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Figure 1. Geometry for deep crustal wave uid . 
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MERICAL VALUES OF OOAL PARA T RS 
01 h f 11 in 

, r produc d dir tly r m c mpu r print-out, num r ic l v lu o mod 1 
r tabulat d v r u fr qu ncy fo 
ro 1 down to 1 H . 

c/ (K) is 9, nd 
1
/ t:- (K(l)) i 0 0 

rm re for th d in n n O mod 
• qu nc o r qu nci • r n in 

(SIGMA(G)) i mfinit , 

(SIGMA) t k on th v lu 10 , 10 
uid conduc i vity 

10·
7

, and 10· mho /m, whil th conductivity (SIGMA(l)) ofth low rhalf- pac C 

mho /m. Th thickne h (H) of th v uid um 
0.2 , 0. 5, 1, 2 , , 10 , 20, nd 0 km. 0th r par 
t ble ar b for (Spi nd W it, 1971 ). 

-2 i 10 or 10 

th v lu • 0.1, 

li t d in th 

Num ric l pro dur fo r olving th mod quation r di cue d 
in the rli r r port. H r , it will suffi o add th t olutions corr •pond-
ing to f = 1 kHz ar kn wn from th prior calcul tion , while olution1 for ubs qu nt fr qu nci s r obtain d by m n of 

wton's m hod, uein a st rtin valu th root for th pr din fr qu ncy. 

OTE: 

If not includ d here , Tabl are availabl from a thors or from th 
full v rsion o f the report , which is avail bl f om th National Technical 
Information Servic , Sprin field, VA 22151, AD 
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t. 001 
1 • 0 1 
l • 0 1 
1 . 01)1 

• 
t . 

• 

CllATJ C 
AC: IT U 

• 
0 . 
o. 
0 ... ~ 
o .1t CJ ... 
O.lt CJ 
0 . It 43 
0 ... 
O.IJ 
o. s 
0. 0 
o.s oooo 
0,5000C 
0 .500 
o.s oo 
o.s oooo 
o.s oo 0 

.500 00 
o. 
o. 
o. 
o. 
o. 
o. 
o . 
o. 
o. 
0.5 COJC 
o. soo 
o .s oo 
0.5 0 
.soo oo 
.5 
• 
. 5 
. 5 
.s 

TC 
s 
l 
C 

- . 001 
• . 001 
- c . 001 
• . 001 
- c . 001 
- . 00 1 
• • 01 
- o . 00 

---.. . 
-



Ill 0 

F 
f HZJ 

1. oo0•O0t.' 
• 00•0 l 
.000-001 

7. 000-001 
. 000-001 
. 000-0,01 

41,.000-001 
• 0 • 01 
. 000-001 

? . oo- 01 
. 000 - 001 

1 . oo- 01 
1. 00-001. 
1 . 00-0,01 
1. 0 -0,01 
1. 000 - 001 

. 000 -0 0? 

.0 00 -0,02 

. 000 - 002 
11-. 1 oo- 02 
~ - 00 -0 02 

. 000-00? 
• oo- 02 
.ooo- Oil 

2 . soo-002 
2.000-00? 
1 . 0 • 0.2 
1. 00-0 0? 
1. 0-002 
1. ;,00- o; 
1 . 0-002 

. 1)00 •00 

. 000 -0 03 
7 . oo - 0'3 

.00 0- 00 

.000-00 
•.000-00 
J. c;o, - oo 
. o- 0 

2 . ,c:; o-oo 
t . ooo- o 
1 . oo - o. 

. 600-00 
1. 00 - 00 
l.?00-003 

. 0(10 -00 

lZ 

1MOO CALCIJL AT JONS FOR A Pl.ANAR EAIHH CHUST WAVEGUIDE 
THREE LAVE~ MODEL 

H ■ n.zo KM 

SIG~ACbl • INFINITY 
SIG~A • 1.00-005 MHO/M 

SIG~-Cl) • 1.00•002 MMO/M 

~ECCi IMCC) 

2.87014•001 6.92602-001 
2.94661•001 7ell097•001 
J.OJ 51-001 7el2357•00\ 
J .1J7J4-001 1.s122e-0 01 
3.?b0~0-001 7e8bQ91•001 

41219-001 ~.23703•001 
• 01bJ- 001 e.10912-001 

• .7i9 -001 9.oos••-001 
• 7~1 •001 9.35931•001 
. o 663•001 q.79~84•001 

•• 28892-001 1.03579•000 
4.4031 •001 le0634l•OOO 
4 SJ4 9•001 1•09521•000 
4.~e 0-001 1.1J239•ooo 
•• 7189-001 1•17687•000 

. 09 6•001 1•23175•000 
~ .2 431•001 le2b46?•000 
5.39032-001 1.30240+000 
S .57280•0 01 1•3♦660•000 

.79112•001 1.39949+000 

.Ob OJ♦ •OOl l•4b47J•OOO 

.40 A3•001 le54A7J•OOO 
6. 2351-001 1•60128•000 

.~8?72-001 1.66416•000 

. 20231 •0 01 le74172•00 
1. 1354•001 1. 4157•000 
1. 1571•001 1.89069•000 

. Ott 01 • 001 1•94714•000 

.3196 -0 01 2•01318•000 
• 4450•001 2.09220•000 
.044~3-00l 2•1 9b7•000 

9e2 461•001 2e24804+000 
9 • . 5997-001 2,31514•000 
q . l • 001 2•39362•000 
l,Di66 • 000 2.4875 •000 
l • 7410•000 2e60336•00 
l ,lJ~Oij •Q OO 2e75245•000 

.17117•000 2. -~71•000 
1.21 70•000 2e9572Q+OOO 
1.27477•000 3,09489•000 
1.J~ ~2•000 3,27200•000 
t.38?20•000 J.JS910•000 
1. 2 81•000 J.45919•000 
J.47024•000 J,~762~•000 
l1S2 d•OOO 3•71631•000 
l•S bSS •OOO 3e8889q•OOO 

ATTENUATIO 
(0 /KMJ 

2.30 .. 0.000 
2.~1~5•000 
2.1271•000 
2.02~7•000 
1.9215•000 
1,8033•000 
1,6703+000 
1.r;9 3•000 
1.s1s •OOO 
1,4?72•000 
1.3272+000 
1.2831•000 
1.23S8• 01'.l 
1.1 4Ch 000 
1.1293+000 
1.067 • 000 
1.n '-l•000 
9.c:a79A-001. 
9,5892-001 
9.161 - 001 

.6 53-001 
A,14?q•001 
7.A378-001 
7.5025-001 
7,1277-001 
6.,,985-001 
~.SOt,4-001 
6.2991-001 
.;;.0732-001 
s.~23 -0 01 
~ .54 9-001 
5,3 90-001 
S . ?.215 - 001 
s. oJ,~ - on 1 
4.'3362-001 
4.60 3-001 
4.34.:;0-0 01 
4.JQl:j - 001 
4.0293-001 
3.A4lO-OOl 

.,:, 2s2 -001 
3.'527 . - 001 
3,4212- llOl 
3.304 - i:>01 
3,1757-001 
3.02 -001 

9.o 
1s.o 

V 
EXCITATION FACTOR 
MAGNITUOE PH~~E 

2,980b5•00l 
2.82938-001 
2 ebb768•001 
2.49382•001 
2.30516-001 
2.09791•001 
le b628•001 
1.73855-001 
le60060-001 
1.••~es-001 
1,28232-001 
1.20929-001 
1.13199-00l 
1,04962•001 
9.61112-002 
8,6•957-()02 
8,13345-002 
7.58883-002 
7,01061-00.2 
6.39194-002 
s.12321-002 
4.99015•002 
4 . .. 9285-002 
4el6<il77•002 
J, 71~01-002 
3.2198',-002 
J.00112-002 
i? .7 ~S7J •002 
t! .55~31-002 
2.30534•002 
2.04184-002 
le90262•002 
1.75748-002 
l .60548-002 
l.44536•002 
1 .27540- 0 2 
l.09305-00l 

.9e,(J69•003 
8.94301-003 
7.tH,73A•003 
6.7190 -nol 

.23456-00l 
~.73278-ool 

.21102-ooJ 
4e66570•003 
4e09187•003 

o.5000'­
o.sooot; 
0,50006 
o.sooos 
o.sooo~ 
0,50000 
o.499cn 
0.49995 
0.49993 
0.49990 
o.49987 
0.4998!:, 
0.49983 
0,49981 
0.4997 
0 .4997!:, 
0.49973 
0.4997 
0.499b6 
0.49964 
Oe499t>G 
0.49954 
0.49951 
0.499" 
0.499'+ 
0,49933 
0.499 2(.; 
0.49924 
0.4991 
o.•9911 
0.4990J 
0.49 97 
0.49 91 
0 .49BA ~ 
0.49873 
0 .49 1 
o.tt9844 
0 .4Q833 
0.49 20 
0 .4 9, Oi 
0 ... 77'7 
o.• 1 1 
0.49753 
o.49735 
0.4971.rt 
0.49687 

COEGf;EES) 
0.036 
0.035 
0.035 
1).034 
0.033 
1).033 
0.033 
0. 033 
0. 03 4 
0.035 
0,036 
0 .037 
o.oJR 
O, OJQ 
0,041 
0 .044 
o.o .. s 
0 .047 
0,049 
0 ,05 ? 
O • 0511} 
0 . 06;, 
0.065 
0.01 
0 . 076 
0.084 
0 , 0 A 
0 ,091 
0 .099 
0-107 

-117 
0 .123 
0 . 1 0 
'l.139 
0 .149 
O • 163 . 
o.1a2 
n.19c; 
0 ,21 0 • 
0 ,23 0 
0 .2~7 
0,?71 
0 .2d7 
').307 
o .JJ2 
0.364 



= 0 

(~HZ> 
1. 00 +000 
~.000 - 001 
A. 000 -001 
1 . 000 - 001 
be000-001 

.000 - 001 
4 . 000 - 001 
J.soo - 001 
3.000-001 
2 . c:;00 - 001 
2 . 0 0- 001 
l . A00 - 001 
l.ti00 - 1)01 
l e 400 - 00l 
l . :?00 - 001 
1 . 000-001 
9 . ooo-oo;:, 

• 0 0 o- o 0? 
1.0 o-oo 

.0Cl0•00?. 
s . 000 - 002 
"-000 - 002 

.c;oo - 002 

.000-002 
2,500 - 002 
2.000-00? 
1 . eoo - 002 
1. 00-002 
1. 00 -00?. 
1 . 200 - 002 
1 . 000 - 00? 

.000 - 003 
8 . 000 - 003 
1 . 000 - 003 
6 . 000 - 003 

. 000 - 00'3 
" - 000 - 003 
J . r;oo- 03 
3 . 000 - 003 
2 . soo-003 
2 . 000 - 003 
l . A00-003 
1 . 600-00~ 
1 , "00 - 003 
1.200 - 003 
1.000 - 003 
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I , 

MODE CALCIJLA T tONS FOR A PLAN AR EAIHH CR UST WAVEGUIDE 
TH~EE LAYER MODE L 1 ' 

H :a 0 e20 KM 
I 

SI MA(G) :a INFINITY 
SIGMA a le00•006 MHO/ 

SIGMA(l) a 1 . 00•0 02 MHO/M KC 
= 9 eO 
= 1s.o 1 

~ ( C) P1 ( Cl 

2.87090-0 dl 6e92979• 00t 
2 . 94747-001 7ell476• 001 
3.03550-001 7,32739 - 00°1 
1.13 4~•001 1.5761 5 - 001 
3.2617~•001 7 .87383-001 

e4l3 9•001 8 e24105 • 00 1 
3 . 60957-001 8•71387 - 001 
3 . 71207-001 9 , 00 9b 9 • 00 1 
3 . A7 6 ~•001 9e36369•00l 
4 . o ~ a-001 9. 0030 - 001 
4 . 2q231-001 1 . 03626 +000 
4 . 40~8~ • 001 1•0639 2 +0 00 
4 . 3gso-oo 1.09572 • 000 
4 eh925c•001 1•13291+000 
4 . 7684 - 001 ' l-17743 • 000 
s . 10421-001 1,23233• 00 0 
S . ?.40 1• 0 01 l,26S22+0 0 0 

. 3 69 - 001 1,30303 +000 

.s n11 - 001 1,34727 • 000 
c;.79q29 - 001 1•40 20•000 
~ . n&965-001 1.46550+000 

. 4177 4- 001 1.54957 +000 
6 . 63552 - 001 1•60217 • 000 
6 . YS12•001 le665ll +ObO 
7 . 21758 - 001 1•74276•000 
7 . ~3146-001 1,84274 +000 
1 . 03~04-001 1.0 192•000 
~ . 06~05-001 le94845 +000 
8 e34?.80 • 001 2 e 01 459 +000 

. 67 03 1' - 00l 2.0937 4 +000 
q . 07446 - 001 2 . 19 137 +000 
9.3164d • 001 2e24 985 • 000 
9 . 5946ij • 001 2 • 31707 • 000 
9 . 920 12-001 2.3957?. +000 
1 . 03095 • 000 2. 48983 +000 
l e ~7~99 +000 2 e60593 +000 
1 • 14083•000 2 e75~tl +OOO 
l e l7Y5 l+ OOO 2 e84A9 3+ 000 
1 . 2257~ +000 2 . 96084 • 000 
1. 2828 • 000 3 . 09889+000 
1.35637 +0 00 3 , 27663 +000 
le 3Y?52 • 000 3 . 36406 +000 
l e 4340b +OOO 3,46456 +000 
l . 4~266 • 0CO 3e58213 +QOO 
}.54080•000 3.72283+000 
l ebl?.50 +000 3 . 8 9638 +000 

EXCITATION FACT OP 
ATTENU•A TI ON V MAGNIT UDE 
: (OB /K M) I I ' 

6 . 21a1-oq 1 1 . 2oa 19-0 01 o.soo o o 
6.1329 - 001 6.gcno b-001 . o.soooo 
s . 9~ 76- 001 6 . 74222-qol o.~oooo 
s.1777 - 001 6 e4 5 l 27•001 o .sooo~ 
5 . 5.568 - 00 1 6 el Q8 9.3•00l o .49999 
s . 2962- 00 1 s .1 ooas-001 o.49999 
4 . 9a2s - 001 s ,20563-001 o.~9999 
4 . 7993 - do 1 ~ .91 s 31-001 o.4999i 
4 . i:;9~ 1- 00 1 ,«.. 58845-001 0.49999 
4 . 3577- 00 1 4.21594 -001, o.49999 
4. 0836-00 1 3.1a~14-oo1 o.4~99~ 
3 . 9596-0,0l 3.59029• 0 01 0.4999~

1 

3 . A254-0~ l ~ .38153-00l 0.49998 
3 . 6781- 001 J.1 s s22-001 o.49998 
3. 5 165-00 1 2.90777•0'01; 0 ~49998 
3 .334 ~-0 0 1 2.&341~-001 0.49997 
3 . 2340 - 00 1 2.495j2-001 o.,9997 
3 . 12ss-0 01 2.J268S-001 o.499~7 
3 . 001 . ~001 2. 15101-001 o.•9997 
2 . 773 - 001 ,·1. 97 3 i 4-001 0.4999E:, 1 
2 . 316 - 001 1. 7i 737 2-001 0.49996 
2 . ~645~00 1 1, 55 237•001 0~499QS 
2 . 701 - 001 1,43 155 •001 0.4999S 
2 . 3601 - 001 1.30225~001 o.•9995 
2 . ?. 495 - 0Ql l. 1~259•001 0,4999~ 
2 . 11ss- 00 1 1.00977~001 o.49993 
2 . 0554- 00 1 9,4405l•OOl 0.49993 
1. 9 9 05 - 00 1 8 ~75149-002 0.4999i 
1 .91 98 - 00 1 ·a . 02s•9-002 o.49992 
1. 415 - 001 7 . 255 70-002

1 
0.49991 

1 .1536 - 001 ~ -• ~264-002 o.4~990 
1. 1 049- 00 1 5 .99706•00~ 0.49990 
1 .65 22 - 00 1 s .5•2•7~ooz o.499@9 • 
l e594 7•001 .S,06587-002 0.49988 
l. 5 3 10 ~00 1 ·•.5~326-002 ~49987 

I 

1 . 4592 - 00 1 4.0,2911-00,2 0.49986 

PHAS E 
<OEGPEES> 

0 .0 0 '+ . 
0 . 0 04 
0.004 
o .oo~ 
0.003 
0.003 
0,003 
0,0 0 3 
0.003 
o.ooJ 
0. 0 03 
o . oo" 
O. OQ4 
0.004 
0 • 0·04 
0 .004 
0.004 
o.oos . 
o. 'o os 
o.oos 

I Q,0 06 
n .006 
O.OOfi 

, 0 .007 
o.oo~ 
O.OOR 
o.oog 
O. OOQ 
0 .01 0 
r, • 0 l l 

' 0 .01;, 
0.012 
0.013 

: 0.014 

1 .376 3- 00 1 3.4SS3e-~02 o.49994 
1 . 3291•001 ) .l4997•Q02 0.49983 
t-. ? 7 e - 001 2.82929-002 o.4'9982 
1 .2 178 - 00 1 2 .49 01 3-002 0.49980 
1 . 14q5. 0 01 2.1 ~ 78 l -002 ~.49978 
1.1 18~- 001 ,.914e1-002 o.•9977 
1 . oas2 - 0·01 1 8 1643-002 , o.•9975 
1 . 0486 - 001 l, 6S l6j-002 o,49973 
1 . 00 79 - 001 . 4 7933-002 0 .49Q7l 

1 

9.61 85- 002 1.29796-002 , 0.49969 

O • O l c; 
'l,.01 -, 
O,OlA 
0 .019 
o. r 21 
ll~0 2 3 
0 , 0 2 6 
0.021 
0 e02 9 I 

0 . 031 
o .03 3 
0 .() 36 

I i 



• I 

F 
(KH7.) 

l.000+000 
Q. 000 -001 

J ,i ,000~001 
1.noo-001 
0.000-001 
s .000-001 
4.000'-001 
J.soo-no1 

I 

:i.noo-001 
2.i:;00-001 
2.000-001 

, 1.eoo-001 
le b00 -001 
1 .400-001 
l . ?0 0-001 
1.noo-001' 
~.000-002 

. a .ooo-no2 
1 . 000 -002 
h . l'l OO-nO? 
s .000-002 
4.01)0-00~ 
J . 'i 00-00?. 
3.000-002 
2 . soo - 002 
2.000 -00.? 
1 . 000 - 002 
l.f>00-002 
l.400-002 
1.?00-002 
1 .'000-002 
9 . 00 0-003 
a . 000-003 
1 . 00 0-003' 
~.000-003 
s.oon-003 
4 .,000 -003 
, . c;oo -0 03 
3 , 0Q0 -0 03 

e':i0 0•00'3 
2 . 0 00-003 
1 . a oo-001 
1 .600-003 
l.400-003 

:} e?00 • 00J 
1. 000 -003 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H: Oa20 KM 

SIG~A(G) a INFINITY 
SIGMA= le00-007 MHO/M 

SIGMA(l) = 1.00-002 MHO/M 

RE(C) IM(C) ATTENUATION 
(DA/KM) 

2.87098•001 6a93017-001 l.5625-001 
2.9~756•001 7ell~l4•001 1.~140•001 
3.0:560-001 7,32778-001 1,4635-001 
3.13861-001 7.57~54-001 1.4106-001 
3e2hl88•001 7ab7423•001 1.3551-001 
1.41395•001 8,24145-001 1.2 61-001 
3.60977-001 8,71429-001 1.2328-001 
3.7322ij•001 9.01011-001 1.1989-001 
3.87890-001 9,36413-001 1,1628-001 
4.0S977•001 9e80083•001 1.1234•001 
4e29i6S-001 la0363l•OOO 1.0101-001 
4.40721-001 1.06397•000 1.0584-001 
4,53~90•001 1,09577•000 1.0361-001 
4, 69297-00) 1-13297•000 1.0111-001 
4.~7734-001 1,17748•000 q.8234-002 
~.1047&•001 la23239•000 g.4819-002 
;.24102•001 1•26529•000 9,?835-G 02 
5.39763-001 1.30310•000 ~.0610-ooe 
S.58084-001 la34733•000 8.8082-002 
~.80010-001 1,40027+000 8.5164-002 
6.01ns8-001 1,46557•000 a,1731-002 
~.41883•001 le5496S•OOO 7.7588-002 
~,63672-001 la60226•000 7.5153-002 
~.A9746•001 l,66521•000 7.?394-002 
7,21911-001 1,74287•000 6.q216-002 
7.63325-001 1.84286•000 ~.5464-002 
7,83~97•001 1,89204•000 6.3748-002 
e.01115-001 1,948SB•ono ~.1 A1s-0 02 
8.34512•001 2,01473•000 S.Qij09-002 
e.672 e - 001 2.09389•000 s.1soo-n.oc 
9.07741-001 2•1~154+000 S.4876-002 
9.31961-001 2,~5ooJ+ooo s .3412-002 
q, ~816-001 2.31727•000 5,1819-002 
~.9239~-001 2.3~593+000 ~.OOe9-002 
l.OJ13ij•OOO 2.49006+000 4.8122- 0ul 
1,07948~000 2e60619•00 0 4e59 16• 00 ? 
1.14140•000 2.75570•000 4 .33~4 - 002 
1.10 14•000 2,~492 - •00 0 4.}891-00t 
1.22~50 •00 0 2.96119•00 0 4 .~264- 002 
1.28370•000 3,09928•000 3.q423-002 
1 .3 57 33• 000 J.27709•000 3.6288-002 
1.3~35~•000 J.364S5•000 3,~322- 002 
le4151~•000 3.4b5lO•OOO 3,4274-002 
le4A]~O•OOO 3e58?.72•000 3.3124-00? 
1 . ; 4219+00~ 3•7234R•OOO 3 ,1 846 - 002 
lebl410•000 J.89712•000 3,0399-002 

I( = 
K ( l) = 

9eO 
15•0 

V 
EXCITATION FACTOR 
MAGNIT UDE PHASE 

8.1+5085•001 
8,38835-001 
8,3lbl6-001 
8.23110•001 
e.12001-001 
7,99823•001 
7.82434•001 
7,71027-001 
7.56695-001 
,.37810-001 
7,11302-001 
6,97336-001 
6,80565•001 
6.60069-001 
6.34525-001 
6.01970•001 
s.a2111-001 
s.59372-001 
S.32867-00l 
s.01740-001 
4,64715-001 
4el9929-001 
3,9377t>-001 
3eb4456•1)01 
3.31248-001 
2.93111-001 
2 .761 43-001 
~ . 5799&-onl 
2 .38485-001 
2,11311-nol 
1.94323•001 
1.01931+-001 
1.68867•001 
1 .sso20- 00 1 
1.40259-001 
1 . 24 4 00-0 01 
1 .0717 7- 00 1 
9 .79320-0 0 
8 .81 99-002 
1.11 65-002 
6.66301-002 
0.19020-002 
5.69C,23-002 
5.1A736•002 
4,b5 093•002 
4,08494-0(12 

0.49999 
0.499 9 
0,49999 
0,49999 
0.49999 
0.4999 9 
0.4999 CJ 
0,49999 
0,49999 
0,50000 
o.soooo 
0,50000 
o.soooo 
o.50000 
o.soooo 
o.soooo 
o.soooo 
o.5nooo 
o.sooo o 
o.4c;999 
0,1+9999 
0.4999~ 
0,49999 
0.49999 
0.'+999~ 
0.49999 
0.4999 9 
0,49999 
0.49999 
0.49999 
0.49999 
o.49q99 
0.4999c; 
0.4999<;, 
0.49999 
o .1+99 q9 
0.499 b 
o ... 99 9 
0.49 99 8 
0 .4 1'.;Q ~ 

0,4999£: 
0e4 999b 
0.49 997 
0,49997 
0,49997 
0.49997 

CDEG~EES) 
0.001 
0.001 
0 .0 01 
0.001 
0.00 0 
o .oc o 
0.000 
0.000 
0.000 
0.000 
0.00 0 
0.000 
0.000 
0.00 0 
0.000 
0 . 000 
a. ooo 
0.0 00 
0 . 000 
o.oon 
0 .0 00 
0.001 
0 , 001 
0 . 001 
0 . 001 
0 . 001 
0.001 
0 . 001 

• O O l 
0 . 001 
0.001 
0 . 00 1 
0 .001 

• O 1 
0 . 001 
') . 002 
0 . 002 
0 . 002 
0 . 002 
1) . 00?. 
0 . 003 
t'l • 00 3 

, 003 
Q • O O 3 
O • 0 03 
0 . 004 



.. 

MOOE CALC LATIONS FOP A PLANAR APT H C U5T WAVEGUIDE 
THR~E LAYE~ ~OOEL 

= 0 H = 0.20 KM 

SIG~A(G) = I FINITY 
SI G~A = t.00-008 MHO/H 

SIG~A(1) = 1. 00-002 HH O/H 

F 
(l<f-lZl 

1 . 00 0+000 
c;.000-001 
e.oo -001 
1.000-001 
f • 0 0 o- 0 0 1 
s.000-001 
... 000-001 
3.500-001 
3 .000-001 
2 . soo-001 
2 .OOo-001 
1•80o-001 
1.600-001 
1. 400-001 
1.200-001 
1.000- f)01 
9 • 0 o-o O 2 
e. o o o- o o 2 
1.000-002 
e,. 0 0 o- 0 0 2 
5 . 0 0 o- 0 2 
... 000-r:102 

.500- 002 
... 000-002 
2.500-002 
2.000- 002 
1. 6 0 o- r) 0 2 
1. f O o-o O 2 
1. 4 o o- on 2 
1. 200-002 
1.000-002 

RE<C) 

2.1'7 0~6-001 
? .'34757- 001 

.03561-001 
3.1 66?-f'lnl 

. 2 18'3-001 
3.'41 397-001 
3.6097q-001 
3.7 231-001 
3.87 89 2- 001 
c..05g7t'.l-001 
... 2CJ2E-9-001 
'4.'40725- 01 
c..r;38q4- 001 
'4.6CJ301- 0 tl1 
'4.87739- 001 
s.101+e3-001 
s. 1+ 1 e- o 1 
~.397fq-001 
c;.56 09 2-001 
s . ,oc1R-001 
6 .. 07067- 00 1 
6.41694-001 
6.f> 6fl!4-001 
€. 89 759- 001 
7.? 1(}7.6-001 
7.6 343-001 
1.e 716- 001 
e.011 3&- o 1 
8.ll+S :!5- 001 
e.67321t-001 
q.07771-001 

g .nco- 003 q. 1gqq-001 
fl.000-003 q.59e5n-r.01 
7. 00 - 00 9.9 ~4 3- 01 
6.000- 03 1.0 14 3+00 0 
5.000-'lO 1.0795 3+000 
~.000- 003 1.1'411+6+ 000 
3 .500- 003 1.1R021+00 0 
3.000- 003 1.2 26~8+00 0 
2.500- 13 1.2e37P+OO O 
2.0 0 - ~03 1.35743+000 
1.Roo-00~ t.J g 66+000 
1.E00-003 1.435 0+00 0 
1.400-00"' t.4~'+0~+00 0 
1.200-00~ 1.?4233+000 
1.000-003 t.61426+ 0 0 

6. G30 21-001 
7.11 51 -001 
7. 32762-0 (1 1 
7.57656-001 
1.e1i.21-001 
e. 2 4 ~ ,. CJ- o o 1 
l!.71,.33-0 0 1 
~ • 01 016-0 0 1 
C:. ~f417-0ll1 
~ . POQ86-001 
1. 0 f 2+000 
1. Cf398+000 
1.n«3577+ o o 
1.1 32<:!J+O OO 
1.1771+9+0'10 
t. ?~2 40+0110 
1.2f~29+00 
1 • . 0310 +0 O 
1 . .... 4731++00 0 
1. a. 028+0 0 
1.4 55PHO OO 
1.~4966+ 0 () 
1.6 0221+on 
1. bS22+on o 
1. ,,. 2 68 ♦ QI) 0 
1.64287+01)0 
1 • P q 2 0 6 + 0 ,) 0 
1.q1+660+000 
2 . 01475 +00 
2 . 09390+0'10 
2. 19155 +0') 0 
?.75005+010 
? .!1729t-Ofl0 
2. ~0595 +0 0 
2 • '4 9 0 0 q + 0 ,) 0 
2.fiOE.21+0 fJ O 
2.7~~73 +01lU 
2.8'4 928 +0JO 
2. '?61 2 3+0 0 
.o 9 32+0 0 0 

:! . c'771 4+ 00C 
• 61+60+000 

3. 4E-515+0 0 
. ~8 271HO'.l 0 

J .7 2 355+0 0 
. • 1'9719+00 () 

ATT NU~Tl Ot\ 
COB/KM) 

g.1522-002 
9.2186-002 
8.6570-002 
6.0624-002 
7.4262-002 
6.7451-002 
5.9995 -00 2 
5.5970-002 
5.1697-002 
4.7125-002 
1+.2111-002 
1+.noGCJ-002 
3 .7671+-00 2 
.~s 0-002 

3 . 3173-002 
3 . 06 3-002 
2 . 9306-002 
2 .79 7-002 
2.6521-002 
2 . s os ,.- 002 
2 . 531-002 
2 .19'41-002 
2.1116-002 
2 . 0265-002 
1.9377-002 
1.8429-002 
1 . 6022 -002 
1 .7590-002 
1.7123-002 
1 . 607-002 
1.6011-002 
1 .566 3-002 
1.5 15-007 
1.4901-00 2 
1.4'426-002 
1 . 876-0 02 
1.3212 -00 2 
1 . 2822-0 02 
1 . 2379 - 00 2 
1.1867- 00 2 
1.1259-00 ? 
1.oqao- 02 
1 . 0&7'4- 002 
1 . 0 6-00 2 
9.9557-oo~ 
9.5217-00 

K = 
K(l) : 

q . 
15. 0 

EXCllATIC~ FACTOR 
V 

~.3e6s2-o:11 
8.31620-001 
8 . 23953-001 
8.147'48-001 
l' . 03756-00 1 
1.c,0211-001 
7'.73105-001 
7.6251f-001 
7.500 1+-001 
7. '-'9S5-001 
7.1612f.-001 
7. 0712( -001 
6 .9700£.-001 
6.65'47 -001 
6.72121-JOl 
6.5f>316-001 
6.47192-001 
6 .31 ooe - 001 
E,.25462-1101 
6.1 21 9-0 1 
5 . fl+? .. - 001 
5 .7(884- 001 
s.61+<H -oc1 
5.50671-1)01 
5.32977-~01 

.013606-001 
4.97772-001 
'4.83869-001 
4.67220-001 
4.4E81+7-rJ01 
l+.2130~-001 
4.0~94 -001 

- ~ 378-001 
. • 6Ci10fl-001 
3 .4t.l+ ?-001 
3 .1 E, 6-001 
? . 63309-001 
? .6 .. 03~-001 

.4 261£.-001 
2.1~596- 001 
t . 9 1 3 E., 6 - O O 1 
t.7<;382-001 
1: 66S7-001 
1 . 5308 - 1) 1 
1.3 545-001 
1 . 2? 45-001 

MAGNITUDE P~·ASE 

0 • '4':!996 
o .,.c;ggc; 

0.4<?C3'3~ 
0. ftC399CJ 
o ... c;g9g 
0.4999Cj 
0.50000 
o.soooo 
0.50000 
0.50000 
o.soo oo 
o.5ooan 
o.soooo 
o.50000 
o.50000 
o.soooo 
0.50000 
o.soooo 
o.50000 
o.50000 
o.soo 0 
o.s oooo 
o .500 0 
0.50000 
o.soooo 
o.50000 
o.soooo 
0. 50 0 ll 0 
o.soooc 
O.SOOJO 
o.soo oc 
o.soooo 
o.soo o 
o.5oono 
0.5000 0 
o.soooc 
o.sooo c: 
o.soo o 
o.soooc 
0.5000 
0.500 C 
0 • !; 0 0 0 O 
o.s oooc 
o.soooo 

COE GF-fES.> 
0.001 
o.c o1 
o.ooc 
0.0 00 
0.0 00 
0.000 

- 0.000 
- a.coo 
- c. ooo 
- 0 . 000 
- 0 .000 
- 0. 000 
- 0 . 00 0 
- a. coo 
- c. ooo 
- 0. 000 
- c . coo 
- a. coo 
- 0. 000 
- o. coo 
- . ooo 
- 0 . 000 
- a .coo 
- C. 0 0 
- 0 . 000 
c.oo o 
0. 000 
a.co o 
0. 000 
0 . 0 0 0 
(l . 0 0 0 
(I . 0 0 0 

• 0 0 
a. coo 
u. oo o 
a. coo 
C. 0 0 0 
0 . 000 
o. oo c 
0 . 000 
c. oo o 
0. 0 0 iJ 
0 . 0 CG 
C • C "' 0 
c. coo 
c. oo c, 



s 0 

F' 
(l<HZ) 

1, 0 00+00(1 
4. 00 0-001 
. • 000-001 
7.')00-(Hil 
6 .000- 0 01 
i;.oco-001 
~.00 0-001 
3.50 0-001 
3.000-001 
2.soo-001 
2 .000-001 
l .~00-001 
1.r,00 - 001 
l .400-001 
1 .200-00 
1 .0 0 0-001 
.noo-oo?. 
.000-00? 

1.ooo-no2 
~ .noo-o o ? 

.ooo-no~ 
... 0 00-002 
i. 00 - 00? 
~ . 00 0- 0 2 
2 . c;o o- 00 ? 
? , 00 0- (') 0 ? 

.AO O• OO? 
1 . 600 - 00 ? 
1 .4 00 - 0 0? 
l .? 0 0-002 
l. OOt'l -nO? 
0 .000-001 

• oo- 0 1 
. o- 3 
. ooo -n o. 
. 0 00- 003 
. oo- 0 . 
. c:; oo - no 

3. 00 0 3 
~ . c;o o- o o 
~ . 000 - 0 0 3 
. oo- 0 1 

1 . 00-003 
l .4 0 0-00 3 
1. ~00-0 0 
1. 0 00- (J 3 
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Mou· CALCULATIONS FOR A PLANAR E~RTH CRUST WAVEGUIDE 
THREF. LAYE~ MODEL 

H It o.~o KM 

SIGt.1A (G) • TNFINITY 

SIGMA• 1.00-oos MHO/M 
SIGMA(l) • 1,00-002 MHO/M 

RE(C) 

l ■ . 165 0 -001 
l ■ Hb" 6•001 
}.Q204S•U01 
1.q~5so -0 01 
? .0613!:,-(1 01 
?.1SQ3~•001 
2,?.830/t, -0 01 
2 ■ 3 6044-llOl 
;;>.45304 - 001 
2.56726-001 
2 ■ 71434-001 
2,78M,~-01)1 
2,A6984•001 
?.,9671,j•OUl 
3,0835:,-001 
.2 2715•001 

3 ,3131~•001 
3 .41203-001 
3 .c;276 d•001 
3 .h6 ~0H - 00l 
3.83678-001 
4.0~653-0 01 
4.1 400-001 
4.3 5 t34 ➔ -001 

• . bl3 • 001 
4.fi224 -001 

.9 0~0-0 0 1 
c;.n9 s1-o n 1 

.2111 - 001 
5,47772 - 001 
5.7 246-001 
c;. so o-0 0 1 

.n · o 31-001 
~ .2 JS - 001 

.c;1 0 4•001 
~-~130 -001 
.?02 2q- 00 1 

7.4 s - co 1 
7,7 3h73•001 
~. (J Y 5 -001 
A.c; 72~-001 
~.7 41 -001 
Q.(144 2-001 
Q. 3 4974-001 

.714).4-001 
1,01634+000 

IM(Cl 

4,37867-001 
4.49';70-001 
4,63022-001 
4e78760 • 001 
4.97592-001 
s.2oq21 - 001 

-50730-001 
5,69441 - 001 
5.Ql832•00 1 
,, . 19451 -001 
6.sso1;:,-001 
6 ■ 72504.-001 

6 .92611 •0 01 
7.16134-001 
7.4428?•001 
7,79004-001 
7e99A03-001 
8 ,237 10 - 001 
8 . 51679-001 
8 , 85148•001 
9.26433-001 
9.79589-001 
1,01?.84+000 
1 ■ 05264+1)00 

.10173+000 
l•lb493+ 0 00 
lel9f-02• o 
1,23175+000 
1•27356• 0 00 
1.3 · 358•000 

.3ac;29•000 
1 • 42225•00 
1,46474+000 
l,51~44+000 
1,57391+00 0 
1.64127•00 0 
1.1 11;:,+ 00 0 
1.e oo 1• 0 n 
1. 7151•0 00 
l• 5871•000 
2,0709~•000 
2,12620+000 
2.10967+00 
~-2 391+000 
2.3 7~•000 
2,46231•00 

ATTENUATION 
(DB/KM) 

l,Q4t,S+OOO 
l . R636+000 
1,7752+ 00 0 
1,61102+000 
1,5773+000 
1 ,4 643+00[1 

1,3381+ 000 
l,2b85+000 
1.1932+000 
1,1109+ 0 0 
1,0lQl+ OOO 
9.78 7- 0 01 
9,3620-001 
A. 9053-001 
£,i,4116- 0 01 
7.~707-0 0 1 
1,c:.110-001 
1 , 26 s- 0 01 
f-.Q327- 0 01 
6,5712-00) 
6 , 1739- 001 

,72~3-001 
5,4 12-001 
S,?l?.7- 0 01 
4,91 (,3- 0 1 
4, 22- 001 
4,4 44- 00 1 
4,?7 3- 00 1 
4.1 0 c; - oo 
1.91 0 - 0 01 
3 ,7 117-0 01 
3 .c;9 1-001 
3,4 7 l- 0 01 
3 . ~43 - 001 
3,)9 A• OO l 
3 . 03 9 - 00 

,Fl - 0 l 
? ,747 - 001 
2. 2~ - 001 
, , 5 0 37-0 0 1 
2. -001 
'i',2 9 -0 0 1 
2,?17 - 001 
2,1395-001 
2,0530-001 
1,9557-001 

K = 
K ( l l 

9,0 
= 15,0 

V 
tXCITATlON FACTO~ 
MAGNITUDE PHASE 

3,05920-001 
2.90842-00 
2 ,747 4•001 
2,57495-001 
2,38779•001 
2 .1~241-001 
1,95311-001 
le8?b73•001 
leb9025- 0 01 
1,54103-001 
1 , 37 02-001 
1.30253-001 
l,2?5o9-001 
1,143~4-00l 
1.05523-001 
9.58780•002 
9.06792--002 

. 51729 - 002 
7.92990-002 
7 ,29779-002 
6 , 60912-002 
~ . 84020-002 
s. 2842-002 

.9795 1- 02 

.491 58 - 0 2 
3.9527 0- 00 2 
.3,7 189 0-0 02 
3 .472~~-002 

. 2 10 0- 0 02 
2 . 92979- 2 
2 .02 49- 2 
2.~ 431- 02 
2,29"367- 02 
2 .llJ OQ- 02 
l.9~ 0b0 •0 02 
1 • 3 4- 02 

2- 2 
3- 00 2 

1.2 31-002 
1. 0 7 - 0 02 
'7 ,47 07- 0 03 

, 3 2-0 3 
,17091-00J 

7,4705•-00l 
,73185-003 

~.946 0-003 

0,50040 
o.soo•J 
0,50040 
0,50037 
0,50034 
0,500 3 
O,S0020 
0,50024 
o.s0 0 21 
o.so o 1a 
0,50014 
o.so o 13 
0,50 0 11 
0,50 00 9 
o.so oo o 
0,500 04 
l'),50002 
o.50 00 1 
0.4999 
0,4 9 9 9 
o. 9994 
0.4 9 991 
0.49Q 
0,499 
o. 9q 3 
0 , 4 9 97 '1 
0,4997 7 
0 ,4997 !:) 
0 .49Q7 
0,49Q 

,499 5 
0 ,4996J 
0.4996 0 
0 ,4Q9 7 
0 ,4 9 SJ 
0 .4994 7 

.4994 0 
0 ,499 
0,499 
0 ,4 
~ .4 
0 ,4 

,49Q 0 3 
o. 
o. 
o. 

