree formula used
in the sample case. Multiplying the collision frequency profile in the
sample case by 2.5 gives an effective collision frequency profile for use
with the Appleton-Hartree formula that will give nearly the correct

absorption for HF radio waves (Davies, 1965, p. 89).
Appendix 8a. Input Parameter Forms for the Sample Case

Filled-out input parameter forms are included to describe the
sample case (i. e., show what ray paths are requested for which iono-
spheric models and what type of output is wanted). Furthermore,
comparing them with Appendix 8b illustrates the relationship between

the forms and the input data cards.
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INPUT PARAMETER FORM FOR THREE-DIMENSIONAL RAY PATHS

Name Project No. Date
Ionospheric ID (3 characters) xoj
Title (75 characters) __To<t Case
Models: Electron density CHRAPOX
Perturbation \WJAVE
Magnetic field
Ordinary (W1=+1.)
Extraordinary [V (W1 =-1.)
Collision frequency Expz2
Transmitter: Height 0 km, nautical miles, feet (W3)

Latitude 40 rad, @eg) km (W4)

Longitude - o5 rad, (deg) km (W5)

Frequency, initial {, MHz W)

final (W8)
step (W9)

Azimuth angle, initial 45 rad, §eg)clockwise of north (W11)
final (W1z)
step (W13)

Elevation angle, initial 0__ rad, @e(W15)
final S0 (W16)

step (5 (W17)
Receiver: Height 200 @ nautical miles, feet (W20)
Penetrating rays: Wanted (w21 = 0.)
Not wanted (W21 = 1.)
Maximum number of hops 3 (wz22)
Maximum number of steps per hop (000 (W23)
Maximum allowable error per step /0"'4' (w42)
Additional calculations: = 1. to integrate
= 2. to integrate and print

Phase path 2 (W57)

Absorption (W58)

Doppler shift (W59)

Path length (W60)

Other
Printout: Every ] steps of the ray trace (W71)

Punched cards (raysets):

v (W72 =1.)
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INPUT PARAMETER FORM FOR PLOTTING THE PROJECTION

OF THE RAY PATH ON A VERTICAL PLANE

Coordinates of the left edge of the graph:

rad

Latitude = 40, deg) north (W83)
kam
rad

Longitude = - /05, @ east (W84)
km

Coordinates of the right edge of the graph:

rad

32.12 north (W85)

km

1]

Latitude

rad

- 81.% east (W86)

km

Longitude

Height above the ground of the bottom of the graph =

rad

Distance between tic marks = /00. deg (W87)
(km)

(W81 = 1.)
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INPUT PARAMETER FORM FOR PLOTTING THE PROJECTION
OF THE RAY PATH ON THE GROUND

Coordinates of the left edge of the graph:
rad

4o, north (W83)
km

1]

Latitude

rad

— 105, @ east (W84)
km

I

Longitude

Coordinates of the right edge of the graph:

rad
Latitude = S2./2 deg) north (W85)
km

rad

Longitude = — &g/.8 (deg) east (W86)
km

Factor to expand lateral deviation scale by = 200, (wa2)

rad

/00, de:% (W87)

il

Distance between tic marks on range scale

(W81 = 2.)
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INPUT PARAMETER FORM FOR SUBROUTINE CHAPX

An ionospheric electron density model consisting of a Chapman layer with
tilts, ripples, and gradients

2 2 - -z
fN = fc exp\d(l'z‘e ))
h-h
- - max
H
2 2 ™™ g T[\)
- 3 . - 6 - —
£ - (a+asm(2n(e B )+ce-3)
h = h + E(e-l\Ro
max maxo 2

fyyis the plasma frequency

h is the height above the ground
Ropis the radius of the earth in km

and 6 is the colatitude in radians,

Specify:
Critical frequency at the equator, fc = G..{ MHz (W101)
o
Height of the maximum electron density at the equator, hma.x =300 km (W1l02)
o
Scale height, H = b2. km (W103)
o = £2'§ (W104, 0.5 for an 4 Chapman layer, 1.0 for a

g Chapman layer)
2
Amplitude of periodic variation of fc with latitude, A = a. (W105)

rad

2
Period of variation of fc with latitude, B = [#) deg (W106)
km
Coefficient of linear variation of fz with latitude, C = O. rad * (W1l07)
Tilt of the layer, E = 0. rad (W108)
deg
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INPUT PARAMETER FORM FOR SUBROUTINE WAVE