<DEG EESI 
0,067 
0,064 
11.061 
0,057 
0 . 053 
n.oso 
0 .046 

• 44 
() • 1 
0 . 039 
0,037 
0.036 
0,035 
o • JCS 
Q,034 
o . o 
0 .033 
r , 033 

, 0 3 
. 03 

0 . 034 
0. 03 5 

. 03 
, 03 

. o 
n. o 
I') . 0 9 
1) , 07 
0 • 0 1 

" · 4 ') .i 0 
IJ .111') 

.11 
I) .i 2 
I') . 134 
0 • l 1t 7 



N = 0 

r 
(KHZ I 

1.000+000 
9.000-001 
a.000-001 
1.000-001 
f,.000-001 
s.000-001 
4.000-001 
3.soo-001 
J.000-001 
2.c;oo-001 
2.000-001 
1.eoo-no1 
1.600•001 
l.400•001 
1.200-001 
1.000-001 
9.000-oc,2 
8.000-002 
1.000-002 
b OOO•<'U2 
s.000-002 
4.000-002 
3.~00•00? 
J.000-002 
2.500-002 
2.000-002 
1.aoo-002 
1.ttoo-002 
1.400-002 
1.200-002 
1.000-002 
li.000-003 
B.000-003 
7.000-1"03 
b.000•003 
s.ooo-ooJ 
... 000-003 
3.soo-no3 
J.000-003 
;,,.c;oo-003 
2.000-003 
1.~00-003 
1.600-003 
l.400•003 
l.?00-003 
1.000-00 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
TH~EF. LAYER MODEL 

H: 0.S0 K~ 

SIG~~(G) s INrINITY 
SIGMA= l.00•006 MHO/M 

SIGMA(l) • l.00•002 MHO/M 

RECCI 

1.81592-001 
1 • ~) 6 4 J 4 • 0 I) 1 
1.~2001-001 
1.98513-001 
2,0f'J30d•001 
2.1592~-001 
2 .. 2tU06•001 
2.36053-00\ 
2,45324•001 
2,St,761-001 
2,71488-001 
?.78733•00] 
2.87060-001 
2.9~ij03•001 
3.08462•001 
3.22A4~•00 
3.3145~-001 
3.41363-001 
3.52949•001 
3.t,6813-001 
3.f;3917•001 
4.05938•001 
4.197U,•001 
4.~6203-001 
4.56542-001 
4.~272tt•001 
4.9i;609•001 
5.104H,•001 
s.2113~-001 
5,48468•001 
S.74039•001 
5.89355•001 
6,0696i-001 

.27559-001 
6.52207•001 
f.,.82610-001 
7.21756•001 
7.46?.45-001 
7.75551-001 

.llf.199•001 
Re58239•001 
a. 1131-001 
9.07445-001 
q.J8227•001 
9.75061-001 
1, 020 49•000 

IM(C> 

4.38267-001 
4.49965-001 
4,63413-001 
4e79146•001 
4.97974•001 
5,21199-001 
5.s1104-001 
s.69814•001 
5,92203-001 
6.19823•001 
6.55385•001 
6.72879-001 
6•92988-001 
7.16513•001 
7.44666-001 
7e7939S•001 
8e00198•001 
8•24112-001 
e.s2oee-001 
8,A5567•001 
9.26867-001 
9.80043•001 
1•01331•000 
1.05313•000 
lel0224•000 
1.16547•000 
1,19658•000 
1,23234•000 
le27417•000 
1,32423•000 
le3M598•000 
1,42298+000 
le46550+000 
le51524•000 
1.5747~•00') 
1,64821•1)00 
1,74277•000 
1•~0192•000 
leA7~71•001) 
1,96004•000 
2.07248•000 
2.12779•000 
2el913'7•'l00 
2.26 7 •000 
2.3 76•000 
2.46456•000 

ATTE~UATION 
(013/l(M) 

5.1407-001 
5,0078-001 
4.8554-001 
4,6794-001 
4.4741-001 
4.2315-001 
3.9400-001 
3.7702-001 
3.saoo-001 
3.3642-001 
3.1149-001 
3.0032-001 
2.ea2a-001 
2.7522-001 
2,6090-001 
2,4499-001 
2.3629-00 ,1 
2,l698-001 
2,16~3-001 
2.oscn-001 
1.9384-001 
1.,-015-001 
1.1is2-001 
lel,'+l0-001 
1.5499-001 
l.4457-001 
le399b•00l 
1.3501-001 
l,29M,-001 
1.?.381-001 
1.1730-001 
1.\372-001 
1.0989-001 
1.0573-001 
leOllt>•OOl 
9.6oc;~-002 
9.0220-002 
8.6929-002 
8.3303-002 
7,Q23 -002 
7,4571-002 
7,2477-002 
7.0214-00 2 
6.7745-002 

,5014-002 
6.)941-002 

K = 
I( ( 1) = 

9eO 
15•0 

V 
EXCITATION FACTO~ 
MAGNITUL>E P~~SE 

7.60895-001 
7.38531-001 
1.12110-001 
6.82678-001 
6.47420•001 
6.05520-001 
s.stta6a-oo1 
5.25269-oo1 
4.92022-001 
4.54216•001 
4.10473•001 
3,90851-001 
3.69720-001 
3.46803-001 
J.21715-001 
2,93910-001 
2.78745-001 
2.62555-001 
2e'+Sl4b•001 
2,26257-001 
2. 05511-001 
1.82339-001 
1.69571-001 

.55793-001 
1.40755•001 
1,24074-001 
lelb815•00l 
l.09141•001 
1.00978-001 
9ee224E>-002 
8.2739 -002 
1. f.)607-002 
7.23119-002 
beb6462•002 
6,0b009•002 
5, 40883-002 
4.b9790•002 
4ell4 07 •002 
3.90b5 •002 
3 ... 101 -002 
2.99713-002 
2 .79513-002 
2.58430-002 
2,36319-002 
l.12994•002 
1.88191•002 

o.sooo2 
o.sooo2 
o.soooi 
o.sooo2 
o.soooc 
o.sooo2 
o.sooo2 
o.sooo2 
o.sooo2 
o.sooo1 
o.sooo1 
o.sooo1 
o.50001 
o.sooo1 
o.sooco 
o.soooo 
o.soooo 
o.soooo 
o.soooo 
o.sooou 
0.49999 
0,49999 
0.49999 
0.49999 
0.49998 
0.4999b 
o.49998 
0.49997 
0.49997 
0.49997 
0.49997 
0.4999b 
0,49996 
0.4999b 
0,4999~ 
0, 4999 . 
0.4999£t 
0,4Q99-. 
O.lt9993 
0,49992 
0.49991 
0.49991 
0.49990 
0.49990 
o.49q99 
0.4998ti 

<DEGREES> 
0.009 
0.009 
o.008 
0.001 
0.006 
0,006 
o.oos 
0,005 
0.004 
0,004 
0,004 
0.004 
0.004 
0.004 
0.003 
0,003 
0.003 
0,003 
0.003 
o.no3 
0 003 
0 ,003 
0.004 
0.004 
0 .004 
0 ,004 
0.004 
!) ,0 04 
o.oos 
.oos 

o.oos 
.oos 

0.006 
o.oo 
0 .0 06 
0 .001 
o. roA 
0 ,0 0A 
(\ ,0 09 
. ooq 

0,010 
•OJ l 

0 .01? 
0.012 
0,013 
0 .015 



l•J C 0 

s:-
(KHZ) 

1,000+000 
9 , 00 0-001 
s .000-001 
1.000-001 
b,000-1)01 
s.000-001 
4,000- 0 01 
3,i;;oo-001 
3.000-001 
2.c;oo-001 
2.000-001 
l,A00-001 
1,600-001 
l.A00-001 
1 . 200 -001 
1.000-001 
9.000-002 
~ . 000-00, 
1.000-002 
.noo-oo? 
.ooo-n o2 

4 , 000 - 00 ?. 
3,"00-002 
3 . o oo-ooi? 
?. , c;oo - oo? 
2 . 000 - 00;;, 
1 . auo - 'lO ? 
1 . (10 - 00? 
l ,4 00 - 002 
1 • . 00 -00 ?. 
1 . 000 - 0 ~ 
9 , 000 - 003 
A, 0 00 - 00 
1 . 000 - 00 
b , 000 -1) 03 

. ()00 - 003 
~. 00 - 003 

. c;oo - 001 
• 00 - 003 

2 . c;oo - 00 1 
2 . 000 - 00 
1 . 00 - 00~ 
. oo - 03 

1, OO • 'l03 
1. 200 - 03 
1. 000 - 03 
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MO tlE CALCU L ATIONS FOR A PLANAR f::AR rH CRUST WAVEGUIDE TH~EE LAYER MODEL 

H = 0,50 KM 

SIGMA(bl ■ PffIMITY 
SIGMA ■ le00-007 MHO/M 

SIG~A(l) • le00-002 MHO/M 

RE(C> l~(C) ATT ENUATION 
( /l(M) 1.~1 5~1-001 4,38307-001 9,9043-002 1,8042~-001 •• sooos-001 9.1021-002 1.91996-001 4.63452-001 9.4900-00i 1.98510-001 4.79185-001 9,?.657-002 2.06305-001 4,98012- 01 9.0262- 002 2.15922-001 5,21237•0 l B,7661•002 2.2~306•001 5,51142-001 8,4747-002 2.36054•001 5,69851•001 A,3106-002 2.4~126-001 s,Y2241-001 a.1210-002 2.~676~-001 6,19860-001 7,q1J1-002 2,714~~-001 6,55423•001 7,64~1-002 2,7 739-001 6,72916-001 7.5194-00 2 2,87 0bb-001 6,9302~-001 7,3717•002 2,Qo 12-001 7,16551-001 1.1986-002 3,08472-001 7,44705-001 6,9913-002 3,?.2857-001 7,79435-001 ~.7362-002 3,31474•001 8,00238-001 6,584A-002 3.41379-001 A,24152-001 6,4129-002 1.S?.967•001 A,52129•001 6.21 7-00 ~ 3,66834-001 8,85609-001 5,q8~6-002 3.83941-001 9,26910-001 5,7164-002 4,osq~1-001 q.Aooee-001 5.~909-002 4,lQ748-00l 1,01336+000 5.?004-002 4.3 2Jq-001 1,05317•000 4.qas - oot 4. 6582-001 1•1 0229+000 4,7403- 00 2 ~.82776-001 1,16553•000 •• ~535- 002 4,95661•001 1•19~64•000 4,323S-no 2 .1 473-001 1 23240+000 4,]8?4- 002 s.21ao1-001 1,27423+000 4.021 - oo? 5.4853d-001 1,32430+000 3,~ ~6- 002 ~.74118-001 1,38605+000 3.663 - oo· S , 441•0 1 l,4~305+000 3.~570- 002 ~. 01 os~-0 01 1,46557•0 00 3,4 1~- 002 6,27661-001 1,5153?+00 0 3.3156-0 0? 6,52321-001 1,57486+ 000 3 ,1764- 002 6, ?741-001 1.~4~30+000 3 . 0200 - oor. 7.?l 09 -001 1•74287 •000 2 ,R4 02 • 00 7, b4l4•001 1,802 03+000 ? ,7 3-002 7.7~739-001 1,87283+000 ?. . 62 7- 002 AallQl3-00l 1 ,96017 +000 ? .4 q l • 00r 8,584 1-001 2,07263+000 2. S - 002 R,Al40 ' • 001 ? li795+000 2 ,i) 77 - 00e 9.0774 0• 001 2. 9154•000 2 , 216 - 00? . 3H552•0 0 1 2,26~9 +000 2.1394 - 00 _ , 75425 - 00 1 2,354 ~ • 000 ?. .O ~ b• OO l , 02091 +00 0 2• 647 •0 00 1, , 70- 002 

9,0 
15,0 

V 
EXCITATION F4CTOR 
MAGNIT UDE PHASE 

~.28382-001 
9.24707-001 
9 ,20311-001 
Q, 903-001 
9, 07991-001 
8,98b75-001 
A,85102-001 
8,75536-001 
8,b2850-00l 
8.45181-001 
8,19019-001 

.04783-001 
7,87399-001 
7.65845-001 
7 ,. 38b57•00l 
7.03685-0 1 
6.82312-onl 
6 ,57618-001 
6,28848-001 
5,9498fl•001 
5 ,54604•001 
s.ossu,-001 
4.7682h-00l 

,44459 - 00 1 
4,07S8 0- 00l 
3.f:>4864•001 
3. ,.57(14-001 
3.25089-001 
_ ,027f,,4- 001 
2 .7839 0- 0 
2 .51492- 00 1 
c!,36890-001 
2 ,21368-001 
t?.04 771- 001 
1.a 92 - nnl 
1 , 6 4 44- 001 
1 ,46006- 00 

,34 345- 001 
1 . 21903-001 
1 .0 510 - 001 
9. 9176- 002 

.7 35-002 
- 11 219-002 

7 . 4? 4?1-002 
6 . 97 - 0 02 s. 2335-o 2 

0.49998 
0,4999t:! 
0,49998 
0,49999 
0,49999 
0,4999~ 
0,49999 
o.soooo 
o.soooo 
o.soooo 
o.soooo 
0,50000 
0,50000 
o.soooo 
0,50000 
o.soooo 
o.soooo 
o.soooo 
o.sooo o 
o.soooo 
o.500 00 
o.snoo o 
o.soooo 
o.soooo 
o.~ o oo 
o. 000 
o.s 00 0 
o.sooo o 
o.sooo o 
, .soo oo 
o.soooo 
o.soooo 
o.soooo 
o .soooo 
() ,4999'1 
0 ,4999~ 
0 ,4999~ 
0 ,4999 9 
o ,4q99 
o. Q999 
0 ,4999 
0 ,49 99Y 
0 ,4999 9 
o .4999q 
0 .4 999Y 
0 ,4999 9 

COEG~EES) 
0.003 
0,003 
0,003 
0.002 
0,00?. 
0.001 
0.001 
0.001 
0.001 
n.001 
0.001 
0.000 
0.000 
0 .000 
0.000 
0 . 000 
0 . 000 
,.o oo 
0 . 000 
. ooo 

o. oon 
0 . 000 
0 . 000 
o. oo 
. ooo 

0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
o.oo 
0 . 001 
0 . 001 
0 . 001 
0 . 001 
0 . 001 
0 . 00 1 

• 0 O l 
• O l 

,') • 0 0 l 
n . 001 
() . 0 
n . 001 
0 . 001 
0 . 00 1 
0 . 001 



= 0 

f 
( l<t{ l) 

1. o oo+no o 
9 . n O 0- 0 fJ l 
~.000- 00 1 
7. 0 00-0 'l 1 
f: .000-001 
«:. 0 00-001 
c..oo n- o ri1 
3.S00- 001 
3 . 00 0-1)0 t 
2 .c;Ql)-1)01 
2 . 00o-001 
1 • RO 0- 0 0 1 
1.E-oo-o n1 
1. 4 no-o n 1 
1. ? 00-1)01 
1. 000-0 0 1 
<.:.000-0 02 
11.000-0 02 
1.000-002 
c. O O 0- l'l n 2 
S. 0 o- 0 0 2 
4. r n- o o 2 
'1. 00 -00 2 
3 . o on- o o 2 
2 .500- O? 
2 . 0 o- 0 0 2 
1 • 0 o- 0 2 
1.f. CO - 'ln2 
t. 4 0 o- fl 2 
1. ? o o- on 2 
1 .000-00 2 
1: . 000-0 0 
e. o o o- o o :! 
7 • 0 0 o- 0 '1 

6. 0 0 o- 0 :! 
5. ooo-on :! 
i.. coo- oo 
. . so o- 'l n :! 

.o on - oo 
2 . 0 - 00:! 
r . n n- 3 
l, tl 0 - 1)0'1 
1.fo o- 00 
1.4 00- 'lO:! 
1 • 2 0 o- 0 0 . 
1 • 0 0 o- 0 fl : 

I 
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MOOE CAL CU L&Ttn~s FOR A flANA~ EARTH CR U~T WAVE GUJO L 
THRcf LA ER ~OOE L 

H = a.so KM 

STG~A<~) = INFINITY 
SIGMA = 1.00-ooe MHO/~ 

SIG~At1) = 1.0 0-00 2 MH O/M 

RE(C) ! M(C) 

1. 1~ 86- 001 4.3 8 311-0 01 
1. e6" 29- 001 4. ~00 09-0 0 1 
1. q 14 9 6- 1J1 4. 63 4~6-o ry 1 
1.965 09- 001 4.7°tf9- 0'l 1 
2.06305- 001 i..q e o1b-o n1 
2 .15~?2 - 001 5.?1 241-0 0 1 
2. 2~30 &-001 s.s1145-0 1. 1 
~.16 054-0 01 S.f965~-0 'l 1 
2.45 32 6-001 s. 0 22 44-0 01 
2.sG16s-on1 6.1Qe64-o n1 
~.71'+ 0 4-001 
2.7674 0-001 
2.a1 0E>q- 001 
2.9£:81 -0 01 
3 . aP. 474- no 1 
1 . ?2 t:> ~• -001 
1 . ] 1'4 7 5- 0 01 
3.'41 ~fU)-001 
3.5?G68- 0 01 
3.66636-001 
3.8394 3- 0 01 
4.05'370- 001 
4.197S1- 00 1 
4.3674 2-0 01 
4.565ef, - 00 1 
t..6 2781- 0 01 
4.'l5f> 6'>· 001 
'5. 1 04 7 9- 0 0 1 
5. 271H17-00t 
5.46~45-001 
5.7'+1 2&- 00 1 
i,.e 9 '+4<3- on 1 
e. 01 r 4- 00 1 

. 27f71- COl 
E.5 2~~ ? -0 01 
6.A 2 7~4-0 1'1 1 
7 • ? 1 en ,._ 0 0 1 
7.4 6 4 0- 001 
7.7 !:" 7~7- 00 1 
e .11 93 5- 01 

. 5 (1 1&- 01 
A.61 .. 30 00 1 
': . 0777 1) - 01 
C? . e - ~~- 001 
<: .7 t. 2- 001 
t. 0? 095 +000 

6.551t26-0 IJ 1 
6.77920-0 0 1 
6.0 3 02C3-0 0 1 
1.H~sc;-001 
7 • 4 ~ 7 0 9- 0 . 1 
, • 7q4.+39-on 1 
~. 00? 4 2-0 0 1 
8. ? 415f:i-0 01 
~. S ? 1 ~ 3- 0 f'l 1 
tt.P~t:14-0 1) 1 
<: .26<;1 - o 1 
~ • AO O CJ 3- 0 1 
1.f'1 3 36♦ 0 0 
1.rs316+0 00 
1.10 22CJ +OO O 
1.1f;~t; 3+ 01"10 
t.1"664+ 000 
1.23 24 0+0fl0 
1.27C.24+ 0 0 
1.32 .. 3 0+ 0'1 0 
1.~l'f06+0 00 
1.Lt 23 06+0 0 
1.4f~56+ 0il 
1.c;1., :n + oo 
1.~74f7+ C00 
1. c. '1 1+o nc 
t.7&+ 26 8+ 0)0 
1. •r? 04+ on 
1.i1 2e. + 10 
1. q6 01 q+ ono 
2 . 7 65 +0') 0 
2 .1 2 7 <3 6+ 0)0 
2 .1~156+ 000 
2 . 2E~C3~ +ono 
? . . ~ f'.+1)10 

.c.fa. eo +orio 

ATTENUATI ON 
<DP/1<1") 

4.6166-002 
4.~q12-oo ? 
4.1657-00 ? 
3.9199-00 ? 
3.6566-00? 
3 . 3717-00 2 
3 .0565-00 ? 
2.8663-0 0? 
2.7067-00 2 
2.s106-002 
2.29€,q-00 2 
2. 2 050-0 02 
2 .1087-00 2 
2 . 0 074-0 0? 
1.qoo1-o a2 
1.7656-0 02 
1.7255- 00? 
1.fi6?. 8- 002 
1.5973-00 ? 
1.5?87- 002 
1.4563-0 0? 
t.3790-00 2 
1.3380- 002 
1 .2946- [102 
t . 2479- 002 
1.1958-00 2 
1.1725- 002 
t.1472-0 02 
1.11<rn-o oc' 
1.oeGCJ-0 2 
1.0491-0 02 
1.0273-0 02 
1.0 02 9- 00? 
q .7526- 003 
9.4 341:-0 03 
9 .0609- 003 
8.60 96- 003 
8.3447- C0 "' 
6. 0441- 003 
7.6 97 3 - CO~ 
7. 267 2 00 
1 . oqgs- 00 
E, .6 4 2- 00 
G.Fi 676- 00? 
6 .414 0- 00 
6 .1 SC.- 003 

K = 9. 0 
= 1 5.0 K ( 1) 

V 
EXCITA TI C~ F~CTCR 
MAG NIT UCE Pt- ~SE. 

q, 272 3~- 001 
9. 23 b 9 fl- 00 1 
C?. 19571-0 01 
9.14663-0 () 1 
9 . 0R 6 89-0 01 
9 .01164-0 01 
A.91340-001 
.~.8509f- 001 
8.77560-:) 01 
a.6e1g1-001 
8.5 E- OE>0-0 01 
8.SOOE\ 3- 00 1 
1\.4 32 14- 00 1 
6. 3~1 g1 - o rJ1 

. 2~ 6 21- 1)0 1 
8.1 3872-001 
~.Of,66f- 00 1 
1.c;e837- 00 1 
7. 8<.? '+63-0 01 
7.7 f. 2i+ O-f101 
7.64304-0 01 
7.4SCJC3?- 0 1 
7.3'-180-0 01 
7.195 33- 001 
7.0 05 05 - 01 
6.7417 ~ - 001 
6.6 04 2'? - 00 1 
6 .44 003 - •1')1 
6. 4 01 <? - 001 
5 . 9~2 1(' - 001 
5.676 CJ - 00 1 
5. 4 65 " - 1 
S . 2E56 8• 0 1 
5 . 0 100 1- 00 
4.711 26 - 001 
4. 3~5 7 6- 001 
. • 9 267(1 - C 1 
~- 766 ~- 001 
3. 3~681- 0 il 
3 . 0 051'- 0 1 
2. 7164 - 001 
2 . c;~ 7 7~ - 001 
? . 386 22 - 0 01 
2 . 2 21'+- 001 
2 . 00 4 0- 001 
1 • 7 8 7 Ot - 0 0 1 

0.4 <; 9 98 
o. ttg ggs 
0.4':CJ 9€ 
0.4 SC3 9<: 
0 • 't 99CJ C? 
o.4 gqgg 
0 • 4'?9 '39 
0. 4C;9 S<.: 
0.500 00 
o.soo oo 
o.s oooo 
o.s oooo 
0.5 00 0 
0.5 1)0,J C 
o. so ooo 
0 .5 0000 
o.5 00110 
O.S COIJO 
0 . 5 0 0 •) 0 
0.5 00 00 
o.s 0 
o.s oo oo 
o.s oo {l 

O.SOO OG 
0 . 5 OO C: 
o.s ooor 
0 . 5 000 
o.s ooo e 
O. SOO tl G 
o.s oo · G 
o.s oooo 
o.s oo oo 
o . c; o o a o 
a.s cour 
o.soo 0 
o. soo 0 
a. so 1c 
a. son c 
o. sooir 
0 • r, l 

o. s- 10 0 
o. 1)0) 

0 . 500il( 
o. sooor 
o. ~ooou 

<C EG F' FS > 
0. 003 
0 . 002 
(1 . 002 
0 . 002 
0 . 00 1 
0 . 00 1 
0 • 0 0 t 

. 00 1 
0 . 0 0 0 
0 • 0 0 G 
C. 0 0 0 
. co o 

0 . 00 0 
o . ooc 
0 . 000 
~. OOC: 
: . ooo 
c. ooo 
C. 0 0 0 
..! • 0 0 0 
( . 1) 0 0 
' • 0 (1 

,J • (1 C 
C. 0 (l 

r • o 
. oou 

G. 0 0 0 
c. 0 0 0 
c. ooo 
. ooo 

'l • 0 0 
0. 0 0 0 
0. 000 
~. oo o 
C. C'OO 

• 0 C 
a. coo 
C • C " 0 
lJ . 0 C 0 

OGC 
n. ooo 
C. COG 
IJ . 0 0 0 
t. • 0 0 
. ooo 
. ooo 



N : n 

F' 
(KHZ) 

1.000+00 0 
9.000-0 0 1 
A.()00-001 
1.noo-0 0 1 
0.ooo-o n 1 
',.000-001 
4.000-001 
J.c;oo-001 
~.000-0 0 1 
~ .~00-0 0 1 
2.000-001 
l.f\00- 00 1 
1.~00-001 
l.400-001 
1.200-001 
1.000-001 
9.000-00? 
a.ooo-nu? 
1. 000-002 
b.000-00? 
~.000-002 
4.000-00? 
J.c:;00-002 
3. 00 0-0 02 
2 . - 0 0-0 0? 
2.000-00? 
l.f-100-002 
l.b00-002 
1.1+00-00? 
1.200-002 
1. 00 0- 002 
9. 000-nr,3 
H. 000-003 
1. 00 0-0 03 
t>. no o- on 
_ . ou o-oo 

. 000- 00 3 

.soo-r.o~ 
3. 00 0-00 .:J 
2 • C:, 0 (l - 0 0 '.~ 
2.000-00 
1 .aoo-M13 
l.f.00•0 03 
l .400-0 03 
l. ?0 0•fJ0 
1.0 00-003 
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~ODE CALCULATIONS FOR A PLANAR EAPTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H: leOO KM 

SJbMA(~) • INFINITY 
SI~MA • le00-00~ MH O/M 

SIGMA(ll = le00-002 MHO/M 

Rl(Cl IM(Cl ATTENUATION 
(OB/KM) 

1.2~560-001 3,09398-001 1.8174+000 
1.31977-001 3.17679•001 1,7349+000 
1.35905•001 J.27198•001 le6470+000 
1.40501•001 3.38333•001 le5S26+000 
).46003- 01 3.51~57-001 1.4504+000 
1.c;2791•001 3eh8092•001 1,3384+00 0 
l,6153J•001 3,89252-001 1,2134+000 
le67 003•001 4e02489•001 lel446+000 
1.73550•001 4.18329-001 1.0704+000 
1.~1626-001 4.37867•001 9,~924-001 
leQ20l7•001 4,63023•001 8.9907-001 
1.97143-001 4.75391-001 8.5972-001 
2,03024-001 4e89620•001 8,lAOl•OOl 
?.o 9go~-001 5,06259•001 7,7349-001 
2,1~139-001 S,?6170•001 7,2551-001 
2.?~?91-001 s.so131-001 6.7316-001 
2 34381•001 5eh5443•001 ~.4493-001 
2.4131s-001 5.e23s•-001 6,1so1-001 
2e495Sij•00l 6•02137•001 5,8306-001 
2.59350-001 6e2S811•001 5.4862•001 
2.11429-001 ~.5501J-001 s.1100-001 
2.A.6980-001 ~.Q2612-001 4.~916-001 
2.9670~-001 7,16135-001 4.4614-001 
1.na3s1-001 7.44283•001 4.2121-001 
J,2t112-001 1.1~oos-001 3,9407-001 
3.41200-001 Ae23711•001 3.6371•001 
3.~0294•001 8.45701-001 3.5040-001 
3e ' 0747•00] ~,70979•001 3e3b25-001 
3e7297~•001 9e0055}•001 3e?l08•001 
~-~7605-001 9.35938-001 3.04~4-001 
4e05652•001 9e7Q590-001 2,86Sb•C0 1 
4.16460•001 1•00574+000 2,7673- 00 1 
~,28883•001 le03579•000 2.662S-001 
~.43415•001 le07095+000 2.5498-001 
•• ~0803-001 1·11303+000 2.4271-0 01 
4.82247-001 1•16493+ ~00 2.~91 - 001 
s.09aso-001 1.2J11s•ooo 2.13 s- 00 1 
~.27116-001 1.21 +000 2.05 3 1-00 1 
5.47772-001 1•3235 +000 1.Q597-001 
~.7324S-001 1•38529•000 1,8560-00 1 
6.0h031•001 le46474•000 1,7382-0 0 1 
6.22153•001 1•5038?•000 1.685 -001 
6.40680•001 le548 3+000 1.6294-0 01 
6.62349•001 1.~0128+000 1.5683-001 
6.P8269•001 1 •66416•000 1,5011•00 1 
7e2022~•001 le7417?.•000 le4260•001 

I<. = 
K ( l) = 

9eO 
15•0 

V 
EXCITATION FACTOP 
MAGNITUDE PHASE 

3.07656-001 
~.'12580-001 
2,76512-001 
2. 5926',-00 l 
2.40584-001 
2.20102-001 
1.~725t>•001 
1.84675-001 
1.11100-001 
1.S6271-001 
1.39790-001 
1.3260 0-001 
1.24982-001 
lel68S2-001 
1.0ij098•00l 
9.85S?l-002 
Y,34089-002 
8.79624-002 
8.21534-002 
7.59003•002 
6e90854•002 
6.15281-002 
5,73837-002 
!,.2923•- 002 
4.80634-002 
4.26774-002 
4.03318-002 
3.78495 -002 
3.52042-002 
3.23SQ8-002 
2 .'12647-ooz 
2.76003-002 
2.58407-002 
2 .39 8 0-002 
2 .1957'1-002 
l . 'H7 ' 8• 002 
1 . 7J69 -o 2 
1. 00 583- 002 
1. ,4 547• 002 
l h 1368-002 
lel4715• 02 
1. 07531- 002 
Y.99815•003 
q.20026-003 
8,35101-003 
7e43866•003 

o.~0091 
o.5oo9 
o.sooa8 
o.5ooe~ 
o.S007t> 
o.soo69 
0.S00b~ 
o.5oos1 
o.soos3 
o.~004~ 
o.soo1t2 
0,50039 
o.sooJ7 
o.soo34 
o.5ooJo 
0,50027 
0,50'02!, 
o.50022 
o.500c0 
0,50017 
o.soo14 
o.soo11 
o.sooo<; 
0,50007 
o.50004 
0,50001 
0.49999 
0.49997 
0,49996 
0,49993 
0.49991 
0.49989 
0.49987 
0,49985 
0,49982 
0.49Q7C, 
0.49975 
o.49973 
o.4996 9 

.4996 5 
0.49Q6 0 
o.499~8 
0.4995'-
0.4995 1 
0.4994t, 
0.49940 

(OEGkEESl 
0.128 
0.121 
0.114 
n • 1 Ofo:> 
0.098 
n.o9o 
0.08] 
n.o76 
0.011 

· n.oos 
'l.059 
0.057 
0.054 
0.0s1 
o.04~ 
0 .045 

.044 
0 .04? 
0.040 
0.039 
0.037 
0.035 
('l • 03~ 
0.034 
0 .033 
0 .033 
0.033 
0.033 
0.033 
0.034 
0.035 
0.03S 
0.036 
0 . 037 
0 .039 
I) . 4 t 
0 .044 
l'J .046 
n .048 
o.os? 
0.056 
n.0~9 
0 .062 
0.066 
0.01 0 
0.076 



t,J = 0 

F' 
(KHZ) 

1.000+000 
9.000-001 
A.000-0lll 
1.000-001 
ti.000-001 
s.000-001 
4.000- 001 
J.c;oo-001 
3.000-001 
2.500-001 
2.(100-00] 
1.000-001 
l.600-001 
1.400-001 
1.200-001 
1.000-001 
Y.000 - 00?. 

.000-00? 
1.000-00? 
b.000-00? 
s.000-00;:i 
4.000-00? 
3.500 - 00? 
3.000-00? 
2.c;oo-002 
2.000-00;> 
1. 00-00? 
1.600-002 
1.400-nO?. 
1.200-00 2 
1•00 0-0 0? 
Y. 000 -0 03 
8 .000-003 
1.000-003 
6.noo-oo~ 
"'i.000-003 
'+ e 000 •0 03 
3.'i00-001 
3 . 000-003 
2.500-003 
2.000-003 
1.800-003 
1.600-003 
1 .4 00 -0 0~ 
1.200-003 
1.000-003 

lJ. 

MODE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAVER MODEL 

H = 1.00 KM 

SIGMA(Gl = tNFINITV 
SIGMA= le00•006 MHO/M 

SIGMA( l ) = l.00•002 MHO/M 

E <Cl 

1.28427-001 
1.31849-001 
1. :>784-001 
l.40387-001 
1•"5 97-001 
1.52695•001 
lefll449-001 
1.~6927-001 
1 .73482- 001 
1.61569-001 
1.c;1902-001 
1.97104-001 
2.02993-001 
2.09882-001 
2.10120-001 
2.28296-001 
2.34388-001 
2.41391-001 
2."9584-001 
2. 9388-001 
2.71483-001 
?..~7056-001 
2 . 96799-001 
3.08458-001 
3.22A4!•001 
3.41360-001 
3 . ~0470 -0 01 
3. OY42•001 

.73192-001 
3.87853-001 
4.05937-001 
4.16770-001 
4.2~222-001 
4.43790-001 
4.f,1223-001 
4.A2727•001 
5•10416-001 
~.?7738-001 
5.4 467-001 
5.74 038-001 
f).06961-001 
6.2315b-001 
. • 417"71-001 
t-,.fi354 -001 
6.Aq609-001 
7.21756-001 

IM(C ) ATTENUATION 
(D8/t<M) 

3.0988 -001 4,7252•001 
3,18156-001 4.5955-001 
3.27665-001 4.4465-001 
3.38790-001 4.2738-001 
3,52104-001 4,0720-001 
3e68527•001 3.8333-001 
3e89674•001 3.~4b4-001 
4e02904-001 3.3794-001 
4.18736-001 3,1925-001 
4.38267-GOl 2.9807•001 
4.~3414-001 2.73 6-001 
4.75784-001 2.~274-001 
4.90004-001 2,5100-001 
s.06640-001 2.3030-001 
5.2&s4a-001 2 .~441-001 
s.s11os-001 2 , 0904-001 

.65816-001 2.0067-001 
s . 02126-00 1 1 .9 174 - 001 
6•02509-001 1.8213-001 
6,26183-001 1.1110-001 
6,55387-001 1,602 -001 
6.92989-001 1.4739-001 
7,16515-001 1,4029-001 
7.44668-001 1.3259-001 
7,79397-001 1.7414-001 
8.24113-001 lel468-0ul 
8,46109 -00 1 1,1053-001 
8e71394•001 1.0610-001 
9,00976-001 1~0135-001 
9.36375-001 9.6194-002 
9 . 80044•001 9.0516 -002 
1,006~0+000 8,7427-002 
1,0362) +000 8 .4132-002 
1.0114s+ooo e .ose4-002 
1.11354+000 1.6121-ooc 
1•16547+000 7.2450-002 
1 ,23234•000 6,7624-00c 
1.27417+000 6.4928-002 
1•32423+000 6,1982-002 
1•38599+000 5,8709-002 
1,465 o+ooo s.4989 -002 
1,50461+000 5.3333-002 
1.54957+000 s.1ss3-002 
1•60217+000 4.9622 - 002 
1•66512+000 4.7500-002 
1.74277+000 4.5128-002 

K : 
K ( ll = 

9e C 
15 ,0 

V 

7.74014-001 
7.51256-001 
7.24993-001 
6.94468 -001 
6.58672-001 
6.16199-001 
S .64965-001 
5.3S085•001 
5.01578-001 
4.63551-001 
4.19653-001 
3.99996-001 
3.78853-00l 
3,55951-001 
3.30913•001 
3.03201-001 
2.88103-00l 
2 .71993-001 
2.s 682-001 
2,35905-001 
2 ,15287 -00l 
1.92247-001 
1.79540-001 
1.65812-001 
1.50796-00 
1.34087-001 
1.26791-001 
1.19057-001 
1.10002-001 
1,01912-001 
Y.22217•002 
8.70043-002 
8.14840-002 
7.56039-002 
6.9?870-002 
6.24237-002 
5.48494-002 
5.07179-002 
4,62945-002 
4 15085•002 
3.b2552•002 
3.39883-002 
3.16055-002 
2.90866 -002 
2.t,4051-002 
2,35238-002 

EXCITATION FACTOR 
MAGNITUDE PHASE 

0,50005 
0,50005 
0,50005 
o.sooos 
o.sooos 
o.sooo5 
0,50005 
o.50005 
0,50004 
o.50004 
0,50004 
0,50004 
0,50003 
0,50003 
0,50003 
o.sooo2 
o.sooo2 
o.50002 
0,50002 
o.sooo2 
0,50001 
o.sooo1 
o.50001 
o.50001 
0,50000 
o.soooo 
o.soooo 
o.soooo 
0,50000 
0.49999 
0.49999 
0.49999 
0.49999 
0.49998 
0.49998 
0,49998 
o,49q9e 
o.49q97 
0.49997 
0,49997 
Oe4999b 
0,4999b 
0,49995 
0.4999~ 
0,49995 
0,49994 

<DEGREES) 
0.010 
0,017 
0.01s 
0.014 
0.012 
0.011 
o.ooq 
o.oo 
o.ooa 
0.001 
o.oo~ 
0.006 
0.006 
o .o os 
o.oos 
o. ooc; 
0.0(14 

.0 04 
0 .004 
0.004 
0.004 
0. 00" 
0 . 0 . 3 
0.003 
0.003 
0 .003 
0 .003 
1).003 
0.003 

,00 
0.003 
0.001+ 
0.004 
0.004 
0.004 
0,004 
0.004 
o.ooc; 
o.oos 
o.oos 
0 • 0 06 
0.00() 
0.006 
0.001 
0 ,0 07 
o .oo~ 



N • 0 

F 
(l<HZ) 

1,000+000 
~.000-001 
8,000-001 
1.000-001 
6,0(J0-001 
s.000-001 
... 000-001 
3,r:.00-001 
3,000-001 
2.c:;00-001 
2.000-001 
l,A00•00l 
l,600-001 
l.400-001 
1.200-001 
1.000-001 
9,000-002 
e.000-002 
7.000-002 
1,.000-002 
s.000-002 
... 000-002 
J.~00-002 
J . 000 -0 02 
2.soo-002 
2.000-002 
l , A00 -002 
l.t:,00•002 
l,400-002 
1 .200-002 
1.000-002 
9,000-003 
a.000-003 
1.000-003 
b.000-003 
s.000-003 
4,000-003 

.soo-003 
3.000-003 
2.500-() ~ 
2.000-003 
l.A00•003 
l,t,00•003 
l.400-00~ 
1.200-003 
1.000-003 

22 

MOOE CALCULATIONS FOR A PLANA~ EA~TH CR US T WAVEGUIDE 
THREE LAYER MODEL 

H • 1,00 KM 

SI6MA(G) • INFINITY 
SIGMA• l,00•007 M~O/M 

SIG~A(l) • l,00•002 MHO/~ 

HE(C) IMCC> ATTENUATION 
(OB/KM) 

l,26413-001 3,09932•001 7,7434•U02 
1,31836-001 3,18204•001 7,6389-0()2 
1,35771-001 3,27712-001 7,5282-002 
l,40376-001 3,38836•001 7,4096-002 
1,45887•001 3,5214q•001 7,2802-002 
1,52686•001 3,68S71•001 7,1349-002 
l,bl44l•001 3,89716•001 6,9631•002 
l,66919-001 4,02q45•001 6,A603-002 
l,73475-001 4,18777•001 6,7388-002 
1.e1s63-001 4,30301-001 6,5873-002 
1,91q11-001 4,634~3-001 6,3846-002 
1,97100-001 4,75823•001 6,2807-002 
2,02990-001 4,90043•001 6,1578-002 
?.,09879-001 5,06678-001 6,0098-00~ 
2,18125•001 5•26585-001 5,8279-002 
2,28296-001 5,51143- 001 5,5996-002 
2,34389-001 5,65853-001 5,4623-002 
?.,41393•001 5,82763•001 5,30~4-002 
2,49587-001 6,02546-001 5,1246-002 
?..5~392-001 6,26220-001 4,9139-002 
2,71489•001 6,55424-001 4,6653-002 
?,87064-001 6,93027-00\ 4,3663-002 
2,96808-001 7,16553-001 4,1~20-002 
3,0846~-001 7,44706-001 3.9964-00 2 
3,22854-001 7,79436-001 3,774C-002 
3,41376-001 ~.2415~•00\ 3,5161-00 2 
3,5048 -001 8,46150-001 3.4001-00 2 
3.~0961•001 8,71436-001 3.l749-00 2 
3.73214-001 9,01018-00 1 3,1386-002 
3.~7A77•001 9.3641Q•001 ?,9d87•002 
4,05966•001 9,~0089•001 2,8213-G02 
4,16801-001 1•00625+000 2.7294-002 
4.29256-001 1•03632+000 2,6306-002 
4,43827-001 1,07150+000 2.~236-002 
4,61265-001 l•ll36n•ooo 2,4063-002 
4,A2775•001 1,16553+000 2,2758•002 
5,10472-001 1-23240•000 2,1273-002 
5,?7H00-001 1,27423+00 0 2,0440-00? 
5,48~37•001 1,32430•00 0 1,9527-00 2 
5.74111-001 1.38605•000 1.Asoa-00 2 
6,07054-001 1•46557+000 1,7347-00? 
6,?3256•001 1,50469•000 1,~830-UO ~ 
6,41880-001 1,54966+000 1,6272-002 
~.~366~-001 1•60226•000 1,5667•00~ 
6,ij974J-001 1,66521•000 1.soo1-002 
7,21Q08•001 1,74287+000 1,425s-nn? 

K • 
K ( l > s 

9eO 
15,o 

V 
EXCl~ATION FACTOR 
MAGNITUDE PHASE 

q,60574-001 
'il,58087-001 
Y,55011•001 
'1,51075-001 
9,45804-001 

.38297-001. 
9,26b4b•001 
9,18028-001 
~.Ob203•00l 
8 ,89188-001 
~.63253-001 
~.48908-001 
8,31~53-00l 
d,09220•001 
7,81300-001 
7,45290-001 
7.23267-001 
6,97831-001 
b,68224•001 
t,,33426-001 
5,92008-001 
S.4\837-001 
5,12467-001 
4 .7q430-001 
4.4 1808-001 
3 .98210•001 
3,78632-001 
3 . 5 7539-001 
3 .34b52-001 
3.09594-00l 
2 , 8 1824- 001 
? ,b6685•00l 
2 ,50S32•001 
2.33}7q•001 
2 • 1 '> 3 7 6 - 0 0 1 
]. 376Q• 00 1 
l,70827-o l 
1,58229•001 
1.44681-001 
}.29954-001 
1-13715•001 
1 ,0 b8'--001 
9 ,92799-002 
q ,14380-002 
8,30734-002 
7.40676-002 

0,•999b 
0,49996 
0,49997 
0,49998 
0,49998 
0,49999 
0,49999 
0,49999 
o.50000 
o.50000 
0,50000 
0,50000 
0,50000 
o.soooo 
0,50000 
0,5000 0 
o.soooo 
o.50000 
0,50000 
0,50000 
0,50000 
0,50000 
0,50000 
0,50000 
0,50000 
0,50000 
o.soooo 
o.soooo 
0,500 00 
o.50000 
0,50000 
0,50000 
o.soooo 
o.snooo 
o.soooo 
o.soooo 
o.soooo 
o.soooo 
o.soooo 
o.soo oo 
o.~oooo 
o.so ooo 
0,50000 
0,49999 
0,49999 
o.49q99 

COEGF<EES) 
0,007 
0 ,006 
0,005 
0,004 
o.oo• 
0,003 
0,002 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
n .001 
0.000 
0 .000 
0 .00 0 
0 . 000 
0.000 
I)• 00 0 
0 .000 
0 .000 
0 .000 
n . o o n 
0 .00 0 
0 • 0 0 ,, 
0.000 
n.ooo 

.ooo 
0 . 000 
. ooo 

0 . 000 
0 . 000 
. oo 
. ooo . 

0 .00 1 
0.001 
n.001 
0 .001 
n .001 
0.001 
0 .001 



~ = 0 

F 
Ckt◄ Z) 

1.000+00 0 
~ • 0 0 07 0 0 1 
e.000-001 
1 • 0 0- IJ O 1 
El• 0 0 o- 0 0 1 
5 • 00 o-o 1 
... 000-001 
3 .50 o-001 
3 .0 00-0 0 1 
2.500-001 
2. 0 0 o- 0 0 1 

• 8 0 o-o O 1 
1.600-001 
1 .1too-001 
1.20o-001 
1•000- 0 0 l 
~ • 0 0 o- O O 2 
e.000-00, 
1.000-00 2 
E • 00 0-0 0 2 
~.000-00 2 
c..000-00 2 
3 . 5 0 o- 0 0 2 
~. o o o- on 2 
7 • 5 0 o- 0 O, 
? .000-0 02 
1. 8 0 o- 0 0 , 
1.60 o- 0 0 2 
1 • .. 0 o-o O 2 
1. 2 0 o-o O 2 
1. 0 0 o-o O 2 
~.000-00 :? 
e. o o o-o o J 
7.000-00:! 
6. 0 0 o- 0 O :! 
s.000-00~ 
... 000-00 3 
~.500-00:! 
~ • 0 0 o- 0 0 :! 
2 .soo-00 :? 
2 .000-003 
1. e o o- o o:? 
t.600-00 3 
t.,. on-o n:! 
1.2co-oo ~ 
1. 0 0 o- 0 0 :! 

Z3 

~COf c•LC UL•TJ O~S FOR A PLA NA~ A~ T~ 
THP~f LAY EQ ~OOfl 

U .. T W VE UI O 

.. = 1. 00 f1 

SIG.-, CG> = INFitd TY 
SI GMA = 1. 00 -o oe MMO / M 

SI Gf"ACU = 1.0 0- 002 MHO/11 

RE CC> 

1. 2ec.1 -0 01 
t. 31b 5-001 
1. J 577 0-001 
1 ... o:n5- 001 
1 ... 58M,-0 01 
t.5 2fi~5-0 01 
1.61 .... 'l-001 
1.66918-001 
1.7 3 .. 75- 001 
1. ~156 2- 001 
1.91977- 001 
1.971 011 -001 
2. 02cu•q- 00 1 
2.09879-001 
2.181 25-001 
2. ? 8296- 001 
2.3'+389- OJ 
2.lt1 39 -001 
2 ... ~587-001 
2.59 q - 0 01 
2.,1 .. e.9- 00 1 
2.8706'+-001 
2.96809- 001 
.oec.1 0-001 

~. ?2 85f.- 00 1 
.i.1 378-0 01 

J .SOC.89-001 
3.609f, -001 
3. 73 2 H,-001 
3.8788 0-001 
... 059f>q-001 
fte 16ft (U+-001 
... 925 9- 001 
c. ... 3831- 001 
... 6126 9- 001 
... 82780-001 
r;.10'478-001 
'5 . 2719 07-0 01 
S.4t 654,.-0 01 
5.7Ct1 25-001 
6.0706 3-001 
E. 23266-001 
e.a.1eq1-001 
E.636ft1- 01 
E.89757-001 
1. 21cn1t-001 

INCC> 

3. 09~3 7- 01}1 

:! .1 82 09- 00 1 
3. 27717- 00 1 
3. 38 81t1- 0 1 
3. 52 1'53-0 0 1 
3.fP575- 0'l 1 
:! .~97 20-0 01 
1t. n2~so-o n1 
... 1"781- 00 1 
... 8 311-0 01 
... f. 3fe~7-0 0 1 
... , ~e21-o 1 
c.. 0 oo'+6- 00 1 
5. f' E,682-0 01 
5.?65fl9-0 01 
1;. ~11 .. 1-0 01 
5.Mi~57-0 01 
l;." 2767-0 0 1 
6 • 0 2 ~ 5 o-o O 1 
f . 2f 22-.-0 1 
e. ~~ 1e 2 e- 00 1 
6.<:f3031-0 IJ 1 
7.1f-5~b-0 0 1 
7 ..... 71 (1 -0 (1 1 
1. 7cu ... o- oo 1 
@. ?4t157-0 01 
e.,.615 a.- o n 1 
-,.11 .. -.0- 00 1 
g. 01022- 00 1 
c;. J f .. 23-0 01 
~ . ~ O OCJft-0 1 
1. 00E:25+0 (10 
1. OJE:32+ 00 
t.07150+0 00 
1.11360+0 0 
1.1655 3+0 0 
1. ? 32 .. 0+0 00 
1. 21 i.2 ,.+ ooo 
1.-- ... .. 30+0 0 
1. J ~fi06+0 00 
1.1t6558+ 0'l 0 
t.5r4t7o+o oo 
1.51t966+000 
1.602 27+ 000 
t. 66572+0 0 0 
1.74t288+01JO 

ATT ENUAT1 Ot-
CDB/Kt1) 

2 .6576- 002 
2 .5c.1c.- 002 
2 .C. 310-0 02 
2 . 30 73- 002 
2 .11e.a- 002 
2 . 0 12- 002 
1.87 31-0 02 
1.7 871- 002 
1.6951- 002 
1. 5957-0 02 
1.C.868-0 02 
1 ... 399-0 02 
1. 3907- 002 
1. 387-0 02 
t. ?6 35-0 02 
1 . 22 .. '4-0 02 
1.19 30- 002 
1.160 2- 002 
1.1 57-[1 02 
1. 0892-0 02 
1. 05 01- 002 
1. 00 7'4- 002 
9.8397 -0 0 
q.585 2- 0 
9 . 2996 - 00 
8.96 21- 00 3 
8.e o,.1- 00 
8. f,2 68- 00 
8 ... 2 5- 00 3 
e. 1 e,. 1- o o ~ 
,.,, qf>0-00 3 
7.726 .. - 00 
7.535 0- 00 
7 . 16 2- 00 
7.0629-0 0 
6.7 4 - 003 
6.C. Olt 0- 003 
6.1927 00 
5 .9539- 00 . 
c;. ~796- 00 , 
5.3571- 00 
5 . 21.03-0 0~ 
5. 05 0,.- 00 
... 87'+6- 003 
... E,788- 003 
..... 571- 003 

= q. o 
( 1) = 15 . 0 

EXCITA TIC 
V HA G ITUO 

q . ~209 - 001 o . ~~995 
9. 01 6 - 1 o.c. c.; 99 

. 51a9 1-o,1 o.1e ~9 
q . ; 18 - o 1 o .c. qg 1 
9 . s1es1- 001 o.c. ~99 
9 . c.1~ ~- 01 o.-. ~q ~ 

9 .1t 201c.; - 01J1 o.,. ~g 
g . 3s,. 1 -o 1 o .1e ~9q 
9. '4 002- oq1 0.-. ~99~ 
q . ? ~a. , -o 1 o.c.~g 
9. 210 3- o 1 o .5 oo o 

. 17 9 - o 1 0 .5 O'lO 
9 . 13oe ~- 001 o . 5 o oo 
9 . 0796 t -00 1 o.s oo 
q . 172 - 001 0 . 500 

. q e ,. o- o 1 o.s oooo 
~- ~ - 003 - 001 o . soooc 
~. 8332 .. - 001 .5 0000 
~ .7 C. 97- 0 1 o.s c 0 
e. &eQ 11- 001 o . soo o 

. 5t 9 - o 1 0 . 500 00 
8 .41 59 -001 . 500 0(1 
8 . 113f -O 1 0.5 00 

. 176 ' - O 1 . SO OC 
1. q~ 2~ - 1 o . s oo 0 
7.7 28 - 00 1 o . s 
1 . s 1 2~-o 1 . s cooo 
1.415s~- o 1 o. so o 
7 . c. 02 - 0 . 500 00 
~ . q 857- 0 0 .5 0 0 
6.5 S~ ?7 - 1 0.5 00 
6 . 3~oa - 'l o . soo oo 
~ .1 12c. - o . s oao 
5 . 8722 4- 001 . 500 0 
5 . -. Jq - 00 0 . 5 IJO 
5 .152 6 ~ o.sooao 

• 787 
... 9 7 
At. 71 1 
~. 162 
J . 125 - on a. 
. • t.7 1- 0 . ,) 

2 eOLQ9 .. - 0 1 
. 7 28«.-.- 001 

z .,. c, 1 e- 001 
Z. Z .. 371- 001 

o. s 
o . s 
o . 5 
0 . 5 

F JC TCP 
P ASE 

CCEGREES, 
o. oo 
o.o o~ 
0. 0 ft 
0 . oo c. 
o. oo 
o. oo 
o. oo 
0. 001 
. o 1 
• 01 
. 001 

a. coo 
o. oco 
Ci . 0 0 
0. 00 0 
c . o 
. ooo 

U. 0 
• 00 

0 . Ci 0 
• oc 

o. oo 
c. 00 

. ooc 

. ooo 
o. oo 
. oo 
. ooc 

r. ooo 
• • 0 
0. 000 
0 . 000 
0. 000 
0. 000 
0 . 000 
0. 000 



• 0 

z, 
, O •00 0 
• 00 -001 
,000-001 

1,000-001 
.00 0-00 1 

5, 00-001 
•.000-001 

• oo -no1 
, 000 -001 

2, 00 - 001 
2,000-001 
1. 00-00 
1, 00-001 
1 •• 00-001 
1,200 -00 
1, 0 0-001 

.000-00;:, 

.oon-oo? 
1,000-001 
.,,000-00 

.n00-001 
... 000-002 
3. 00 -002 

. 00 -002 
z. 0-002 
?.000-002 
1, on-002 
1. 0 0-00;:, 
1, 00-00? 
1,?00•00? 
1.000-002 
9. 00-00~ 

.000-003 
7, 0 0-00 

• 0 -00 
5,000-003 
•• 000-003 

• OCl •00 
J.000-00 
z.c;00-00J 
1.000-003 
1, 0•003 

• 00-00:\ 
1. o-oo 
1.20 •003 
1. 00-003 

Z4 

ODE C LC ULAlIO S FOR A PL AR , 
TA LAY 00 L 

~J M ( I ■ J FI IT 
l A• 1.00-0 0/M 

51 MA(ll ■ 1.00•002 MMO/M 

M CC> 

, !057 - 00 2 
.3 .. 684•002 

q.6i 07• 02 
9.9 S -002 
l,ll 37 0•001 
1.0 16 -0 0 1 
l,l•JJJ.t•O 1 
1. uno -oo 1 
1.12 2 -001 
1,2 i;J -0 0 1 
1,3 •0 0 \ 
1• liS0l•00l 
l,•Jt>S •001 
1. • ';2i-0 0 1 
1, .. 3.2-001 
1, 1 24•0 0 1 
1,65~2 -001 
1,70771-001 
1,165 -co1 
1,'1348 0-001 
l,9202l•001 
?,OlOZ0-001 
l,09901-001 
2,1 13 •001 
2,2 29 - 0 01 
2,4137••001 
?,47807-001 
2,55203-001 
2,6385 -001 

,7420 -001 
2,A6 79•001 
2,946,9•001 

• '3 22-00, 
3,1J708•001 

,Z6017•00l 
, 1200-001 
,fl014 - 0 01 

3, 2·H -0 0 1 
• 1~0 · - 01 
.056 1-0 0 1 
,2 J-0 0 1 
,4 030 -001 

--~ 4 1-001 
,6880l•001 

4,8718J 001 
,09@50- 01 

I CC l 

1-001 
2, 125-001 
2,3106 -001 
?, 47-001 
2, 379•001 
2, 0013-00) 
2,7 990-001 
2. 4 5 -001 
2,95 6 -001 

,09 95•001 
J.27195-001 
3,359 1-001 
3,46015-001 
3, 7787-001 

,71875•001 
J. ~251•001 
J.~9@.59-001 
4. H, 3•001 
4,2 1A•001 
• • 236 -001 
4,63023•001 
4, 20-001 
5,06259-001 

, e,111-001 
s. 50111-001 

• 2 5•-001 
5, 7909-001 
6,1 789-001 
6,36706•001 
6-t-1736•001 
t,. 2 13•001 
7,11107•001 
7, 2367-001 
?. 7237-001 
7. ,. c999•001 
,-.23711-001 
8-70980-001 
9. 5 -0 0 1 
9,3 Q3 -0 0 1 
9.79 9 •O Jl 
1. nJ579•000 
1. ne,J•4•ooo 
1,09522•000 
1.1323 •000 
1.111, ~•000 
1•2317 •000 

ATT UATI O 
(0 /l(M) 

1,71§09• 00 0 
t.6685•00 0 
1,5 07• 0 0 0 
1,4 6 • 0 0 
1. • •00 
1 .21 · •00 0 
1,14 0•00 0 
1, 0 79 • 00 0 
l,00 4• 0 0 0 
9,?4b6• 01 
8,34Q4-0 0 l 
7,9582• 0 l 
7,543 •O'll 
7,) 1) 20- 00 1 
~ • 2 3- 01 
.) 079- 00 1 

S.Pl 7-0 0 1 
• '3 2- 001 
,21 2- n l 

4,R792-0 0 1 
•• 099-001 

,1 005-0 0 1 
3,8760-001 

.63 J-001 
3,3710-001 
J,n7 1-001 
2.9 13-001 
,. 1 3-oo 
2.~,22-001 
2.sH,8-0 0 1 
2,3471-001 
2.1s c;-001 
2,1583-001 
2,0543-001 
1,9 ?0- 00 1 
1.~1 0- 0 01 
1. Blti- 0 01 
1.1,os1-001 
1.i:;23 -001 
1. 0-001 
1. 31 -001 
1.2866-001 
\.? 9- u l 

1.1 ·- 0 1 
l,1314•0 1 
1,0693-001 

CRUST WAVEGUIDE 

I( 

K r l> 
9,0 

• 1 s. 0 
XClTATION FACTOR 

MAGN!TUOE PHASE 

• 2 9-001 
2. 31 •-001 
2.1110 -001 

• 57- 01 
2,4117 -001 
2. 20 1 2- 01 
1,97 74-001 
l• 310•001 
1.111s - 01 
1 . 695~•001 
1,40 21-001 
1 . 354-001 

.25764•001 
1 ,17 67-001 
1.0 953-001 

• 4 78-002 
.4 3449•002 
• 331-002 

tt .31 •J-'J02 
.t>958•-002 

7.02003-002 
h . 27124•002 

• 6091-002 
... 19,:;4.002 

4.93 90-002 
.... o 33-002 
4.l7445•00l 

, 2904-002 
• 6744-002 
,3 b0 0-0 2 

3.07946-002 
c.914•1-002 
c.73973-o 2 
2 . 5J51•n02 
2.35318-002 

• 3501-002 
1. 30-0 02 
}.7 OA9•002 
l.t>18S4•002 
1.46366•002 
t,c9234-002 
1.?:789-002 
1.1392•-no2 
1. or;559-oo2 

• se1s-00J 
,t,8599-003 

o.sn19& 
0,50189 
0,50179 
0,50166 
0,5015b 
0,50\43 
o.so12e 
0,50120 
0,50111 
0,50101 
0,50091 
O,S008b 
0,50081 
o.50015 
0,S00t>9 
0 ,50063 
0,50059 
o.sooss 
0,50051 
0,5 0047 
o.500•2 
0,50037 
0,50034 
o.50030 
0,50027 
0,50023 
0,50021 
o,5001q 
0,5001b 
0,5001• 
0,50011 
0,50009 
0,50008 
0,50006 
0,50003 
o.soon1 
0,49Q9C 
0,4999t, 
0,49993 
0,4t9Q9l 
0,49Q87 
0,499~5 
0,49983 
0,49981 
0,4~Q79 
0,49975 

fOEGREESl 
0,251 
1),237 
0 ,223 
0.201 
0,191 
0,174 
0,156 

.} 46 
0,135 
0,123 
0,110 
O, 1 O!li 
0,099 
0,093 
0,087 

,080 
0.076 

.012 
o.o6e 
0 ,063 

,OSQ 
,054 

0,051 
0 .04@ 
0.045 
I'), 42 

,041 
'l.039 
0.038 
0.037 
0.035 
0,035 
0,034 
0.034 
0.033 
n.033 
0.033 
0.033 
0,034 
0.035 
0 .036 
') .037 
il .038 
.oJq 

I). o,q 
fl,044 



N • 0 

F 
( K Z) 

l • 0 0 0 • ll 0 
9.000-001 
e.000-001 
1.000-001 
be000-001 
5.ooo-oo1 
•.000-001 
J.soo-001 
3.000•001 
2.s oo -001 
2.000-001 
1,800• 01 
1,600-001 
1.400•001 
1.200- 0 
1.000-001 
9,000-002 
e.ooo- o;, 
1.000-002 
6,000•00? 
5.000-002 
-.ooc,-noz 
3,500-002 
3,ooo-no;, 
2.soo- 02 
2.000-00? 
1.eoo-00? 
1.600-002 
1,400-002 
1.200-00~ 
1.000-002 
9,000-003 
a.000-003 
1.000-003 
b,000•0 0J 
s.000-003 
•.000-00 
J.500-no 
3.000-003 
2,500-003 
z.ooo-c,o 
1.~00-001 
l,t> 0-00'3 
1,4 00 -00:1 
1.200-0 0 
1.000-003 

z 

MOOE CALCIJLATIO S ,..~~ A PL A A T C UST AV[ UIDE 
TR~ LAYER 00 L 

~l,MA( > • t FI ITY 
SIG A• l.00•OOb ~ 0/M 

SI ~A(l) • le00•002 M 0/ ( 1) 
• 9eO 
• 1~•0 

EXCITA 10 FAC 0~ 

AE<C> 

9,08'tl4-002 
9. 2 -002 
9,60388-002 
9,cn 1 - 002 
1,031 6-001 
1.079"10•001 
1,14178-001 
1.1ttoso-001 
l,?268 • 001 
t.2d402•001 
1,357 •-001 
1,JQ es-001 
l,4J 49•001 
l,4H42'l•001 
1 • .. ? 9•001 
1.61440-001 
1.-. 747•0 \ 

• 7 0699-001 
1.76492-001 
1.83425-001 
1,91977•001 
?.02989-001 
;,. 9~78-001 

• 1 123-001 
2 ,2tt294- 001 
2,413 -001 

,47 31-001 
2 . ~2 6•001 
2.6389 -001 
2.74266-001 
2. 7055-001 
2. 471~•001 
3,03521-001 

.1 23-001 
3,26152-001 
3,41360•0 l 

• 0 41-001 
.73 1 2-001 

3 , 7 52-001 
. 05937 - 001 

4.2 22c:?-001 
4. 0 7 - 00 1 
... i;J 42•001 
4.1, 2 - 001 

,P767 •001 
,1 0415-001 

2.1 096-001 
2.2 9 -001 
2,3166 -001 
2 . ~3 -0 01 
2. 8950-0 1 
2 . 0 64•001 
?.75518•001 
2. 73-001 
2,9606 -001 

.0988 0-00) 
•27663-001 
• 6411-001 

3, t, 66-001 
J.58230•001 
J,72 01-001 

, 9-,13-001 
.0001 -001 

••12033-001 
el602?• U01 
,427 3•001 

4,63414•001 
4,90004•001 
•;.oe, 0-001 

.2 t;4 - 001 

. ·116-001 
• 272 -001 

s. ~ 0-0 01 
,16160-0 1 
,1707 -001 
,62110-001 

6e 29 •0 01 
1.11 • l 
7e3274 •001 
7.5762 - 001 
7, 739?•0 l 

,2 l •001 
• 1395-001 

9, 00 7fl-•0 1 
q.3 7 - 001 
9. 004 -001 
1,03627•000 
1.0 393•00 
1.09 ,•oo 
1.1 2 ? •00 
1•177 •OO 
1.i3234•000 

ATE u•TIO 
(0 / ,.., 

• -001 7. 001 
001 
001 
0 1 
001 
001 

• -001 7. 
• e-001 1. 
• -001 

3 . 0-001 
3. 7-001 
3,3392-00) 
3.1731-001 

-001 
- 001 

?. • CJOl 
;,, - 001 
2.3091- 01 
2.1 -001 
2 . n - no 
l • A -o o 1 
1 . -o 
1 . -
1 • - (,I 

1. -
1.•121-
1.2 11-
1.2111-
1 . -
1 . -
9. -. -. -. -
7.9442-

• --------- oo;> 
----o 

3 . -o 
3. -o 

., • 1 
• l 
• 1 
• 
• 
• 
• 
• 
• 
• 
• 

~AG ITUOE P S 

0 ,50 010 
0, 0011 
o.soo 
o. 0 
o. 0 
o. 
o. 010 
0,50010 
0 • 0 
o • 
o . 

• 
• 
• 

• 

• o, 
o. 
o • 
o. 
o. 

• 
0 ,50 001 
o.sooo1 

COE EES> 
O.Olta 
1).033 

,03 0 
.021 

• 



z 

ODE CALCULATIONS FOR a PLA~AA EA~T~ CRUST WAVE UtOE 
THREE LAYER OOEL 

• 0 H ■ 2e00 M 

IUM (6) • t FINITY 
IOMA ■ l.00•007 MHO/M 

SI MA(l) • 1.00-ooi MHO/M 

fC> 
( 7) 

1. 00•000 q 0 l •002 
.0 00 -0 0 1 • 2J7 -002 
. ooo- 01 9. 0184-002 
. o 0-001 9.92723-00? 
.0 00 -001 .03167-001 
.oo -001 1.07973-001 
.00 0-001 1. -001 
. o- 01 1. -001 
• o- 0 1 1. -001 

2. 0- OJ •001 
2. o- 01 • -001 
1. 0-001 1. -001 
1. 0- 01 1. -001 
1. o-no1 1. -001 
1.?0 0• 1 l• - •001 

1 1. -001 
1 \. -001 

1. -001 
~ l• •001 
2 1. -001 

. o- ? 1.91973•001 
• 0- 00 2 -001 
• O• O?. • •001 

O? • •0 0 1 
• 0 - 02 • -0 0 1 

2. 00 0• O? • •0 0 1 
l.PO O• 02 ?.. •0 0 1 
1. oo- 0? 2 . - 001 
1. 00 - 02 ?.. -0 0 1 
l. ?00 • 02 2 . •001 
1. 00-002 ?. -001 

• oo- -001 
• oo - -001 

1. 0 • • -001 
• oo - • -001 
• oo- • -001 
• oo- • -001 
• oo- • -0 0 1 

• -001 
• -0 ~1 

2 . 0 00- -001 
1 . oo - • • 01 
1. 00 • • •O l 
1. 00- • -001 
1. ioo - • -001 
1. 00 - • 72-001 

IM(C> 

2-1915 -001 
2.2s001-001 
2. 1730-001 
2.3959 -001 
2e4 00 -001 
le60fll9•00 
2.75 71-001 
2.8492 •JOl 
2.96119-001 
3.09929•001 

.21110-001 
3. • 1-001 
J.•6511•00\ 
.s 27 -001 

J.72351-001 
3eH97l •001 

.00111-001 
•li>074•001 

••2606 -001 
••• 03-001 
4.63454•001 
4e900 •001 

e0b67A•001 
e2b5 6•001 
• 114 -001 

c;. 76 -001 
• 8 11-001 

t-..16197•001 
.3711 -001 
• 1411•001 
• 3 027•0 l 

1.11 24-001 
1.3 1 1-001 
7. 6 3-00\ 

• 431-0 \ 
.2 1 J- 0 \ 
• l J •001 

q. 0 101 - o t 
• l q. 01 

9. 00 9•001 
1.03 3?•000 
l•Ob39 • O 
le l': f.l 77•00 
lell, 7•000 
1-1774 •00 
1.23 0•000 

ATTENUATIO 
/KM) 
0-002 
6-002 

6.4909-002 
.4 4-00? 
• S15-00c 
.?640-002 
.1 22-002 
.o 01-002 
.Q894-002 

s.e -002 
. • ,, -00? 
5.6 -00? 
s. -002 
s. -oo 
s. -oo 
• -oo 
• - 002 
. - oo , 
. - on? 
• •O Ot' 
• -002 

J. -00 2 
• - oo 
• -0 02 
.?01•-0 0? 

2. -oo 
?. -oo 
2. -oo 
2. - oo 
?.. -oo 
2. -
?. -
2. -
2. -
1.q2?1-
l • -
l •" 
1 • 
1 • 
1.• -
1. -o 
1.2 - oo t 
1.? -oo 
1 • l - 0 
1.1 • O 
1.0 -oo 

1< • 9.o 
(1) • 1 .o 

£XCITATION FACTOR 
MAGNITUDE PHASE 

• 1 · •e-001 
.7 121-001 
.73381-001 
.702 1-001 
-~5911•001 
• 9•001 
• s-001 
• 001 
• 001 
• 00 
• 01 
• 00 
• -001 
• -001 
• -001 

-001 
1. -o 1 
7.17922-001 

• 0 -001 
• - 0 01 

- 0 01 
-001 

-
-
-001 --. -. -. ----. -

. -. --. -
1 . -001 

• 201-001 
• 9 -001 
• 17 -002 
• 043-002 

o.•9992 
o.•999J 
o.•9 9 
0.49996 
0.49997 
0.4999 
o.•9q99 
0.49999 
0.499 
o.so ooo 
o.soooo 
.s 000 

o.soooo 
o. 00 
o. 00 
o. 00 
o. 00 
.soooo 

o.so o 
o. 000 
o. 0 
• o. 

o . 
o. 

• o. 

0000 
00 

0 
00 

0 
0 

0 
0 
0 

Ci 
0 0 
o.soooo 
o.so 00 
o. 0000 
o.so oo o 
o.soooo 

COE GREE > 

0.01 
. 0 12 

0.011 
o.ooq 
0 .001 
.oo 

o. 00"' 
.oo• 
• 0 

o.oo 
o.o 2 

. OO ? 
0 . 00 2 
0 . 00 2 
0 . 00 1 

• 0 1 
. 00 1 

r, . 00 1 
n. O l 
o. 0 1 

.001 
0 .0 0 1 

.0 0 1 
• 0 l 

o. on 

o .o 0 
• 001) 

0 . 0 
o.o o 

• 0 
0 .00 0 
0 . 0 
n. oo o 

• 0 
n. o 
0 .000 
.oo 

0 .000 
.ooo 

0.000 



~ = 0 

F 
(KMZ) 

1.000+000 
e:.000-001 
t.000-001 
7•00IJ-001 
f..000-001 
5 • 0 0 0- 0 0 l 
.. • 0 oo-o O 1 

.-soo-001 
• 0 0 0- 0 O l 

2.'50 0-00 1 
2. 0 0 o-o O 1 
1. II 0 o- 0 0 1 
1.600-001 
1 • It 0 o-o O 1 
1.200-001 
1.000-001 
9.000-002 
e.ono-002 
1.000-002 
£. ooo-oc12 
5. 0 0 o-o 0 2 
... 000-002 
. • 50 o-oo 2 

.000-002 
2 . 5 0 o- 0 0 2 
2 .0 00-002 
1.eoo-002 
1 • E O o- 0 fJ 2 
1. It O o- 0 0 2 
1 • 20 o- O O 2 
1.000-002 
~. 0 0 o- 0 0 3 
P. 0 o- 0 0 3 
7. o o- on:! 
~.000-003 
s.000-00~ 
c..000-00~ 
3 • 5 0 o- fJ O :! 

• 00-00~ 
2 .500-003 
2 .000- 00 1 

1.ft1Jo~oo3 
1.f.00-00~ 
1 • ltO 0- 0 ! 
1. 20 o- 0 ~ 
1. r o o- o o ~ 

Z7 

HOOE CALCULATIO~S FOR A PLANA~ EA Th CRUST WAVEGUIDE 
THR EE LAYER t'OOEL 

SIGt'A(G) 
SJGHA 

SIGt'A(U 

H = 2.00 KH 

= INFINITY 
= 1•00- 0 0 6 "4H O / ti! 
= 1.on-002 HHO/H 

q.o 
1 c;. 0 

RECC) 

q.oe111+-002 
g. 2357-002 
C?.601f-lt-002 
~.9?70 •OO c 
t.0316 -001 
1.01~11-001 
t.tltttt-001 
t.18034-001 
1.226f.9-001 
t.28387-001 
t.35750-001 
t.39373-001 
t.lt3537-001 
1.1te,.oe-001 
1.s .. 2Jq-001 
t.611t31-001 
t.65739-001 
t.706~1-001 
t.7(\ .. 85-001 
t.831t19-001 
t.9197?-001 
2.0?9~'i-001 
2.09876-001 
2.1e122-001 
2. 26?91+-001 
2.lt1 'H-001 
2.lt7631t-001 
2.55?1t0-f,01 
:? .6Jq01t-001 
2.71t 273-001 
2.87 063 -001 
2. 91t725-001 
~.o 532-001 

HHC> ATTENUATIO~ V 
~~ ITAT TC N F~ ~TOk 1 

HAGNITU CE Ft-~'sl 

.1 &-0111 

.2£,167-001 
3.41377-001 
.f 0 E -001 

~.7 216-001 
3. 71\7CJ-001 
It. 05 96 A- 0 0 1 
... 29259-001 
lt.4 07H,-001 
... 53866-001 
<t.fi<l2~4-001 
lt.877:'2-001 
5.10478-001 

(OP/Kt1) 

2.1 9165-0 01 1•6221-002 <:.16 6'+1-001 0~4~990 

2.25013-001 1.5666-002 q.7962~-001 o.499q1 

2 • 1 7 J 6- 0 0 1 I 1 • 5 0 6 5- Q Q 2 CJ • 7 fl, ft 3 ~ - Q O 1 0 • '4 ~ CJ 9 3 

2 .3q&o1-0 01 1.4465-002 CJ.1100~~001 o.4g994 ' 

2.4~013-001 1.3801-002 9 .7 237-001 0~4999 

2.6 625-001 1.3061-002 CJ.12919-001 o.r.~CJq6 

2 .75576-001 1.2Z8CJ-002 q .6 ~9 S-001 O~'+S997 

2.8 .. CJJo-001 1.1e51-002 CJ.&797~-001 o.'+99CJP 

2 . 0 6124-0 01 1.1395-002 q.655i.5~001 ·o.c.r;99e 

3. 09931t-0 01 1.089'5•002 q.62'+ ~-001 o.,.~g · s 

~.?7715-001 t.031t7-002 9.58241-001 O. lt99 CJ~ 

3.36461-001 1.0111-002 CJ.5609'+- 01 ~ ... g qg 

3.46516-001 9.6620-00 9.53553~001 0.'49999 

~-5~278-001 9~5989-~0 9.50474-001 o.50000 

3.72355-001 9.31es-003 9.4 02 0-0 01 o.s oo oo 

3.89720-001 9.0163-003 9.4157(-001 o.s oooo 

It ,. O 0 1 21- 0 0 1 8 • '8 5 5 1 - 0 0 3 9 • 3 ~ 3 7 7 - 0 0 1 .0 • 5 0 0 O 
I 

c..1201ft-001 e.~853-0 03 9.34509 001 o.soo oo 

... ?t067-~01 8.5053-0-03 q.2968g-001 o.s o 1)0 

4.42807-001 8.311A•003 CJ.2~433-001 0.500 0 

... 6 '+57-001 e.oCJ96-oo · g.14e3~-001 o . soo oo 

c..~001+1-001 7.8562-003 9.0~ 03 -001 o .~ ooo 

s.06682-001 1.119e-003 8.928 .. 8-001 o.500 09 

5.26589-001 7.5622-003 8.80511- 01 0.•500 0C 

5.511~7-00 7.371+5-003 8.6 114-001 o. s 00 

5,.~2767•001 7.1357•0 0 6.370 f- 01
1 

0 .S C0 C 

s. PJ21-do1 1~0115-oo 8.22a o - o 1 o . sooo 

6~16201-001 6.Aeo3-oo . 05326- 0 01 o.s oor 

6. 31119-0 o 1 6. 718 o- o o 3 1 . e 3 6 o - o 1 • •. so o o ~ 

6.E2151•00~ 6.5216-003 7.5
1 

14 C? • 001 O.S C 0 

6.93031-0 01 &.2~82-00°3 7. 2 07 , - u Ol 0.500 00 

1.11~?8-001 6.1330-00 1 6. ;;17 ' .,,d 0.500'10 

1.J21g1-00 1 ·5.q676-~o3 6.7~19~- oo u.soo oo 

7.!7E66-o 1 s.1 11 a~ oo. &.~~1 ub-~~1 o.s~oor 

1.,1~ s-001 s.5s10-0 03 6. cB1 ~Jo o1 o.s c J 

e.21t1s1-0 ~1 s.2964-o o ~.1 00&9-o o. o .s oo o 

~.1141+0-001 i..q 1-00 3 ~ . 05~1 -011 Q.s ooo n 

l:!.n1 2-0 . 1 4.7 91+-00 3 4.q 1~2.:,- ,,. o .s oo 1 r 

~. ~ 24-0 1 ~.5q3 2- oo 4.5~836- 0 ~1 . sr 0 , 

9.eoo94-0 0 1 4. 579-oo . c..2 67 -n 1 . 5 cr~o 

1.n3f32+ono 4.oe31loo 3.7t1+0~-0 01 .s o 
1.06398 ♦ 0 0 0 3.9598- 00 3 . ~90 25- 01 o. s oooo 

1.09s1e+o oo .a2s0-oo . 3815 - 00 1 o.s oo ~c 

t. 1 ?. 9 6 + 0 0 0 3 . 6 7 e·<;,- 0 0 • 1S52 01
- 0 0 1 0 . r; 0 l'J C 

1.1771t9+ooo 3.51&1-oo ? .~01 e-001 o.s oo n 
1 • ? ~ 2 It O + 0 0 (l 31 

• 3 4 7- 0 0 3 2 . 6 3 Ct 15- 0 0 1 0 • 5 0 0 0 u 

:<CEG EES) 
0.012· 
0.010 
0.00<3 
o·. o,o 1 
0. 0·00 
C. 004 
r .003 

I e 0 0 
0. 002 

I Q • 0 Q . 

.001 
• 0 0 1 

0 .001 : 
0. 001 
C. 0 01 
.oo 

·c . o o o 
0. 000 · 
0.000 
0. 000 
0 . CO 0 
C. 0 0 0 
IJ . o,o 
0 • 0 0 
0 . 0 0 
0 . 0 0 

. ooo 
0 • 0 0 
L . ,0 0 
o. oo c ' 
a . GOO 

: L • - 'J:O 
~. 0 0 0 
u. 0 0 
n. o o 
~. O C 

'C . GO 0 
~. 0 0 0 
0 .000 , 
c . ooo 
,. • G C 
... . 0 0 (l 

1
0 .00 ) 

. ooo 



ZS 

MOOE CALCULATIONS FOR A PLANAR EARTH CRU~T WAVEGUIDE 
T11REE LAVER ~ODEL 

11 = 5e00 !<M 

SIGMA(G) • INFINITY 
SIGMA= 1.00-oos MHO/M 

SIG~A(l) • 1.00•002 MHO/M 

F RE(C) 
<KHZ) 

l.OOO+OOO S.7869S-002 
9~000-001 5.93844-002 
e.0~0-001 ~.1121s-002 
7. 000•001 h.31689•002 
b.ooo 001 6.Sol4c-002 
5.000•00J ' ~.8b336•002 
6 .006-001 7.2~252-002 
3.~00-001 7.49616•00~ 
J.ooo-oor 1.1a1sa-oo? 
2.soo-001 ~.14793-002 
2.oo~-001 a.61176-~02 
1.~00-001 8.84001-002 

I le600•001 9el0244•002 
1.400-001 9.40954-002 
1.200-001 q.71112-002 
1.000-001 1.02301-001 
9.000-002 1.05024-001 
~.000-002 l.OH148•001 
1.000-002 1.11804•001 

~000-002 1.16179-001 
1 

.000-002 1.21577- 001 
·.ooo-~o? 1.2a520-001 

J.soo-002 1.3201e-001 
J .000-002 1.38084•001 

. 2.soo-002 1.44506-001 
2.000-002 1.52776-001 
1.00 0-002 1.50844•001 
l.600-no2 le6l521•001 
1.400-002 leb69qJ-OOl 
1.200-002. 1.73541-001 
1 ~000-002 1.81619-001 
9.000-~03 leP6 58•001 
. • 000-003 1.q2021-001 
1.000-00~ 1.9852 -001 
~.oo0-003 2.063lo•001 
s.000-003 2.1sq24-001 
-.000-003 2.2829~-001 
J.soo-003 ' 2.36033- 001 
3.ooo-po3 2.4 i94- 001 
2.soo-no3 2.56719- 0 01 
2.000-003 2.71427-001 
1.eoo-003 ?.7~hf>2-001 
1.600-003 2.80979-001 
l.4bO-OOJ 2.96708-001 
1.200-003 1.0 350-001 
1.000-003 3.22111-001 

IM(C> ATTENUATION 
(D8/l<M) 

le37S68•001 1.7103•000 
le4l290•001 1.6279+ 0 00 
1•45568•001 1.5401•000 
1.50571-001 1.4459+000 
le56557-001 l.3440•000 
le63937•001 1.2323+000 
1.73436-001 1.1077+000 
1.79376-001 1.0392•000 
le86483•001 9.6530-001 
le95248-001 A.A4b2Q00l 
~.06529-001 7.9504-001 
2.12011-001 7.5599-001 
2el8454-001 7.1~64-001 
2.25912-001 6.7054-001 
2e34836•001 b.2309-001 
2e4S842•001 5.7141-001 
2e52434•001 S.43S9-001 
?e60010•00l 5.1415-001 
2,68872-001 4.8278-001 
~.79477-001 4.4904-001 
2.92556-001 4.1233-001 
3.09394-001 3.7167-001 
3,19927-001 3.4941-001 
3.3253)-001 3.2547-001 
J.48077-001 2.9943-001 
3e68091•001 2.7059•001 
3.17935-001 ?.saos-001 
3.89251-001 ?..4478-001 
4e02488•001 2.30 4•001 
4.18329•001 2.1543-001 
4e3786~•001 l.9889-001 
4.49571-001 1.8998-001 
4•63023-001 1.8056-001 
4.78761-001 1.7052-0 01 
4e97593•001 le5971•001 
s.2oe2J- 001 1.•794-~ o 
s.~0732•001 l.34~0-0 01 
s.69443-001 1.2114.001 
5e91A33•001 l.? 00 3•001 

.19453-0Cl lellb3-001 
6e55014•001 le023 0•001 
6.12so6-001 9.e2?1-00 2 
6-92613-001 9.3Q00-00 2 
7elbl3 •001 8.9283-002 
7.44284-001 ij.4300-002 
7e79006•001 7.A847•002 

I( • 

!( ( 1) • 
9eO 

15•0 

V 
EXCITATION FACTOR 
MAGNITUDE PHASE 

3.08541-001 
2.93444-001 
2.77358-001 
~.b0097•00l 
2.~1408-001 
2.20928-001 
1.CJ8098•00l 
1.0c;s3s-001 
1.71985-001 
1.57193-001 
1.4076 -001 
le33b08•00l 
le2f>02 •001 
1.17941-001 
1.09240-001 
9.97632-002 

.4b6l8•00Z 
8,92637-002 
8 • .35114•002 
7.73259-00Z 
7.05933-002 
b,31Jql•002 
S.9057 •002 
S.46b90•002 
4.98940- 0 02 
4.'+6083•002 
4ei308 9•002 
3. 9 . 7 1-002 
3.72 5 -002 
3.'+':> 007- 00 t' 
3.14 99- 02 
2.9~393-002 
~-8114 -002 
2. ?767- 0 02 
2.430 09-002 
t . 2 1c;o2-002 
le97 b 3- 002 
).84t>33-002 
1.70599-0 i: 
1.S5317•002 
l .38.:! 8 ·002 
le31014-002 
1. t 3213-002 
lel4897-002 
1.0 951-002 
9.62080-003 

o.sosoo 
o.S0477 
0.so•s2 
o.so•2• 
o.so395 
o.so362 
o.S0325 
o.so1os 
o.so2eJ 
o.so2se 
o.so2J1 
o.so220 
o.so201 
o.so19• 
o.so119 
o.so104 
0 • 50155 
o.so14~ 
o.so1J1 
o.so126 
o.s011s 
o.so1 03 
o.soo96 
o.soo s e 
o.sooa o 
o.soo11 
Oe500b7 
0.500b3 
o.soos9 
o.soos• 
o .soo4~ 
o.soo4~ 
0,50042 
o.soo39 
o.soo3~ 
o.sooJ1 
o .s0021 

.50024 
o.soo2 
o.soo1a 
o.so ot 5 
o .so 13 
o.soo11 
o .sooo9 
o.sooo7 
o.sooo4 

(DEGREES) 
0.616 
0.583 
o.s47 
o.s10 
o.471 
0.428 
o.3e2 
o.357 
o.J3o 
o.Jo1 
o.269 
o.2ss 
0.24 
0.22s 
0 . 2 09 
Oel ~l 
o.1e1 
().171 
0.1 O 
0.14 
0.136 
n .122 
0 .114 
0.106 
0.097 
o.o a e 
o . o 4 
0 .079 
0 .075 
0 . 010 
0.064 
0.06?. 
0.059 
o.o,., 
0. 05 ? 
0 . 049 
0 • c; 
fl.043 
1) . 041 
o . OJQ 
0.037 
o . 036 
0 . 035 
0 .035 
0 .034 
0.033 



N c 0 

F 
(KHZ) 

1.000+000 
9.000-001 
e.000-001 
1.000-001 
t>.000-001 
s.ooo-no1 
4.000-001 
3.500-001 
3.000-001 
2.son-001 
2.000-001 
1.eoo-001 
1.600-001 
1.400-001 
1.200-001 
1.000-001 
9.000-002 
s.000-002 
1.000-002 
be000-002 
s.000-002 
4.000-00? 
3.500-(1()? 
3.000-002 
2.soo-002 
2.000-00? 
1.800-002 
le600•0U? 
l.400- o 
1.200- 00? 
1.000-0 0? 
9.000-003 
s.000-003 
1.000-00~ 

.ooo-o u3 
s.000-00~ 
4.000-0 0~ 
J.500-003 
3.000-00) 
2.soo-0 J 
2.000-003 
1.800-003 
le600-003 
l.400-0lll 
1.200-003 
1.000-003 
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MODE CALCULATIONS FOR A PLANAR EAHTH CRUST WAVEGUIDE 
THREE LAYER ~OOEL 

H • Se00 KM 

SIG~A(G) • INFINITY 
SIGMA~ le00•006 MHO/M 

SIG~A(l) • le00•002 ~HO/~ 

RE( JM(Cl ATTfNUATIO N 
(OB/KM) 

s.1so9s-002 1.Jas19-001 4.3780-001 
5.90340•002 le42219-001 4.2505-00 1 
6.07877- 002 1.46472-001 4.1035-001 
6.28408-002 le5l44A-001 3.q328-001 
6.52992-002 1.57403-001 3.7329-001 
~.83337-002 1•64749-001 3.4963-0 01 
7.2Z430•002 le74208•001 3.2114•001 
7.4~89 H-002 1•80126•001 3.0457-001 
1.1h1as-002 1.01200-001 2.8601-001 
~.12322-00? le95944•001 2.6499-00 1 
8.5 861•002 2e0719 •001 2e4078•001 
A.~1757•00? 2.12726•001 2.2996-001 
9.0~080-002 2.19087-001 2.1834~001 
9.38876•002 2•2652A•001 2.0577•001 
9.7 733-0 2 2.35433-001 1.9205-001 
1.02120-001 2.46417-001 1.7689-0 0 1 
le04844•001 2.52997-001 le686S•001 
1.07975-00) 2.60561-001 1.5986-001 
lell639•001 2•69409-001 1.5044-001 
1.16023-001 2.79998-001 1.4023- 001 
1.21431-001 2.93061-001 1.2904-001 
1.2839~•00) J.09879-001 1.1657-001 
1.121s2-001 3,20401-001 1.0911-0 01 
1.37966-001 J.32993-001 1.0230-001 
le44398•001 J.48526-001 9.4218• 002 
le52b80•00l 3.~8526•001 8.~236•00 2 
1. $675 4-001 J.78364-001 8.1319-002 
).hl437•001 J.89~73-001 7.7lb9• 002 
1. 66916•001 4e02904-001 7.?.742- 110? 
1.73473•001 4.18736-001 6.797 - oot 
l.Pl56l~001 4.38267•001 6.27 l• UO? 
1.~6406-001 4.49966- 00 1 s.99 J-oo 
1. 1976-001 4e63415- 001 S .7019-00 2 
1.98492-001 4•7914A-001 s.3859- oo · 
2.06289•001 4.97q76-00l 5.0457-00 2 
;,.1s900-001 s.21201-001 4.~749-o o? 
2.2~293-001 5.s110~-001 4.2o 3s - o 2 
?.36042-001 . • AlE:-001 4.0378- 1)0 
2 . 5314-001 5.922os-001 J.794b- OO? 
2 . St:>753•001 ~-19A25•001 3.5293• 002 
?. .11401-001 6. 5301-001 3.2345- ooe 
? .78726-001 6e728A 0•001 3 .10 · • 0 02 
2. 7055-001 6,9~98 9 -001 2.069 3- 002 
?.96798-001 7-1651 . -001 2. 2 4- 00? 

•0~457•001 7e44668•001 2.6659-00 
~.?2840•001 7.79397•001 2.4936-002 

I( = 
K ( l) = 

9e0 
15•0 

V 
EXCITATION FACTOR 
MAGNITUOE PHASE 

7 . 84054 -001 
7 . 0878-001 
7.34139-001 
7 . 030 77-001 
6 .t:>6 683•001 

. 23551 -001 
s.116os-001 
s .,qJs1-001 
'l.07483-00l 

• 9098-0 0 1 
4.24 75-001 
4.0510 1••001 

• 3862-001 
3 . 60881 -001 

.35794 -001 

. 08077 - 00 1 
t:> .9299~-001 
2 .76928-001 
2 .59682-001 
t .4}006-001 
t.20535- 00 1 
1.1..J770 - 001 
1. 85143-001 
1 . 1 1. -oo 
1 . 6786 - 001 
1 . 03 2-001 
1 . 33172-001 
1 . 25 57 - 001 

• 7474-001 
1 . 0 c; -001 

• 24 9 - 00 2 
. • i.12 - 0 02 
!j . 7072-002 

- ~92 4- 002 
7 . b7127•002 

41 - 02 
-00 2 
- 02 
-o 2 

. 4074 -002 
4. 37309-002 

• 140 - 002 
. 89405- 002 
• 144-002 

3 .3• qc-002 
.• 04115-ooi 

0.5002b 
o.soo21 
o.soo2e 
o.soo2e 
o.s oo20 
o.soo2 
o.so026 
0,50025 
o.soo21+ 
o.soo23 
o.soo21 
o.soo20 
o.s0019 
o.soo1e 
0.50017 
o .soo16 
o.Sl)Ol 
o.soo14 
o.soo1~ 
o.soo1c:: 
o.sooll 
o .so o 10 
o.50009 
o .sooo 
o.sooos 
O 50 0 7 
o.so co7 

.so oo 
o .so oo 
o.so oo_ 
o.sooos 
o.sooo ... 
o.sooo4 
o. s 004 
0. 5 04 
o .s o 03 
o .soo oJ 
o.s0 . 02 
o . soo oc: 
. . ooo t 
. soo o1 
• t O • 

o .soo o1 
o. 0001 
o.soo o1 
o.soooo 

<OEG~EE.S> 
.090 

o .o? 
0 .01 
0 e06A 
0 .0b 0 
0 .053 
0.04 
0 .04 ? 
0 .03A 
0 . 034 
0.030 
o .0 2~ 

.026 
0 .024 
0.022 
0 .02 0 
l'l • 019 
'> .Olk 
0 , 017 
0 .01 5 

.0 14 

.0 1? 
0 .01;:i 
n. 0 l l 
o. o 0 

.o oq 
O. OOA 

.oo~ 
') .00 8 

, 00 7 
o . oo 
o .o o~ 

. OOA 
, 00 

o.oos 
• 0 c; 
.oo 
, 004 
. 00 4 

o. oo 
n. o 01 
l'l . 04 
0 .004 
n .003 
0 .003 
n.o o 



• 0 

,: 
( HZ) 

le000•CI00 
9.000-001 

.ooo- 01 
1.000-001 

.00 0-001 
!:,.000-001 
•.000-001 
3.rsoo-001 
J.ooo-n c11 
2.c;oo- 00 1 
2 .000- 01 
l. 00- O .1 

1. 00-0 0 1 
l.400-001 
1.200- 00 1 
1.000-001 

• 00 - O? 
.0 00 - 00 2 

1 .0 00 - 00, 
. 000 -00? 
. 000 -002 

•• 00 - 00 2 
3 . 500 - 002 

• 00 - 00 ? 
2.soo-002 
2.00 0-0 0? 
1. oo - 02 
l.600-0 02 
l.400-002 
1.2 00 -002 
1 . 000-002 

.000-003 

.00 0-00 
7. 00--003 
6.000-00J 

• 000 -003 
•.noo-003 
J. 00 - 003 

. 000 - 00~ 
2.c:;00- 0 
2.000-003 
1.~00-00~ 
1. oo- 03 
1.4 00 -00 
1.200-003 
1.ooo-no3 
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MOOE CALCULATIONS FOR A PLANAP EAPTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • Se00 KM 

SIGMA(G) • INFINITY 

SIGMl le00•007 MHO/M 
SIGMA(ll • l.00•002 MHO/~ 

wECCl 

,7'+727-002 
c; . 998 -002 

.07531-002 
~.28074-00? 

.52672-00 
• 3032-002 

7.?2144•002 
7. 6 22-002 
7.75921-002 

.12012-0 02 
A.~ ~27•002 

• 1531•002 
Q.07861-002 
9.38f!t66-002 
9.75533-00 
1 .02101-001 
le04A2 •001 
l .07958•0Ul 
1.11622-001 
lel6007•001 
1.21 16-001 
1 .2 381-001 
1.32739•001 
1.3 954-001 
1. ~3 1-001 
1. 2670-001 
1.56745•001 
1. 1429-001 
1.66909-001 
l,734M,•001 
l,AlS56•001 
leR640l-001 
1. 1971-001 
t.9 48 -001 
?.06286•00 
2-1590 -001 

.2 293-001 
?.3 043-001 
2 .t.5 l •001 
? . ~ 757-001 
?.714 1-001 
?.7 733-001 
2 .R7062• 001 
2 .9 807-001 
3.0 468•001 

,22853-001 

IM(C) 

le38 15•001 
le42312•00l 
1•46563•001 
l• 1536•001 
le5748A-001 
l• 4A30•001 
1.74285-001 
l• 0201•001 
leA7281•001 

.96 014 -001 
2.012 0-001 
2.12791-001 
2el9150•001 
?.26-=i90•00l 
?.35493-001 
~.46475-001 
;?.53051+•001 
2 . U 1 -001 
2.6 46)-001 
2.~oos1-001 
?e93111•001 
3e09qc? •001 
3. 1)449•001 
3. 3040-001 
3.48571•001 
3. ec;10 -001 
J.78407•001 
3. 9716-001 
4.02945•001 
4.18777•001 
4.3 307-001 
4.sooo~-001 
4ef:-3454•001 
4.79 6-001 
4.qeo1•-001 

.21::>39-001 
5.s11•3-001 
s.698 - 01 
s.922•;>-001 
belCJ ?-001 
6.55424•001 
6.7291 -001 
6e93027•001 
7el655 •001 
7e447 0~ •001 
7e7943fi•001 

ATTENUATI O 
(DB/KM) 

5,9039-002 
s.,n 1-002 
S.A490-002 
s. 155-002 
s.11• - oo· 
s.1219-ooc 
5.E,460-002 
S.5923-002 
s.-;200-002 
S.417 - 002 
5.2t>30• 002 
s.111 - 002 
5,0132- 0 
4.9430-002 
•• 11 - 002 
•• ~ 74- C, 0~ 
4.43 A-0 2 
4.2907-002 
4.1190-00 2 
3.Ql 2-00t 
3.t, 0 - 002 
3.394 - oo 
3.?2 -00 2 
3.0424- 002 
2. 315 - 00 
2 . ~7-002 
?.4 01-00? 
?.3 4- 002 
2.2371-00 2 
2.0993•002 
1.04 ~-002 
leA 39-00? 
1.7755-00 2 
lef.80 - OOt' 
1.577 -oo c 
le464 - ? 
1.3 4- 00? 
1 . 2 - oo 
1 . 193 - ooi 
1.1111-0 0 
1.0193-oo · 
9,791 2- 00 
9.:3 44-00 . 
~.907ti- 003 

.4139-00 
7 ~730-00 

I( z: 

<ll = 
9eO 

1s.o 
E~CITATION rACTOR 
MAGNITU E PHA 

1- 001 
1-001 
4-001 

- 001 
-001 
-001 
-o l 

~ - 001 
- Ol 
• l 
-n o l 
-0 01 

25 - 001 
10•001 

- 00 1 
- 01 

7. - 01 
7 . • 01 

• -001 
.h2479•00 

- 001 
- l 
• l 
- l . -

• • l 
• -001 
• - l 

- 1 
- 1 
- l 

? . - l 
2 . - 00 1 
~. - 1 
2 . - l 
~ • - l 
1 . -
1 • 
1 . -
1 . - o 
1 . - 00 1 
1 . - 001 

• - 001 
lelA 1-001 
1. 0 511 -0 0 1 

• 8 •-002 

0,4997 
o. 99 3 
0.499 6 
0 • Q9 
o. 9 
0, ♦ 9 94 
0,49997 
o.•9 
0 .49999 
0 • 999 
o . 00 00 
o .so 0 
o . soooo 
o .s ooo 
o .s ooo1 
o . 00 
o .sooo1 
0 • 0 
o . 50001 
0 . 50Cl0 l 
o .S O l 
0 , 0 00 
o . 001 
o. 000 1 
o . 001 
o .s ooo1 
0 , 50001 
o.s 001 
o . 0001 
o .s oooo 

.so ooo 
o . 0000 
o.so 00 
o .soooo 

• 000 
.s oooo 
. ~0000 
.s oooCJ 

o . on 
o .so 
o . s 000 
o .so ooo 
o .s oooo 
0 000 
o .50000 
o.soooo 

<D EG E.ESl 
0 .03 
ll • 03 1 
0 .021 
0 .02 

.019 
• 0 1 
.011 

0 . 01 
o .o o 

.o o 
o .o 5 

. oos 
o . oo 

. 004 

. oo 
o . oo 
0 • 0 
'1 .0 02 

1 . 
o. 