A perturbation to an ionospheric electron density model consisting of
a "gravity-wave'' irregularity traveling from north pole to south pole

N = Ng(1 + )
A =b8exp-[(R-Ro - 20)/H]?
’ Ro
cos Zﬁ[t + (/2 - 8) +(R-—RQ)/)\:]
Ax
oN =21
ua-Eu = -X-:- Vx N06 exp - [(R --Ro —ZQ)/H]2

Ro
Ax

sin 2 [t/ + (1/2 - 8) T2+ (R - Ro)/Az ]
Ry is the radius of the earth.

R, B, v are the spherical (earth-centered) polar coordinates
(4 is independent of ©).

No (R, 8, ®) is any electron density model,

Specify:

the height of maximum wave amplitude, zo = 249, km (W151)
wave-amplitude '"scale height," H = /0@, km (W152)
wave perturbation amplitude, 6§ = @ { [0, to 1,] (W153)

horizontal trace velocity, V, = = km/sec (W154)
(needed only if Doppler shift is calculated)

horizontal wavelength, A, = 290, km (W155)
vertical wavelength, X, = /@@, km (W159)
time in wave periods, t! = o) (0. to 1.7 (W157)
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INPUT PARAMETER FORM FOR SUBROUTINE DIPOLY

An ionospheric model of the earth's magnetic field consisting of an earth
centered dipole

The gyrofrequency is given by:

=y (BeIEP (143 cotr )

The magnetic dip angle, I, is given by

tanI = 2 cot A

h is the height above the ground

Ry is the radius of the earth

A is the geomagnetic colatitude

Specify:

the gyrofrequency at the equator on the ground, fHa = 0.8 MHz (W201)

the geographic coordinates of the north magnetic pole
radians

latitude = __ 4g 5 north (W24)

radians

longitude = __ 29/ @egreed east (W25)
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INPUT PARAMETER FORM FOR SUBROUTINE EXPZ 2

An ionospheric collision frequency model consisting of a double
cxponential profile

e -2 (h-hy) -ay (h-h;y)

Vo=V + Vs e

where h is the height above the ground.
Specify for the first exponential:

Collision frequency at height hy, vy = 3, &3 x/0¢ collisions
per second (W251)

Reference height, hy = /00 km (W252)

Expoaential decrease of V with height, 2, = _/), /48 km™ (W253)

Specify for the second exponential:

Collision frequency at height hy , vy = S0 collisions
per sccond (W254)

Reference hzight, hy = /40 km (W255)
Exponential decrease of V with height, a, = (). 0/83  km™" (W256)
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Appendix 8b. Listing of Input Cards for the Sample Case

OB IS X WML T B ds s 0 A a0 40 4l 43 64 4% e 4% ab a0 80 A1 K3 N S 43 %8 80 B4 %9 s6 %0 82 82 4 bt Ar A1 88 49 N0 N M3 M) Te By e MR B

X0l TEST CASE

1 O OF DUPLICATE W CARDSs THE LAST ONE DOMINATES
1 -1. EXTRAORDINARY RAY
3 Qe TRANSMITTER HEIGHTs KM
4 40, 1 TRANSMITTER LATITUDEs DEG NORTH
5 =105 1 TRANSMITTER LONGITUDEs DEG EAST
7 60 INITIAL FREQUENCY, MC/S
9 Qs DONT STEP FREQUENCY
11 4540 1 INITIAL AZIMUTH ANGLE, DEGS CLOCKWISE FROM NORTH POLE
13 O DONT STEP AZIMUTH ANGLE
15 O 1 INITIAL ELEVATION ANGLEs DEG
16 90.0 1 FINAL ELEVATION ANGLEs DEG
17 15.0 1 STEP IN ELEVATION ANGLE, DEG
20 200 RECEIVER HEIGHT ABOVE THE EARTHs KM
22 3o NUMBER OF HOPS
57 2. INTEGRATE AND PRINT PHASE PATH
58 2. INTEGRATE AND PRINT ABSORPTION
Tl 5.0 NUMBER OF STEPS FOR EACH PRINTING
72 1le PUNCH RAYSETS
81 1. PLOT PROJECTION OF RAY PATH ON A VERTICAL PLANE
83 40.0 1 LEFT LATITUDE OF PLOTs DEG
84 —105. 1 LEFT LONGITUDE OF PLOTs DEG
85 5212 1 RIGHT LATITUDE OF PLOTs DEG
86 -—8l.8 1 RIGHT LONGITUDE OF PLOTs DEG
87 100.0 1 DISTANCE BETWEEN TIC MARKSs KM
101 665 CRITICAL FREQUENCYs MC/S
102 30060 HMAXs KM
103 62. SCALE HEIGHTs KM
104 Q65 ALPHA CHAPMAN LAYER
150 1. CALL PERTURBATION SUBROUTINE
151 250 Z0s KM
152 100 SHs SCALE HEIGHTs KM
153 Oel DELTA
155 100 LAMBDAXs HORIZONTAL WAVELENGTHs KM
156 100e LAMBDAZs VERTICAL WAVELENGTHs KM
201 Oe8 GYROFREQUENCY ON THE GROUND AT THE EQUATORs MHZ
24  T8e5 1 ACCEPTED STANDARD LATe OF NORTH MAGNETIC POLEs DEG NORTH
25 291. 1 ACCEPTED STANDARD LONGe OF NORTH MAGNETIC POLEs DEG EAST
251 3.65 E4 COLLISION FREQUENCY AT H1ls /SEC
252 10060 Hls REFERENCE HEIGHTs KM
253 148 Als EXPONENTIAL DECREASE OF NU WITH HEIGHT,s /KM
254  30. COLLISION FREQUENCY AT H2s /SEC
255 140. HZs REFERENCE HEIGHTs KM
256 0183 A2y EXPONENTIAL DECREASE OF NU WITH HEIGHT, /KM

(A BLANK IN COLe 1-3 ENDS THE CURRENT W ARRAY)
X0l TEST CASE

71 Os NG PERIODIC PRINTOUT

72 Qe DO NOT PUNCH RAYSETS

81 2. PLOT PROJECTION OF RAY PATH ON THE GROUND
82 10.0 LATERAL DEVIATION EXPANSION FACTOR

(A BLANK IN COLe 1-3 ENDS THE CURRENT W ARRAY)

BT 7e T I N N W NI M OIS N 0T M I AD 41 47 43 44 43 46 47 46 4% S0 5153 S) B4 S5 B 30N G eC 81 47 43 44 43 &8 &7 8 WM s e BT M

Col. 1-3 Identification number
Col. 4-17 Data in E14, 6 format
Col. 18 A 1 indicates an angle in degrees
Col. 19 A1l indicates a central earth angle in kilometers
Col. 20 A 1 indicates a distance in nautical miles

Col., 21 A1l indicates a distance in feet

Col, 22-24 Left for other coanversions

Col. 25-80 Description of the data
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Sample Printout

Appendix 8c.
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Appendix 8d.