• 
• 0 O 1 

0.001 
• l 

0 • 1 

• l 
I') • 0 O 1 

. 001 
,001 

o. 
o • 
o. 
I) • 

I) . 

• 
• 
. ooo 

0 • 00 I') 
,) • 0 0 
0 . 000 
') • 0 00 



~ z 0 

F 
( l(t4Z) 

1.oon+ooo 
«:1 .000- 0 1 
e.000-001 
1.000- 0 1 
6 • 0 0 o-o O t 
5•00o-001 
It• 0 0 o- 0 0 1 
3.500-001 
J.000-001 
2 .,oo-o 0 1 
2. oo o- no 1 
1.~00-0 01 
1.( - 00 1 

.c.0 0- 001 
1.? o- 0, 
l. 0 O• 0 1 
c.cor:- 7 
e.ooo- n2 
1.coo- 002 
6.000-002 
!". o- 0 2 
'-. 0 oo-o O 7 
'! . 0-002 
. • 000-002 

.500-002 
• (I - 02 

1. eon- o o . 
1 .f- 0 o- 0 0 
t ... - n 2 
1. zoo- 0 0 2 
1•00 o-o 0' 
C?.000-1)03 
e. o o o-o o? 
1.00 - 0 
f. 0 0 o- 0 0 ! 
~. 0 0 o- 0 0 ! 
c..000-00 

.50 0- O:! 
• 0 0 o- 'l O ~ 

2 . 5 0 o- 0 :! 
? .000-00" 
1 • e o o- o o ! 
1 .E>oo-oo 
t ... oo-no 
1.200-00 :! 
1.000-no 
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M~OE CALCULATIONS FOP A PLANA~ EARTH CRUST WAVEGUIDE 
THR E LAYER ~OOEl 

H s 5.00 KM 

SIG~ACGt z INFINITY 
SICMa s 1.0 0-ooe HHC/~ 

SJG~ACt) z 1.00-002 MHO/H 

!i. 7 .. 691.-002 
lj.899 .. 7-00 " 
E.071t9ft-002 
6.2~0 .. 0-002 
E.526~0-00 
6.83002•00 
1.22111";-00 ? 
7.C.659 .. -00 ? 
7.7~"95- 00? 
e.1?0 .. 1-00 
e.58f>Olt•002 
e.•u~oe- o 
q. 0H 3q.oo · 

1 • J e E:? s- o o 1 
1.1t?J21-001 
1 ... ~512-001 
1. ~15 .. 5-001 
t. 7Ctqf>-0 1 
1.f"83ft-0 1 
1.1c. 2 3•001 
1.110209-001 
1.,12 e-0,1 
t.Cf021-0 '-l 1 
2.07266-001 
l .1 2798- 00 1 
2 .1 157- 001 

. • . l'( .. e: - ~ 2. ""f~06- 0"11 
9.7r5t . - OO, 2.~5,.~CJ-0 1 
1. 100-001 2.•~c.e1-o 1 
1 ... e~ .. - 01 2.! Jr 9-o 1 
t. 7Q~6- n .frt 22- o 
1.11~?0-001 2.fQftf -on1 
t.16005•00 1 2.,0056-0~' 
1.21 .. 1~- 0 • ~116-0 1 
t. 2e f0-001 . OQ ~ -0 01 
1.J 73n-001 :!.201t5,.-001 
t.l7 ~: -001 .l~oc.i.- o 1 
1.,.,. 86-001 :!.i.e576-0 01 
1. 52 E, • O l 
t.567 .. C.- 0 l 
1.61c.? e-001 
1.6 qoe - 01 
t.7Jlt65-001 
1.e1~iss-001 
1.86 .. 01-001 
t.91971- 00t 
1.98 .. lS-001 
2.062ef, -0 01 

.1sqof>- o 1 

. 28 q:,-001 
~ . . 60C. -001 

.C. 53 17-0 1 
• s61c;1-on1 
.7tC.1'1-001 

2.7873 -001 
• '17063-001 
.qE>ens-001 

J . f' .. 9-001 
• ..5'5- 01 

:t.(11!;7 .. - 0 1 
.7~&.11- n 
• , 720 - 00 J 

... 0 CJ .. 9-0 J 

... tll7lU-0 01 
... 38311-0 t 
-..c;oo10-o 1 
... J .. sa-oo 1 
... 7~HCJ0-0 U1 
... qeo1e-o 1 
5."1 ltJ- 0 1 

.c.11c.1-0 01 

. - o 
• 
• 

-s . -o 
6. - o 
f.C3 -o 
1.u, - 01 
1.c.c.110-0 01 
7.1CJCtC.0-001 

ATTENU.TI ON 
( O8/K") 

9.8135-00 
9.5919-003 
CJ.3581-00 
CJ.1096-00 
e.a .. :,3-003 
s.ssa.1-00~ 
8.2367-003 
8.06 .. -003 
7.11779-00 3 
7.6771- 00:! 
7.lt560•00 

. ~ 0 -oo 
7. c;g -o 
1.1c; o- oo~ 
1.0 . 1- 00 . 

• 107-00 . -. -. -
f,. - 0 
6.lt98 .. -0 
6. ·Hoe-o 
6. CJ0E.-
6.1918-
f> . 0611-
5 • 27-

• 7 77-
5 . 7l't- OO . 
c;.~1 . 9- 0 
5.3605• O:! 
5.11t07-00 
5.0078•00 3 
... 8555-00 
.. • 1 s-no 
... -o ... -. . . -. -. -

. 1150-

. oo 2-

.88 2CJ­

.75 22 • 

.6 090 • 
2 .c. r;oo - 003 

CJ.O 

V 

= 15.0 
£JCCI1•TI C~ 
MAGNITur 

f ~ TO 
~ASE 

CtEGREES> 
0. 031 
o. o 6 

CJ.9 7 1 .. -00 1 
9.9 713-001 
q.9121Ct-Oll\ 
9.90611-001 
9 . qet,1-001 
9.eeeq - :101 
9. rs11- 00 1 
C}.8t-E,CJ -0 01 
q.~ 600-001 
tJ.e,.1 0- 001 
9. ., -

. e1 -
q.7 -
q . . 
9 . ----
9. -
Q. .. 

q. -
9 .&. t' ~S.,_ 
0 • ltE, 07- 0 
q . z . 10!;- 1 
9 . 0f.307-001 

o ... CJCJ7c. 
o ... CJCJ7e 
o ... GCJe 
0 ... C:98 
o. ftl:9 
o ... qq 1 
o ... qq ,. 
o ... c;CJ 
o ... qCJ ~ 

o ... 9997 
O.lt ~CJCJP 
0 ... 99 
o.c.~CJ 

• 
0 . 

• 
• 
• 
• 
• 
• 
.s oooo 

• 7 "! - 1 o • 
• 
• 

• c-7 ~- • 
1. , .... ~- o. 
1 • 6 0 8 7' ,. - 0 • 
7. ,-51 - o. 
1.1 f,CJ1· J 0.50000 

• 266 - c 1 o. 
.c.7 .. 0J -O !Jl 0 • 
• #505-001 o. 
• -~ l 0.5 00 00 
• 1 • 0 . 
• 1 0 • 
• 7 o • 

t- • . ,. . 
• 1 c. 
• 97- 001 
• 10-0 01 
.q 90 -001 

0 0 
o. so o 
o.s oo 
0.5 0000 

0 • 11 
• 0 

0. 001 

. ooo 

o. oo 
c. ooo 
o. 00 
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MOOE CALCULA IONS FOR A PL.A AR EARTP"t CRUST WAVEGUIDE 
THRrE LAY ~ODEL 

0 H s 10• 0 M 
t 

~J(;M4(C,) I FI ITY 
~I As 1.00•005 M 0/ 

SIGMA(l> 1.00•002 'HO/M 

F (Cl 
( 7) 

1 . 000 • 00 • - 002 
. 000 - 001 4. - 002 
• 00 - 001 • -o 2 
. 000 - 001 - 002 
• 00 - 001 - 002 
. oo - o . - oo;:, 
. ooo - 01 • - 002 
. oo - 01 • - 00? 

3 . O - o l • - 00? 
2 , 00 - 001 • - O? 
2 . 000 - 001 • - o;:, 
l . 00 - 01 • • O?. 

• 00- 01 - 0? 
1 . oo - 01 • - 002 

• 00 - 001 • - 0? 
• O - 0 • - 002 
. ooo - 02 • - 002 
. ooo - 02 • - 002 
. ooo - 02 7,92127-002 
. ooo - 02 .?300 • 00? 
. 000 - 002 • 1114•002 
. o 0- 0? 9.10197•002 
• o- 02 , 3-002 
e000•00? • • 002 

2, oo - 0 1 . - 001 
2 . 000 -0 0 1. - 001 

• oo - 02 1.1 1020 - 001 
• 00 • 0? 1 , • 001 
• oo - 2 1. - 001 
. 200 - 02 1. 001 
. 000 - 002 • 001 
.noo- o 1 . n 1 
. oo - 003 1. 001 
. on - o 1. 001 
. ooo - 0 1. 001 
. 000 - 00~ l• 001 
• 00 • 00 1. 0 l 
• 00 • 00 l• 01 
. 000 -0 0 • 001 
• oo -ou 1. 01 

2 . 00 -00 1.92020-001 
1 . 00 -00 ~ 1.971 7- 01 

• 00 • 0 2.~ l • 00 1 
1 . oo -n o ? .o 00-001 
l.?O - - 2 .1 3 • 001 
1 . 000 -00 . • 2 9 -001 

IM(Cl 

• 570 - 002 
9 . ~19 -0 02 
1 , 0226 - 001 
1 . ~5 21-001 
1·1007 -0 01 
1.1s 2;:, - 001 
l• · 001 
l• - 001 
l • -o l 
l • • 001 

- 001 
- 00 1 
- 001 
- 00 1 
-001 
- 001 

l• • 001 
l• ?•001 
1, 1-001 

, -00 1 
2, -001 
2. - 00 1 
2,25911-001 
2. - 001 
2. - 001 
2• 00 l 
2. 00 
?. 0 1 
2 • 00 l 
?. • l 

• 1 
• l 

3 • l 
3 • l 
3. l 
3 • 00 l 

• 001 
• () O l 

0 c, l 
• 00 l 

4, 0 1 
• 7-0 01 
• o-o o 

s. 0-001 
s. 11-001 
.so1 2-001 

A UATIO 
/ M) 

1, 6+ 000 
1. 2+000 
1 .5265 • 000 
1, • 000 
1. • 000 
l e +O 0 
1. • 000 
1. +00 
9. -001 

• - 001 
7. - 001 
7. -o l 
7. - 001 

, - 001 
• - 001 
• -o 
• -o 
• -o 

4, -o 
-o 
-o 
-o 

3, -o 
• -o 

-o 
- o 
-o 
- o 
-o 
-o 

1 -o 
1.1110- 001 
l • - CJ 
l . -
1 . -

--. -
• - 00? 
, ? - 0!) "' 

1.1 - 001 
1.2 - oo 

.1 - oo? 

C 10 
(1) s 1 , o 

- 00 1 
? . • 0 1 
l , 77421 • 00 1 
. -. -----. -. -. -. -

1. --
002 

02 
02 
02 

002 
02 

CITAT!O 
A~ IT OE P 

0 ,51 00 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
o. 

• 0 J 
o.sooJ1 
o.s <'27 

<OE EES> 
1.20 
l e l4 
1.012 
l. 0 O 1 

n • 
o. 

• o. 
o. 



• 0 

F 
(l(MZ) 

. 000 . 000 
9 .000-0 01 
t-4.000-001 
1.000-0 l 

.000-0 01 

.000-0 01 
4.000-001 
J.c;OO•f\01 

. 000 - 001 
2 . oo- 01 
2 .000- (11 
1.eoo- 01 
1. 00-001 
1. 00-001 
1.2 o- Cl 

1 . 000 - 01 
~.ooo- 02 

• 00-(1 ?. 
1.000- 02 

. ooo - o;, 

. 000 - 002 
• oo-o? 
• ~oc-o? 

J.noo-o? 
z . 00 - 002 
2. 00-00? 

• 00•(10? 
1 . oo- (12 
1. oo- 02 
1.;ioo-00? 
1.noo-002 
9. 00-00 

. 000 - 00:1 
1.000- . 03 

• 00-003 
s.000-00 
~. ooo- ~ 

. c.oo - v3 
J. 00- OJ 
2.c;oo- o 
.:?.ooo- 0"' 
1 . 00 - 00 
1. oo-no 
l .t.00- 003 
l .?00-0 0 
1.000- 0 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • 10,00 KM 

SIGMA(u) • INFINITY 
SIGMA ■ l.00•006 MHO/M 

SIG~A(l) • t,00•002 MHO/M 

E<C> 

.073H,-0 02 
4.180 3•002 
4.J039Z•002 

• 4858-002 
.62190-00~ 
.83597-002 

5elll89•002 
s.2 465•002 

•• l •002 
.74675-002 
. 07556 •002 
.23735-002 

6. 2337-002 
"'·" 101-002 

.90151-002 
7.?2290•002 
7,41543-002 
7,f\3677- 02 
7,89573-002 

.20565•002 
A, 8799•002 
9,08032-00? 
9.38835-002 
Q.75699-002 
1.02111-001 
1. 7973-001 
1.1oes1.-001 
1.1 16~•001 
1.18039-001 
1,2267 -001 
1,2839•-001 
l• l l •001 
1,3 7 •00) 
1,4036~-001 
l,45R7 •001 
!e52h7~•001 
1-61437-001 
l 9lb•001 
1.1 41 · -0 01 
1. 1 61-001 
1,91Q7 -001 
1,97099-001 
2,02988•001 
2,09877-001 
2,1A122•001 
2.2 293-00) 

IM(C ) 

9,7890 -002 
1.ooso -001 
1,0351 -001 
1.07033-001 
1•11245•001 
1-16440-001 
le23131•00l 
1.21311-001 
1,32326-001 
1. 3 1 505-001 
1.•6461-001 
1,50375-001 
1.54874•001 
l,601~7-001 
1,66435-001 
1,74?04•001 
1,78857-001 
1,84207-001 
le90465•001 
1.97953-001 
2,07191-001 
2,19086-001 
2•26S27•001 
2e35432•001 
2.46417-001 
2efl056 •001 
2,6751A•001 
2,75515-001 
2,84A71·001 
2,96068-001 
3,09879-001 

elAlS?•O O 
3,27662-00 
3,38? . -001 
3,5210?-001 
3. 52 -001 
3. 9 7 - 001 
4,0 c -001 
••l 73,--001 
4.3 267-001 
•• 3415-001 
4,7578 -001 
4,QOOO • (I l 
!eO 4n-001 
5,2654 -001 
s. 110~-001 

ATTENUATIO 
(08/l(M) 

4,3337-001 
4,206 -001 
4,0595-001 
3.8891-001 
3,6894-001 
3,4529-001 
3,1682-001 
3,0025-001 
2,8170-001 
2.6069-001 
2.3649-001 
2.2568-001 
2.)406-001 
2.0 49-001 
l,A77 • 001 
1,7263-0 01 
1, 439-001 
l,55bl•001 
1.4619-001 
1,3599-001 
1.2482-001 
1 .123 - 001 
1,0550-001 
9,~111-00? 
9.0039.c,02 
8.107ti-0 2 
7,71 - oo 
7. 0 - 0 02 
6. bl • 00 

,3 b • 0 i: 
5 .8694-0CI?. 
5,5909-oo, 
5 ,29bl • 002 
4.9 20 - 0 2 
4. 441- 2 
4,27 - o 
3eP • 002 
3.64 . - oo 
3,4056-0 2 

,144 - 002 
2 .~547- 002 
2 .12 -oo ? 
?.5952-00 
2. 5 -002 
2.2 -002 
2,1331-00? 

Ks 9,0 
I< l> = 15•0 

EXCITATIO 
V MAGNITUDE 

7,8S267•001 
7.62030-001 
7,35221-001 
7.040 1-001 

,67597-001 
6,24364•001 
s.12306-001 
S,41999•001 
5.08061-001 
4. 9612-001 
4,2 321-001 
4,0 524•001 
3,8 256•001 
3.61249•') l 
3,36137-00l 
3,0 397-001 
2,93307-001 
2,77228 -0 01 
2.59975-001 
2.41293-001 
2.20~19•001 
1,9799 -001 
1. 435-001 
1.11e 1-001 
1. 709 -001 
1.40 71-001 
1,3351(\•001 

• 927- 01 
1 ,17 ~0-00 1 
1. -oo 
9,9 . -00 2 

.4 5517- 02 
,91 02-002 
,33Q 37 - 002 
• 202 -002 

7.04 1-002 
.299 1- 02 
• 9 O -r 2 
.4c;J47- 00Z 

4,972 - 002 
•• 43 1- 0 0 

• 1251-002 
3. 6 ~4-002 
. • 70 5 - 002 

.42902-00 
3el24~6-002 

0,50053 
o.soo 
o.soos6 
o.soos1 
0,50057 
0,50056 
o.soos3 
o.soos1 
0.50049 
O.S0046 
0,50042 
o.soo (I 
0.s0039 
o. 0036 
O,S0034t 
o . soo31 
o.sooJo 
o .soo2 
o.soo21 
0,50025 
o.50023 
o .s oo20 
o.soo19 
0,50018 

.50016 

.5 01 
0,5 0 0 14 
o.;0 013 
o.soo12 
o.soo1 
o.50010 
0 ,5 0010 
0,5000 
o.so , 
o.5 o' 
0,50007 
o.so 
0, 0 0 
o . 00 05 

.sooos 
s oo 

i . ~000'-' 
o .soo 
o .s 003 
o . sooo3 
o,snooJ 

F'4CTOR 
PHASE 

DEG EE~> 
o.1eo 
0.16 
0.150 
0.135 
0.121 
0.10 
0,091 

• Oll3 
0,075 
0.067 

.059 
0 .055 
o .u5? 
0 ,04 
0 .044 
o .o 0 
o.oJ 

,035 
0,033 

.o3o 

.02 
0 .025 
0 ,023 

.021 

.019 
I e O 17 
o.o 6 
0 ,015 
0,014 
0.013 
0,012 

,012 
J.01 

• l 
0 .01 0 
.ooq 

o.oo 
o .o o 
0 .001 
o .oo~ 
o . oo 
o.oo" 
0 .005 
0 .005 
o .oos 
o.oos 



= 0 

F' 
( z ) 

. ('100 • 00(', 
• 00- 0 (J) 
• 00- 00 1 

1 . 00 0- 00 1 
• 00- 0 01 
. 00 0-001 

4 . 00 0- 0 01 
. c:;o Cl-001 
. 000 - 0 01 

2 . c;o o- 00 1 
2 . oo- 01 

• 00 -001 
1 .6 00 -001 
l .4 00 - 0 01 
1 .2 00 -001 
1 . 000 -001 

. 000 - 002 

. ooo-noi 
1 . 00 0-00? 

. 00 0-002 
- - 00 0-002 
4. ooo- O? 
3.c:;0 0-00 2 
3 . 000 - 002 

. c:. 00- 002 
2 . 0 0- 0 02 
1 . 00 - 00 2 
1. 00- 002 
1 . 00 -00 2 
l . ?0 0•0 02 
1. 000 - 0 0 
t1 . ooo -003 

• o - oo ~ 
• oo -
• 0- 0 03 

5 . ooo - o 
,. . 000-003 

• oo - 03 
• 0- 003 

2 . c:;0 0- 03 
2 . 00 0-0 03 

. POO• 0 
1 . 0 0 0 03 
l.4 00-0 0 
1 . ?00 •(1 0 
! . 000 -003 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

11 • 10.00 KM 

SIGMAC6) • INFINITY 
SIGMA• 1.00•007 MHO/M 

SIGMA(l) • 1.00•002 MHO/M 

RECC) 

4e0b7 7•00?. 
4el7529•002 
4.29893•002 
4.44375-002 
4.61727-002 
4.83155-002 
s.10112-002 
5.2eo62-002 
S.48 762•002 
s.11+301-002 
~.01210-002 
~.23399-002 
6.42011-002 
6.63787•00 
6.8~850-002 
7.22004•002 
7.41266•002 
7.63409•002 
7.893151-002 
8.20318•002 
~.5ij565•002 
9.078 3•002 
9.3ij625-002 
9.754~9- 0 02 
1 .02 099•0 01 
1.07956-001 
1.1o e J1-001 
lel4-l4 •001 
1.10023-001 
1.22660-001 
1.2 38 0-001 
1.31807•001 
1.35745•001 
}.40353-001 
1 .45867-001 
1.52670-001 
1.~142 •001 
le1'169Q 0 00} 
1.7346 - 00 1 
1.8155 -001 
1.91q11-001 
1.97 095-0 0 1 
2.0298S•OOl 
2.09875-001 
2.18121-001 
2.2~2Q3•001 

IM(C) 

9.80234-00?. 
1•00636-001 
1•03640•001 
1.01155-001 
1•11362•001 
1•16553•001 
1•23237-001 
1,27420-001 
1•32425-001 
1,38600-001 
1'4655?-001 
1,50463-001 
1,54960-001 
1•60220-001 
1,66515-001 
1,74281•001 
l,78QJ3•001 
l,£'4-280•001 
1,9053,,•001 
1.98023-001 
2,07258-001 
2.19149•001 
2 ~26589-001 
2.35 92 .. 001 
2.46474-001 
2e60616• 0 01 
2.67572-001 
2e75»56A•001 
2.84923-001 
2.96118-001 
3,09928•001 
3,18200-001 
3.27709•001 
3,38834•001 
J.52l47•001 
3.68570•001 
3,89715•001 
•. 02q•s ••o o 1 
••l 777•0 0 
4. 8307- 0 01 
--63454•001 

.75823-001 
4,90043•001 
s.o667B-001 
S,26586•001 
s.s114J-001 

A TENUATION 
(O8/KM) 

5,6666-002 
5,6505-002 
5,6317-002 
5.6088-002 
5,5791-002 
5.5378-002 
5,4739-002 
S.4262•002 
5.3601-002 
5,2637-002 
5,1149-002 
5.0319-002 
4.9295-002 
4,8013-002 
4.6388-002 
4.4293-0 2 
4.3015-002 
4,1542-002 
3.9833-00i.> 
3,7832-002 
3.5463-002 
3.2613-002 
3.(')954-002 
?.9097-002 
2.E-994-00 2 
2.4572-0 02 
2. 4 9-0 02 
2.232 - o oc 
2.10 e- 00 2 
l.Q695- 0 02 
leRl78-0 0 
1.735 2-0 0~ 
l . F- 73-00? 
1.5529 - 002 
!.4507- 00? 
1.3 -o 2 
l,? 13 - 002 
1.144 -00 2 
1. 7 0 - 002 
g.pc, 44. 003 
A.Q925-00 
~.5989-003 
8.)81 8-00 3 
7.736- -003 
7.256 7-0 03 
6,7331-003 

I( = 
K ( 1) • 

9,0 
1s,o 

V 
EXCITATION FA CT0R 
MAGNIT UDE PHA5E 

9.91545-001 
9.9027 6 -001 
9.88557-001 
9. 86136-001 
9.e2s50-001 
9,768 1-01.11 

,67151-001 
9,59431-001 
9.4835~-001 
9.31765-001 
9.05614-- 00 1 
8.9088b•001 
e.1260•-001 
8.49638-001 
8.20402-001 
7. 261S• OOl 
7.S9507-001 
7.32846-001 
7.0}874-001 
6. ~580-001 
&.22560-001 
5.70738-0 01 
5.40557-00l 
s.01:,1s1- no1 
4.6843 - 001 
4. 242 2- 00 1 
4. 045 38-0 0 l 
3 ,. 3322 - 00 1 
3 e60 3t, - 00 1 
3 . r;301- 00 1 
3.01,,0 t O 1 
? .925 3 0-0 01 
2.1 •& - 00 1 
2,S9221• 00 1 
2 .4 44- 0 
2 . 20 0 5 - 00 1 
1. 9 722 - n l 
1.a4 • s- oo 
1.1 10 2- 001 
le S6246- 00 1 
1.39768- 001 
1.J2 79-001 
le 49b2•00 
lel6835•001 
1.oeoe1-001 
9.85377-002 

o.•99se 
0.49965 
0e"-9972 
0.49978 
0,49984 
0,49989 
0.49993 
0,49995 
0,49997 
0,49999 
0,50000 
0 ,500 00 
o.soo o 1 
o .so oo 1 
o.so o o1 
o .s ooo2 
o.so oo 2 
0,50 00 
o,sooo2 
0,50 00 2 
o.so oo c 
.so 02 

o .so 02 
o . sooo2 
o . so oo 1 
0 ,5 00 01 
o. s l 
o . s oo o 1 
0, 5 0 00 1 
o.50 00 1 
o.sooo1 
o.sooo 1 
o . 5 000 1 
o . s o o o1 
o . s o oo1 
o.so oo 1 

. s ooo1 
n , 5 0 0 01 
o .s no o1 
o. so ooo 
o. soooo 
o.soo 0 
0 , 5 0 000 
o. s o 0 0 
o.soo oo 
o .soooo 

<DEGREES) 
0.01 2 
0 ,0 63 
0,054 
0.045 
0.03 7 
0,03 
0.023 
0.020 
0.01 6 
0.014 
0 .01 1 
0 .01 0 
0.009 
Oe OOA 
o.o 7 
o. oo 
o . oos 
o . oo 

.00 4 
0 • 04 

. 003 
o . o 3 
o . oo 
0 .0 02 
o . oo 

• 00? 
0 . 002 

. 00 2 
0.002 
0 . 001 
0 . 0 0 1 
o. Ot 

. 001 
o. 01 

. 00 1 
0. 001 

0 • 01 
1 . 00 1 

• 0 1 
. 001 

O. 00 l 
0 . 001 
0 .000 
0 .000 



t, = 0 

F 
Cl<HZ> 

1.000+flOQ 
c; • 00o-001 
e.000-001 
1.000-001 
6.000-001 
5. 0 0 o- 0 0 1 
... 000-001 
:! • 5 0 o- 0 0 1 
3. 0 0 o- 0 0 1 
2. ~ 0 o- O O 1 
2 • 0 0 o-o O 1 
1 8 0 o- O O 1 
1•60o-001 
1.ItOo-001 
1.200-001 
1. 0 0 o-o O 1 
q. 0 0 o- 0 0 2 
e.000-002 
7. O oo-o O 2 
f • 00(!• 0 0 2 
5 • 0 0 o-o 0 2 
It• 0 0 o-o O 2 
3 .,oo-o 02 
3.000-002 
2 .5 oo-o O 2 
2. 00-002 
1•80 o- 0 0 2 
1. 6 0 o-o O 2 
1 ... oo-o O 2 
1•20 o- 0 0 2 
1.000-002 
«:. o o o-o n" 
8 • 0 0 o- 0 0 3 
1.000-00:! 
6 • 0 0 o- 0 0 :! 
5. 0 0 o-o O 3 
It• 00 o-o O 3 
3 • 5 0 o- 0 0 3 
3.000-003 
2.500-003 
2 • 0 0 o- 0 0 3 
1.soo-00:! 
1 .60 o-o O 3 
1 .1eoo-o o 3 
1.200-00 ! 
1.000-003 

~ - - . 
"u~,-..i_ -. ......,, c.L_'. .,__._ - ~=-..... -~,..u~ , • , • ' 
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HOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THHEf LAYER ~OOEL 

H:: 10.00 KH 

SIG~•CG) : INFINITY 
SIGMA= 1.00-008 HHO/M 

SIGMA(1) = 1.00-002 MHO/H 

RECC) IMCC> ATTENU~TION 
(08/KH) 

4.0~734- 002 q.R0367- 00? 7.6443-003 
1e.11a.11-no2 1.00649-001 7.5330-003 
4.2q81t3•002 1.Q3E53-001 7.lt157-003 
4.44321-002 1.011~1-o n 1 1.2q10-00 3 
4.~1(~1-002 1.11374-001 7.1575-003 
4.83111-002 t.1~564-001 7.0127-003 
5.10731-002 1.2324~-001 6.8532-003 
5. ?. A022-002 1.27430-00 1 6.7&62•003 
5.4A724-002 1.~2435-001 6.6730-003 
5.74270-002 1.38610-001 6.5718-003 
6.07175-Q02 1.a.6561-001 6.4600-003 
6.23365-002 1.501t72-001 6.4114-003 
6.lt1978-002 1.51t968-001 6.3597-003 
6.6375s-on2 1.6oz2e-001 6.3o4a.-oo3 
E.89820-002 1.66523-001 6.2443-003 
7.21975-002 1.7ft289-001 6.1773-003 
1.a.123e-002 1.7891to-001 6.1400-003 
1.63382-002 1.~42ea-001 &.ogqz-003 
7.89?.8q•002 1.905 .. 3-0C1 6.0534-003 
8.20294-002 1.98030-001 5.9998-003 
e.sas42-002 2.01265-001 5.9336-003 
9.07791-002 2.19155-001 5.81t39-003 
9.38604-002 2.2~595-001 5.7830-003 
9.75479-002 2.35498-001 5.7037-003 
1.02097-001 2.461t80-001 5.5943-003 
1.07954-001 2.~0621-001 5.4328-003 
1.10835-001 2.f7577-001 5.3450-003 
1.141~7-001 2.75573-001 5.2379-003 
1.18022-001 2.8~928-001 5.1053-003 
1.22659-001 2.96123-001 4.9386-003 
1.28379-001 3.09933-001 ... 7253-003 
1.31805-001 3.18205-001 4.5956-003 
t.35741t-001 ~.27714-001 4.4465-003 
1.40352-001 3 .3~83q-001 4.2738-003 
1.~5866-001 3.~2151-001 a..0120-003 
t.5?.669-001 3e6A571t•001 3.8331t-003 
t.61428-001 3.89720-001 3.5464-003 
t.66907-001 4.0294 -001 3.3795-003 
1.731t6s-001 4.1e181-001 J.1925-003 
t.81555-001 4.36311-001 2.9807-003 
1.91971-001 Ct.631t58-001 2.7367-003 
1.970~4-001 ... 75827-001 2.6275-003 
2.02984-001 ... ~0047-001 2.5101-003 
2.09875-001 5.066t2-on1 2.3830-003 
2.tft121-001 5.26590-001 2.244~-003 
2.28293-001 5.51147-001 2.0905-003 

K = 9.0 
Ket> = 1s.o 

V 
EXCITATI C~ 
HAGNlTU 

Fi1CTOI< 
FrJISE 

<DEG~EES) 
0.061 9.9(027-001 

~.g5eog-001 
9.q5549-001 
g .g~:?33 -001 
q.94837-001 
9.94317-001 
':'.g35q3-001 
9.93104-001 
9.q2476-001 
q.9162&-001 
9.90383-001 
9.89697-001 
9.8e83E•001 
9.i,1114-001 
9.8617CJ-001 
9.83930-001 
9.82356-001 
9.80299-001 
9.774CJ9-001 
9.73493-001 
9.67374-001 
9.57175-001 
9.492't5-001 
9.38ooi-001 
q.21353-001 
8.95332-001 
A.R071t5-001 
8.62677-001 
R.40019•001 
fl.11209-001 
7.73995-001 
7.51238-001 
7.24975-001 
6.9't451-001 
6.58657-001 
6.16186-001 
5.64952-001 
5.35074-001 
~.01s6e-ao1 
... 6351t2-001 
4.1961t5-001 
3.99989-001 
3.78846-001 
J.5591tft•001 
3.30907-001 
3.031CJ6-001 

0.499'+ S 
0.4995(; 
0.4«:96 3 
0.4S97 0 
O.ltC3976 
0.49962 
0.4'29 87 
o.4c;qgo 
o.1t99q2 
0 • 't':994 
0.49996 
0.4999b 
o.a.9997 
o.49qqe 
o.,.c;99e 
o.a.99q9 
O. ltC3CJ99 
o.a.c;qqc., 
0 • 499qq 
o.c.c;qg9 
0.50000 
o.soooo 
0.50000 
0.50000 
o.soooo 
o.soooo 
0.50000 
0.50000 
o.50000 
0.50000 
0.50000 
0.50000 
o.soooo 
o.soooo 
o.soooo 
o.soooo 
0.50000 
o.soooo 
o.soooo 
o.s oooo 
o.50000 
0.50000 
o.soooo 
0.50000 
o.soooo 
o.50000 

.053 
0.044 
·1 . 0 36 
o .ozy 
0.022 
a .01 
0 .013 
c .011 
o.ooa 
0.000 
0.005 
0.004 
0.004 
0.003 
0.002 
c.002 
o.ocz 
0.001 
0.001 
0 .001 
0 .001 
0.001 
0.001 
0.0 00 

.oo o 
0.000 
.ooo 

0.000 
0.000 
0 .000 
0.00 0 
0.000 
0 .000 
0 .000 
0 .000 
0 .000 
0.000 
0 . 00 0 
c .ooo 
0.000 
0 .000 
0.000 
0 .000 
0 .000 
0.000 



N • 0 

F 
(KHZ) 

1.000+000 
9.ooo-ool 
e.000-001 
7.000-001 
~.000-001 
5.000-001 
4.000-001 
3.soo-001 
3.000-001 
2.soo-001 
2.000-001 
1.eoo-001 
le600•00l 
le400•001 
1.200-001 
1.000-001 
9.000-002 
8.000-00? 
1.000-002 
6.000-002 
s.000-00? 
4.000-002 
3.500•002 
3.000-002 
2.soo-002 
2.000-00? 
1.~00-002 
leb00-002 
1.1+00-002 
1.200-00? 
1.000-002 
9.000-003 
a.000-003 
1.000-00~ 
6.000-003 
s.000-003 
... 000-003 
3.500•003 
3.000-003 
2.i:;00-003 
2.000-003 
leA00•003 
1.600•003 
l.400•003 
1.200-003 
1.000-003 
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~ODE CALCULATIONS FOR A PLANAR EARTH CMUST WAVEGUIDE 
THREE LAYER MODEL 

H • 20.00 KM 

SIGMA(~) • INFINITY 
SIGMA• 1.00•005 MHO/M 

SIG~ACl) • la00•002 MHO/M 

AE(C) IM(C) JTTENUATION 
(08/KM) 

2e95853•002 6e7297~•002 le6898+000 
3.03217•002 6e9l941•002 1.~01•~000 
3,11712•002 7el3716•002 leSl96+000 
3.21684•002 7,39160-002 1.•2s5+ooo 
3.33659•002 7•69568-002 1,3235•000 
3.48480•002 8e07023•002 le?ll8+000 
3.67628-002 e.ss16e-002 1.oe13+ooo 
3.79637-002 8.85247-002 1.018e+ooo 
J.94034•002 9.2120•-002 9.4489-001 
4ellH25•002 9.6~509•002 8.6423-001 
4e34775•002 1•02248•001 7e7468•001 
4.4607~-002 1•05048•001 7.3564•001 
4,59083•002 le08264•001 6,9430•001 
4.74310•002 1•12024•001 6.§022-001 
4.92548•002 1•16521•001 6,0279-001 
~.15066•002 1•2206~•001 5,5114-001 
Se28564•00l 1•25381•001 5,2334•001 
5,44089•002 1,29193-001 4,q392-001 
5,62261•002 1,33650•001 4.6257-001 
5,84020•002 1,3898~-001 4,28~7-001 
6,10877•002 1,45555•001 3,9~19-001 
6,45481•002 le54013•001 3,5159-001 
6e671•3•002 1,59302•001 3e293b•001 
6.93075-002 1•65629•001 3,0547-001 
7,25077-002 1,73430•001 2,7948-001 
7,66302•002 le83471•001 2,5072-001 
7,86S88•002 l,8840A•001 2,3821•001 
~.09912•002 1,94082-001 2,1499-001 
8,J7205•002 2,00719•001 2.1090-001 
8.~9874-002 2.08660-001 1.9577-001 
Q,1018~-002 2,18452•001 1,7931-001 
q.34336-00? 2,24317•001 1,704~-001 
9,62103•002 2,31057•001 l,~109•001 
9.945~2•002 2e3M941•001 1.~113•001 
1,03348•001 2,48375•001 1.•042-001 
l,0814b•001 2e60009•001 1,2877•001 
1,1432--001 2.14981-001 1.1sae-001 
1,18191-001 2.84356•001 1,0882-001 
l,2281R•001 2•95566•001 1,0124•001 
).28527-001 3,09394•001 9,2999-002 
1,3587~-001 3,27195•001 8,3876-002 
1,3949~•001 3.35950-001 7,9909-002 
1,43653•001 3,46014•001 7,5713-002 
1,48517•001 3,57787•001 7,ll44-no2 
1,54339-001 3,71874-001 6,6441-002 
1,61520-001 3,89251•001 6,1215-002 

K • 
I( ( 1) • 

9,0 
15,0 

V 
EXCITATION FACTO~ 
MAGNITUDE PHASE 

3.08646-001 
2.93541-001 
2,77448-001 
2,b0180•001 
2,41484•001 
2.20997•001 
1,98162•001 
1,85597•001 
1,72045•001 
1.57252-001 
1•40826•001 
1.33667-001 
le26085•001 
1,18001•001 
1,09302•001 
9,98284-002 
9.47290-002 
8,93334•002 
8,35842-002 
7,7402f'•002 
7,06757•002 
6,32290•002 
5,91520-002 
5,47700-002 
5,00030-002 
4.47281-002 
4.24340•002 
4e00082•002 
3.74249-002 
3,46489-002 
3,16296-002 
3,00060-002 
2,82892•002 
2,64611-002 
i,44967•002 
2.23601 002 
1,99964•00.? 
1.e102e-002 
1.13121-002 
1,58007-002 
1,41279-002 
1.34004-002 
1,26310-002 
1•18117•002 
1,09312•002 
9,97335-003 

0,52041 
0,51943 
o.51838 
0,51724 
o.Sl60Z 
o.51467 
o.51316 
0,51233 
0,51143 
0,51045 
0,50935 
0,50888 
0,50837 
o.so1e4 
0,50726 
0,50b63 
0,50b29 
0,50593 
o.50555 
0,50513 
0,5046~ 
0,50419 
0,50392 
o.50363 
0,50331 
Oe50l96 
0,50281 
0,50264 
0.so241 
0,50l29 
0,50209 
o.so19e 
0,50186 
0,50174 
0,50161 
0,50147 
o.so1J1 
0.so122 
0,50113 
o.50103 
0,50091 
0,50087 
0,50081 
0,50076 
0,50070 
0,50063 

(DEGREES> 
2.305 
2.1er; 
2,060 
1.927 
1,785 
1,631 
1.461 
1.368 
1,269 
1. 161') 
1.040 
o.98F' 
0,933 
o.e1• 
0,810 
0,741 
0,704 
0,664 
0,622 
0,577 
0,527 
0.473 
0.442 
o.•10 
0.375 
0.336 
0.319 
o.301 
o.2e2 
0.261 
0 • 39 
0.221 
0.214 
0.201 
0.186 
0.11n 
0.153 
0.143 
0.133 
0 .12? 
O.lOQ 
0-104 
0.098 
0,092 
0.086 
f).07Q 



N • 0 

F 
(KHZ) 

1,000•000 
9.000-001 
e.000-001 
1.000-001 
f).000- 01 
s.oo'>-001 
4.000•001 
3.500-001 
J.000-001 
2.a;oo-001 
2.000-001 
1.soo-001 
1,600-001 
1.400-001 
1.200-001 
1.000-001 
9.ooo-no? 
1,.000-no? 
1.000-002 
6.000-00? 
s.000-002 
1t.ooo-002 
3.500-002 
3.000- 00 2 
2 .~ 00 - 002 
2.000-0 0? 
1.,rno-o C\ 2 
1.60 0-00? 
1.400•00? 
1.200-002 
1.000-002 
9.ooo- 03 

.000-003 
1.000-003 
6.000-001 
~.ooo-no 
1t.ooo- oei 
3.~oo-no 
3.000-00) 
2.soo-003 
2.000-001 
leA00•003 
1. ~00-003 
1. 40 0- (1 03 
l.?. 00• 03 
1.000-003 

37 

,--ODE CALCULATIONS FOR A PLANAR EARTt-4 CRUST WAVEGUIDE 
THREE LAYcR MODEL 

H • 2n.oo KM 

SIG,,.A(C,) • INFJNJTV 
SIGMA ■ le00•006 M~O/M 

SIGMA(l) ■ 1.00•002 MMn/M 

RE(C> IMCC> 

~.88949•002 6e91373•002 
2.Q6460•00?. 7.0~872•002 
3.05119-002 7.31143•002 
1.1521s-002 1.56034•002 
Je27460•002 7e85827•00'-
3e42525•00' Re22584•002 
J.~1964•001 8e69917•002 

e7414••002 8e99532•002 
3.A 733•0 2 9.34972•002 
4e0674~-o o, 9.78691•002 
4.29959•0 02 le03498•001 
·••1384•002 le06267•001 
4.54520•00?. 1•09449•001 
4.~9~94•00> 1•13173•001 
4.A829~•00? lel7~2A•001 
~.1100•-002 1.23124•001 
~.2460R•002 le?.6416•001 
~.•0249-002 1.3ozoo-001 
5.58550-~02 le34627•001 
~.~0453-002 1.39924•001 
6e0747o•002 le4645 •001 
~.4221s-002 1.54872-001 
~.6404~•001 1•60135-001 
~.90107 •002 1•66433•001 
1.222ss-002 1.1•20J-001 
7.~3~50•002 1.8420~•001 
7.A4014•00? le8912b•001 

.07424-002 1.94782-001 
• 34811•002 ?.•Ol39Q•OO 

A.~7'587•002 2e0931 •001 
9. 080 20•00 l ?el908 •001 
Q.32240•00? 2 e2493 •001 
9.60082•002 2e3l~6l-001 
9.Q2~5b•002 2e39~30•001 
1.03164•001 2.• Q4 -001 
1.n797 • 00 1 1.~ 0S6 - 00 1 
1 .1416•• 001 2.1 51 •00\ 
1 .1 03 - 001 2. 11-001 
le22~74• 00 1 2• 6 0 A•0 1 
}.? 393• 001 3. 09 7Q•001 
1.~5757•001 J.276 2-001 
1.~q3eo- 001 3.36410-001 
1.43544•001 3e46465-001 
le4841~•001 3.S 229-001 
1.s•~•s-001 3.12)01-001 
1.~1437-001 ).89673-001 

ATTENUATI O 
(08/l(M) 

•• 3114-001 
••1842-0 01 
•• ,,375-001 
3. 671- 00 

.667 - 001 
3. 311-0 01 
3el465•001 
2.9809-001 
2.795 - 001 
2.5853-0 01 
2.3433- 001 
?.2352-0 0 1 
2, 1190-001 
1.9934-001 
1.~s 2-001 
1.704 - 001 
1.~22•-001 
1.5346-001 
1,4405-00 
le3l85•00 1 
1.?268-001 
1.1022-0 0 
1.0J37-001 
Q.5977-00 2 
8.790Q- ~ 
7.89r;0- 007 
7.'5045- 00 
7 . 0910-

.651)0-

.11i; - oo 
c;.~SA7• 02 
!>.380 • 00? 
~ . o e,2-0 0 
4.7726- 00 
4.43 • OOt.' 

• 
• 

3. -
3.~001-
2 .93 -
2 . 6517-
2. 2 ,._ t!. 

2.3939-0? 
2.2527-002 
2.1009-00 2 
1.935 - oo, 

K 

I< ' l > 

9eO 
• 15•0 

V 
EXCITA I O J FAC TOR 
MAGNIT U E Pl-4ASE 

7.t.15870 -001 
7. 2b0l•001 
7.35757 - 001 
7 . 57 - 001 

• 04 •001 
• 7t, 1-001 

~ . 12 44•001 
• 2305-001 

s. - 00 1 
,.. 0-0 0 1 
4.25!»23- 01 
,.. 111-0 0 1 
3 . • 001 

• 4 0 1 
• i. 00 1 
• 525- 00 1 

?. . ~34Z9•001 
2 .77343• l 
2eb008l•001 
2. 1396•001 
c? . ,0917-
1.'1 090-
1. 5528-
1 • 
1 • 
l • 
l • 

• 
• 
• 

0,50107 
o.501 1 
0,5011 
o.so11 
o. so11 • 
o.s o11c 
0,501 0b 
o.50 03 
o.so09 
o . soo92 
o.soo-!• 
o.sooe1 
o.soo11 
o.s001J 

• no 
o . s 

• 00 
o .so o 
o .so o 
o .soo 
o . soo 
o .s 0 

. 500 
• 0 3 

0 . so 3 

• 
o • 
o • 
o. 
o. 
n . 

• 
• o. 

o .5 
o.s 
o.s 

9 
2 

(OEG~EES> 
0 .35 

.3zq 
0 .299 
0 .210 

.2 1 
• 21 l 
• 1 l 
.16 
• 1 1 

0 .13 
.11 
• 1 1 l 
.1 0 
.09 

,, • 0 l 
0 .01 
O.OOQ 

.009 
o.oo• 



3 

00 CALC LATIONS FOR A PLANAR EARTH C UST WAVEGUIDE 
THR LAVER MODEL 

• C M • 20.00 KM 

F 
( HZ) 

1,000•000 
. 000-001 
.000-001 

1.000- 001 
. 000-0 0 1 
.000-0 0 1 
. ooo-n o 1 

J . soo - 0 01 
. 000-001 

2 . !§00-001 
2,000 - 001 
1 . oo - no1 
l .6 00 • 001 
1 1 00 - 001 
1.200-0 0 1 
1 . 000-0 0 1 

• 00 • 00? 
. ooo- 02 

1.000-002 
.00 0- 002 
. 000 - 00? 
.000-002 

J.~00 - 00? 
.000-002 

21500-oo2 
2 .0 00 - 002 
l.AOO•OO? 
1. 00-00, 
1. oo- 0 2 
1.200- 02 
1 . ooo-no2 
9 1 00-00 

. 000 - 00 

. 000 - 0 0 

. 000 - 00 

. 000-003 

. 000 - 00 
3 • . oo- 0 

. 000 - 003 
2 .'500•00 
2 .0 00-00 
1 .1100-00) 
1 . 00 -n o3 
l .400• 00'.' 
1,200-00 
1 .00 0-0 03 

IGMA(G) • I FINITY 
SIGMA• le00•001 MHO/M 

SI MA(l) • l.00•002 MHO/M 

R ( C > 

2. 2 0-0 0 2 
2119S7 0•002 
3.04410-00.? 

.1 58 -002 
ai>b79 • 002 

-002 
-002 
-002 

• l -002 
. o 217-002 

4 . ?9 5 -002 
·• 0897•002 
. s .. o -0 02 
• ~ 3 -002 
. A7 5 ·002 

i; 10587-002 
i; . 24203-0 02 
" · 9856-002 
"· 8170•002 
i;.A0089•002 

. Cl7130 •002 
-, . 19 ~-002 
6 . 63735-002 

• 806 • 002 
7.2196 - 002 
7.63382•002 
7.~3754•002 
~ . 07172•00l 
A. 4569•002 

• 7J5 -002 
9. 7 01-00? 
9. 202 • 00? 
9. 9 7 -0 02 
q.92 61-002 
1.031 -0 01 
1.0795 -001 
1 . 1-1 -0 01 
1 . 18023-001 
1 . 226 0-0 01 
1 . 283 0•001 
1,35745•0 01 
1. 93611•001 
l • 3 33•001 
\ . 405•001 
1,5 2lt>•001 
1. 1428•001 

l~(C 

·" 239-002 
1.11 0- 002 
1. 2909-002 
7.57742-002 
7.137 71•002 

.2 156• 002 
17 1406• 002 

9.0097 - 002 
9e3t>360•002 
9. 0019•00~ 
1•03624•001 
1•06389•001 
1,09569•001 
l•ll289•001 
1.17740•001 
1123231•001 
l e26'520 •001 
1•30301- 01 
1 .34725 •001 
1•40019•001 
1. 6549-001 
1154958•001 
1•60218•001 
le66 14•001 
1.1 280-001 
1-~ 279-0 01 
1.8919--•001 
1.9 852- 001 
2 . 01 67•001 
2e0938 - 001 
?.191 9•0 01 
?a2499A•001 
2 .31122- 001 
2 e39~A9 • 001 
2e49003•001 
2e6061 • 001 
2 e75S6 •001 
?.13 923-001 
2 . 9611 - 001 
'3e0992 •0 01 
3.2770'1•001 
3e364Sfl•001 
J.4t,S11•001 
J.58274-001 
3a72351-001 
J.89715-001 

ATTENUATION 
(0 /KM) 

s. 472-002 
, Sl61•002 

5 . 5224-002 
5.5048•002 
5.4807-002 
5 .4451-002 
5 .3872- 002 
5.342f,-002 
~.2795-00? 
5,1861•00 
5.0401-002 
4.9583-002 
4.8569-002 
4.7297-00? 
4.56 1-002 
••3"95-002 
4,2 ,J21-00? 
4.oes1-002 
3.9145-002 
3.7148-00 
l.4782-002 
3 .1934- 002 
3.0277-002 
2.8421-002 
2 .~320-00 2 
2.3 99-00i 
2 . 2817 - 00? 
2 ,16c;s . 002 
2.039 -ooe 
1.9027-002 
1.1s12-002 
1 .-.687-00? 
l a5A O - 0 
1.• 1-002 
1.38•7-00?. 
1.2729•0 0i 
lal A2-002 
1 . 01q - 002 
1.nose,-002 
9 .;, ~2 - 00 
8.3S0 •003 
7.9597-00 3 
7 . 5453- 0 
7.1033-0 03 
6 .~275- 003 
6.1091-003 

K ( l ) 
a 9e0 
• 15•0 

V 

9.93320•001 
9 . 92123-001 

e904R4•00l 
.8Al5l •001 
. 84t,63•0 01 
. 79105-001 
.b9477-001 

9 e6} A04 • 00 1 
. 50762 - 001 

CJ.34182•001 
9 . 07991 •001 

.93224•001 
8 .74884-001 
Aa51835 •001 
ri .22487 -001 
7 . 84548 •001 
7.61347-001 
7.34580-001 
7 . 03•86•001 

. 670~6 -001 
b .23883•001 

.11 92-on1 
S eltl b2l •001 
5 .01121-0 01 
4.69311-0 0 1 
4..25061•001 
1t.os2eo-001 

. 8402&•001 
• 1037-0 01 
.Jc:; •1-001 
. o 2u,-on1 

2 . 3)33-0 01 
2 . ·,1060-001 
2 . 812 - 001 

••1135- 001 
c: . ~o 64•001 
1 . 91 • 1-no 1 
le85279-nOl 
1.1112e-no1 
l - ~~93i •001 
l .4 04Q - 00 1 
1 . 33333•001 
1 . 25743•001 
1 .17648-0 01 
1 . 089 35-001 
9.94419-002 

EXCITATION FACTOR 
MAGNITUDE PHASE 

0,49lillb 
0.49931 
0.49944 
Oa4995b 
0 .49968 
0 .49978 
0.49987 
0.49991 
0.49994 
0 .49997 
o.soooo 
o .5000l 
0,5000Z 
o.5oooi 
0,50003 
0,50003 
o.soooJ 
o.sooo• 
o.sooo• 
o.sooo• 
o.50003 
o.sooo3 
o.sooo3 
o.sooo3 
o.soooJ 
o.soooJ 
o.soooJ 
o.50002 
o .50002 
o.sooo2 
o.soooz 
o .soooz 
o.sooo2 
o.soooz 
o.soooc 
o.50001 
o.sooo1 
o.sooo1 
o.50001 
0,50 0 01 
o.so oo1 
o.sooo1 
o.sooo1 
o.sooo1 
o.s0001 
0 50001 

(DEGREES) 
0 .145 

.1 26 
0 .1 08 
0.091 
0.01s; 
0.060 
0 .046 
0 . 039 
0 . 033 
0.021 
0.021 
0 .019 
0 .011 
0 .01 s 
n .013 
0 . 011 
0.01n 
0 .01n 
0 .009 
O.OOA 
0 .001 
0 .006 
o.oos 
0 .005 
() . 004 
0 . 004 
0 .0 04 
0 .003 
n .003 
n .0 03 
0.003 
0 .002 
0 .002 
0.002 
O. (J02 
0 .0 02 
0 . 002 -
n.001 
0 . 001 
1) .00 1 
0 .001 
0 .001 
n.001 

.001 
0.001 
0.001 



~ - 0 

F 
OHl) 

1.000+000 
43.000- 00 1 
e.000-11 01 
1.000-001 
E.000-001 
5•00(l- 001 
... 000- 001 
J .soo-oo 1 
3.000-001 
2 • !i O o-o O 1 
2 • 0 0 o- 0 0 1 
1.eoo-001 
1. E O 0- O O 1 
1 ... 00-001 
1.?00-001 
1•00 o-o O 1 
C?.000-002 
~. 0 0 o- 0 0 2 
7 • O O o- 0 O 2 
fl.000-002 
5.000-002 
... 000-002 
3 .5 oo-o oz 
3. 00 o-o O 2 
2.soo-002 
2 . 0 0 o- 0 0 2 
1.600-002 
1.too-002 
1•ItOo-00 2 
1.200-002 
1. 0 0 o-o O 2 
43 • 0 0 o- 0 0 3 
e.000-003 
7. (IO o- 0 0 
fl• 0 0 o- 0 0 3 
~ • 0 0 o- 0 0 :! 
... 000-00:! 
3.500-003 

• 0 0 o- 0 0 3 
2. 5 0 o- O O :! 
2.000-003 
t. e o o-o o 3 
1. £. 0 o- 0 0 J 
1 ... 00-00:! 
1.200-003 
1 • 00 o- o O ~ 

39 

HOnE CtLCULATfONS r o A Pl l~A~ El Tt CR ~' Ml f. UIOE 
TH•EE LAYER , oo L 

z ?0.00 t<M 

s1r.~a,r., INFINIT Y 
stGHA = 1.00-o oa ""o'" 

SJG~A(11 z 1.0 0-00 2 HH O/~ 

REtC) 

? . fH21t- 00 2 
2 • g 5t 5 7- 0 0 i 

. OC.33A-00 2 
, .1 .. . ,0- 00 2 
~.26733-1)0, 

.i.1P J1 - no · 
!.Et3o&-oo 
.7 3510•002 

3.88t23•1JD, 
c.. 0f>H,Ct-00 2 
... 2~ .. 0CJ-002 
... c.oec.9-oo 
c..s1too2-on 
... 6qJ~]- 002 
c.. enu~-002 
~.105 .. 5-002 
s.2-.1&2-00 2 
~.39817-00 2 
~.58132-002 
s.eoosJ-00 2 
E.07095-00 2 
E.lt1916•00 2 
E.63703-002 
E.89776-0 2 
7.2191tO•D0 2 
7.6!355-0 02 
7.83727-00 2 
e.011 .. 1-00 2 
8.31t51t5-00 2 
e.67333-00 2 
~.0777 «3 - 02 
g. ?00 7-1)0 2 
C:!.59858-00 , 
q.CJ ? 441-0~ 2 
t.03tlt3-'l01 
1.07953-001 
t.1 .. 11t7•001 
1.11'022-001 
t.2 2£.~9-001 
1.z e319-0 01 
1.357C.Ct-001 
1.39367- 001 
1.43532-001 
1 ....... 0 .. -001 
1.5 .. 235-00l 
1.61a.2e-001 

ATTENU 110 

6. 0 ~1t26-0 
7.tU!7?-

( 08 /ICM) 
l ,.ss 3-00 
? 6 ... 972-00 

1. , 0 5- 0 
7. ~7 913- 002 
1.,1f: ~-002 
e . tc.Jt~ -0 02 
e.11s,s-o 2 
9. 1117 002 
C3.~fte9CJ-00? 
c.i . e 151-0 2 
1.0 3636•0 1 
1. f'E ._02-0 01 
1. Q5f!1-0 01 
1. 1 300-001 
1.17751-0 1)1 
1.? 2 .. 1-0 01 
t.?6530-0 01 
t.~0311-0 01 
1 ... 735-0 01 
1. a. 02 e-o n 1 
1 ... ~~5"-0 1 
t.~ .. 966-0 1 
t.60227-0 1 
t.66522-0'.)1 
1.1a. 2ea-o 1 
1.,.,.2e1- o 1 
1.~9205-0 1 
1.qa.e60-0 01 
2. 01,.,,._ oo 1 
2.09390-001 
2.19155-0 1 
2. 2500 .. - 0 1 
2. 1728- 00 1 
2.3C35CJ5-0 0 1 
2 ... 9008-0 1 
2.606 21 - 1 
2.75573- 001 

.~.. --- 00 1 
2 .c- 123- 0 1 
J.09133 - 00 1 
3. 771 .. - 1 
J. 361t61- 0 1 
3.lt6515- 00 1 
:!.58278-0 1 
3.77355•001 
J.ag120-0 0 1 

6 ... 1-00 
6. 75 .. -0 
6. 082-00 

. 2 5,.- 00 
6.1551-00 
&.111 -oo 
6. 06 .. 2-00 
6.0129-0 0 
S.9557•00 
5.9306-0 3 
5.90 1- 00 
5.87Ct .. •00 
5.8 .. 19-00 
s.eoa.3-ooJ 
5 .. 78 26• 00 
5.7579-C 
5.12eCJ-oo :! 
§ .6929- 00 
r:;.6 .... 9-00 
5. 7 .. 1-00 3 
5. ~?29-0 0 
5 ... 532-0 0 
5 . 353'4 - 0 
s.201 2-0 0 
5.1169-0 3 
5 . 01 2- 00 
... 8839- 00 .. 
... 720 • 
... 509 (3-00 
c.. 3 tc - o 
1+.2 e­
c.. 6 5-

.86 2 0-

. & 1+1- 0., 

. q 12-
2 .11 6- 0 
2 .53Ct1-
2 .4256 - 00 
2 .3 91-0 
2.t A31 - 0 
2 . oc.ss- 00 
1.1119 35- 00 

9 . (' 
K(1) • 15. 

EXCll AT C 
V ~Ar. IT 

9 . 9 -o 1 
• -o 1 
• -o 1 
• -o 0 1 

-001 
1 

- 1 
• - 1 

q . -'>01 
9 . 0?- 00 1 
CJ . CJa.ss .. - o 1 
9 . ~lt0615• 00 1 
Q.C) ft 1-001 
9 . , 571t-001 
q . - 1 
C). - 1 
9.8 • 1 
CJ. - 1 
CJ . - 001 
q. -
q . -
q . -
~- -
CJ. -. -
. -. -. -
. -. -

. -. -. -
• - 001 
• - 001 

J. 667-0 01 

• o. 
a. a. 
o ... , .... ... ": .. 
o ... ~••n 
o ... 
o. 

cc 

C. 0 0 
. oo c 



• 0 

, 
( z, 

1,000•0 0 
.000-001 
.000-001 
,00 •0'll 
.000-001 
.000-001 
.000-001 
, o- 01 
.000-001 

z. o- 01 
z .000-0 01 

, 00•001 
1,600•001 
1, 00•<'01 

,200-001 
1.000-001 
~.000-no2 
,000-001 

1,000-002 
,000• Ol 
,000•00? 
.000-001 
, oo- 02 
.000-001 

2,500•002 
2.000-001 
1. 00-001 
1. oo- 02 
1. 00-002 
1.200- 0? 
1,000• O? 
~.000-00 
.oo -oo~ 

1.000-00 :. 
~.000-00 
s.ooo- o_ 

.000-003 
J,~oo- o 
J.000-00 
?. 00-003 
?,000• 0 
1. oo - 0 
1. 00-00 
1. 00-00 
1.200-no 
1.000- 0 

0 

00 CALCULATlO SF A PL AD EAT CRUST AVEGUlOE 
~PE LAYER ~OOEL 

■ 0,00 KM 

SI A ( <-. > • T ~F' I I Y 
SI MA• 1.00-oos HO/ 

SI MA(l) • 1, 0~002 M 0/M ( 1) 
• 9,0 
• l 5,0 

CC> I ( C > 

, 073 1-002 
.1 1 -002 
,3397 -002 
• 0 72-002 
,70 7 -002 
• 471q-002 

ATE UATI V 
EXCITA 10 F CTOQ 
MAG JT UOE P1-4•SE 

-o ::, 
•01)? 
-002 

2. -00? 
2. -002 
?. •002 
2. -002 
1. -002 

-001 
-oo, 
-001 

1. -oo 
z. •002 

-001 
-002 
-002 
•002 
•002 
•002 
-002 

• -002 
• -002 
• -002 
• -002 
, •002 
• 0-002 
• 3 0-002 

~-1501 -002 
• -002 
• -001 
, -002 
• •00? 
, -002 
• -002 
, -002 
• -002 

7,25068•002 
-002 
-oo, 

• -ooz 
• -002 

A, 29•002 
9. 1-002 
q, 900-00? 
9. 67•002 
1, Ol•OOl 

5,259 6•002 
• 5420•002 
, 8 6 •002 
,97269-002 

6,33983•002 
• s2002-002 

6,126 -002 
,96 ?•002 

7,2 70 -002 
7,61237•002 
7, 2490-002 

,06 9 -001 
,35 11-002 
,,, 49 -002 

9,1147 -002 
9,6545 -002 
9, 9181-002 
1,03950-001 
1,08920-001 
1,15 11-001 
l•l 52•001 
1,220 1-001 
1,26281-001 
J,31 2 -001 
l• 754q.001 
l • 1?74•001 
l• ~c;s •001 
l• 0'560•001 
1,565 1-001 
1•63930-001 

,7343 0-001 
l,7937i>•001 
1.~6 0-001 
l• 524 •0 01 
2,06 21-001 
2,1207 -001 
2,18 52•001 
2,2 911-001 
2. 3 • 01 
2,45 •1-001 

(0 /KM) 
1, 6•000 
1. 033•000 
1. 15 •00 0 
1. 214•000 
1,31 •00 
1,2077•00 
1,0 32•00(J 
1,0147•000 
9,4079-001 

• 013- 01 
7,70'i7-001 
7 • 1 3• 0 l 

,Q020-001 
,4 12-001 
,9 9-001 

~.• 04•CJ01 
,1~2 -o l 

4,89 2-c,01 
4, 47•<' 01 
4,24 1-001 
3,8 10-001 
3,47 0-001 
3,2 27-001 

• l 9•001 
2,7 0•0 l 
2. •-001 
2. •1 -001 
2.2oq1-001 
2,06 3-001 
1,9170-001 
1,7524-001 
1,6 •0-001 
1. O -0 01 
1,470 -001 
1,3~37-001 

0-001 
2. •-001 
2,77•5 -001 
2. -001 
2. • 01 

• -001 
1. -001 
1, •O l 

.1zos1-001 
-on1 
-col 

1. -001 
1. 0-001 
1. 0 -001 
1,09307•001 

• 330•002 
• 33 -ooz 
• 3 1-002 
,35891-00i 

7.7 -002 
7,0 -002 
• -o 2 

~-~1seo-002 
• - ooii 
• -002 
• - oo 
• • Oi 
• -002 
• -002 
• • 02 
• • 02 
.0 0167 -002 
• -002 

• 02 
-002 

• --1,2 3•0 l 
1,11 -0 01 2 . 
1. • 0-001 1. -

.12 o-o 
,,-995-0 0? 

7,98 -oo 
1. 2 -ooi 
7,17 7-002 

,727 - 001 
,2 -00? 

5,727 -002 

1 . -002 
• - o 2 

1. - o 02 
J . -o 2 
1. -002 
1. -0 02 
1. • 02 
1.00023•002 

0,55242 
0,549 1 
0,54703 
0,54 0 
0,5408 
0,537 
0,53344 
0,53129 
0,5289 
0, 2b 6 
0,52367 
0,522 
0,52117 
0,519 0 
0,51 32 
O,S1672 
0,51C. 6 
0,51495 
O,S139 
0,51293 
0,51180 
0,5105 
0,509 t, 
0,5091 
0,5083 
0,507 • 
0,5070 
o.s 
0,50622 
0,50t;7t, 
o.so 25 
0,50•98 
0,50470 
0,504)9 
o,S040 
0,50371 
0 ,50331 

,5031 0 
0 ,502 7 

• 2 
o. z 
o. ? 
0,5020~ 
0, l~ 
0, 1 0 
o. 164 

COEGREES> 
.022 
.794 

4,SSl 
,291 
.oo 

J. 9 
3,34 

.1 n 
2,9 9 
2.10 
2 •• 
2. 2~ 
2,205 
2 .01 
1. 2Q 
1,772 
l • f'i 

l • l 
1,0 
1.0 
o .9 
o. 

• 
o. 

• 
o. l 
o.s 7 

.c:;57 
0 • 26 

.49 
• 57 

0,41A 
• 37 

. • Sl 
,32 

') • 2 
.2 
.2 3 
,239 

0 .22 
0 .201 
0,190 



F' 
(KHZ) 

1.000+00 0 
9.000-001 
a.000-001 
1.000-001 
6.000-001 
s.000-001 
•.000-001 
l.soo-001 
J.000-001 
2.soo-001 
2.000-001 

.~00-001 
1. 00- 001 
1.•00-001 
1.200-001 
1 .000-- 001 
9.000-00 2 
~.000-002 
1.000-002 

.000-002 
s.000-0 02 

.000-002 
J.rsoo-002 
3. 00-002 
2 . oo- 02 
2.000-ooi? 
1.eoo-002 
1.600-00?. 
1.4 0-002 
1.200-002 
1.000-00? 
9.000-003 

.000-00 
7. 0 -003 

.000-00 
s.ooo-ooJ 
•.000-00 
3.500-0 0 
3.000-
2. 00- 00 
2.00 - 0 
1.eoo-003 
1. 00• OJ 
1.400- 03 
1.200-00~ 
1.000-no 
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MOQE CALCULATIONS FOk A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAVER MODEL 

' H • ~o.oo KM 

SIGMA(G) • I NF'l ITV 

IGM4 s 1.00•006 MHO/M 
SIGMA(l ) • l.00•002 MMO/M . 

I' C 

1((1) = 
9.o 

15•0 

R ( C) 

1. '+503- 00 ? 
1. 9114•00?. 
le944Si•OQ?. 
2.00740•002 
2e0d311•002 
2.111os-002 
2.29865•002 
2.J 501-00,! 
2. 6660-002 
2 798 3-002 
2.12593-00? 
2.79789-002 
2. 8067• 0?. 
2. 97759 •·0 0?. 
3. 09365• J02 
3.23692-002 
3.3221 -oo;:, 
J.•21s1-00? 

I 

3. 3705-00;:> 
3. 7537-00i? 
3.84604•00? 
4.06587•09~ 
4.?0344•002 
4.36809-00'. 
4.57124 -- 002 
4. 3285-00i? 
4e9b1S6•00? 
c;.10952-0 0;) 
5.28263-002 
5.4 981-00? 
5.1• •1-002 
s.~9 s2-oo;:, 
6.0745'+•0 02 
6.?8047-00~ 
6.52692-002 

.8.3096-002 

.22246-00?. 
7.4 40-002 

. 7 053-0 0? 
~. 12 ~1 - 0 0? 

• 877 - 0 0? 
.All't85• 00 2 

9. 08016- 002 
g. 22-002 
9.7568 -002 
1.02111-001 

IM(C> ATTENUAT I 0 
(0 /K M) 

V 
EXCITATIO F'ACTOR 
MAGNITUDE PHASE 

4.35704•002 4.2980-0Ql 7. 1',230-001 O,S0274 
4.4740~-00? 4.1709-001 r.02942•001 o.SO?.R3 1 
4e60A71•002 4.02-3-001 7,36076~001 0.50289 
4.76630-002 3,8539-001 7.04870-001 0.5~291 
••95496-002 3.~s•+- 001

1
6.aAJ12-001 o.so2e9 

( OE:GREE.S > 

o.e9n 
Q.816 
0 .1,.2 
o.6~9 
n.s91 
·o. 524 
n.•so 
o .•12 
o.37• 
rJ.3341 
0.292 
0.275 
o.~s1 
0 .2JR 

Se 16779• 00? , 3e4l 0-001 . 2499 •001 · 0.50281 , 
5 • • 8 7 6 4 - o o 2 3 , 1 3 3 s - o o 1 s • 7 ?- a 4 3 • o O l O , 510 2 6 7 
Se67526•0C2 2.9678-0 0 1 S.42485•001 0.5025~ 
s.a9cne-oo!?. 2.1e2 .. -001 '.>.OA49J-ool 10,50245 
6el7674•002 2.S7i3-001 4eb9 ~7-001 0.50230 
6~53332-00~ 2,33~3-001 •.2s J a-001 o.50212 
6e7J870•002 2.2222-0 01 4.05 16 - 00 1 o.50203 
6e91030•002 2.1n 0-001 3 . 4 24•0 01 o.S0193 
7.14612•002 1.9804-001 3 . ~ 1492-00l o .5~ 183 
1.•2e30-002 1.9,.33.0 01 • JS6~001 o.s 0 11 1 
7.77634•002 l.~918-00 1 3 . 0 592-001 0 .5015b 
7.98480•002 l.60~'+- 001 2.~~ 9~•001 . 5~ 15 0 ' 

.219 
0 .19 
C. ,187 
0 . l 7 t;, .22••0-00 . 1.s211-001 2.11400- 0 o. 14c 

A.50469•00? 1.4275~001 2 .polJS- 00 o .50 134 
~ • 8 4 o o 7 - o o 2 1 • 3 2, 5 - o o l 2 • 4 1 .. '+ 3 - o l o • :5 o 1 ~ ~ 
9.2s~1•-oo~ l.21J~-0 01 2.2 096P- 001 o .so 11• 
9.78631•002 1 .0893-0 0 1 1. 129-001 . 0 .5 010 3 , 
1•01195•001 l.Ol07-0 0 1 1. c; • 001 o . 50 096 
1.~s1a1-001 9 .•iA5-002 1 .12 1 - 001 o .sooB9 
1 • 1 0 0 9 8- 0 0 1 8,. 6 6 1 7 - 0 0 2 1 • • 215 • O O l O • 5 0 0 2 
lelb429•001 7~7660- 00 1 .• o O • 00 0 ,500 73 
1.19543•001 7.3756-0 02 1 . 3 3 44 - 0 01 o.s 070 
1.~3122•001 6.q62l- 002 1 . 06 4- 001 o.so o 
l•2710Q~001 ~.5213- 00t . 11~ 0- 6 01 0 ~5 00 62 
1•32320-001 6. 0469- 00? l. OQ? -n o l o • . 0 7 
1 .3 ~o -001 5.53 03-0 0? • 1 . -o 2 o.so osi 
le4220?-001 • 522-002 .~71 - 002 o .50 049 
le46458• 0 l 4.QS ,0-0 02 • 31 q . 0·02 o.50 047 
l• 1436•00~ 4.~444-0 0? 5 2 0.5 .44 
1. 7193-001 4.307 - 0? ~ 879 - 02 .5 00 40 
1•64741•001 3.94 5 - J..,-=' ' • 02 0· 5 0 037 
J .74202-001 • 3 • - 002 ~. O 3 
1. ~0 121-0 01 3.3i21-o d2 o. 003 1 
l• 72 0 - 00 1 3 . 731-00 2 • • 00 29 1 

l • 5941- 00 l 2 .8132- 0 • • ) 2 
2.011 1-001 ?.52 - oo • - o so~ 
?el2724-00 2 .4 00 - 0 r • • 0 1 _ 2? 
?.el O • 001 2.2 81- nr~ • - n 2 0 . 50 02 
2.~6527-001 ?. 1272- oo • •002 o .50 0 19 
2. 3 432-001 1.q1 e-002 .46372~~02 o . 5 00 1 
2.4 417-0 01 1. 111-00 2 3. ~ 118-002 o .soo16 

o. Hd 
o .1s1 
0 .137 
0.122 
0 .. 114 
o .ios 

I O e 0 
o. o 
n .01 

1 n. o l 
0 . 066 
0 • 0 'o 
0 .05 7 

• 0 • 0 ,4 
n. o o 
0 . 0 ~1 
O 0 
O • 0 ~ 
o . o 
0 ~033 
0 . 03 0 
'J • 0 2 
o. 

.0 24 
0.023 
0.021 
0 • 19 



N • 0 

F 
(KHZ) 

1.000•000 
9.000-001 
a.000-001 
1.000-001 
6.000-001 
5.ooo-no1 
~.000-001 

,J.500-001 
· 3.000-001 
2.soo-001 
2.ooo-no1 
1.1300-001 

, l.600-001 
le400•001 
1.ioo-001 
1.000-001 
9.ooo-oo;, 
8.,000-00? 
1.000-002 
6.000-002 
s.000-002 

I - e
1000•00? 

3.soo-ooz 
3.000-002 
2.soo- 0 0?, 
2.0 00- 002 
1.eoo-00;:, 
1.600-0·02 
1.400-002 
1.aoo-100? 

- 1.000-002 
9.000-003 
a.ooo-C\03 
1.000-003 
6,000-003 
s.000-003 
4.000-003 
J.c;oo-003 
3.000-~03 

, 2.soo-003 
2,000-003 
1.soo-003 
1.600-003 
1.400-003 
1.200-003 
1 .• 000-0·03 

4Z 

MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • 50.00 KM 

SIG~A(G) • INFINITY 
SIGMA• le00•007 MHO/M 

SIGMA(l) • 1,00•002 MHO/M 

~ECC> IMCC> ATTENUATION 
(OR/KM) 

1.83334-002 4,38647-002 5,475!-002 
leA7973•00?. 4,50273•002 5.4~72-002 
1,93342-002 4,63651-002 5,4566-002 
1.99663-002 4,79117-002 5.4422-002 
2.07273-002 4,98081•002 5,4214•002 
2.16111-002 5.21241-002 5.3893-002 
2.2892~•002 5e5l098•002 5.3350•002 
2.36590-00, 5.69784-002 5.2921-002 
2.4~182-002 5.9z1s2-002 s.2309-002 
2.57144•002 6el9752•002 5.1393-002 
2•71798-002 6,55298-002 4,9950-002 
2e79015•002 6e72786•002 4.91 8•002 
2,97315-002 6,92891-002 4,8131-002 
2.97032•00~ 7el6413•00~ 4.6865-002 
~.08665•002 7e44564•002 4,5254•002 
3.23023•002 7e79293•002 4e3173•002 
3e3l627•002 Ae00096•002 4,1901•002 
3.41519-oo~ e.24011-002 4.0434-002 
3,53095•002 8,51989•002 3.8730-002 
3e66949•002 8e85472•002 3.6734•002 
3,84044•002 9,26175•002 3.4370-002 
.,06058•002 9.79958-002 3.1523-00 2 
4el9832•002 le01323•001 2,9867•002 
4.36318-002 1.05305•001 2.8012-002 
4eS6b,5•002 1•10217•001 2.5911-00 2 
4.~2843-002 lel6541•001 2.3491-002 
4,95725-002 lel9~53•001 2.2409-002 
S.10535•00~ 1•23229•001 2.1248-00? 
5,27860•002 le27413-001 le99Ql-002 
S.48595•002 1•32420•001 1.~620-002 
5.74173-002 1•38S96•001 1.7105•002 
S.89494•00? 1•42296•001 l.~281-00? 
6,~7107•002 le46548•001 1.5404-002 
6.2111J-002 1.s152•-001 1.4462-0 02 
6,52372•002 1•57478•001 1.3•42•002 
6.R2791•002 le64823-001 1.2325• 002 
7.21959-002 1.74280-001 1.1079-002 
7.46464•002 le8019~-001 1.0Jq4.002 
7.75790-002 1.87277-001 9.~546-003 
8.11966•002 le96011•001 ~.A477•00 
8e5AS45•002 ?..07257•001 7.9517-003 
a. 8 1458•00~ 2•12789•001 7.5612-001 
9,07798-002 2•19149•001 7.1476- 0 3 
9.~R 6 12•002 2e26c;8~•001 6.7066-003 
9.75488-002 2.35492-001 6.2320-003 
1.02098-001 2.46474-001 5.7151-003 

I( • 

1((1) • 
9,0 

l '5 • 0 

V 

9.~•388•001 
9 .93234-001 
9.91643•001 
9.89363-001 
9.85934•001 
~.80440•001 
9.70876-00l 
"•E>323l•001 
9.52209-001 
9.3S633-001 
9e094lh•001 
8.94625-001 
8.76248•001 
8.53148•001 
8.23729-001 
7.85695•001 
7.62435-001 
7.3S601•001 
7.04432-001 
6.67915•001 
be24645•001 
5 .72546-001 
5.42216•001 
!,.OR254•001 
4.69780•001 
-..25464-01)1 
4.05E>56-001 
3.84378-001 
3.61361•001 
3.36239•001 
3,08489-001 
2.'13394-001 
2. 77311-001 
2.E>0053-001 
ce4lJ&A•OOl 
c . ?l') A91-001 
1.98 065•001 
1.85504-001 
1•71956•001 
1.57167-001 
le4074S•001 
le3 358b•001 
1.26005-001 
1.17921•001 
1.09222-001 
l.i.97469-002 

EXCITATION FACTOR 
MAGNITUDE P~-SE 

0.49792 
0,49A27 
0,49860 
0.49891 
0,49919 
0,49945 
0,4996 7 
0.49977 
0.49986 
0.49993 
o.soooo 
o.snoo2 
o.sooo• 
O,S0006 
0,50007 
o.soooe 
o.5oooc;, 
0,50009 
o.sooo9 
o.sooo9 
0,50009 
o.5oooa 
o.5oooe 
o.soooa 
o.sooo1 
o.s0001 
o.sooo& 
o.sooo6 
0,50006 
o.r;ooos 
o.sooos 
o.sooos 
o.sooo4 
o.s0004 
0,50004 
0,5000 .. 
o.soooJ 
o.50003 
o.soooJ 
o.s ooo J 
o.s oo o2 
o.sono2 
o.sooc2 
0.'5 0002 
o.sooo2 
0 50002 

<DEGREES) 
o.J64 
o.316 
0.210 
0.221 
0.187 
0.149 
0 .11, 
1).098 
0.082 
0.068 
0.054 
o.04A 
0.043 
0.038 
0.033 
0.02A 
0.026 
0.024 
0.021 
0.019 
0.011 
0.014 
0.013 
n.012 
0.011 
o.ooq 
0.009 
n.ooR 
n.OOR 
n .no1 
0.006 
0.006 
0.006 
n.oos 
n.oos 
0 .004 
n .0 04 • 
n.004 
0.003 
0 .003 
0 .003 
o . oo 
0 .002 
0.002 
0.002 
0.002 



t. = 0 

F 
C t< .. Z > 

1.000+000 
e:.000-001 
e.000-001 
7. o o o-n o 1 
6.000-1)01 
s.000-001 
... 000-001 

• 5 0 o- O O 1 
3.000-001 
2.soo-001 
2.000-001 
1.eoo-001 
1.60 o-o O 1 
1. ft O o-o O 1 
1. 2 0 o-o O t 
1.000-001 
9. 0 0 o- 0 O 2 
~.000-002 
1.000-002 
f, • 0 0 o- 0 0 2 
s.000-002 
It. 0 0 o- 0 0 2 
3.500-002 
3 • 0 0 o- 0 0 2 
2 .50 0- (102 
2 .00 0-00 2 
1.L'00-002 
1.600-002 
1.'400-002 
1. 2 0 o-o O 2 
1.000-002 
~ . 0 0 o- 0 0 3 
e.000-003 
1.000-00 
E.000-003 
5. o o o- no 3 
It• 0 0 o- 0 0 3 
3 .~00-00 3 

.ooo-no3 
2. 5 0 o- 0 0 3 
2 .0 00-oo "l 
1.800-003 
1.600-00:! 
1. '4 0 o- 11 0? 
1. 7 0 o- 0 0 3 
1.000-00~ 

43 

MOOE CALCUL•TIO~S FO~ A FLANAP EA~TH CRUST ~AVEGUIOE 
THRCE LAYER ~OOEL 

l-4: 50.00 l<H 

SJG~JIG) = INFINITY 
SIGMA= 1.00-ooe MHO/M 

SIG~J(1) = 1.00•00 2 HHO/M 

RE<C> J~<C> ATTFNUJll O~ 
COB/IC f'1) 

1.8~ 214-00 2 ... 89'43-002 5.8967-003 
1.87~56-00 2 ~.~0560-0 0 2 5.6737-003 
1.g322q-00 2 ... 639 30-002 5 .8495-003 
1.qq~54-002 ft.79566-0 02 S.6239-00 
2.01,67-00 2 ... ~63'40-0 2 5.7966-00 
2.1&~10-002 5.?1'495-002 5.7670-00 3 
2.2ie28-002 s. 5 1332-002 5.731t2-00 3 
2.3f'497-002 s.10010-002 5.7163-003 
2 ... 5£93-002 5.~2369-002 5.6969-003 
2.57059-00 2 6.1~960-0 0 2 5.6755-0 0 
2.71718-002 6.55495-002 5.6511-00 3 
2.78~37-002 6.72978-002 5.6401-003 
2.872ft0•002 E.93077-002 5.6280-003 
2.9695ft-00 2 7.1E593-002 5.61'43-003 
3.08595-002 7.ft4738-0 02 5.598 3-003 

.22956-002 7.79'459-0 02 5.5785-003 
J.31562-002 e.0025e-002 5.5661-003 
3.'41456-00 2 e.24168-0 2 5.5511-003 
3.5~033-00 c e.52141-002 5.5 22-00 
3.66890-002 e.e~618-002 s.5061-003 
3.83987-002 g.2~916-002 5.46g6-003 
4.06005-002 9.~0091-0 02 5.4102-003 
1t.191e1-002 1.r13 36-001 5.3647-003 
... 36268-002 1.05317-001 5.3008-00 3 
1t.S660&-no2 1.10229-001 s.20&1-00 3 
1t.e2798-00 2 1.1f553-001 s.0600-00 3 
4.95682-00 2 1.19t6ft-O 1 4.9778-00 
5.10493-00 2 1.2 240-001 4.8761-0 03 
5.27820-00 2 16~74 23-0 0 1 4.7487- . 3 
s.,.e5~&-002 1.32430-001 4.5~69- 003 
5.741 36-002 1.38605-001 4.3781-003 
5.89 .. 5R-002 1.~? 30 S-O P1 4. 2 505-003 
6.0707 2- 002 1.•f557-0 D1 4.1035-0 03 
e. 2161q-0 02 1.~1s -0 01 3 . G 2~-0 0 
6.,2340-00£ 1.57466-001 3 .7 330- 0 3 
E.82761-00( 1.f48 1-001 ~.4q6 J-OO 
7.21930-002 1.7~ 287-0 0 1 3 .211 5-00 . 
7.46437- 002 1.ao co ,.-0 01 3 . 0457- 003 
7.75763-002 1.F7 2S 4- 00 1 2 .66 01 - 00 
~.119,.1- qoz 1.q6 01 s-0 ~1 2 .&4qs- 003 
e.sa522-002 2.07264-001 2 .4 01a-00 3 
6.81436-00 2 2e12796- 0P 1 2 . 996-0 0 
9.07776-002 2.19155- 0~1 2 .1 8 4-0 03 
~.38591-002 2.?~595-0 1 2 . 0577- 00, 
9 .754f8- 02 2.35496-0 0 1 1.920 5- 00 
1.02096-001 2.46460-0 01 1.7669-0 0 

K = 
K ( 1) = 

9.0 
1s.o 

V 
EXCITAT IC~ FACTOk 
MAG ITUO E F~~SE 

9.'3~163-001 
9 .9<?110-001 
9 . <? 045 -0 01 
9.96962-001 
9. CJ8 65 - 001 
q .g 69CJ-001 
9 . <36464-001 
9.9828<3-001 
9.9804~-001 
9.9768 (1 -001 
q .q707 3-00 1 
9.967 03 -001 
9.<3f207-001 
9.95511-001 
9.9448 - 00 1 
9. 92847-001 
9.91631-001 
9.6~971-001 
CJ.67614-001 
9.64100-001 
9.7t-515-0 01 
q.66856- 001 
<3.6 1173- 0 01 
q.5 0122-001 
q. 353 - 001 
4:'!. 07360- 00 1 
fl,.q2&0 3-00 1 
~-7" 2 7'3- 001 
a . c; 12S3-001 
~. 21 9 !:- - 001 
1.6', 03·- 01 
7 • & 0 8 l:>1 •• 0 0 1 

7.341? ~- 0 1 
7. 03062-0 01 
6.6f66 -001 
€, . 35 3 - 001 
~ . 7159:7-0 01 
c; .4 1 4 7-
5. 0747 3- 0 01 
4 .6 9090 - 1 
4.2', 67 - 001 
4. 0~096 -
3 . ~ 655-0()1 
~- 0 75- 001 
] . ~1ae- 001 
3 . 08 071-001 

0 .4 9744 
o.,.~76 2 
0.4S81 6 
o.,.9es1 
O.ft«:88 2 
0.499 11 
0.'4 1:<337 
0.'499'49 
o.,.9~6o 
o .4997 0 
o.,.1:191c, 
o .4q9e2 
0.4';965 
o.49qee 
0 . ,. <399 1 
o .,. g99 
0.4~9 94 
0 . 4 1:«39 
o. i.e;g q7 
o.4c;c;1c37 
o. ,.~gqe 
o.,.c;gq9 
o .c. «;qc;e; 
0 .5 0 000 
o .s o o 
o.s oo o 
o.s ooor 
o.s oono 
.soo oc 

o.s oooo 
o.s oooo 
o. soooo 
o.soooo 
o.soo oo 
o.s oo oo 
0.500 0 
o.s oooo 
o .s o 
o.s 000 
o. srr 

no 
0 .. G 0 
o.s oo1.10 
0.5 00 0 
o. soooo 
O. SCO L10 

CCE GPEESl 
o . 31 0 
0 .265 
0 . 222 
C.18 2 
0. 1C.5 
0 .111 
0 . 080 
0.061:> 
0 . 053 
0 . 041 
0 .030 
0. 020 
0 . 022 
0 . 016 
0 . 015 
c. 011 
0 .01 0 

.00 6 
0 .0 07 
0 . 00 6 
O. ClO ? 
0. OC 4 
G. 003 
0.0 03 
0 . 0 2 
c. 002 
C. 0 0 
0 . 001 
c . 001 
n. 001 
0. 001 
0 . 001 
G. 00 1 
0 . 0 0 1 
, • CG 1 
.OO l 

J . 0 0 
: . cioo 
0 . 0 
0 .00 0 
c . ooc 

• 0 0 I.J 
L.oou 
0 . 000 
. co o 

G. 000 



N • 0 

F 
(l<HZ) 

1,000•000 
9.000-001 
a.000-001 
1.000-001 
6.000-001 
s.000-001 
4.000-001 
3.500-001 
3.000-001 
2.soo-001 
2.000-001 
1.eoo-001 
le600•001 
1.400-001 
1.200-001 
1.000-001 
9.000-002 
8.000-002 
1.000-002 
6.000-002 
s.000-002 
4.000-00? 
J.soo-002 
3.000-002 
2,500-002 
2.000-002 
1.800 002 
l.600•002 
le400•00? 
1.200-00? 
1.000-002 
9.000-003 
s.000-003 
1.000-001 
6,000-00J 
5.ooo-003 
4.000-003 
l.soo-003 
3.000-003 
2.soo-003 
2.000-003 
1.000-003 
1.600•003 
l,400-003 
1.200-003 
1.000-003 
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. 
MOOE CALCULAJIONS FOR A ~LANAR EARTH CRUST WAVEGUIDE 

THREE LAYER MODEL 

H • OelO KM 

SIGMA(G) • INFINITY 
SIGMA• 1.00-oos MHO/M 

SIG~A(l> • 1.00•003 MHO/~ 

RE(C) IM(C> ATTENUATION 
(OB/KM) 

7,0591~-001 1•73029•000 4,4128•000 
7.23804•001 le77~22•000 4.2887+000 
7,44290•001 1,82897•000 4,1540•000 
7,68148•001 1,89063•000 4,0064•000 
7.96539-001 t.96434+000 3,8425•000 
~.31310•001 2.05514•000 3.6572+000 
8.75647-001 2,17185•000 3,4427•000 
9.03123•001 2.24475•000 3,3204•000 
9,35728•001 2.33186•000 3,1847+000 
9.75514-001 2,43911•000 3.0313•000 
1.02600•000 ~-57687•000 2,8535•000 
1.05052+000 2,64448•000 2,7732+000 
1,07843•000 l•72209+000 2,6861•000 
1.11071•000 2.81270•000 2,5905•000 
1.14878•000 2,92089•000 2,4842•000 
1.19489•000 J.05395+000 2.3~40•000 
1.22'.04•000 3.13343•000 2.2970+000 
1.25281•000 3.22460•000 ?.2243+000 
1.zee11•000 J,33095•000 2,1444+000 
1,32957+000 3e45780+000 2.0555+000 
1.37923•000 3e6l359+000 le9547•000 
le44076+000 3,81303•000 1.8374•000 
le47782+000 3e937JO•OOO le7702+000 
le52068+000 4e08484+000 le6q53+000 
1,57123•000 4e26590•000 1.6102•000 
le63240+000 4e49702•000 1.5110•000 
le66083+000 4e6098~•000 l,4659+000 
1.69210•000 4,73875+000 1.4168•000 
1.72675•000 4.88851•000 1,3627•000 
1,76541+000 5e06616+000 le3022+000 
le80878+000 S.28281+000 1.2334•000 
1.83242•000 5e4ll20+000 1.1946•000 
leA573~•000 5,55744•000 1,1528+000 
1,e8357•ooo 5.12663•000 1.10~4•000 
le910S3•000 5.92625•000 le0545•000 
1,93712+000 ~-16799•000 9,9522-001 
1.96038•000 6.47136•000 9.2567-001 
1.96860•000 6.65632•000 e.~~54-001 
t.97201•000 6.87244•000 ~.4053-001 
1.9666~+000 7el3068•VOO 7.a906•001 
le9444b+OOO 7e44AS4•000 7.2852-001 
le92740+000 7.59843+000 7.0084-001 
le90297•000 7eJ651A•OOO 6.7057-001 
1.86812•000 7,9S237+000 6.3708-001 
le8l805•000 Ael64u7•00n 5,9950-001 
1.74493•000 8,40811•000 5,5656-001 

K ■ 
l<(l) • 

,o 
1s,o 

V 

2,23645•001 
2.09872-001 
1.~5292-001 
1,79777-00l 
l, 3161•001 
1.45210-001 
1.25589-001 
1.14998-001 
1.03767-001 
9.17625-002 
7.879~4-002 
7.32735-002 
6.75260-002 
6el5164•002 
s.s1~ee-002 
4.A5105•002 
4.50004•002 
4.13600-002 

.7c:;697-00Z 
J.3t,OJ••002 
2,'14253-002 
2.49834•002 
2.2&398-002 
2.01CJ59-002 
1.76315-002 
1.•9171-002 
1.3779e-on2 
1.26075-002 
1.13948-002 
1.01348-C\02 
8,81821-- 00 3 
8,13467-003 
7.43143-003 
6.70560-003 

.95344•003 
5 .1 984-003 
4e 4755• 0 03 
3.91865-003 
3.47545-003 
3.01533-003 
?..53464-003 
2.33547-003 
2.13171-003 
1.92280•003 
1.10802-003 
1,48647•003 

EXCITATION FACTOR 
MAGNITUDE PHASE 

0.49312 
0,49338 
o.49299 
0,49251 
0.49191 
0,49114 
o.~9011 
0,48943 
0.48859 
0.48752 
0.48606 
0.48532 
0,48444 
0.48338 
0.48207 
0,48039 
0,47935 
o,•1e13 
0,47665 
0.47482 
o, .. 724& 
0,46932 
0.46727 
0,46473 
0,46 47 
0.4571. 0 
0,45487 
0,45224 
0,44908 
0,44519 
0,44020 
0.43713 
0.43351 
0.42916 
0.42379 
0,41692 
0,40769 
o.40168 
0,39426 
o.3847"­
o,J 7 1A8 
0,36 30 
0,35752 
0. 34 11 
o.33643 
0,32136 

(DEGREES> 
0.738 
0.77A 
0,825 
0.882 
0.953 
1.045 
1,170 
1.2s2 
1.355 
1.487 
1.667 
1.759 
1.869 
'..002 
2,168 
2.382 
2,516 
2.675 
?.868 
3.109 
3.421 
l.847 
4,129 
4.481 
4.939 
5.568 
5.894 
6.282 
6.755 
7.348 
R,122 
8,609 
9.191 
9.901 

l0.79S 
11.964 
13.584 
14.664 
16.026 
11.811 
?0.285 
21.574 
23-115 
24.997 
27.357 
30.422 



N • 0 

F" 
( K ) 

1,000•0 0 
9,000-001 
e.000-001 
1.000-001 
6,000-001 
s.000-001 
•.000-001 
3,500-001 
3.000-001 
2.soo-001 
2.000-001 
1.eoo-001 
1,600-001 
1.400-001 
\.200-001 
1.000-001 
9.000-002 
0.000-002 
1.000-002 
6.000-002 
5,000•002 
4.00C\-00' 
J.soo-002 
J.000-002 
2.soo-00;:i 
2.000-00? 
1.000-002 
1.600-002 
1.400-002 
1.200-002 
1.000-002 
9.000-003 
e.000-003 
1.000-00 
6 .00 0-003 
s.000-00 
4.ooo-no3 
3.500-003 
J.000-003 
2.csoo-003 
2,000-003 
1.eoo-003 
l.601)-003 
1.400-003 
1.200-003 
1.oon-003 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER ~OOEL 

H • OelO M 

SIGMACG) • J FINITY 
SIGMA• l.00•006 M~O/M 

SIG~A(l) • l.00•003 ~HO/M 

RE(C) 

1.~1110-ou1 
7.40248-001 
7.6 111-001 
7.A7827•00l 
8.)8516-001 
Ae 635 •001 
9.osos2-001 
9e3549b•001 
9.71906•001 
1.0167 •000 
1.07450•000 
1,10286•000 
1.13543+000 
1.17350•000 
1,21901•000 
1.?7506•000 
1.30859•000 
1.34708+000 
1.3r;20S+OOO 
le44577•000 
le!:-1190+000 
1.sr;678•ooo 
le64973•000 
1.71295+000 
1.79067+000 
1. 9032 • 000 
1.cnlil~+OOO 
le99CS13•000 
2.06040+000 
2.13820•000 
2.2336~•000 
2.29057•000 
2.3~573•000 
2,43lSCh000 
?. 2184+000 
2.63234•000 
?.77 l<h000 
? . A 0'+6•000 
2 .96400+0 00 
3.(19034+000 
3.25065•000 
3.32848•000 
3.41710+000 
3,51957•000 
3 ,64046+000 
3.78&85•000 

1•74072+000 
1.1 722•000 
l• 4065•000 
l•QOJ16+000 
1.9779 •000 
2 07019•000 
2•18894+000 
?e2632l•OOO 
2.35208+000 
?e46169•000 
2e60277+000 
?. 721~•000 
2.75191•000 
2eA4519•000 
2,9567Q+COO 
3.09442•000 
3.17683•000 
3.27156•000 
3.38234+000 
3•5148A•OOO 
3e6783l•OOO 
3e88A63•000 
4,02014•000 
4.17746+000 
4.37142•000 
4.62097+000 
4.74365+000 
4,A8460+000 
s.04941•000 
s.246SO•ooo 
s .4894t• ooo 
s.63 4BO•ooo 
c;. 0182+000 
5e9970~•00n 
6e2304~•000 
6e51803•000 

.88768•000 
7e ll AS~•OOO 
7. 9450•000 
7.73427•000 
8el7070•000 
e.38493•000 
e.6Joa1•000 
8-91793•000 
9.26074 ♦ 000 

9. 8238•000 

ATTENUA IO N 
CO /l<M) 

1.2 91+000 
l.?623•000 
1.?.325•000 
1.1990+000 
1 . 1605•000 
1.1154•000 
le06ll•OOO 
le02Q2+000 
9.9291-001 
9,5104-001 
9.0141-001 
A,7864•001 
e,c;311-001 
8.2613-001 
7.9522-001 
7.5994-001 
7.4019-001 
7-1865-0 0 1 
6.9493-001 
6.6845-001 
6 ,3835-001 
6.032 -001 
5.e31s-001 
5.~014.0 0 1 
r;. 31- 00 1 
5.0571-0 1 
4.92 0-00 1 
4.7771-0 0 1 
4.,,16 -001 
4.4383-001 
4.2357-001 
4.1228-001 
4.0001- 0 01 
3.8 52- 0 l 
3.714 - OJl 

.544 - 01) ' 
~.34 6 1- 0 0 ' 
3.2324-001 
J.1ose-001 
?.9621-001 
2.794 -001 
?.71 8- 0 l 
?. 3 2- 0:)l 
2.c;454-001 
2 .4441- 001 
2.3290-001 

I( ( l) 
• 9eO 
= ls. 