X01 TEST
CHAPX
WAVE

DIPOLY
EXpZ2
X01X

1581469
1581469
1581469
1579016
X01X
1721292
1721392
1721418
1719566
X01X
1915641
1915641
1916346
1898217
X01x
o]
2096843
2096843
]
XQ1X
0
2258382
2258382
0
XO1X
o]
2309183
2309183
0
X01X
0
2382305
2382305
0

Listing of Punched Card Output (ray sets)
for Sample Case

CASE
6¢500+000 3.000+002 £.200+400]1 5.000-001 0.000+000 Q+700+000 0.000+000
245004002 1.000+002 1.000~001 00004000 1,000+002 1,0004+002 0,000+000
8.000-001 0.000+000 0,000+000 0.000+000 0.,000+000 0.000+000 0.000+000
2650+004 140004002 14480-001 3,000+001 1.,400+002 1.830-002 0.,000+000
0 400010255000 200000N ennnn 4500000 0 0 -1003T7
14911561 2 -29 0 1514389 4513 -1610 11 0 0 -1721m
14911561 2 -29 0 1514389 4513 -1610 11 0 0 -1722m
29000482 -0 10 728 2875068 80425 68182 22 0 0 -1003G
430850842 -7 76 -0 4278561109482 91246 33 0 -0 9323Mm
0 40000255000 2000000 60000 4500000 1500000 0 -1003T
6041034 15 184 0 635731 8122 -3264 8 0 0 -1481M
6041034 15 184 0 635731 8122 -3264 8 0 0 -1482M
12129251 46 -23 14656 1211094 81100 58053 17 o} -0 10036
18286204 59 -65 -0 1854769 92641 58123 26 0 0 -1953M
0 40000255000 2000000 60000 4500000 3000000 -0 1003T
3549408 -23 219 0O 407964 17828 -7003 8 0 0 =-1531M
3549408 -23 219 0 407964 17828 -70073 8 0 0 -1532M
7336080 405 -349 28173 733203139482 89236 18 0 -0 10036
11075272 514 454 0 1138430174444101677 26 0 0 -1773M
0 40000255000 2000000 60000 4500000 4500000 -0 100371
2002014 -132 607 28480 285194 9971 -6754 <] 0 -0  2291R
2743788 389 =1415-23456 342980 67874 -6143 14 0 0 -1142R
4847060 576 -25 44114 484589230974137632 21 0 -0 10036
915163 548 796 26953 729880285982175495 27 0 -0 2163R
0 40000255000 2000000 60000 4500000 6000000 -0 10037
1144182 -157 -851 50578 231305 7950 -5671 5 0 -0 1251R
1681639 -1383 16876-62499 262993132130 10323 17 0 0 -1032R
2407118 -7009 132003 69320 240697376036241525 22 0 -0 1003¢
3139111-10115 8555 63564 376316461386314765 27 0 =0 1103R
0 40000255000 2000000 60000 4500000 7500000 -0 10037
526875 =302 1334 71357 207034 6884 -4906 5 0 -0 1091R
1066297 5511-13543-46475 227435207533 21840 23 0 0 -1022R
2407589 13557 -6291 55706 240745446701245294 29 0 -0 10013G
3753507 15794 -3644 45376 430430507528292462 34 0 -0 1373R
7 40000255000 2000000 Xalalals] 4500000 9000000 -0 100371
3028214734180000 88779 200000 7166 -5034 5 0 -0 1031R
153973214734 0-75213 200610210447 37559 20 0 0 -1082R
537019214734 0 78918 53702568516382995 25 0 -0 10036
927180214734 0 77233 221057612222414510 30 0 -0 1013R

The first card is the title card.

The second card contains the name of the electron density
model plus parameters W101-W107.

The third card contains the name of the perturbation
model plus parameters W151-W157,

The fourth card contains the name of the magnetic field
model plus parameters W201-W207,

The fifth card contains the name of the collision
frequency model plus parameters W251-W257.

For description of remaining cards, see figures 1 and 2.
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Appendix 8e. Ray Path Plots for Sample Case

Projection of raypath on vertical plane

X01 TEST CASE 11/05/74
F = 6,000, AZ = 45.00, EXTRAORD, 100.00 KM BETWEEN TICK MARKS
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Projection of raypath on ground for sample case

X0d TEST CASE 11705774
F = 6.000, AZ = 45,00, EXTRAORD, 100.00 KM BETWEEN TICK MARKS
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