V 
E CITA IO fAC OR 
MAGNIT UO E P~ASE 

4. c; 42-001 
.7 365-001 

4. 8321 -0 01 
4e3Sl29•00l 
4.0@025-001 

.7S9bO•OOl 
3.37438•001 

,15086•001 
2.90163-001 
2.62125-001 
2. 01 9-001 
2. 6097-001 
2 . 01 90•001 
1. 504 -0 0 1 
l. b7 7 8•001 
1 . 9114-001 
1,39137•001 
1 . 2 666•001 
1.17631-001 
1.05941•001 
9.34700•002 

.0 0367-0 02 
7.28766•002 

.53563-002 

.740 5 1- 0 02 
4.8 201- 002 
4 . '343 3 -002 

• 417- 2 
. 77 967-0 02 

3. 3 7 35-0 02 
2 • . -~O 0 02 
2 .73 7- 0 02 
2 .s1003- 00 2 
i .274 9- o .2 
? .O 01 2• 0 02 

• 7 37 -0 02 
1. _0 c 0 r - 002 
l• b0!?J5• 0 02 
1.21212-0 02 
1.oc; 16-002 
8.95154- 00 3 

.27037- 00 
7 .Sf,9}7• 0 03 

.~44 1- 0 03 

.09318-003 
S .30855•003 

0.49907 
0,4990t> 
0.49903 
0,49900 
o.49896 
o.49 91 
0,498 
Oe49A77 
0,498 
0.49860 
0,49 47 
o.49840 
o.49831 
0.49 21 
0.4980 
o.4979c 
0.49782 
0,4977 0 
0 .49755 
0 .49737 
0 .4971 3 
0,49 81 
0.49 59 
0.49 3 

. 4Q 99 
0 . 49 c; 3 

.49C::,29 
0,49 5 1 
0.494 7 
0, 4 942~ 
0.493 7 2 
0 .4933 
o.49299 
0 .49 51 
O • 4Q l 2 
o.• 116 
o . 49 0 3 
0,4 9 
0,4 8b~ 
0 . 4 R 

610 
5 37 

fOEGREES > 

0.042 
0.0•1 
0.053 
Cl.060 
0.069 
o.oao 
n.094 
n.103 
0.115 
o.12q 
O l 7 
0 .157 
0 .16R 
0.1 1 
0.198 
0 .21 
n .2J2 

.2 
o .26~ 
0 .28s 
n.317 
0 .3~~ 
0 .38? 
0 .414 

, 45 C::, 
0 .51 
o.s3 

.572 
0 .,,1;, 
() .66? 
(} • 27 
0 . 161 

.Rl 
n. 1 
0 .94 4 
1.036 
1.1 
1.2 3 
1 .34 
1.-.11 
l .hS 
1 .749 
l .AS 
1.991 
2 .156 
2.369 



N a 0 

F" 
(KHZ) 

1.000+000 
9 . 000 -00 1 

. 000 - 001 
1.000-001 
6 . 000 -0 01 
s . 000 -001 
•.000-001 
J.s 0- 001 
3.000-001 
2.soo-001 
2.000 -0 01 
1.~00-001 
1.600•001 
1 •• 00-001 
1.200-001 
1.000-00\ 
9,000-00::i 

.00 0-00~ 
1.000-002 
6.000-002 
s . ooo -no? 
•.ooo-ooi? 
J .s oo -002 
3.000-002 
2.soo- 002 
2 . 000 - 00? 
l.~00 - (102 
1 . 600 -00i? 
l.400 •002 
1.200-00? 
1.000-002 
9,000-003 
8 ,00 0• 003 
7 000 •003 
b,00 0•003 
s.000-003 
•.0 00 -00 
3,c;oo-003 
3.000-003 
2.isoo-00~ 
2 . 000 -003 
l,800•003 
le60 0•003 
1 .400~001 
1.200-003 
1,000-003 
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MOOE CALC UL ATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MOD EL 

H • OelO KM 

JGMA (G) • INFINITY 
SIGMA• le00-001 MHO/~ 

SIGHA(l) • le00•003 ~HO/M 

RE(C) 

7 ,22698 -001 
7.4189 - 001 
7.63970-001 
7,£'980:-001 
A,20721•001 
R,58872•001 
9.o&oos-001 
9e3tH49-00l 
9,75544•0 0 1 
1,02093+000 
1,07938+000 
1,10813+000 
l,14118•0 0 0 
1.17984+000 
1.?2610•000 
1,28317•000 
1,31735+000 
1,35663+000 
1,40259+000 
le45758•000 
1,52540+000 
le61270+000 
l,66730•000 
t.73263+000 
1.81320•000 
1,91690+000 
1,96789•000 
2,02649+000 
?.09502+000 
2.17701+000 
2e27A09+000 
?.33861•00 0 
2.40816+000 
2,4894'1+000 
2,58f,7f>•OOO 
2a7066h+OOO 
?.A609l•OO O 

. 9573 2 •00 0 
3.07261•00 0 
3.2146 •00 0 
3,3973t:i• 0 0 
3.4871 •OO 
3.59024+000 
3,71073•000 
3.85474+000 
4,03211•000 

IM(C) ATTENUATION 
tOB/KM) 

1 ,74 176 •000 4.5650-001 
le78831•000 4.3432-001 
1,84182•000 4.1157-001 
le9044l•OOO 3.A821-001 
l,97931•000 3 .6419-001 
2.07169•0 00 3.3947-001 
2,19064•000 3.1397-001 
2a26505•000 3.00A8-001 
2,35409•000 2.8752-001 
2e46393+000 2e7376•00l 
2,60534+000 2.5932-001 
2.67490•000 2.5321-001 
2,75♦ 86•000 2e4b~l-0 01 
2a84840+000 2e39Q7- 00] 
2,96033•000 2.3251- 001 
3.09841•000 2.?409- 001 
3el811l•OOO 2,1937•001 
le?.7618•000 ?..1419-001 
3,38740•000 2.0840-001 
3,52048•000 2.0182-001 
J.~8465•000 1.9416-001 
J.89601•000 1.~496-001 
4e02824+000 le79S6•001 
4,18648•000 1.7343-001 
4,J8166•000 1.~634-001 
4e63295•000 le5792•001 
4.75655•000 1.s•o5-001 
4,A9863•000 le4981•0 0 l 
5,06484•000 1.4510-001 
5,26373•000 l,39A2-001 
s.so9os•ooo 1.331e-001 
5eb5599•000 le3039•001 
SeA2489+000 la26b9•001 
6e02247+000 le?.2~1- 001 
6,2588A•OOO lel804•001 
6e55049+000 lel2R5-001 
6,92590•000 1.0677-001 
7,16073+ 000 1.0329-001 
7.4417?.•~0 0 q,9395-002 
7.78828•000 9.•975-002 
A,l344l+OOO ~,q 22•002 
8,45381•000 A.7485-002 
8 70599•000 8.4941-002 
9a00097+000 A.,145-00?. 
9.35388 •000 7.9028-002 
9.78912•000 7,~491-002 

K • 
( l) • 

9.o 
1 s. n 

\/ 
EXCITATION FACTOR 
MAGNITUDE µ~ASE 

~.19361 - 001 
s . 10336•001 

a00408 -001 
• • 8Q355 - 00 1 
4.768•5•001 
4eb2336-001 

,44830-001 
•.34359-onl 
4.22121-001 
4.07239-00l 
3,87996-001 
3 , 78394-001 
3,b7207•00l 
3 . 5 3915-001 
3 .3777 0-001 
• .17 t-i6 7-001 
J.Ost>37-onl 
2 ,91922-001 
2,76151-001 
?,57838-001 
2.36331-001 
2.10716-001 
1.95967•001 
}.79624-001 
lebl375•001 
1.•0181-on1 
l ,31751-001 
l e22189-001 
1,12022-001 
le0115A•001 
a.94719-002 
8 .32677-002 
7,67849-002 
.99856 -002 

b,2A200•002 
5 , 5220t: •002 
•.70879-00 2 
•• 21110-002 
3,82t,80-002 
3 .35221-00 2 
2 , 84830 -002 
2 .b367l•002 
2 ,41826-002 
2,19193-002 
la9Sb35•002 
1.70965-002 

o. 9961 
0,49962 
0.49964 
n.49965 
0.49967 
o.4996 
o.•9970 
0 .49971 
0,49971 
0,4997~ 
0,49972 
0,49972 
0.49972 
0,49971 
0.49971 
o.49cno 
0.49970 
0,49969 
0.4996& 
0,49967 
0.49965 
0 ,4996 2 
0,49961 
0,49958 
0.49955 
0,49951 
0 ,4994 9 
0,4994 6 
0,4994J 
0 ,4993'91 
0.49934 
o, .. 9931 
0,49927 
o.49922 
Oe499lb 
0.4990~ 
0 .49899 
o, .. 9892 
o.49884. 
0,49873 
0,4t98 ~ 
0.49851 
0.4-9842 
0 .. 49831 
0.4981 €4 
0,49800 

(DEGREES> 
-0,027 
-o • 02c:; 
•0,0?3 
- 1) . 020 
- 0 . 011 
- 0 . 01 
- 0 . 011 
- 0.009 
- o.o o 
- o.n o 

0,000 
0 . 002 
0 . 004 
0,00 
0 . 009 

.012 
0 .013 
o.n1c; 
O, 18 
0 , 021 

. 024 
0 , 029 
0 ,032 
0 . 035 
0 .04 0 
0 .04 
0 ,049 
o. os~ 
0 . 05 7 
0 . 062 
0,069 
0 .07 3 
0 . 078 
O,OA 
0 .0 90 
0 .1 00 
0.11? 
0 .12 0 
I) .130 
0 .14 
0.161) 
O.lb9 
0 ,179 
0.19? 
0 .20 A 
0 .22 A 



= 0 

F 
( I( z ) 

1 . 00 +000 
~.000 - 001 
e.ono-001 
7. 0 t')-0 1 
6•00o-001 
5.000-001 
... ooO-IJOl 
3 . 500-001 

. 000-00 1 
2 .500- 001 

. 000-001 
1.eoo-001 
1•60 o- 0 0 1 
1.1+00-001 
1. 2 0 o- 0 flt 
1.000-00 1 
<:.000-002 
e.000-002 
1.000-002 
f. 0 0 o- 0 0 2 
s.000-0 02 
I+• 0 0 o-o O 2 

• 5 0 o- 0 0 2 
.000-002 

2 . 5 0 o- 0 O 2 
2.000- 002 
1 .eoo-002 
1 .600-002 
1. c.00-00 2 
1 . ? 0 o- 0 0 2 
1. 0 0 o- 0 0 2 
9. 0 0 o- 0 0 :! 
A• 0 0 0- 0 0 ~ 
1.0 00- 00 
6. 0 0 o- 0 0 3 
5.000-003 
I+. 0 0 o- 0 0 3 
3 .500-00 ~ 

.o oo- 1)3 
2 . 50 0- 003 
2 . 000-003 
1. e o o- o o 3 
1 .f 0-003 
1.'+00-003 
1. 2 no- o o :! 
1.000-003 
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MC(f CALCUL•TIO~S FO A ~LANAR EA TH CRUST ~AVEGUIOE 
THRF.f LAYER ~OOEL 

SIG~• CG> 
SIGMJ 

S IGf"A(1> 

H = 0.10 KM 

= INFINITY 
= 1. 00-0 8 MHO/H 
= 1.0 0- 003 MH O/f'I 

K .:: 
( 1 ) = 

9.0 
1s.o 

RE<C> It-<C> ATT ENUA lI O" V 
EXCITATIC~ F~CT OR 
t1A GNITUCE F~ ASE 

1. 22 51-001 
7.'+ 206 - 01 
7.6411+<}- 1 
7.eqqqA-C 1 
a . 20 91+1-001 
A.591 24 • 001 
9.08301-001 
q.39075-001 
9.75908-001 
t.02135+000 
1.079tH+OOO 
1.1086f>+OOO 
1.1'+175+ 000 
1.1eoc.R+OO O 
1. 22 681+000 
1.28398+000 
1.11823+000 
t.3575<}+00 0 
1.40365+000 
t.le587f, +OOO 
1.52675+000 
t.6142<}+000 
1.66906+000 
1.73fe61 ♦ 000 
1.815'+6+00 0 
1. «Hq56+ 1J OO 
1.97077+00 0 
2.0 29f.3+000 
2 .0985 0+000 
2.1809 0+000 
2. 28 255+ 00(1 
? . 31+ 31+1++ 000 
2 .4 13 1+ 3 ♦ 0 00 
2 .c.qs 31+000 
2.593? / +000 
2.71'+14+ 000 
2.Af-9 71++ 00C 
2. 9670fHOOO 
. oe SG+ ooo 
. 2?723 +000 

3.1+1 ?20+000 
3.5 031 8+00 0 
3.E 0775 +000 
3 .7 300 7+000 
~.A7f,1+5+00 0 
l+.O~bc:?R+OO O 

t.7 .. 187+ 000 
.7~84 2+ 010 

t.1'4193+ 0') 0 
1. <30 '+ 53+0'.lO 
1.0,791+1t+O OO 
2 . 07184+ 0 0 
2 .19081+0 ()0 
2.26523+0 0 0 
2. 35 ft 29+0 00 
2.46 .. 15+0 rt0 
2.f-0560+000 
2.67518+010 
2 .755 15+ 000 
2.&C.872+000 
2.Qf,QE,9+0 00 
3.098~1 ♦ 000 

3.18 5 .. +o oo 
3.27661++000 
3 • . 8790+0 00 
3 . 5210 fe+O OO 
3 .68528+0 0 
.896 75+0 00 

'4.02905+00 0 
... 18738+0 0 0 
'4.36 268+0 00 
... 6 .. 11++0 ) 0 
... 75761++0 00 
... (30003+0 00 
5.06636+0 00 

.::>65'41++ 000 
s . r;1101 +01Jo 
r;; . 65e 10+0 o 
5.R?718+0 0 
6.02'499+ 0')0 
E.?6171+00 
6.~537 2 00 0 
6. ?CJ6G +n 0 
7.1 £-1+ 2+ 01) 
7.446 O+O O 
7.7q36 3+0 0 0 
8. 24 071+ 0 0 
e.1+6063+0 00 
e.11 4 3+o o 
9.0 09 17+ 0rJO 
9.Jf3 07+o no 
'3 .7 CJE-t++ono 

COB/l<M) 
3 .58 28 - 001 
3.3399-001 
3 .0880- 001 
2 .8258-001 
2 .5514- 001 
2 . 26 25-001 
1.9556-001 
1.7938-001 
1.625 3-0 01 
t.4488-001 
1.2627-001 
1.1851-001 
1.1053-001 
1.023 2- 001 
9. 3835-002 
8.5 05 4-002 
8.0539-002 
7.5934-0 02 
7.1 23 5-0 02 
6.61+37-00 2 
6.1536-0 02 
5.6531-00 2 
5.3q86-002 
5 . 1405-002 
4.8774- 00 2 
4.6 01+7- 002 
'+. C.<}0 6- 0 0 2 
4. 37 2 -00 2 
4.?469- 0 2 
4.1113- 002 
3 . 9600 -002 

. 6757-0 02 

.7836-002 
3 .6 812 - 00 
3 .5651- 002 

c; . o 911-001 
4.9 865-001 
... 8~753-001 
4.7 3319-0!11 
4.5 9202- 00 1 
4.1+ 286 2-001 
4. 23437-001 
'+.1 213 8- 001 
3. 99411-001 

. 64819-001 
3 . 67667-001 
3.5 98 47 -001 
3.5 1321 - 001 
3 .4 1933-001 

.31'+6 7-001 
3 .1 <35CJ<? - 001 
3 .1 2969- 001 

• 5610-0 1)1 
2 .()7() 28-001 

. Ac;1 45- 001 
2.1 q1 -. o- 001 
2 .67 2? - 00 1 
? .6 03A2-0 01 
2 .5 2391-0 01 
2 .42817- 00 1 
2 . 3065 1- 00 1 
2 . 2 1+ 50- 00 1 
2 . 1770 1+- 0 1 
? . O 50'+- 00 1 
1 . q E0, •0 01 
1.87 31+~- 1 
1. 003<3-0 01 
t .7173 - 00 1 
1. &..,20 7- 0'l l 
1 , 5 1 0- 001 

3 • 4 3 0 5 - !' 1:i 2 1 • , 2 7 ;;' - 0 ~ 1 
. 2~ 1- 0 2 1. 795 7-01 1 

] .1744- 00? 1. Jk16 - 10 1 
. 067 -0 02 1. '14 5 ' r":1 

2 . 9'+ - 00? q. , flt 3- 002 
2 .7 <35 3-0 02 R. 1~67 9-0 0 
2 . 1 74- 00 2 1.6173~- on? 
2 . 6s 2g- 002 1. ; 56 0- 00? 
2 . 5704-00 ? 6.4 9b3-002 
2 .4777- 002 5. ? 4? <: -002 
2 . 715- 00? 5 , 14 267-002 

0.4 <?96 
0.49968 
O.l+ <; ':HO 
0 .49972 
0 .4 <3974 
o .4S97E: 
0.49979 
o.c.sg6o 
o.49981 
0 • 4 '3 98 3 
O.le9984 
0.4S96~ 
0 .4 ':966 
o.i.sg t 
o .r. c;9a1 

0. l+S98 C? 
O.l+C:98c; 
O.l+S990 
0 . 4 ':99 
o .1+ 0 991 
0. 4'39 91 
O. l+ S9 9 1 
o .c. <;CJCJ1 
o .i.s 1 
O.l+C: Y1 
0.1+'; 991 
o.i.c;q 1 
O.lt <:9 91 
0. 4S991 
0.4S99 0 
0 . 4<399 C 

• i, <; q y 
o .c. s qs 
O,l+G98 C? 
0.4 <:qs 
O.l+S9 7 
0.4S 8 7 

0. '+~ <3 65 
0 • C 4 
o.i. c g 
0.4S98 2 
O.l+ <: 981 
o.4sq1 c; 

<O[G~EES> 
-0.033 
-0.1)32 
- 0.03 0 
- 0 . 028 
- 0 .026 
-0.024 
- 0.021 
- 0 .020 
- 0 . 018 
- 0 . 0H> 
- 0 . 01 4 
-0 . 013 
- C.013 
- c . 01 1 
- o. 010 
- 0 • 0 C3 
- 0 . 008 
- C. 008 
- C. 007 
- o. ooe 
- 0 . 005 
- 0 . 00'+ 
- 0 . 003 
- L. 00? 
- 0 . 001 

0 . 000 
G. O O 1 
0.0 l 
c . 002 
0 . 00 3 
U. 0 0 '+ 
0 . 004 
G. 0 Oi;, 

. 006 
' . 007 
0. 008 
u. co<.3 
0 . 0 1 0 

• 0 11 
0 . 013 
o.01~ 
u. 015 

• (1 11 

0. 01 t 
0 . 020 
0. 2 2 



N • 0 

F 
( KHZ) 

l,000+00 0 
.000-001 

~.ooo-no1 
1 .000 .. 001 
6,000-00 1 
5 . 000 -0 01 
•.000-001 
3,500-001 
J.000-001 
? , soo -001 
2 .00 0-00 1 
1.eoo-001 
1 .6 00 •00) 
l .40 0•001 
1 .2 00 .. 001 
1.000 - 001 
9.000 -00? 
8 e ooo -r,0? 
1 .00 0-00 ?. 
be000--00? 
s .o 00 •00?. 
4.0 00 •00? 
3 . S0l1 •00 2 
J.000 -00;, 
2 . c;oo - 00;, 
2 . 000 -00 ? 
l . A00 •0 0i> 
1 .6 00 -0 02 
l.4 00 -0 02 
1.200 .. no;, 
1.000-002 
9.ooo -oo~ 

.000-003 
1.000-00.~ 
b ,0 00 -00 :_:I 
s .0 00-00 
4,0 00-00 
J.soo - oo 
J.0 00 - 003 
2.soo-001 
2 .000•00~ 
l.8 00•003 
1. 00 -001 
1.400-001 
1. 2 00-003 
1. 000 -00 3 
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MODE CALCUL ATIONS FOR A PLANAR EARTH CR UST WAVEGUIDE 
THREE LAVER MOOF.L 

H s Oe20 KM 

SIG~A(G) • INFI~ITV 
SIGMA a 1,00•005 MHO /M 

SIGMA(l) • l ,00•003 MH /M 

RE(C) 

r;, 04771-001 
5 ,17859 001 
t; ,32880•001 
5 ,50418•001 
c;,7135b•001 
5 ,Q7097-001 
6,30094•001 
,,,50648•001 
6 . 75149•001 
7,05220-001 
7,43678•001 
7,h2483•001 
7,84003-001 
A,09045•001 
8,38815-001 
8.75231-001 
8 ,9b874•001 
q,21591-001 
9,502A1•001 
9,A4283•001 
1,02571+000 
1 .07817+000 
1 .11046+0 00 
1,14855+000 
1 .1946t3+00 0 
l ,?.5261+000 
le?.8048+000 
1,31199 +000 
1,34811•000 
l ,~9027+000 
1,44061+000 
1 ,~6985+000 
1. 0260 +000 
1,53971+000 
l,~8237+000 
1.~3229+000 
lef-i9199+000 
1 .72664 +00 0 
1 .7b53l +000 
l,A0868+000 
l,A5 730 •000 
\.A78l,,•000 
leH996l•000 
1.92123 +000 
1,94211+000 
l,Q6030•000 

IM(C> 

1•22550+000 
25817+000 

1,29571•000 
1,33960+000 
1,39210•000 
1,45682+000 
1,54007+000 
1,59210+000 
1,65433•000 
1,73102~000 
1-82964+00 
l,87All•000 
1,93377+000 
1,99883+000 
2.07659+000 
2,17239+000 
2,22969+000 
2.29549•000 
2 . 37237•000 
?,46422+000 
2.s1129•000 
2,7224A+000 
2,81308+000 
2 ,92125•000 
3,05429+000 
3,22492+000 
3,30855+000 
3,40445+000 
3,51629+000 
3,64962+000 
3e81329+000 
3.91088+000 
4,02263+000 
4,15277•000 
4.30762+000 
4,49723+000 
4.73894+000 
4e88870+ 00 0 
5,06634+000 
5,28298+000 
5,55760+000 
5,69079•000 
5,84227•000 
6e01717+000 
6,22303+000 
6,4714A•OOO 

ATTENUATION 
(OB/t<:M) 

3e3H,S+00C 
3,2158+000 
3,1071+000 
2,9887+(,00 
2,A5A3+000 
2,7120•000 
2,!;443•000 
2,449b+000 
2,1450+000 
2 ,?27 +000 
2,09~9•00 0 
2,0324•0 0 
1,9670+000 
l,A9c;6+000 
l,Rl66+000 
1,7278+00 0 
l,~7A5+0 00 
l.fl25?+000 
l,'5669+000 
l,5\l23+000 
1,4294+000 
1,3450+000 
1,2969+00 0 
l,?.435+00 0 
1,1 31+00 0 
1,1130+ 000 
1,0812+00 0 
1,046 +00 0 
1,0089+00 0 
9,6683-001 
q,1906-001 
8,9242-001 
F.1,6344-001 
8.3157-001 
7,9603 .. 001 
7,5564- 0 0 1 
7,085 0-0 01 
~.8143•001 
6 . 5119-001 
6,167 5-001 
'i,7644•001 
5.se oa .. 001 
i;.3804-00 1 
i;.1S93•00l 
4,9115-001 
4,6285•001 

Ks 9,0 
K(l) • 15,0 

IJ 
EXCITATION FACTO? 
MAGNITUDE Pl◄ ASE 

2,63371-001 
2 .484?9• 001 
2 ,32520•0 01 
2.15479-001 
l ,97080•001 
1.11010-001 
1,54806•001 
l,42689-001 

, 2972 . •001 
1.15725-001 
1 , 00411•001 
9,38273•002 
8 eb926 0•002 
7,96562•002 
7.19501•002 
6 ,3714 0- 002 
S , 935b8 •002 

,4810R•002 
5 .00464- 002 
4.50241-002 
3,96897-002 
3 .39641-0 02 

. 09184- 00 2 
i .1122s-0 02 
2. 43451•0 02 
2.07410-002 
1,92211-002 
1.76477-002 
1 ,60125-002 
1 .43047-002 
1,25095-002 
1.1i:;121-002 
1. 06052-002 
~ .b0230•003 
8 .5'5788-003 
7 .463 2-003 

. 30 0?-003 
S .b9993• 003 
s.06930-003 
4,41043• 003 
J,71657-003 
3 ,4270 6-003 

.1?943-003 
2 . 8~248•00 3 
2 .50469-003 
?,17398-003 

0,49732 
0,49713 
0,4Q69l 
0,49664 
0,49631 
0,49 90 
0,49534 
0,4949b 
0,49453 
0,49397 
0,49321 
0,49282 
0,4Q23b 
0,491~ 1 
0,49113 
0.4902b 
0,48972 
0,48909 
0,48A33 
0,487 38 
0,486 17 
0 ,48454 
0,48347 
0.48216 
0,48 047 
0 ,4782 0 
0,477 03 
0 ,475 6 
0,474 02 
0,47198 
0,46937 
0,4677b 
0 ,4658b 
0,4b357 
0.46075 
0.45713 
0 .4Ci227 
0.4 4911 
0 ,44521 
0,44023 
0,4335 
0,4301 2 
0,426 10 
0.4212b 
o.•1c; . 2 
0,40771 

!DEGREES> 
0 .426 
(i .44? 
0.46? 
0,487 
0,SlA 
0.S5Q 
0 . t,l ~ 
0 .65 
0 .101 
o.76'3 
0 ,84~ 
0 . 891 
n .94 3 
1 . 00 
1.08s 
1.187 
1. 25 
1.326 
1,417 
1 . 531 
l ,67 ~ 
1.8A 
2e0l? 
?.177 
;?,391 
2 ,6 1 
,. • 3J 
3.012 
3.229 
J.s01 
3.853 
4.073 
4.335 
4,654 
5 . 053 
c; . 512 

• 2 c; 
.7 

7.351 
-1 2 

g, l 9"a 

• 749 
10 .413 
11.224 
l?..?.47 
13,58~ 
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-MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • Oe20 KM 

SIGMA(G) • INFINITY 
SIGMA• leOO•OO~ MHO/M 

SIGMACl) ■ l.00•003 MHO/M 

F RE(C) 
(l(HZ) 

1.000+000 5,10432•001 
9.000-001 5.23965•001 
a.000-001 s.3952s-001 
1.000-001 ~.57731•001 
be000•001 5.79518•001 
s.000-001 6.06395-001 
• • 0 O 0•00 l 6,!t09~.~00l 
3.soo-001 6.6263R-001 
3.000-001 6.88532-001 
2.soo-001 1.20464-001 
2.000-001 7.61558•001 
1.eoo-001 1.81763-001 
1,600-001 8,04981•001 
l.400•001 8,32131•001 
le200•001 8e64603•001 
1.000-001 q,04632•001 
9.000-002 9,28592•001 
A.000•002 9,56121•001 
7, 00 0-002 9, 8.8303-001 
b.000•002 le0267a+OOO 
~.000-002 1.07420•000 
4.000-002 1.13516+000 
3.soc-ooc?. 1,17325+000 
3.000-002 1•21878•000 
2 • 5 0 o- 0 u 2 1•27 4 8 4.• 0 0 0 
2.000-002 1.34689•000 
l.A00-0 02 le382i6+000 
l.600•002 1.42286•000 
l,400-00? 1,47029+000 
1.200-00? 1,52694•000 
1.000-002 1,59663•000 
9.000•003 le63828•000 
~.000-003 1,68607+000 
1.000-003 1.74185+000 
~.000•003 leA0840+000 
s.000-003 1.e9020+000 
4,000-003 l,9q503•000 
3.500-003 2.06030+000 
3.000-003 2,13810•000 
2.soo-003 2.23357•000 
2.000-ooJ 2.3~~64•000 
1.eoo-003 2,41533•000 
le600•003 2e4836l+OOO 
1,40 -003 2,56310•000 
1.200-003 2.6~757•000 
1.000-003 2.77312+000 

IM(C) ATTENUATION 
(DB/KM) 

1,23133•000 9a4770•001 
le26422•000 q.2784•001 
1•30202•000 9,0557-001 
1,34624•000 8.eo25-oo1 
1,39915•000 e.s1os-001 
1,46442+000 8,1669-001 
1,5~844+000 7,1523-001 
le60100+000 7.5086•001 
le66390•000 7,2326•001 
1,74147+000 6,9145-001 
1,84134+000 6.5390-001 
1,89047•000 6,3674-001 
l,9;693•000 6,1799-001 
2e0l29A•OOO 5,9731•001 
2,09201•000 5,7420-001 
2,18948•000 5,4793-001 
2,24787+000 5,3327-001 
2,31497•000 5,1732•001 
2e39346+000 4,9980•001 
2,48738•000 4,A030•001 
2e60321+000 4,5820•001 
2,75232•000 4.3254-001 
2,84558•000 4,1788-001 
2,95716•000 4,0158-001 
3,09477•000 3,8313-001 
3,2718Q+OOO 3,6171-001 
J,35899+000 3.5203-001 
3e45909+000 3,4151•001 
3,57616•000 3,2997-001 
3,71 62 1•000 3,1715-001 
3,88890•000 3,0262-001 
3,99230•000 2,9454-001 
4,11113•000 2.~576-001 
4,2500A•OOO 2,7613-001 
4,4162Q+OOO 2,6541•001 
4,62120•000 2,5327 001 
4e8848?+000 2,3917•001 
5,04962•000 2,3111-001 
5e24670+000 2,2213•001 
5,48960+000 2,1196-001 
5,80200+000 2,0014-001 
5,9555\+000 1,9478-001 
6,13184+000 leA896-001 
6.33795+000 lcA256-001 
6,58433+000 1.7544-001 
6,88783•000 1.6736-001 

K • 
K ( 1) • 

9eO 
15•0 

V 
EXCITATION FACTOR 
MAG~ITUOE PHASE 

6.02324•001 
5,82497-001 
5,59654-001 
s.33101-001 
s.01933-001 
4,b4855•00l 
4,20010!9001 
3.93825-001 
3,64470-001 
3,31226-001 
2,93052-001 
2.76069•001 
2,57906-001 
2e3R380•001 
2,17250-001 
1.94187-001 
1,81791-001 
J.68717•001 
le54864•C01 
1,40097•001 
1,24233-001 
1,07006•001 
9,77598•002 
d,79974•002 
7.7614 6 -00Z 
6.6.602-002 
6,17335-002 
5,68256-002 
!;,17092-002 
4,634t80-002 
4,0t,919•002 
3,77319-00Z 
3,4E>681-002 
3,14849-002 
2.81611-002 
2.46t,77-002 
2,096 2 . 002 
1,90108-0 2 
1,69780-002 
l,4t8468•002 
1.25928-00Z 
l,lt,487•002 
l,Ob754•00i 
9.66832-003 
8,c21SJ•003 
7,52665•003 

O,lt.9956 
0,49955 
0,49954 
0,49953 
0,49951 
0,49948 
0 .'t.9944 
0,49941 
0,49937 
0,49932 
0.49925 
o.49922 
O,U918 
o.4991~ 
0,49906 
0,498q8 
o.•9e9c 
0,49A8b 
O,'t9879 
0.49869 
0,49857 
O,it984l 
0,49830 
0.49817 
0,49800 
0,49777 
0.497 f> S 
0,49751 
0,49734 
0,49713 
0,49685 
0,49668 
0,49649 
o.49624 
0,49595 
0,4955b 
0,4950 • 
0,49470 
0,49428 
0. 4937 4 
0 ,4 3 01 
0,•92b3 
0,49219 
0,49165 
0,49099 
0,49014 

<DEGREES) 
0,029 
0,031 
0,034 
0,037 
0,040 
0.045 
0,051 
o.056 
0.061 
0.067 
0.076 
0.001 
0,086 
0.093 
0 .101 
o.i 11 
0,117 
0.125 
0,134 
0.145 
0,15Q 
0.179 
0,191 
0.201 
0 ,227 
o.?ss 
0 .269 
0,285 
0.305 
0.330 
0,362 
0,38? 
0,405 
0 433 
0 .469 
0.514 
o .s7s 
() .61c; 

.665 
0 .130 
0.1111 
o.862 
0,915 
o.980 
1,06() 
1,163 



I : 0 

F 
(KHZ) 

1. 00 0+000 
.0 00 -001 
. 000 -001 

1.000-001 
b e OOO • OO] 
s. 000 -0 01 
4.000-(' 0 1 
J.500-r,0 1 
3 . 00 0-001 
2.soo -001 
2.000 - 1 
1.~00-001 
1. 00 - 00 1 
1.400-00l 
1 • ?. (, (l - r, O 1 
1.0 o- r.01 

. 000 -00? 

. noo -o o? 
1 . 000 - 00? 

. 000 -002 
5 . 000 -00? 
4, 00 0-00? 
3.c;oo-oo? 
. • 00 00 00 ? 
2 . 00 - ('02 
? , 0 00 - 00? 
1 . ~ro - 00 ? 
l,~00- O? 
l.400-00? 
1.200-('0? 
1.0 00-002 
9 . ooo-oo~ 

.roo-003 

. ooo - C\o~ 
h.0 00-00J 
5 . 0 O•O OJ 
4. ooo - ou 3 
3, c:;oo - or~ 
3.ooo - nc~ 
2 , 500 - 0~ 
? . 000 - 00~ 
l , 00 - 00J 
1 . oo-o 1 

1. oo - nu 
1 . 200 - 00 ~ 
1. 000 - 003 
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~ODE CALCULATIONS FOR A PLANA~ ~ARTH CRUST WAVEGUIDE 
THREE LAVER MOOlL 

H • Oe20 I< 

SIGMA(G> ~ INFINITY 
SIGMA• le00•007 MHO/M 

SIGMA(l) • 1.00•003 MHO/M 

RE(C) 

S,10998-001 
S.?4576•001 
S.40190•001 

,SR4l:i2•001 
5.f:10335-001 
6.07325-001 
6e420M7•001 
f-t.6J839•001 
6.89873-001 
7,?l9CH-00l 
7,1,3350-00} 
7.AJ696•001 
R.0708~•001 
R,34447•001 
8.67192-001 
9,(17585-001 
9,Jl780•001 
Q,59592-001 
q,92128•001 
l,0310b+OOO 
1,07909•000 
1,14091•000 
1,17959•000 
1,22587+000 
1.2 295+000 
l,JS 44+000 
l,3'1258•000 
1.43412•000 
l.4A27l•OOO 
,.s~o 5•ooo 
l ef-1 25'", •000 
1.fl 49•00(1 
} • 7 04 R'u00 0 
1.76256•00 0 
l eA H:>~•000 
l, lt,7R+OOO 
2. 02 38+000 
?.(1 9 492• 00(1 
2.17 91•000 
2 .2780 0 +00 0 
?.4 0808•000 
2,47203+000 
2.c; .. 550•000 
? ,f-t 142+000 
?,73418+00 0 
2. 6084+000 

IM<C> 

1•23192•000 
1•26482•000 
le30265+000 
1.34690+000 
1,39986•000 
le46518+000 
le54928+000 
1.~0189•000 
le6648S•OOO 
\.74252•000 
leA4251+000 
1,89170•000 
1,94824•000 
2•01439•000 
?e09354+000 
?tl~ll9•000 
2e24967+000 
?,31'390+000 
2.39556+000 
2.48968•000 
2.60578+000 
2.75527•000 
2.84880•000 
2,96071•000 
3,09877•000 
3,27652•000 
3e36395+000 
3.46446•000 
3.5&203• 00 
3,72273•0 0 
3 . 89629+00 
4eO OO?S+OOO 
4ell97S+OO O 
4 .2 954•000 
4,42683+00 0 
4.6331 +00 0 
4. 9 +00 0 
s . o6so •ooo 
5.26 CJ3+0 0 
5,c-;0924•QOn 
5.82~07+00 0 
i;.98041+000 
~-15896•0 00 
6,36784•000 
6e61777•0 0 
6e92fl 05 +000 

ATTENUATI ON 
(OB/KM) 

3,0650-001 
2.Q32 0-001 
2.7948-001 
2,6529- 001 
?..5060-001 
2.3534-0 01 
2.}942-0 01 
2,1116-JOl 
2.0264-001 
1.9376-001 
leR427- 00l 
leB019• 001 
1.1s 1-001 
1.1121-0 0 1 
1.~604-00 1 
leFi 01 4- 00l 
1.c;68l•OOl 
1.5312- 001 
le4898•0 0 l 
1,4425- 00 1 
1.387 3-0 0 1 
1.3209-001 
1.2 18-001 
1.?375- 01 
1,1863- 001 
1.12ss-o o 
le097b• OOl 
1.0670-001 
1, 0331-001 
9.9 1 - o 2 
9.5173-00t' 
9.?740-00i' 
9.0085-002 
A,71 - 00? 
P,3 A9- CIO? 
fl. 0l 9 - 0 ? 
7. 2 - 00? 
7.3-39- 00? 
7. 5 ~- 00? 
fi .7 13- oor 
6. :H43-0 0? 
6.2 079- 00t' 
6.02 9- 0? 
s. 281- 00 ' 
s.~o - o 2 
5,355 . c,o 

K s 
1((1) :s 

9eO 
15•0 

V 
EXCITATION FACTOP 
MAGNIT UDE P11ASE 

6,5652Cil-001 
b.47393•001 

. 371 97-001 

.2'5b58-001 
6 .12351-001 

,CJ6 5 73- 0 01 
5 .77017•001 
5eb503Cil•001 
c:;.so78E>--ool 
5 ,33 0 7-0 01 

.09698-001 
4.97857•001 
4.83947•001 
4.b72 0•001 
4.469 97 - 001 
4,213 - 001 
4,05988-001 
3 . 413- 00 1 
3 .68135-001 
3,44~0 -001 
3,16645-001 
2 .e 30 -001 
?,64031-001 
t! e42b02-0 01 
2 .1 7 - 00 1 
l e'll34l • 001 
J .79353 - 01 
l • t:, 26•001 
1 . 53056 -001 
1,3 510• 00 1 
1.2200 - 001 
lel444 • 001 
1. os 92-0 01 

,b4 •0 02 
,b7 0 • 00 2 

144- 0 2 
• 0 -

', . -
~ . - 002 
4. - 002 

• - ti02 

0.4997 
0.499 0 
0.49981 
0.4998l 
o.•99 3 
0.49984 
o.49c;e~ 
0 .49985 
0 .49Q8 S 
Oe4998b 
0 .4998 
0 .499 b 
o. 99 6 
0 .49 b 
0 .499 6 
o .49qA 
o. 9 
0 ,49Q 
o. 9q 
o .49q 
0 .499 

.499 
0 . 49Q 0 
0 .4997 
0 . 4 
0 .4Q9 7 
0.49975 
0.4997 3 
0.4997~ 
0 .499 

.•991:, 7 
o. 99 
0 .499 

.499 l 
o .49q 
0 .499 4 

- 002 o. 2 
• - 002 o .4 21 
• '+• 002 o .49Ql 

2 .73874-002 o. 990 
2 .39591-002 o.49qo o 

COEGREE ) 
- 0 . 010 
- 0 .0 09 
- o. oo 
-o. oo 
- 0 .0 01 
- o . oo 
- 0 .0 04 
- 0.003 
- o. oo;::, 
- 0 . 001 

0 .0 01 
I) • 00 l 
1) , 002 
o. oo 
o. oo 
o. oo 
0 007 
. oo 

0. 00Q 
0.011 
n. 0 l ;:> 

• l f. 
• 1 

0 .02 0 
• 2 
• 2 
. 02 
, 02A 

n • l 
0 , 03 4 



F 
(Kt'Z> 

1 . 000 +000 
9.000-001 
e.000-001 
1.000-001 
E • O O 0-001 
5.000-001 
C.. 0 0 o-o 0 

.500-001 

. 000 - 001 
2 .50 0-001 
2 .00 -001 
1.800-001 
1.EO0-001 
1.c.00-001 
1. 2 on- o o 1 
1. 0 Q o- 0 0 t 
CJ . 000-002 

• 0 0 o-o O 2 
7. 00-002 
6 ono-002 
., • 0 0 o- 0 0 2 
1t.ooo-01l2 

.50 0-002 
• 0 0 o- o 0 2 

2 • 5 0 o- O 
2 • 0 0 o- 0 0 2 
1 . ~ 0 o-o O 2 
1 • 0 o- 0 2 
1 • It o- 0 0 2 
1 . 200-002 
1• 00 o- 0 2 
e; . o o-r,o 

• 0 -o 0 
1.000- o 

. oo- 0 
5 . 00-00:! 
... 0 -00:! 

.500-0 0 

. oo -oo .. 
2 .500-00 
2 .00 -00:! 
1 . 1. 0 o- 0 0 
1.f oo -00 ~ 
1 .c. 00- O:! 
1 . 200-00 
1. 0 o- 0 
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MOO[ CAlCULaTIONS FOf' A PL NAP tAPTH CRUST WJVEGUIOE 
TH R E LIV ER ~OOFL 

H: 0.2 0 l(H 

SIG~ACG> = INFI ITV 
SIGM J : 1.00-008 HH / 

SIGMACU : 1.00-003 HHO/ 

PECCJ 

c; . 11osc.-001 
5 . 246 7-001 
S.C. 0256-001 
5.58535- 001 
5.80lt17-001 

. 07 .. 18-001 
6.lt2196·001 
E.6 95q-001 
6 . qooo1-001 
7.2 2144-001 
7.6 5 0-001 
7.8 89 - 001 
l'.07295-001 
tt. I+ 7 .-001 
.67 .. 1-001 

g.01 0- 001 
CJ.3?099 001 
q.59 - 001 
C3.q 510-001 
1.0 14 q+oo 
1.079~7+000 
1.11t11t +000 
1e1fl 0 +OOC 
1.22 51'+000 
1. 28 77+ 00 
1. ♦ 

1. ♦ 

1. ♦ 

• + 
1.sc.221++ 
t.611+15+ 
1.6572 + 
1.70672+000 
1. +000 
1 • + 0 0 
1. +000 

HHC l 

t. 19 +O 0 
1. lt8CJ+ O 0 
1 . 271+000 
1. t.9 + 0 0 
1 . 3q99 +O 0 
1.1t65? +0')0 
1.54936+0 0 
1.f01CJ8+000 
t . 61t9 +O 
1.1c.2 2+0 
1.fl .. 263+0 
1.eq 1e2+000 
1 . 8 +O 
z. It +O 
2. 3 +O 
2 . 1 +0 
., _ 85+0 
2. 10+0 
2. 77+ 0 
2. q1+000 
2. lt+ 000 
2 • 7+ 0 0 
2 .IIIC.91 2+0 0 
2 . 7+0 10 

• 7+0 00 
• +O 0 
• +0 
• 9 + 
• 2+ 
• 8+ 
• 3+ ... ... 

.. • 1+ 

... q 

2. +0 0 ft. 
• ♦ 0 

2. +000 
2. + 
2. ♦ 

2.1+ 7772+ 
2. 5 + 00 

+ 00 
+ 00 
+000 

ATTENUATI O 
( OB/ H) 

2 . 2951-001 
.11+89- 001 

t.(}965- 001 
1.e &7•001 
1.668 - 01 
1.1tft95•001 
1. 77-001 
1.1958•0 01 
1 . 0 cu - 001 
9.761+5-0 0 
8 .5675• O 
8.061+9-0 ? 
7.51+66- 00? 
1. 01 5-002 
6.1+ '+6-0 0? 

• - 002 
• • 007 

s . 2120-00 2 
.. . -o 
4 . -o 
... - o 
3 . - o 

• -00? 
• -00 2 
.41+52-00 ? . -. -. -. -. -. -

2 .7 .. 92-0 02 
. -o 2 
. &115 - 0J2 

- 002 
- ? - ~ 
- 2 
- ? 
- 2 
- 2 --
- oc 
- o 2 

• -0 02 

q. o 
<t> : 1s . o 

EXCITITl C 
V A ITUC 

• 1 
6. 1 

• 1 
• 1 
• 1 
• 1 

~- - 1 
s .1+ 2 
5 . 2 -

• 1 -
C.. 1 -
.. • 1 -

• t --
.. ... 1 -
,. • 2 -
a..2 .. 1+1 e-001 
C.. -

• . -. -
• - 001 

- 1 
• - 1 
• - 1 
• - 001 . -
• . -
• ;, -001 
• -o 1 

• -001 
• - 1 
• ·'1 01 

---

o .a. C:981 
o ... , 
o.1+ 9q 
o.c. ~q 
O.ft 9CJ 
0 . ,;q 
o ... qq 
o ... CJ 
o .1+ 0 990 
0 .l+ CJ9CJ1 

o . 
o. 
o. 
o. 
0 • 

o. 
o. 
o. 
o. 
o. 
0 . 
o. 
o. 
o. 
o. 

( ) 

• 
-o.o 
- o.o 
- 0. 012 
- 0.01 
- • 1 
- • C10 
- o. ooq 
- . o 
- o. oo - . 
- o. 
- u. 
- o. 
- C • 
- c. 
- . co a. 
- o. 



I • 0 

( z) 

. o • on 

. o • Ul 

. 000 -
1.000-
.ooc­
. oo -
• oo -
• 0 • 1 
• O • l 

2 . 00 • l 
2 . 000 - 1 
1 . - 00 1 
1 . 0- 001 
1 . 0- 001 
l •001 
1 -001 
«- • 00? 

- no;, 

--
- 2 
- ? 
- ? 

1.200 - 2 
1. O• 
• o-
• o­
. o­
• o­
. o­
. o-
• o-
• o-

? . s 0 -
2 , 000 • 
1 . 00 • 

• 0 - o 
l . 00 •0 
1 .2 00 - 0 
1 . oo-o 

sz 

MOOE C LCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THRE LAVER MODEL 

1-4 • 0e50 KM 

SIGMA(u) • I FINITY 
IGMA • 1.00-oos MHO/M 

SJ MA(ll • l.00-003 MHO /M 

k CC> 

, 2 z-001 
• 0213• 001 
• 9 -001 
• l •0 01 
, 4 -o l 
• l • 001 
,'>Z97Z•001 
• -0 01 
• -001 
• - 001 
• - 001 
• -o 1 
• -o 1 

5,?0974- 001 
• 0 QJ-001 
• 53 - 001 
•" 00 -0 01 

t;.Q~7 - 001 
• -0 01 
• 0- 001 
• s-001 
• - 001 
• 2-001 

?•001 
• z-001 
• 0-0 0 1 
• 2-001 
.1~11•-001 

9,02627•001 
• - 001 

q • •001 
q. - 01 
1. •0 00 
1. •0 00 
1. • 000 
1. •0 00 

• C 
• O 
•O 
• O 
•O un 

1 . • 000 
l • 7•0 1.10 
1 •776 .. •0 0 
l• 2051•000 
1.c;1107•000 

IM<C> 

7 ,74976-0 01 
1. !:,733•0 01 

.1 7•001 
A• 7 8 •001 

• 0 59-001 
Q,2i012-001 
9.74 73-001 
1,00809•000 
1•04771•000 
l•O 5 •000 
l•l Q4?•0 00 
1.1 033•000 
le?2 84•000 
l•? 73A•OOO 
\. 1705•000 
l• 7 29•000 
l••l 9 •000 

• 708•000 
1,5063 •000 
l• 6 2 •000 
l• J7 •000 
1.1 123•000 
1•7 SQ•000 
1 . 937•0 n 
l• ,..534•000 
2.0 ~ •00 0 
2•ll01A•OOO 
2el7253•000 
?e24540•000 
2,332 R•OOO 
2. 39 •o on 
2, 03 l•CIOO 

• 7741•000 
2.66 37+000 
2e76 0 •00 
2eR9233•000 
. o 439•00 
•l '54 •000 
, 27 0 •O 0 

3 . 2 15• 000 
3•6139&;•00 

,10 81h00 
J,81336•000 
3.937 2•000 
4,08 14•000 

,26 19•000 

~TTE UATIO 
(OB/l<M) 

2.4tt2q+ooo 
2.35 0•000 
2,26?.9•000 
2.1624•000 
?,052 •000 
1,931 •000 
1,7 47+000 
1.11 4•000 
1. 52•000 
l, 43 0•0 00 
1,4 7+000 
1.3q2 • 00 
le342 •000 
1.i! 9 •00 0 
1,2307+ 000 
1,16 4 ♦ 00 
1,129 • 000 
1,0 ll•OOO 
1,0493+000 
1,0034+000 
9.521 -001 
8,Q • 01 
E\,6041-001 

,?.390- 00 1 
7.~294-001 
1, •-001 
1.1 70-001 
~.QlRJ-001 

• S-r>Ol 
• 2 - 00 1 
, (I Cl - 01 
. 9077-001 
,7205- 001 

5, l'i - CIO l 
c;.;,e 2- 001 

. 0313- 01 
4,73 - 00 1 

.c; 35- 001 
4. 74 - 00 1 

• l O - 001 
3,cu1 - 001 
3,7991- 001 
3. 7 6-001 
3.5420-001 
3,391 - 001 
3,?215-001 

9.o 
151.0 

V 
EXCITATION FACTOR 
~AGNITUOE PHASE 

2,94305-001 
2 ,79097-ool 
2 eb2860 00 1 
2. S403•001 
2.26461-00.l 
2,0565 - 001 
1.82424-001 
l• 9b 2•001 
1.55eoe-001 
1 . 0730•001 
1,24007-001 
l el 730•001 
!.09037-001 
l,00@54•001 

.20804•002 
,25737-002 

7,74R37•002 
7. 1235-002 

,64462•002 
,03892•002 

5 ,38648•002 
4,b7442•002 
4,29006-002 

. 88209 - 002 

.4 21-ooz 
2 . 7 93- 02 
2, .,69 -002 
2 . 5902- 02 
t!. . 3797-002 
2 ,1048 - 2 
1.85707-002 
1,721)59-002 
1.59090-('02 
1,4491 -002 
1.30037-002 
lel 4 97-002 
.748lti- 3 
,H571 S• 0 03 

7.92490-01')3 
.94287 - 003 

s .8986 - oJ 
,459Sb•003 

5 , 00579-00J 
4.~3512-003 
4e044!)9•003 
3,530lb•003 

o.soo25 
0,50011 
0,49995 
0,49978 
0,49957 
0.49931 
0,49899 
0,49~7'1 
0.49856 
0,4982b 
0,4978'1 
0, 4977 0 
!>,49748 
0,4972c 
0.49~91 
0,4Qfi52 
0.49628 
0,49 00 
0,49567 
0,49525 
0.49473 
0 .494 04 
o. 935'1 
0.49303 
0.4923 2 
0,4913b 
0,4908t:I 
o .49 030 
0.4 962 
0 .4887b 
0 .48767 
0.48700 
0,48620 
0,4Ac;24 
0,46"06 
0 1 4A254 
0.4 049 

.4791 
0.47 l 
0,47 ½ 0 
0 ,4 255 

.47 110 
0,46938 
o.-6732 
0.4647 
0,46152 

(DEGREES) 
o.335 
n .33?. 
0,331 
0,330 
0,332 
n.337 
0,347 
0 • 35c:; 
0,3,, 
o.383 
0.40fl 

.4 21 
1),438 

• 4 . A 
I). 4 

o . s20 
o .542 
Oe56A 
l'),6 0 1 
0 • '+ 2 
o .69 
n .11 0 
Oe81Q 
o.aeo 
0 • 6 0 
1,069 

.125 
1.191 
1.212 
l. 37 
l 11504 
1. sac:; 
1.682 
t.79Q 
1 • 45 
2 .13c:; 
?.39 
.2.c:;6, 
2. 1"1 

~os1 
1,42 
3 ,6 2'3 
3,854 
4,136 
4 • 87 
4,945 



N • 0 

F 
C KHZ) 

1,000+000 
9.000 - 001 
e.000-001 
7,000• 01 
6,000-001 
s,000-001 
4,0(10-001 
3,500•001 
3.000-001 
2 .soo-001 
2,000-001 
1.eoo-001 
1,600-001 
1,400•001 
1 .200-001 
1 .000-001 
9 ,000-002 

• 000-002 
7.000-002 

.000-002 
s . 000 -002 
4 ,00 0-002 
3 ,500-00? 
J .00 0-00 ? 
2 . soo - 002 
2.000 -00 ? 
1.000-ooi 
l ,h00•0 0? 
,4 00 -0 02 

1 .200-00? 
1 . 000 -002 
9,000-003 

. 000-003 
7.000 -003 
fi , 000 -00 3 
5 ,000-00 3 
'-,000-003 
3,500-003 
3 , 000 •003 
2 . 00-003 
2 . 000-00 3 
1 . oo-o ~ 
l,f,00•003 
1 ,4 0 - 003 
1 .200-00 
1 .000-0 03 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAV[GUIO 
THA[F. LAY A "OOEL 

H • 0e50 M 

SIGMA(u) • INFI IT 
SIGMA• le00•006 MHO/" 

SIGMA(l) • le00•003 MHO/M 

IM(C) ATT ATIO 
Ml 

b , - vO 
t, , - 001 

• - 00 1 
6 , 21JQ • 00 1 

.9 • 01 

., - 001 
'5 ,3 - o l 
s . -0 0 1 
• - on 
, - 001 

•• - 00 1 
• - 001 
. 1ao1-001 

4 • - 00 1 
3. - o 
3 , - oo 

, - 00 1 
3 ,4 391 - 001 
3 ,3 131 - 00 1 

. 1738 - 00 1 
~ . 0174-001 

• ~.o 
l<(ll • 1 • O 

V 

001 
01 

001 
001 
00 
001 

• 001 -. .. 
• 
• 

3 . 
• 

2. 
2. 
2 . 
2 • 
2 . 
l • 
1 • 

[XCI ATI O 
MA I UO RECC) 

3 , 23090 -0 01 
3,31660-001 
3,41515- 00 1 
3,5304 - 001 
3,66856• 001 
3,83892-0 01 
4,05834•001 
4el956J-0 01 
4,35993-001 
4,56261-001 
4,8235,,•0 0 1 
4,9S 191•001 
5,0991+3-001 
r;,21200-001 
5,47848•001 
5,73313-001 
5,A8562•001 
6, 06089-00 1 
6.26 88-001 
6.s1112-001 
6,81352-001 
7,2026f,•0 01 
7,44599•001 
7,73705 -0 01 

7,7 866-001 
7,99670-001 
8,23583-001 
8,5155 - 001 
s . 03 - 001 
9,?6'32 -00 1 
9,7949 - 001 
1•01175•000 
1,os2s +noo 
1,10165+000 
1,16486•000 
1,19595+000 
1,23169+000 
1,27349+000 
lel2352•00 0 
1,38523•000 
le42220•000 
l ,4b469+00 0 
1,51439•000 
1,57387+000 
l, b472 •0 00 
1,7416 • 00 
1,80077•00 0 
l e87147 • 00 0 
1 ,9 6 • 00n 
2.07095•000 
2 ,1 2617+000 
?.el896 +000 
2.2638 +O 0 
2,35272•000 
2.46229•000 
2,52791•000 
2. 0 34+0 O 
2,6915 +00 0 
2. 9712• 0 
2,9273 0+00 
3,09 87• 00 

?. . - 001 1. 

, 095 1 - 001 
8,S5751•001 
R,78443-001 
9,04514-0 ()1 
9,34995-0 01 
9,71443-0 01 
l,Ol6J6+000 
1,0432 +0 00 
1,07412+000 
1 ,11 021 +00 0 
1,1 5335 +000 
1,20649+ 000 
1,27 7 +0 00 
1,31744+000 
1,36 39 +00 0 
1,4 llJ • OOO 
1, . 1169 +00 
1.s 122 +0 o 
1,5 5 •00 0 
1,64956+000 
1,71278+000 
1,79051+000 

, 19 • 00 
3,32 0 +O 
3 ,479 •00 0 

• 1 • 000 
3 , 77 53• 000 
3, 9 • O 0 
4.0204 • 00 0 
4.17779 • 00 
4.37173• 000 

, - 001 
?. . - 001 
?. . - 001 
1. - 001 
2 . - 00 1 
2 . -
2 . -. -
1. -
1 . ----

-
- o 
-o 
-o -

1 . -
1. --
1 . - o 
1. - o 

• 

• • 002 



5 

·-OE CALC UL ATIO S ,o A PL NA EA T C UST Ay[&UJO[ HEE A [A MOO 
• 0 • n. 0 M 

l ( ) • I ,1 IT 
I A • 1.00-001 HO/ 9eO IGMA(l> 1. 00 - 00 HO/ ( 1) 15 , 

E TIO CC> I (C) M ( 2, 
(0 000 • 00 001 • -oo 00 00-00 001 -001 001 000-0 0 001 - 001 001 000 -001 • 001 • -001 1 • 01 .oo 000 - 00 1 • 001 • • (\01 1 001 o. oo oo- 01 • 001 9. - 001 l 0 .no2 000 -001 001 • - 001 1 0 o . oo 00 - 001 001 l • • 000 l • 0 . 001 f'00 -0 01 • 001 1 . • 00 1 • . oo oo- 01 • 0111 l • • 00 l • • 01 000 -001 • 001 l • 0 • 00 • • O?. oo- 01 • 001 l • l • OO \ . • . oo~ oo - 01 • 001 1 • 1•000 1. • . 002 l • oo- 01 • 001 l • • 00 1 

• 0? oo- 01 0 1 1. 00 • 00 0-001 01 • 00 1 • 0- O? • 001 1 • 0 1 • - 0 • 001 1 • 000 • • 0? • 001 l • 000 • - 02 00 1 • 000 • • O? 001 1 • 000 • - 02 • 001 l • 000 
- 0? 00\ 1 • 0 • • O? • 001 1 • 0 • - 0? 00 1 • 0 - • • 0 2 . oon -00? • 001 • 0 - 1 . o . oo oo - 2 • 00 , . 0 - • 00-002 ;,. 0 - • 00 • O? 2 . 0 - 002 • l,?00•002 2 . 0 - • • •00? l 2 . 0 - • • -o l 2 . 0 - • • -o J • ? • 0 - • • - l • 2 . 0 -• - 1 • 2. 0 - • • o- l • 0 -• o- 0 -• o- 0 .. 

• o- 0 - • 2 . o- • • O -2.0 00 - • 00 - • • oo - • • 00 -l • oo - • • 00 - z l • oo - • 000 - 2 l , ?.00 • 1 • 0 -1. 000 -0 l • •000 2 



.. 
f' 

oo~ > 
1.000+000 
(J • 0 0 o- 0 O 1 
e. on o- o o 1 
1. 0 oo-o O 1 
6. 0 0 o- O O 1 
s.000-001 
Ce. 0 0 o- 01 

.soo- 01 

.ooo- 01 
2 .500- 001 
2 . 0 o-o 1 
1.eoo-0 1 
1. 0 -o 1 
1.c.00-001 
1.200-001 
1.00o-001 
~.000-1'1 02 
e.000-002 
7 • 000-0 0 2 
6. 0 0 o- 0 0 2 
5.000-002 
c..000-00 2 

.soo- 002 
• 0 0 o- 0 ~ 

2 . 5 0 o- 0? 
2 . 0 0 o- O 2 
1 • f\ r, o- 0 0 2 
1 . 00-00 2 
1.c.o -002 
1. 20 o- 0 0 2 
1.000-002 
13 . ooo-oo 
e. ooo oo .. 
1. 0 o-o 0 

. 000-00:! 
s. ooo- o:! 
,. • 0 o- 0 0 

• 
.. . 000-00:! 
2 . 0 o- o 0 
2.00 0-00:! 
1.800-00" 
1 . 0 -oo 
1.,. 0 o- 0 0 :! 
1. 2 0 o- 0 0 ~ 
1•00 o- 0 0 :! 
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I MCOf CALCULJTIONS FOP A ~LAN~P EA~T~ CPUS1 ~AVEGUIOE 

SJG.-aCG) 
SIGMA 

SIG"A ( U 

THR E LAYER ~oorl ' 

H: 0.50 l(t1 

= INFINITY , 
~ 1.00-ooe HHO/M 
= t.0 •003 HHO/M 

= 9.0 
15. 0 , 

I. 

I I 

Pf(C) It1<Cl ATT ENUJTION V 
EXCITATIO F~CTO~ 

' "~ ~N ITUC E ~~A E 

3. 232 c.- 001 
• 1e19-001 
.CeH,cn-001 
• 24.8-001 

~.67082- 01 
.~ .. 156-001 

'4.061 .. 8-001 
c..19q11- 01 
... 63(' .. -001 
... 5 710-001 
... 82884-001 
'4.9576 -001 
5.10565-001 
5.27885-001 
s ... e&1 -001 
s.1,.1es-001 
5.8CJ503-001 
E.07112-001 
6.27711+-001 
6.523fl9-001 
~.8 7ftlt-001 
7. 2 191+6-001 
1.,. 6,.,. e- o o ·1 
7.75770-001 
l! .11 '+ 7- 001 
. s 516- 1101 

'l .81'+ 26- 001 
9 .077 . - 001 
9 . 8573-001 
~.75 .. C.f+- 001 
1.0209 +000 
t.04817+ 000 
1. 01qc.q+ 00 
1.1161 +0 00 
1.1 998+00 

. 2 1'+06+ 00 
1.28371+ 0 00 

.1272~+0 0 
1. 7<3Ce ?+OOO 
1 ... ,. 7 +00 
1.52E~'++000 
1.567 ~+000 
1.61410+000 
1.66 88+00 
t.7 ,.,.,. ♦ 00 0 

1.81 30+ 000 

7.79296-0 01 
e.0 01os-0 01 
fl.? .. 025-0 1 
e .. szooe-0 0 1 
e.85Ce9&-001 
q.2f, os-001 
9.79992-001 
1.01327+0 0 
t. 0~309+0 0 
1.10221+0 0 
1.1fS46+0 00 
1.1C3t57+000 
1. 232 33+000 
1.27'417+000 
1 • . 2,.24+0J O 
1. 8600+000 
1 ... 229q+ooo 
1.,.6552+000 
1. 152ft+O 0 
t.t;71t82+01JO 
1.E,.826+0 00 
1., .. 8 +0 00 
1.eo200+000 
t.8728,0+000 
1. 011t+Ol"O 
? . 726 +O 0 
2.1 2792+0 1) 
2 .1°151+0 00 
2. 6590+ 01)0 
2 • . '493+0 0 
2.lt6'476+0 'l0 
2 . .. 5 .. +0 0 
2 . EO 1 +O 
2.E-91+6 + 
2.6 0051 +0 
2 . 931JJ+O 

(08/KM) 
1.1750-0 01 ~.Ob072•001 
1.1da3-001 1.qe308- 01 
1.0 81t-001 7.8 ~1t1 -001 
q. c.1+0~00 2 7.79066-odi 
8.8569-002 7.66791-001 
~- 0113-0 02 7.51851t-001 
7.0913-0 02 7.3 3027- 01 
6.5961-002 7. 21517-001 
6.0719-002 7. 0 042- 00 1 
5.512~-oo . 91903-001 
... 9093-0 02 6.71955- 001 
... 6531-0 02 &.671+ 9~- 01 
... 3870-00 2 6 .51921-001 
~.1091+-0 02 . 3q941-001 

.8189- 002 6.2 16 - 01 
3. 13'4-00? .1 001 ~-001 
3.,351+2-0 02 .0 01, -00.1 
3.190 - 002 5 .9 047Ce 00~ 

.o 13-002 .7 9 10 - 001 
2 .8466-0 02 5.65670-001 
2.665?-00 2 5 .5 010 - 001 
2 .1+779- 00 ? 1 

• 101f- 001 
2.J808-002 ~ . 1 43 ~0 01 
2 . 2811 - 002 . 0~751- 001 
2 .1776-0 02 ,._ ~ 97-0,1 
2 . 0678- 00~ 4.6 81 - -001 

. o 10- 002 4 . 5 ~ 00 -0 01 
t.9715-0 02 4.1+2685- 001 
1. 91Rl+-002 4.?71 4 8 001 
1.8599-0 02 4. n 1 0- 001 
1 .79 Ce• 002 .R~ 8(- 001 
t.7559-00 2 . 7 25 -001 
~.7145-0 02 .540 0 -0 01 
1 . 6 2• 0 2 e I 77- 00 1 
1. 155-002 . 1 . 4 ~- 001 
1. r:; 39 - 0 • 7 2 - 00 1 
1 .47 9S - o~~ - l 1 
1 . 1+ - 002 e • . 48'-· • r, 

• 
" .. . 

• 89711+ 
1t.n2g 9+ 
... 877 0 ♦ 

... 6? 9+ 

n 1 , 7 0- 00 ? . 1°641 - 001 
1 . oo - o 1 - ~7 5 -001 
1.2622- ,o- 1 .7 96f - 00l 
1 . 23 1-0 0? • 203 1-001 
1 .1 97 0-0 02 • Ult3 2· 0 1 
1.1s92-0 02 1 . J e o1e- 001 
1.116 - 002 1 . ?46 - 001 
1.0683- 002 1 .1 0 91-001 

0.1+~9 
0.'4999 0 
0.lt9991 
o ... ~99 
0.499,. 
o.lt ': 99,. 
0. lt99 ~ 
O.lt9CJ 9 
0. ltC:99 
0 .'4 9<3 9 
o .,.99 97 
0.49997 
0 .4t99 91 
0 . C.99 <37 
o.,. 9998 
O.C. 9998 
0 ... 99 8 
o .c. 999 
0.4 '3 q 
0 .49<.J CJ~ 
O.ltS9 e 
0 . ,. S,9 
o. c. 0 qqe 
o . 41;q ge 
0 . 4«:<J <J . 
o . 1+~q 
o .c. sqqp· 
0 .4999 
o .,.c;9 q 
O.C. C:99 
0. ,. c; q g 
o .,. ggg 
0 • 4 q 
0 • 1:9'3 

. ltSCJ 

... f.:0 (3 7 

0 . 41:997 
0 .499 
O.'t «: q 
0 . lt '399 

COE GRfES> 
0. 003 
0 • .0 0 2 
0.0 01 

- 0.0 00 
- 0. 001 
- 0 .001 
-0.002 
- o. 0 2 
- 0 . 002 
- 0.00 2 
- 0.0 02 
- 0.0 02 
- o . oo~ 
- c . 002 
- 0. 002 
- 0.001 
- 0. 001 
- 0 . 00 1 
- ,o. 0 1 
- . 001 
- 0 . 001 
- . oo 
- 0 . 000 

- 0 . 

• 
C • 
0. 000 
.oo o 

C ." 0 0 1 • 
0 . 01 

. 001 

o. 
• 0 1 

o. co ? · , 
C. OO' 
c. toz 
0 . 0 , · 
. c 3 

C. 00 3 
0 . J 

. 003 

. 00 4 
o.oo c. 
0 . 0 0 4 



N • 0 

F 
(KHZ) 

1,000 •0 00 
q.noo-001 

. 000 -0 01 
1.000.-0 0 1 

. ooo·- 001 

. ooo -no1 
4 .000-001 

I 

J . soo -001 
3.000 - 001 
2 . soo -001 
2 . 000 -001 
1 . 00-001 
l, 00•001 
) .40 0-001 
1 . 200 -001 
1 .000-001 

. 060 -002 

. 000 -002 
1 . 000 -0Q? 

. 0 00-002 
~ .000-002 
4. . 000 -00? 

. soo -0 02 
• 00 -0 0.i' 

2 . c;oo - 00? 
2 .000-00? 
1. 00 - 00? 
1 . ,;o n-002 
1.400 - 002 
l.?.00 - 002 
1 . 000 -002 
9.000 - 003 
H. OOO-Q03 

.000 - 003 

. 000 -003 

. 000 - 003 

. 000 - 00:, 
• 00-003 

1 . 000 -003 
2 . on-003 
2 . 000 - 003 
1. 00 -00 3 
1.60 • 003 
1 .4 00 - 00 
l.?00 •0 03 
1.000-003 
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MOOE C~LCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • leOO KM 

SIGMA(b) • INFINITY 
SIGMA• 1.00-oos MHO/M 

SIGMA(l) • 1.00•003 MHO/M 

E(C) IM(C) ATTENUATION 
(08/KM) 

2,18598•001 5 •46~67•001 2,08b0+000 
2,34580•001 5•61690•001 2.0024+000 
2.41459•001 5.78610-001 l.9131+000 
?.49511-001 s .9a39e-001 1.~112+000 
2e59148•001 6e22071•001 1.7130+000 
2.71039•001 6•51260-001 1,5985 •000 
2.e~J~a-001 ~.ea826-001 1.4102+000 
2', 9 5 9 2 4 • 0 0 1 7 • 12 3 1 9 • 0 O 1 1 • 3 9 9 2 • 0 0 0 
3 .07379-001 7.40424•001 1.3223•000 
3.21so1-001 1.15080-001 1.2379+ 000 
3.39~69•001 e.19682-001 lel433+000 
~.48598•001 8.41614-001 1.1018+000 
Je5~856•001 8 e66 ~18 •001 lt0576•000 
3.7084~•001 8.96297-001 1.0101+0 00 
3.A~l80•001 9e31561•001 9.5851-001 
4.02837•001 9.75045•001 9.0173- 00 1 
4.13400•001 1•00108•000 8.7084-001 
4.2552&•001 1.03101•000 8.3788-001 
4.39699•001 le06600•000 8.0238-0 01 
4.56~28-001 1.10786•000 7.6373-0 01 
4.77466•001 1.15q4A+OOO 7.2098- 001 
S.04220•001 1•22589+000 6.72b5•001 
5.20912•001 1•26742+000 6.4565-001 
~.40837-001 1•31710+000 6 ,161 2-0 01 
~ .65338-001 le37A33•000 S.8331-0 0 1 
5.96752-001 le45712+000 5.4600-001 
6.12147-001 le49585•000 5,2938-001 
6 .29795• 00 1 1•54034+000 s.11s1-001 
~.S037J•001 le59237•00 0 4.9 212- 001 
6.74899•001 1 •65458•000 4.7079-001 
7.04997-001 1.73126•000 4.4694-001 
7.?.2939-001 1.77715•000 4.3379-001 
7.43482•001 1•8298~•00 0 4.1961•0 01 
7.~7400-001 1.89148+000 4. 0417-001 
7.Q5854• 0 01 le96514•00 0 3.871 3•0 01 
8.30691-001 2.0559 0 +000 3,6799-0 01 
A.75 097•001 2el7?56 • 000 3.4597- 001 
9. 2611-001 2112454?+ 000 3 .3347- 00 1 
9.35255-001 2.33249• 000 3.19 4- 00 1 
9.75082-001 2.43971•000 3.0405-001 
1.n2561+000 2e57743•000 2.8605-001 
1.05015•000 2.64502+00 0 2.7793-001 
1.07808•000 2.12?6 1•0 00 2 .~9 13- 001 
1. 11038+000 2.8132 0 +000 ?.594 -001 
lel4848•000 2.92137•000 2.4879-001 
lel946l+OOO 3.05440+000 2.3668-001 

I( C 

1((1) • 
9e0 

15•0 

V 

3.03101-001 
2,88567-001 
2,72'+21-001 
2 ,55070•001 
2.36252-001 
2.1ss01-on1 
1.92496-001 
t.79761-001 
1• 66002•0 0 1 
1.50954-001 
1.34207•001 
1.26895-001 
1•19144•001 
1.10810-001 
1.01959-00 1 
9.22475-002 
~.70182-00Z 
8.14854•002 
7.55920•002 
6,92607-002 
b .23820 •0 02 
5 , 47909-002 
S.06504•002 
4.62175-002 
4,14215-002 
3.t:>1577-002 
3 . 38865-002 
3.14994-002 
2 . 89762•002 
2 .62904- 00 2 
2.34049-002 
2,18712-002 
2e02f>S0•002 
1 . 85745-002 
1 .67837 •002 
l e4 A70S•0 02 
1.2 026- 2 
1 .1 6959• 002 
1.05289 002 
9 .2888 0- 003 
7.95684- 003 
7 . 39225 - 003 

• 8 IJ 5 7 8 • 0 0 3 
6.1~400-003 
S.55241-003 
4.87480-003 

EXCITATI ON FACTOR 
MAGNITUDE PHASE 

o.50249 
0.50231 
o.s0211 
o.so1e9 
o.so16s 
o.so1J1 
o.so10J 
o.soo0• 
o.so o62 
o.soo3 
o.sooo• 
0. 49Q8" 
0,49972 
o.499c;3 
0 .499 31 
0 .499 04 
0.498 88 
0 .49A69 
0 .49848 
0 ,49823 
0 . 49791 
0 . 49750 
0.'+9725 
0.49693 
0 . 49654 
0.49 Ol 
0 .49575 
0 .49544 
o , 49i:;01 
0.494~2 
0 .4940~ 
0 .49369 
0.49328 
0.4927 
0.49216 
0 .491 37 
0. 49031 
0. 4 96c 
0 .48 77 
0 .497 I:!, 

0 .4 62 1 
o.•0 ~s 
0,4A457 
0.4835 0 
0.'+82 18 
0,4AOSO 

(D EGREES) 
0.460 
0 .44 ? 
0 .4 25 
0.407 
o . 389 
0 .371 
().354 
'l .34 6 
0.339 
o .33 3 
0 .33 0 
o .33 0 
o .332 
0 .33 4 
o.340 
o .3'+ 8 
0 , 355 
0 .363 
o . 374 
o. J q 
0 .4 09 
0 .430 
0.4 0 
0 .486 
0 . 521 
') . 7 
0 . 595 
0 .62 
0 • 3 
0 .1 10 
0 .11 1 
0 .80 9 
o . es 

.910 
o .9 o 
1 . 0 9 
1.19? 
1 . 273 
1 . 37 
1 . 504 
1.6 2 
1 .774 
1.883 
2 .01c; 
2 .1ao 
2 .39 3 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAV[GUIOE 

THREE LAYER MODEL 

N ■ 0 H • 1,00 KM 

SlGMA(G) • INFINITY 
SIGMA• l,00•006 MHO/M 

SIGM~jl) • l,00•003 MHOJM 

F RE(C) IM(C) 
(KHZ l 

1.noo+ooo 2,2861&-001 s,so~e•-001 
9.000-001 2,34671-001 5,65395•001 
8,000•001 2,4163,-001 5,8Z307•00l 
1.000-001 ?,49788-001 6,02091•001 
6,000-001 2,59~50-001 6,25766-001 
s.000-001 2.11s9~-001 6,54970-001 
4JDOO•O~l _2..,81.l.Z.0•00..l 6,il272•001 
3,500-001 2,96834-001 7,16096•001 
3,000-001 3,08461-001 7,44246•001 
?. .soo-001 3.22ao6-001 7,78971-001 
?.,000-001 J,41278-001 8,?.3679-001 
1,800-001 3,50366•001 8,45671-001 
1 , 6 0 O - O O 1 3 , 6 0 B l Z- 0 0 l 8- • 7.0 'i.S o- O O l 
1,400-001 1,73033-001 9,00523-001 
1.200-001 3,87~57-001 9,3591?.-001 
1.000-001 4,05697-001 9,79,66-001 
9,000-00? 4,16502-001 1,00~71•000 
8.000-002 4,28921-001 1,03577+000 
1,000-002 4,4l450•001 1,07093•000 

.000-00?. 4,60833-001 1,11301+000 
5,000•00?. 4,82274•001 l,1~491•000 
4.000-002 5,09H73•001 1,?3174•000 
J.soo-no? ~.21131-001 1,27354•000 
3 ,000-00? ~.47791-001 1,32357•000 
? ,5 00 -00?. 5,73262-001 1,38528•000 
2 . 000 -00?. ~.06045-001 1,46472•000 
1.eoo-002 6,2210~-001 1,50380•000 
1.~00-002 6,40693•001 1,5487?.•000 
l 400•002 6,62360•001 1,60127+000 
1.200-00? 6,88280-001 1,66415+000 
1 .000-002 7,?0238-001 1,74171+000 

.000-003 7,39372•001 1,78Al7+000 

.000•003 7,bl360•001 1•84!57•000 
1.000-00~ 1.81011-001 1,90403•000 
be000-003 8,17A23•001 1,97A7~+000 
s.000-003 a.55732-001 2.01091+000 
4.000-003 9,04497-001 2-18966+000 

.;00-003 Q.34g7~-001 2,26390+000 
3,noo-003 9,71428-001 2.35274•000 
2,500-003 1.01 35•000 2.46231+000 
2 .000-00~ 1,07411+000 2,60335•000 
1,800-003 l,10248+000 2,67272•000 
1,600-00~ 1,13508+000 2,75245•000 
1.400-003 1,17317+000 2,84571•000 
1,200-003 l,?1870•000 2,95728+000 
1.000-003 1 ,27478+000 3,09489+000 

ATTENUl\TIOt-J 
(DA/l<M) 

5.5990.001 
5,4616-001 
5,304b•001 
5,1237-001 
4,9130-001 
4,6643-001 
4,3652-001 
4,1909-001 
3,9954-001 
3,7729-001 
3,5151-001 
3,3991-001 
3,2738-001 
3,1375-001 
i!,987b•001 
2.A20?.-001 
?.,7283-001 
2,6296-001 
2,5225-001 
2.4052-001 
2.2747-001 
r..1262-001 
2.0429-001 
1.9515-001 
1,8496-001 
1.7335-001 
1,6817-001 
t.f,260-001 
l,c;6S4- 001 
1,4987-001 
1,4242-001 
1,3830-001 
1,3387-001 
1,2904-001 
1,2:n1- o 1 
1,1772-001 
l,10A4-001 
1,0693•001 
1,0262-001 
9,7757-002 
9,2149-002 
8.9624- 002 
~.6889-002 
8,3ff96- 002 
8,0578-002 
7,6833-002 

K -
K ( 1) a 

9,0 
15LO 

" 
EXCITA TION FACTOR 
~~GNITUOE PHASE 

7,45528-00.l.. 0..S..0007 
7,23492-001 0,5000 
b,980•2-001 o.~ooo~ 
6,b8417•001 0 5000 
6,33600-00l 0,500 07 
5,92161•001 O,SOO Ob 
5,4l9b6•00l O.S.OO OS 
5,12582•001 0,50004 
4.79531-oo1 o.sooo2 
4,41893-001 o.soooo 
3,98~77•001 0,4999€ 
3,78692-001 0,49997 
3,57591-001 0,49995 
3,34695-001 0.49994 
3,09627-oo, o,49992 
2,81848-001 0.499 9 
2,66704-001 0.49988 
2,50545•001 0,4998b 
2,33186•001 Oe499A4 
2,1437~•001 0,499 l 
l,937b4•00l 0,4997b 
1,70815-001 0.49 974 
1,58214-00l o .4q91 2 
1,44 1-001 0 ,49Q~ 
1,29931-001 0,49965 
1•13687•001 0.499 0 
1,06655-ool 0 ,49957 
9.92486-002 0.49954 
9 ,14049-002 0,49950 
8,30386-002 o.•9946 
7,403 10-00Z 0,49940 
6,92355-002 0,49937 
6,42078-002 0,49932 
S.8909 •002 0,49927 
5,32905-002 0 ,499 21 
4,72795-002 0,49913 
480113 -002 o.~99 02 
3,72874- o 2 o .49 95 
3,36083-002 0 ,49 7 
2,96952•002 0. A7 
2,54874-002 0.49 hl 
2.37 023-002 o.4 9 ~3 
2,18468-ooz 0,49844 
1,99100-002 0,49833 
1.78772-002 0.49 20 
1,57283-002 0,4980 2 

(DEGREES> 
Oa060 
0,056 
0,052 
0,048 
0,04 
o. o,q 
0,038 
o .o3~ 

,035 
0,034 
0 ,033 
0 . 1)33 
0,033 
0 ,033 
,1.033 
t') • 034 
0,035 
0 .036 
0 . 037 
0 , 03A 
0 .040 

o.o 
o . o 1 
0 , 056 
u. os 
0 • O 1 

, ObS 
0,070 
0,07 f, 
0,079 
0 ,0 84 
0 , 089 
0.0 9 
0,10'5 
0 -1 l 
0.124 
0.134 
0 .14 
0-163 
0.17? 
0,182 
0.195 
0 .210 
0,230 



N ~ 0 

F 
(KHZ> 

1 ,000+000 
9 .000-001 
a .000-001 
1.000-001 
6 .000-001 
s .000-001 
~.ooo-og1 
3 .soo-001 
3.00 0-001 
2.soo-001 
i .000 .. 00 1 
1.eoo-001 
le600•001 
1.400-001 
1.200-001 
1.000-001 
q .000-002 
a .000-002 
1.000-no? 
6.000-002 
s .000-002 
4.000-002 

.soo-002 

. 00 0-002 
2 .so o-002 
2.000-002 
1 .eoo-002 
l.600-00i? 
1.400-002 
1 .200-no2 
1.000-002 
9.000-003 
a .000-00~ 
1 . 000-003 
6 .00 0-003 
s .00 0-00~ 
4.000-003 
3 . c;oo -oo~ 
3. 00 0-003 
2 .s oo- 003 
2 . 00 0- 003 
1. Aoo - n 3 
1 .600-003 
1 .4 0 0-0 03 
l.?.00-003 
1.0 00 -00 3 
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MOOE CALCULATI ONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER ~ODEL 

H • l,00 KM 

SIGMA(G) • INFINITY 
SIGMA a 1.00•007 MHO/M 

SIGMA(l) • l.00•003 MHO/M 

RE(C> IM(C) 

Z,Z86l~-001 S•Sl058•Q01 
2,34678•001 S,6576q•001 
2e4l651•001 5e82679•00 1 
2.49814-001 6,02462-001 
2,59589-001 6,26138-001 
2,71654•001 6e55344•00l 
i!.187196-0.Q.l 6.,929.~9-0Ql 
?.,96924-001 7,16476-001 
3,08568-001 7,44631-001 
3,22935•001 7,7936~•001 
3,41439•001 e.24081-001 
3,50542-001 8,4&079•001 
3.~1001-001 8,71365-001 
3.73251-001 9,00948•001 
3,&7905•001 9,36349•001 
•.osqe2-001 9,eoo20-001 
4.16811-001 1,00618+000 
4,29260•001 1,03625+000 
!,43~~,~0QJ _l,97143+000 
•• ~1~54-001 1,11353•000 
4,82754•001 1,16546+000 
5,10439•001 1.23232+000 
~.27759-001 1,27415+000 
5.48486•001 1,32422+000 
~.7405~•001 },38597+000 
6.06976•001 1.46549+000 
f,,23169-001 leS0460+000 
6,41784•001 l,54956+000 
6,f,3560•001 l,60216•000 
6.89b20-001 1,66511•000 
7~21 J 65•001 l,74J76+000 
7,41019•001 1.78927+000 
7,63152•001 le84273+000 
7.~9044-001 1,90528+000 
A,20027-001 le98014+000 
~.56246-001 2.07247•0 00 
Q.07450-001 2.19 136+000 
9,38232•001 2.26574• 0 00 
9.75066•001 2.35 475 •0 00 
1.02050+ 000 2.46455 +00 0 
1.07899+0 00 2.~0 S92+00 C 
lel0776+000 2e67547+000 
1,14083+000 2.75540•000 
i .17951•000 2 ,84892+000 
1.?.2580•000 2,96083•000 
1,28289•000 3.09888+000 

ATTENUATION 
(DB/KM) 

1.~2s1-001 
1,1936-001 
lel607•001 
1,1261-001 
1,0895-001 
1,0503-001 
1,0075-001 
9.8405-002 
9.!;857-0 02 
9,,!998-0 02 
8,9622-002 
a. 041-002 
8,6267-002 
e.4233-002 
8,1845-002 
7,8958-002 
7.72b2•00 2 
7.5347-00? 
7,3159-002 
7.0l!,26-002 
6.7640-002 
6.4037-002 
6,1924-002 
5,9535-002 
s.E,792-002 
5,3567-002 
5,?.099-002 
s.osoo-002 
4,A742-002 
4,f,7'34-002 
4,4567-002 
4,3334-002 
4,1996-002 
4.0531-0 02 
3.8905-002 
3 ,7070-0 02 
3,4946-002 
3.37 38-002 
3, 23 97-002 
3.0884- 002 
2,9134-00 2 
2.A 34 4• 002 
2,7488- 002 
2,655 1-00 2 
2.5511-002 
2,4335-002 

I( m 
K ( l) • 

9eO 
15 •0 

V 
EXCITATION FACTOP 
MAGNITUDE P~ASE 

8.93926-00l. 
8,89086-001 
8,83404-001 
8,76573-001 
8,68089-001 
a.s1os2-001 
8,41658•001 
8,31196-001 
e.17688-00l 
7,99375-001 
7.72941•001 
7.58770-001 
7,41598-00l 
7,20441-001 
6.93893-001 
6,59868-001 
6.39112-001 
6,15150-001 
5,87247-001 
s.54418-001 
s.1s280-001 
4,67798- 001 
4,39986-001 
4,08716-001 
3.73165•001 
3.32124-001 
3,13779-001 
2,94091-001 
2.72840-001 
2,49732-001 
2,24364- 00 1 
2.10658-001 
1,96144-001 
1.80695-00 ~ 
le64l42-001 
l.46250-00 1 
1,26680•001 
1.16111•0 0 1 
1,04896- 001 
9 .29028 - 002 
7.9935 0- 002 
7 .44119-002 
6 , 86582-002 
6 • 26385-0 0·2 
5,63059-002 
4,9595 7-002 

0,49983 
0,49985 
0.49988 
0,49990 
0,49992 
0,49993 
o._~99s 
0,49996 
0,49996 
o.499Q7 
0.49997 
0.49997 
0,49997 
0.4999 8 
0,49998 
0,499 98 
0.499 98 
0.49997 
0,49997 
0,49997 
0,49997 
0,499 Q7 
0.49997 
0.49996 
0,49996 
0,499 96 
0,49995 
0,49995 
0,49995 
0,49994 
0.49994 
0.499~3 
0.49993 
0 .4999 2 
0.499 9 2 
0 .49991 
0 .49990 
o .49989 
0 .499 9 
0 .4 ~9 7 
0 ,4 99 , 
0 .499 ~ 
0 .4998 4 
0,49983 
o.49982 
0,49980 

(DEGREES ) 
0.020 
0.011 
0 .01 s 
0 • 0 l ?. 
0 .010 
o .oo a 
0.00 E-
0 . 00S 
o.o os 
0 ,0 04 
0 . 003 
0 .003 
0 ,003 
0 .0 03 
0. 003 
0 . 003 
0 . 003 
0 . 003 
0 . 003 
0 , 003 
0 . 003 
o . 004 
0 .0 04 
0 . 004 
o. oos 
c. . oos 
o . oos 
o. oo 
0 . 006 
0 . 001 
n . 00 1 
o .o oe 
o . ooe 
o. ooq 
0 . 009 
0 . 010 
o. 011 
n . 01? 
0 . 013 
0 . 011+ 
0 . 01 ,_, 
. o 7 

n.Ol A 
0 . 0 lQ 
0 . 02 1 
0 .02 3 



F 
(l(t-7) 

1.000+000 
~.000-001 
e.000-001 
7.00o-001 
6.000-001 
5.000-001 
... 000-001 

.SrJ0-001 
• 00o-001 

2 .soo- 00 1 
2 .000-001 
1•AO0-001 
1.eoo-001 
1•ItOo-001 
1.?00-001 
1.000-001 
~. 0 0 o- 0 0 2 
e.000-002 
1.000-002 
6. 0 0 o-o O 2 
5. 0 0 o- 0 0, 
4.000-002 

.s;oo-002 

.000-002 
2 . 5 o- 0 0 2 
2 .0 00 - 0 2 
1 • e o o- o o, 
1 .600-002 
1•40 o- 0 0 2 
1.200-')02 
1.000-002 
9.000-003 
e.000-003 
7. 0 0 o-o O 3 
6.000-003 
5.000-0l'l3 
... 000-003 
~.so - 003 
3 .000-003 
2 .500-003 
2 .000- 03 
1. 6 0 o- 0 0 3 
1 . 00-003 
1.c.00- 1.)3 

1 • 2 0 o- 0 0 3 
t. 0 0 o- O O 3 
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MODE r.ALCLLATICNS FOP A PLANAP EA~TH CRUST M~VEGUIOE 
THR~F LAYER l"OOFL 

SIG!"~ CG) 
S101A 

SIGt'A(U 

H = 1.00 KM 

= INFINITY 
= 1.00-00~ MHO/M 
= 1.00-003 HHO/M 

K = 
K(1) 

9.0 
= 1s .o 

RE(C) 

2.286H,-001 
2.Jl+f>79-001 
2.lt1b53-001 
2.1t<Je11-001 
2.5959~-001 
2.71659-001 
2.8720lt-001 
2.qf,933-01)1 
3.08579-001 
3.22(}4#'-001 
3.41«.55-001 

IM (C) ATTENUATION V 
EXCITATI C~ F~CTCR 
HAGNITUCE F~ASE 

.5055(}-001 
3.6102&-001 
3.73273-001 
~.87929-001 
'4.06011-rJOt 
«..1661t2-001 
1t.2g291t-001 
't.43862-001 
lt.61296-001 
... 82802-001 
S.101t95-001 
s.21e21-001 
'3.lt8556-001 
S.71t131t-001 
E.070f9-001 
E.23269-001 
6.lt16~3-001 
E.636~1-001 
6.8•3751t-001 
7.21918-001 
7.'t1161t-001 
7.63331- 01 
1."«:!241-no1 
e.202a.8-no1 
P.581+'37-001 
G.077«. -001 
C3 .3R5 1'-01)1 
<;.7~43 0- 001 
1.0 20'3 1i 00 
1.07941\+00C 
1.1 0 29+00 0 
1.14140+000 
1.16015 ♦ 00 
1.226S1 ♦ 000 
1.?8 70+00G 

<OB/l<M) 
5.~1096-001 &.7335-002 6.90302-001 o.i.~qe1 
s.~seo6-001 6.3883-002 e.65246-oo! o.499ij3 
5.82716-001 6.0246-002 s.r937g-001 o.4gga6 
6.~2soo-001 s.6389-002 a.124s1-001 o.i.~g ee 
e.?~175-0 1 5.2267-002 R.64085-001 O.lt999 0 
E.55361-001 4.7815-002 8.~3684-001 0.49992 
6.g2986-001 4.2936-00? 8.402te-001 0.4S9 9 
7.16~14-001 4.0292-002 8.31783-001 0.4~995 
7.4~66~-001 3.7476-002 8.21706-001 O.lt£996 
7.7~1t01-001 3.t.449-002 8.09348- 00 1 0.4999 
6.24121-001 3.1156-002 7.93614-001 O.lt£997 
e.46119-001 2.9746-002 1.s5973- oo 1 o.4~997 
e.11401-001 2.8273-oo? 1.112aa.-001 o.i.g99e 
g.oo~go-001 2.6728-002 1.67 2bo-00 1 o .4£ggp 
9.3€393-001 2.5098-oo ~ 7.5 lt7f- 00 1 0.4£9g~ 
~.~0065-001 2.3169-00 2 7.41 28~-001 0.4S998 
1.oot22+0 o 2 . 2461-00 2 7.32961-001 o.4g9ga 
1e03E30+0 0 2.1520-00 2 7. 2 555-001 0.49999 
1.0711t8+000 2.0543-00 ' 7.1275£-001 0 .4S99~ 
1.113~8+0 O 1.9524-00 2 7.0008~-001 0.4 S999 
1.16551+0 O 1.845'3-0 02 . 84 75 7-0 01 0.4S99 S 
1.23 23 e+o oo 1.133s-o o? , .6 ~244-oo1 o .i. s q 9s 
1.77422+0~0 1.611t1-00 2 .s 01P.- 00 1 o .4 g999 
1.321t26+000 1.6133-00 2 6.3(203-001 0.4 S9 S 
t.38t04+01n 1.si. s-0 02 ~ .1 4 29- 001 o . ggqg 
t. !56+0 00 1.4779- 002 5 . 9C.108- Q01 0 .4 S939 
1. ~ 4n8+0 JO 1.4471-0 02 5 .811 0A - ou1 o.4~9yo 
1.54964+000 1.411t0-0 0? 5 .657 1S - 001 0 .4S9 9 
1.~~225+0 0 1.377 9-00Z r.47147- 00 1 0.4~ggg 
1.66~20+ C O 1.3374-0 2 5. 24 27 -001 o .i.gg g 
1.7428f.+O ~O 1.2905-00 2 4.9~1t17- 0 1 0.4S99 9 
1.1eg3e+oo 1.2637-0 02 4.119 ~2 - 001 o .4~g g9 
1.~4285+0 00 1. 23 1t0-00 ? 4.5P003-0 C1 .1t s9qg 
t.Q05~1+ 0 0 1.?0 0S-0 02 4. ~87S- 01 0.4~999 
1.98027+ 010 1.1621-0 02 4 . 07 4 0- 0 1 o .4 c9 ° 
2.012 2+0 00 1.1111- 002 .7 ~85 - o 1 o .4 99~ g 
2.1 1 ~+010 1. 06 ?8- oc ?..~1 i.1 - 01 o ... ~q c 
2. 2f5° 3+ 01 1. 0309-0Q? 3 .1 ~ 11 - OC l 
2. ~~ s+ono 9.q474-oo 2 .q o21~ - 001 
2 .4647 +01 0 q.5 29 2 - 00? ? .~ 724~ - o 1 
2.f 0618+0)0 9.03 7-0 0 2 . O~L - 01 
2.E7~74+0 8. 064- 003 ? .1 8 7- 0 1 
2.1s~1 0+0 ~0 a.s;s1b-oo ~ ? . 0129 - 001 
2.P4 24+0 00 . 2 24-00 3 1 .P ~2 74-001 
2 .Qf119+ 0 0 7. 97 9-0 0~ 1.6POlt4- 00 1 
3.~qqzB+ooo 7.6? 2 -00 3 1.4937t-001 

O.l+ S9 
o.4 ~9 e 
0 .4£ 9<H1 

0.4';9':,f' 
0.4~9 

COE GREES> 
0 .016 
U. 013 
c .011 
0 .0 09 
0.006 
o .oos 
0 .00 3 
0 . 002 

. 001 
0 . 00 1 
0 .00 0 
0 . 000 
0.000 

- 0 . 000 
- 0 . 000 
- c.oo o 
- 0 . 000 
- 0 . 000 
- 0 . 0 0 
- c. ooc 
- G. 00 0 
- c. oo o 
- c. oo o 
- 0 . 00 0 

Ll . 0 
0. 0 C 
o. ccc 

. ooo 
c. ooc 
0 .00 0 
0 • 0 0 0 
0 . 000 
c . 001 
C. 001 

• 0 0 1 
0 . 001 
L . 0 l 
C. 0 1 
[! • Q \, 

C' . GO 1 
G. 0 01 
0 . (1 0' 
0 . 002 
0 . 0 2 

• (l O 2 
u.c o2 



N : 0 

F 
fl(HZI 

1.000+000 
9.ono-001 
8.000-001 
1.000-001 
6.000-001 
s.000-001 
4.000-001 
J.500-001 
3.000-001 
l.c:;00-001 
2 .000-001 
1.aoo-001 
1 .600-0 0 1 
l .400-001 
1.200-001 
1.000-001 
9.000-002 
e.000-002 
1.000-002 
,-,.000-00? 
s .000-002 
~.000-002 
3.'500-00? 
3.000-002 
2.c;oo-00? 
2.000-002 
1.eoo-00? 
1.600-002 
le400-002 
1.200-002 
1.000-002 
q.000-003 
s.000-003 
1.000-003 
f,.000-003 
!).1)00-003 
4 • 0 c,o-o 03 
3.S00-003 
3.CI00-003 
2.i;oo-003 
2.000-003 
1.eoo-003 
1.600-003 
1.400-003 
1.200-003 
1.000-003 
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MOOE CALCULATIONS FOM A PLANAR EAqTH CRUST WAVEGUIDE 
THREE LAYER MODfL 

H • 2.00 KM 

SIGMA (bl • TNFINITY 
SIGMA• 1.00 6 005 MHO/M 

SIGMA(l) • le00•003 MHO/M 

RE(C) 

le62.;24•001 
1.66$340-001 
1.71692-001 
le77J76•001 
le84185•001 
t.Q2~94•001 
2,03432-001 
2.10211-001 
?.18339-001 
2.2t:i36l•001 
2e4l2M,•001 
2.47613•001 
2,54910-001 
?.E,3444-001 
2.73654•001 
2.86244•001 
2.93782-001 
3.02444-001 
3.12571-001 
J.246£3•001 
J.39611-001 
3.58R07•001 
3.70802-001 
3.85141-001 
4e02H03•001 
4.25500-001 
4.36645-001 
4.49440•001 
4,64386-001 
4eA2237•001 
5,04203-001 
S.17331•001 
c;.32393-001 
5.49974•001 
5,70954-001 
S.Q6741•001 
"•2'HA~•001 
6.~016S•OO\ 
6.74'391-001 
7e049Y0•001 
7.43476-001 
7.fl2293-001 
7.A3~25•001 
8.0t3880-001 
8.38~64•001 
R.75093•001 

IM(Cl 

3.85079•001 
3.q5531-001 
4.07555-1)01 
4.21,,01-001 
4e38415•001 
4.59137-001 
4e85800•001 
s.02•12-001 
5e22415•001 
s.47004•001 
5.7864~-oo1 
s.942os-001 
6•12084-001 
6.32995•1)01 
6.58011•001 
6e88857•001 
7e07327•001 
1.2esss-001 
7e53381•001 
7e83082•001 
e.19706•001 
8.66840•001 
e.96317-001 
9.31seo-001 
9e75063•001 
le03102+000 
!e05854+000 
1•09016+000 
lel271J•OOO 
1•17137+000 
1•22591+000 
le25856+000 
1•29,,08+000 
1.33996+000 
1•39244+000 
1•45713+000 
le5403S+OOO 
1.59238•000 
le65459+000 
1.73126+000 
le82987+ooo 
1.87832+000 
1•93397+000 
1•99902+000 
2e0767A+OOO 
2.17256+000 

ATTENUATION 
(DB/KM) 

1.8900+000 
1.8074+000 

.7193+000 
1 .,,247+000 
1.5223•000 
1.4099+000 
1,2845+000 
1.~153+000 
lel407+000 
1,0590+000 
9.6809-001 
Q.2835-00! 
8,8618-001 
8.4111-001 
7,9245-001 
7 • . 24-001 
7.}047-001 
~.7993-001 
6,4724-001 
6.}191-001 
s.1311-001 
S.?987-0 Cl 
S.0593-001 
4.7q97.001 
4.5141-001 
4.1934-001 
4.os20-001 
3.9010-001 
3.7:31?3-001 
3.5610-001 
3.3647-001 
3.?5"74-001 
J.1c.?.s-001 
3.0181-001 
2.ee20-001 
2.7305-001 
i.ssso-001 
?.4609- 001 
2.3542-001 
2.?349-001 
2.09A2-00l 
2.0370-001 
l.Q709-001 
1.~989-001 
leAl93•001 
1.7299-001 

K : 

K ( l l • 
9,0 

15•0 

V 
EXCITATION rACTOR 
~AGNITUOE PHASE 

3,07194-001 
2.92093-001 
2,75993•001 
2.58707•001 
2.39'i77•00l 
2.19431-00l 
le96S00•001 
1.83867-00l 
1,70228-001 
1.55321•001 
1.38742•001 
1.J1sos-001 
1.23834-001 
lel5b45•00l 
1.06822-001 
9.71968-002 
9.2ooas-ooi 
8.65129•002 
8e06499•002 
7.43375-002 
6.74575-002 
5.98291•002 
s.~6476-002 
s.11soo-002 
4.62546•002 
4e08374•002 
3e84827•002 
3.59943-002 
3.33475-002 
3e050BS•002 
2.74296-002 
2.57793-002 
2,403q3-002 
2.21938-002 
2.02211-002 
le80909•002 
1,57582-0 02 
l,44950-002 
1.31506-002 
1.17065•002 
1,01354-002 
9.46246-003 
8.75866-003 
8.01892•003 
7.23655-003 
6,40225•003 

o.sos9'1 
O.SOS6B 
0,50534 
o.so•97 
o.50457 
o.50412 
o.50360 
o.50331 
0,50299 
o.502t>3 
o.so22~ 
o.so20J 
o.so1e3 
0,50161 
o.so136 
o.so10~ 
o.S009i 
o.soo74 
o.soos!:> 
o.50032 
o.sooob 
0.49Q74 
o.499c:;5 
0.49932 
0.499 05 
0.49870 
0.498C::,~ 
0.4993 .. 
0.49812 
0.49785 
o.49751 
0.49731 
0,49707 
0.49679 
(').49645 
0 ,49602 
o.49545 
0.49'i08 
o.tt9463 
0.4940 
0,49328 
0.49289 
Oe4924c'. 
0.49187 
0,49119 
0,49031 

<DEGREES> 
o.eos 
n .7 65 
o .7 24 
0.680 
n . 635 
0.586 
o.s3s 
0 • 07 
0.478 
0 .44 8 
0 .417 
0.404 
o .391 
o . 37 
o.36c; 
n . 35? 
0 . 346 
o .34 1 
o . 336 
o .33 ?. 
o . 330 
0.33? 
0 .335 

. 340 
0 .349 
0 .364 
0 . 3 72 
0 .3 3 
0 .397 
n • 4 1 c; 
o .44 0 
0.456 
1).475 
0.49g 
o.sJ o 
0.570 
n.6t 
O.b -
0.11n 
0 . 111 
O. 5 
0 . 9~ 
o . 9so 
1.013 
1.091 
1. l 9t> 



N : 0 

F 
(l<HZ) 

le0Q0•000 
.000-001 

a.000-001 
1.000-001 
6.000-001 
5 . 000 -001 
... 000-1201 
3.c;oo-001 
3.000-001 
2.soo-001 
2.000-001 
l.AOO•OOl 
1.600 -0 0 1 
1.400-001 
1.200-001 
1.000-001 
9 .000-002 
A.000•00?. 
7.000-QO? 
b .000•002 
s.000-00?. 
4.ooo-no2 
3.500-002 
3 .000-002 
2.soo-002 
2.000-0 02 
1 . soo -002 
1.600-()02 
1.400•00' 
1.200-00? 
l • 0 0 O••O O?. 
9.o oo - n 3 

.000-003 
1. 0 00-003 
6.000-003 
s.000-003 
1+.000-003 
3.500•003 
3.000 -003 
2.soo -003 
2 . 000 -003 
1.eoo-003 
1.600 -003 
1 .400-003 
1.200-003 
1.000-003 
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MOOE CALCULATIONS FOR A PLANAR EA~TH CRUST WAVEGUIDE 
THREE LAVER MODEL 

1-4 • 2e00 KM 

SIGMA(G) ■ INFINI TY 
SIGMA ■ leOO•OO~ MHO/M 

SIGMA(l) • le00•003 MHO/M 

RE(C) IM(Cl ATT ENU ATION 
(DB/KM) 

1•618~6-001 3.89?63•001 4.9688- 001 
leb6106•001 3.99666-001 4.8372•001 
1.71019-001 4•11626•001 4.~863-001 
le76773•001 4e25617•00 1 4.~117•001 
le83666•001 4.42361•001 4.3079-001 
le9ll77•001 4e63016•001 4.067?-001 
2.0~_145~001 4.99~10-001 3.7777-001 
2.10011-001 5e06249•001 3.~oq3.001 
2.1a231-001 s.26159-001 3.4201-001 
2.28374-001 5.50120-001 3.2068-001 
2.41438-001 s.823•2-001 2.9600-001 
2.47866•001 5.97991-001 2.8495-001 
2.SS?-56•001 6el5777•001 2.7 305- 001 
2.~3902•001 6e36695•001 2.~ 016 •001 
2.74249•001 6e6l726•001 2.4605- 001 
2.81014-001 6.92602-001 2 . 3040 - 001 
2.94661•001 7ell097•Q01 2.2185-001 
3.03451-001 7.32357-001 2.1211-0 ~1 
3.13_734_-001 1.s~22e-001 2.02a1-001 
3.26040•001 7e86991•001 1.9215-001 
3e41219•001 8e23703•001 leA033•001 
3e~07b3•001 8•70972•001 1.6703•001 
3.72989-001 9.00544-001 1.5963-001 
3.R7~18D001 9.35932- 00 1 1 .51 59-001 
4.05663-001 9.79584-001 1 .427 2- 001 
4.28892-001 1•03579•0 0 0 1.327?-001 
4.4031 8 -001 1•06343•000 1.2831-001 
4.53449•001 le0952l•OOO 1.2358-001 
4.~8810•001 1•13239+000 lelA49-0 0l 
4.~7189•001 1•17687•000 1 .1293- 001 
5.09856•001 1•23175•0 00 1 .0678•001 
~.23431•001 l•26462•QOO l e034l•OOl 
~.39Q32•001 1.30240•00 0 9.9798-002 
s.s12eo-001 1.34660• oo 9.S R92- 002 
s.19112-001 1.39949•0 00 9.1 ~15 - 002 
6e06 034•00l 1•46473+0 0 0 R.~853- 00 2 
6.40683•001 le 54A7 3•0 00 8 . 1429 002 
6.62351-001 1.~01 28 • 000 7 . ~37 -002 
6.88272•001 1•66416•00 0 7 .5 02S-0 02 
7.20231-001 1.74172+000 7.ll77-002 
7.61354•001 le84157+ 000 ~.69A5-0 02 
7.81571-001 le89069•000 6 e50b4 • 002 
8.04801•001 1•94714• 000 6 . 2 Ql - 002 
e.319-6-4-001 2. 0 13 10 +0 00 6 . c,132 - 002 
8.64450-001 2e09 220 • 000 S.8239• 002 
9.04493•001 2.1eq&1 •000 s.~439-002 

K • 
K(ll = 

9•0 
15•0 

V 
EXCITATlON FACTOR 
MAGNIT UDE PHASE 

7e66b33-00j 
7.44109-001 
7.18109-001 
6.87877-001 
6e52403-001 
6 .1 0273•001 
s.59389-001 
5.29E-78•00l 
4.96329-001 
4.58435-001 
4.14630-0 01 
3 .94993- 001 
3.73855-0()1 
J.50939- 001 
3.25865•001 
2.98085-001 
2.8 9 38-001 
2.66768-001 
2.49382-001 
2.30516-001 
2.09791-001 
1 • 8M,2B•O O l 
1.73855-001 
le6006 0•001 
1 . ~498 5 - 01 
1.28232-001 
1 .20929- 001 
1 . 13199-001 
1.04962-001 
9ebll 12• 00 2 
8eb495 7• 002 
8.13345-002 
7.58883-002 
7.0106 1-002 
be39194•002 

.7 2321-002 
4 .99 015- 2 
4.5cna - o c'. 
4.1 6977 - 02 
3 .1 1501-0 02 
3 . 21 989-0 0c;; 
3 e00772ro0()2 
2.7~S73•0 0 
2 . 55231 -00 2 
2 .3 0!;34-002 
2.04184-002 

0'"50029 
0,5003 0 
o.sooJl 
o.so oJl 
o.soo31 
o.so oJo 
o.so o2a 
o.soo2& 
0.50024 
o.soo22 
o r..oo 19 
o .50 0 11 
0 ,?_00 lti 
o .50 01 4 
o .5 00 12 
o.sooo~ 
o. soooa 
o. sooo~ 
o.s9oos 
o.sooo~ 
o.so oo.o 
0 .499 97 
o.49995 
o. 499g3 
o .~9990 
0.49987 
o.49q c, 
0 .499 
0.49981 
Oe4997 b 
0 .499 7 
0 .499 73 
0.49971 
Oe499 b 
0 .499 4 
o.49960 
o .49gc;4 
0 .49 9c; 
0 .4994 b 

0 • 4 ' ,? 
0 .49918 
0 . 49911 
0.49903 

(DEGREES> 
Q.11'5 
0 .106 
0 . 097 
0 . 088 
o.oso 
0.011 
n .062 
o .ose 
o.os3 
0.049 

.045 
0.043 
0 . 041 
0 . 039 
0.03 

.036 
0 . 035 
IJ .035 
0 . 03 4 
0 .033 
0 .033 
0 .03~ 
0.033 
0 .034 
0 . 035 

.0 3 
0 .037 
0.0 3R 
o .oJq 
0.01+1 
0 . 044 
0 .045 
0 .047 

.049 

.OS?. 
o.os 
0 .0 6 ? 
0 • 6c:; 

.0 10 
0 . 076 
O. OR 4 
n. c A 
0 . 093 
0 .099 
0 .10., 
0.111 



N • 0 

F" 
(KHZ) 

1,000+000 
9.000-001 
e.000-001 
1.000-001 
6.000-001 
s.000-001 
4,000-001 
3.500•001 
3.000-001 
2.c;oo-001 
2.noo-001 
1.AOO•OOl 
1,600• 01 
1.400-001 
1.200-001 
1.noo-001 
9.000-002 
A.000•002 
1.000-002 
0.000-002 
s.000-002 
~.000-00?. 
3,500-002 
3,000-00?. 
2.500-00~ 
2.000-002 
1.aoo-002 
l.h00•002 
l.400-002 
1.200-00? 
1.000-002 
<,.000-001 
fi.000•003 
1.000-003 
0.000-003 
5.ooo-003 
4.ooo- 03 
3.soo-001 
3.000-003 
2.soo-003 
2.000-003 
1.000-003 
1. 00-003 
1.400-003 
1.200-003 
1.000-003 

6Z 

MODE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAVER MODEL 

H s ;,.oo KM 

SIGMA(G> a INFINITY 
SIGMA a 1.00•007 MHO/M 

SIGMA(l) a l,00•003 MHO/M 

RE(C) l~(C) ATTENUATION 
(08/KM) 

l,617~3-001 3.89686-001 9. 224-002 
le6602Q•001 4.00083-001 8,8600•002 

1,70~48•001 4,12036•001 8,6893-002 
1,76710•001 4,2602?•001 B,5083•002 
1.83611•001 4,42759•001 e,3140-002 
1.92133-001 4.63407-001 e.1012-002 
2,03114-001 4,89994•001 7,8592-002 
2.09988-001 5.06629-001 1.12os-002 
2.18210-001 S,26531-001 7,5627-ooi 
2.28374-001 5,51094•001 7,3747-00? 
2,41454•001 5,82714•001 7,1358-002 
2,47890•001 5,98269-001 7,0176-002 
2,55289•001 6•16149•001 6,8804-002 
?.,~394b•001 6,37067•001 6,7180-002 
2.74307•001 6•62100•001 ~.52lb•002 
2,87090-001 6,92979-001 6,?.781-002 
2,94747•001 7,11476•001 6,1329-00 
3,03550•001 7.32739•001 5,9b7b-002 
3,13849•001 7,57615•001 5,7777-002 
3,26175•001 7.87383•001 5,55h8•002 
3.41379•001 8,24105•001 5.29b2•002 
3,60957-001 8,71387•001 4.9825-002 
3,73207-001 9,00969-001 4,7993-00?. 
3.8786~-001 9.3636~•001 4.~931-002 
4,05948-001 9,80038-001 4.3577-002 
4.29231-001 1•03626+000 4.0836-002 
4,40684•001 l,06392•000 3,959b•002 
4,53850-001 1,09~72•000 3,8254-002 
4,69252-001 1,13291+000 3,6787-002 
4,A7bd4•001 1,17743•000 3,SlbS-002 
5,10421-001 le23233+000 3.3345-002 
5,24041-001 1,26522+000 3.2340-002 
~.3~696-001 1•30303•000 3,1255-002 
S.58011•0 l 1,34727•000 3,0074•002 
5,79929-001 1•40020+000 2,8773-002 
6.06965-001 1,46550+000 ?..73lb-002 
~.41774•001 1,54957+000 2,5645-002 
6.63552•001 1,6021 +000 2,4701-002 
6,89612-001 1•66511•000 2,3661-002 
7,21758•00\ 1•74276•000 2,249S-002 
7.63146-001 1•84274•000 2,1155-00?. 
7.83S04•001 le89192+000 2,0554•002 
8,06905-001 1,94845+000 l.9905-002 
8,34280-001 2,0145~+000 1,Ql98-002 
R.~7039•001 2,09374+000 l,A415•002 
9,07446•001 2,19137~000 l.753~-002 

K a: 

K ( l l = 
9,0 

15,0 

V 

q,41635-001 
9,38434-001 
9.34565-001 
9.29743-001 
9,23484-001 

•14887-001 
9,02079-001 
8,92892-001 
8,80553-001 
8,63154-001 
8,37103-001 
8,22836-001 
8.05360-001 
7,83b34•001 
7,56179-001 
7,20819 .. 001 
6,99200-001 
6.74222-001 
b,45127•001 
6,10893-001 
5,70085-001 
S,20563••001 
4,91531-001 
4,58845-001 
4,21594•001 
3.78414-001 
3.59029-001 
3,38153-001 
3,15522-001 
2.90777-001 
2,t,3415-001 
2,48532-001 
2,32685•001 
2,15707-001 
1.97374-00l 
1,77372-001 
1.55237-ool 
1,43155•001 
1,30225•001 
l, 16259•00 .l 
1,00977-001 
9,44051-002 
8.75149-002 
8,02549-002 
1.25570-002 
6,43264•002 

EXCITATION FACTOR 
MAGNITUUE PH~SE 

0,4997~ 
0.4997b 
0,49980 
0,49984 
0,49988 
0,49991 
o.~9994 
O,lt9996 
0,49997 
0,49998 
0,4t999CJ 
0.49999 
0,.49999 
0,4999t; 
0,49999 
o.50000 
0,50000 
o.soooo 
o.soooo 
0,49999 
0,4999~ 
0,49999 
0.49999 
0,4999~ 
0,4999CJ 
0,49998 
o.4999(j 
0.49998 
0,49998 
o.49998 
0,49997 
0,49997 
0,49997 
0,49997 
0,49996 
0,4999b 
0,4999~ 
0,4999 
0,49995 
0,499 94 
0.49q9 ~ 
o.499q3 
o.4999i 
o,4999c 
0,49991 
0,49990 

(OEGFo!EES) 
0.044 
0.038 
0 .033 
o.02~ 
0,023 
o.01~ 
0.014 
0.012 
0.010 
o.ooe 
0.001 
o.oo~ 
0,006 
o.oos 
o.oos 
0.004 
0.004 
o.oo 
o.004 
0.0 03 
0 . 003 
0 . 003 

.003 
0.003 
0.003 
0.003 
0.004 
0.004 
0,004 
1).004 
0,004 
0.004 
.oo 

o.ooc; 
o . oo c; 
O.OQf, 
o.oo 
o. oo 
o. oo 
O.OOA 
O. OOA 

. oo q 

.009 
0 .010 
0.011 
0.012 

.. 



F 
(l(t-'1) 

1.000+000 
g . O O o- f)O t 
e. o o o- o o 1 
1.000-001 
6 .. 000-001 
r;.ootJ-001 
a.. o on- o o 1 
~ .~00-001 

. 0 00- 00 1 
? .r;oo- rJ0 1 
? .000-001 
1.eoo-001 
1. 6 0 o- 0 0 1 
1.c. 00- 00 1 
1.200-001 
1.oon-001 
g . 0 0 o- 0 0 2 
e.000-002 
1. 000-00? 
£:. 0 0 o- 0 0 2 
S . 0 0 o- 0 0 2 
'+. l10 o- 0 0 i' 

• S O o-002 
. o 0-002 

.? . S00-00? 
2 . 01)0-00£ 
1. e o o- o o 2 
1. f O o- 0 0 2 
1 • It 0 o- 0 0 2 
1 • ? 0 o-o O 2 
1.000-002 
~ .0 00 - 003 
e. o o o- o o 3 
7.000-003 
£:.0 00 - 003 
a;.000- 003 
a..n on - oo J 
~.5 00 - 003 
~. r o o- o o 3 
? .so n- o:-
2. cion - 003 
1. ~ o o- on~ 
1.E-00-!)03 
1. It 0 o- 0 0 3 
1.,00-00:! 
1. o o o- on~ 
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MnOf CALCULATJr~s FOP A FLANAF l~~T~ rRU Sl WAVEGUIDE 
THR .. f l~YER t' (J lJ[l 

H: 2.00 KM 

SIG~flG) = INFI NITY 
SIG~A = 1.0 0-ooe HH O/~ 

SJG~A(1) = 1.00-00 3 MHC/M 

RECC) 

t.617'- 5 -001 
1. 6602 1-0 0 1 
1.70941- 001 
1.76704-001 
1.A3triE,-001 
1.q 21 :?R - 00 1 
2 • 0".3 l 11- 0 l 
2 .0'3G 86-00t 
2 .1e?11-001 
2. ? 6 374- 001 
2.i.14~6-001 
2.a.7~ 9? -001 
2.c;57q z - 00 1 
2 .63<?~1-001 
2 .71t 3 1 3- 00 l 
2 .~70°R-('01 
2.947~t-ll01 
~.035t0-1)01 
3.138~1-001 
3 • 2 f , 1 8 A - 0 0 1 
J.413gr;-001 
3.60 77-(ll)t 
3.73? 28-001 
3.e1ego-0111 
'+.05977- 00 1 
... ?9265-001 
'4.407 2 1- 001 
'4.~3 CC?0 - 00 l 
4.Eq ;>g 7- 00 1 
Ct.1'77 34- 1101 
c;. 1 o •· 7 ~- (1 n 1 
5.?i.10.,-on1 
~. 3':'7t: 3- f)01. 
5.Sl:\OA .. -001 
s.aoo1 0-no1 
'fl.07051'- 00 1 
6.4t8e3-001 
E.6367 2- '101 
E.8974€i-001 
7. ?1911 - 00 
7.63 325 - 00 1 
1. e3t97- no1 
~.07115-001 
A.31t51 ?- 00 1 
,. .672C) P. - 00 1 
9 . 077f+1- 001 

J M (f,) 

~.P97 2R -0 0 1 
i..00125-001 
lt.1 20 78-0 f'l l 
t.. ?fG f2-0 1 
4.a.279q-ori1 
4.63 f>- O(lj_ 
... 900:n-001 
~ .OfE,67-0 1" 1 
~.2f-571t-0 0 1 
'.i e511 32 -0 D1 
~ .e2152-0 £1 1 
5.GP.3(16-001 
6.lE-1 1r.6-0 0 1 
~. 11 oc.-o n1 
fi .F'- 2 1 37-001 
6.q3017-0 rJ 1 
7.11!:14-0 0 1 
,.~277 8-0 1 
7.~7ti~c.-o n1 
7 • f\ 74 23 -0 f" 1 
11.2i.1i. s -on1 
e.11i.2ci-on1 
0.r.1011-0 0 1 
C3.:!E,4t3-0 IJ1 
~.f'0063-0111 
2.0~t.~t+ODf'I 
la OE-3<3 7+ 0nt 
1.,, CJ ~77+ 00 
1.13zq1+0 10 
1.111i.~+o no 
1. 23239 +0f'l0 
1. ?f52~ + 0fl0 
1. ~0 3 10+0 10 
t.:tlt733+o an 
1.i.0021+0 00 
1.i.6557+ 000 
1.~a.c;65+ 0 0 
1.~ 0?2f-., O, 0 
1. ~f 521+ 0 
1. 1a.2e1+ on . 
1.Pa. 2e6 +o on 
t.PC3201t+ OOO 
t.91t858+0 00 
2.n1~73+ ono 
2 . (lG3ft<l +0 0 n 
2. l<J151t+OOO 

ATTENUtTIO " 
(0 8 /l'M) 

3.81 1B-002 
3.61+1tlt-002 
3.4&0ll-J02 
3.261t2-002 
3 . 0547-00 2 
2.8279-002 
2 .5766-002 
2 .4431-002 
2 . 2984-00 2 
2 .1423 - 002 
1.9716-0 0 
1.eqe 2-0 02 
1.6 213 -00 2 
1.11+0 2-0 02 
1.6543-002 
1.5625- 00 
1.5140-0 02 
1.i.635-0 2 
1.i.106- 002 
1 . ~r; c;1-00 2 
1.?961-00? 
1.2 ?6 -00 2 
1. geq-00 2 
1 • tr, 2 6 - 0 0 2 
1.1234-00 2 
t.07 R7 - 002 
1.05A4-0G 
t.0361-00 2 
1.0111-00 c' 
q.8?3L- 03 
9.lt619-0U3 
'l . 2 8 3S - ou. 

. 06 10- 003 

. BO 2-00 3 
8.51£,lt- 003 
A.1731-0 0? 
7.7£;8 8- 00 
7.51'> 3-0 02 
7. ~Yl+ - 00 
6 . 9216 - 003 
f,. 5'+61t- 0 0 3 
6.371t8-0Q't 
6.t87~-o o 
5 .980 9 - 00 
i;.1so o-o u. 
S .4"7b- OU3 

K : 
K (t) :: 1~ . r 

EXCIT~Tl CI\ FACT 
V MAG ITLCE PrASE 

CC FGH. Ec l 
~.c.1s1 3- 00 1 o .~ 99&~ 
q.3 611-0 0 1 O.ltS971 
9 . ~~21~·00 1 O.lt 9<:i7~ 
g . 111~-oc1 o.i. sg ~ 
g . 2~22~ - 00 1 o.4~q~c. 
'3 .t CJ99t-00 1 o .a.c;q ee 
q.1176 0- 001 0.4G~9l 
g .0~54 3- 001 o .c. sgg3 
9.0019 2-001 0 .4 «:99~ 
q.92 252 - IJOl 0 .4 S9 ~ 
~.8 18Y5 - 001 o .i. c~g7 

.7 E7~7 - 0C 1 0. 4 S997 
A.7 0623 - 001 0 .4 S997 
8 .6 P5l - 1 0 .4 S99 
~.5 '; 1+71- r 111 0 .4 C:9'H, 
8 .lt'O S- 1 0 . 4 S9S~ 
P. . 3R83~- 0'l1 O.c. S99 
A. 3161~- J 1 0 . 4S9 , 
R.2311 - 00 1 0 .4~9 3 
R.1 ~A07- 01 
7.996 ' 3- 0fl l 
7. !' lt3t.- OIJ1 
7.7 10 7- QOl 
7.5E6«35- l 
7.37(1.1 - 0 01 
7.11 30 - o 
6 . 713E- '101 
6 . Sb5 - 0 

. f>OOE.'3-0 1 

. ~L5 2 ~- 1 1 
~.0197 - o, 1 
~ . 8 ? 177- 1: 1 
c; . 5<;3 7 2 - 11)1 
5 . 2667- 1 11 

• C:91«: 
0 • 4 ~ 9 ·) 
0 .4 S99S 
0 • 4 c;gq c 
0 . .. 1:; q q 
o. soor 0 
o.s ooor: 
o. soo10 
O. S J OJ 
o. soo 0 
0 . 5 0 
o. soo oo 
.5 DOC 

0 . 5 !l 
o . soo 

~ . 0 114 - 00 1 o . 4~gg ~ 
i+. ~ 7 15- 01 
4.t f:<:il <;- l 
1 . ~77 _ ,,,. 
1.C4'+ Sf - 001 O. _g9~ 

e 312'4 - 01 0 .4 ~9 C 
2 eq 3111- 1 0 1 c g C 

2 . 1E1L~-a 1 o .-. ~gg_ 
2 . 57996- 1 O.t+S9~ S 
. • 84B_ - o 1 o .i. sq , 
2 e17 37 1- 1 0 .4 ~~ C 

1 • 9 '4 3 2 3 - 0 0 1 0 • 4 g g (~ _ 

u. 3 7 
c . c3 
0 . 02 
C • , l 

. 0 17 
0 • 1 3 

• 0 0 <: 
. 00 7 

c. t 
• 0 C i. 

u. r C 0 
c . ooo 

• 0 0 0 

' ,.. r " . .. .J..., 

1 • 0 Q C 
: • C S 
~. '0 \. 

C • • l 
C • " 1 l 
l • I' • 

~ • l 1 
L • 0 Q 
I • 1, 

C. 0 ! 
. 0 C 1 



N • 0 

F 
(KHZ) 

1.000+000 
9 . 00ll -0 01 
8 .00 0-001 
1.000-001 
0.000-001 
~ .000-001 
c..000-001 
3 .500-001 

.000-001 
2 .5 00 -0 01 
2 .000-0 01 
1 .800-001 
1 .,,00-001 
l.400 -001 
1.200-001 
1 .000-001 
9 .000-00? 
h.000•00? 
1 .000-002 

.000-00? 
r.,.000-002 
c..000-002 
J .c;oo-no::> 

. 000-002 
?..c;oo - o? 
2 .000- 00? 
1 .eoo-00? 
1 .~00-00? 
l .400•002 
1.200-002 
1.000-002 

.000-0 03 
A.000•0 03 
1.000-003 
f,, • 000-1)03 
s .000-003 
c..000-003 
J . soo - 03 

.0 00 -003 
2.500-00~ 
2.000 - 00~ 
l .A00-003 
l.f,0 0- 003 
1.400-003 
1.200-no~ 
1.000-003 
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MOOE CALCULATIONS FOR A PLAN•~ EARTH CRUST wAVEGUIOE 
THREE LAYEq ~OOEL 

H. ~.oo KM 

SIG~A(b) • INFINITY 
SIGMA• 1.00-oos MHO/M 

SIGMA(l) l.00•003 MHO/M 

RE(C) 

le04384-001 
1.01001-001 
1.10032-001 
1.13582-001 
1.11a 2-001 
1.2J111-001 
1.29915-001 
1.34181-001 
1.39?92•001 
1.45606-001 
1.53747-001 
1.5775~-001 
1.~2365-001 
le67761•001 
1.74;,21-001 
1.82195-001 
1.86972-001 
l.Q2465-001 
1.98893-001 
2.06585-001 
2.16075-001 
2.28294-001 
2.3~938-001 
2.45083-001 
?.SbJ6 t,; •001 
2 .70877-001 
2.78014-001 
2.86215-001 
?. .. 95805-001 

.07274-001 
1.21412-001 
3.2987 -001 
3.3~594-001 
3e50'i58•001 
3.64543-001 
3.81?80-001 
4.02794•001 
•• 16230•001 
•• 32286-001 
4.!;(:\)54•001 
4.77440-001 
4eEl9900•001 
5 .0419 -001 

.20891-001 
c;.40819-001 
S.65322•001 

IM(C> 

2e40248•001 
2.46944-001 
2.54634•001 
2•63621-001 
2.74363-001 
2e87599•001 
3e04616-001 
3el5250•001 
3e27965•001 
3e43634•001 
3e63787•001 
3.73,,9~-001 
3.8507?•001 
3.98378-001 
4el4?.91•001 
4.33907-001 
4.45650•001 
4e59145•001 
4e74924•001 
4.93799•001 
Sel7069•001 
5e47014•001 
5e65739•001 
5.8tH38•001 
6el575 •001 
6e51302•001 
6.,,8780-001 
6ed8'16S•001 
7el2357•001 
7.40459-001 
1.1r,113-001 
7.95~64-001 
8.1971?•001 
8e471,04•001 
e.00911-001 
9e22116• 001 
9.7506 -001 
1•0081 •000 
1•04779•000 
1.0 ,,64•00 
1•15949•000 
lel9040•000 
1•22591•000 
le26744•000 
1•31711•000 
le37835•000 

ATTENUATION 
(08/l<M) 

1.7660+000 
1.6837•000 
1.5959•000 
1.5018•000 
1.3999•000 
lei»882•000 
lel637•000 
1.0951+000 
1.0212+000 
9.4048-001 
8.5079-001 

ell bB -0 01 
1.102s-001 
7.~605-001 
6.7846-001 
6.2 59-001 
5.9 bS-001 
s.-,906-001 
s.31so-001 
5.0353-001 
4.6651-001 
4.2542-001 
4.02 e-001 
J.79·9-001 
3.c:;210-001 
3.?. 65-001 
3.o 0- 0 01 
2.9bl •001 
2.Al59-001 
2.658 -0 01 
2.4864-001 
2.3933-001 
2.2944-001 
2.1 84-001 
2.n73b•001 
1.947 -0 0 1 
1.eo J-001 
1.12 9-001 
1 .,, ? -001 
1 .s .. 9-001 
1.443 0- 0 01 
1.3962-001 
1.34 1-001 
1.2919-001 
1.;,32 - 001 
lelb70-001 

I< • 
K ( 1) • 

9eO 
15•0 

V 
EXCITATION FACTO~ 
MAGNITUDE P.,.AS 

3.o~s b•OOl 
2.93480-001 
2.77382-001 
2eb0107•001 
2e41J98•001 
2e20892-00l 
1.9 027-001 
1.85441•001 
le71863•00l 
1.5703 -001 
le40565•00l 
1.33382-001 
1.25773-001 
lel7fl 7•001 
le08920•001 

.9398b•002 
<i.42705-002 

• 8419•002 
ij.30542-002 
7.6826 -002 
7.00431-002 
6 .25246-002 
s . 4033 002 

.39692-002 
4.91391-002 
•.37 s - 002 

.14539-002 
J . 9859-00.? 
3.b3 48-00i 

.35 239-002 
J.o •02-002 
2.e1000-002 
2.70229-002 
2. 1501-002 
2.31359-002 
2.09•Js-002 
1. l - 2 
1.11s J- o 
1.s1 1e-o 2 
l ••211 •002 
1.2500 -002 
1.17587- 002 
1.09757-002 
le0144 -002 
9.2 488-00l 

.29296-003 

0.s1sa1 
0 • 51 0 
o.s1•21 
o.s1331 
o.s12c.o 
o.51133 
o.51013 
o.5o9•7 
o.5087• 
o.so1~ 
o.so101 
O.SOM,ij 
o.so6 1 
o.so t! 
o.sosJ• 
0,504 l 
o.so• 3 
o .so• 2 
O. S038 
0.a;n . 3 
o.50 1:; 
o.so267 
o.so2-1 
o.so21J 
o.s 1 1 
o. n 1 -
0 • 5 127 
o.so10~ 
o. 00 
o.s 0~ 
o.sooJ9 
o.soo2• 
o.sono1 
o. 9987 
0.499-, 
o.4qcn 
o. 990 

• 988 ~ 
0 .•'i 0 
0.49 31 
0 • 7 2 
o. 
o. 
0 .497 25 
o. 9 94 
0.49 4 

(0 P E.S) 
1. 62 
l • 7 
le6b4 
1,557 
le44~ 
1.321 
1.18 
l .11 

• 
0.11c; 
o. 
o. 
o. 
o. 
I) • 

• 
• 3S;;> 

0 .3 4 
'l.33 
o. JJJ 
0.331 

• 3 I) 

I) . 1 

... 23 
• 0 

0.4 0 
0.4 7 
0.521 



• 

N • 0 

F 
fKHZ) 

1.000+000 
9.ooo- 01 
e.000-001 
1.ooo-no1 
6.000-001 
s.000-001 
•.000-001 
l.500•00\ 
J.000-001 
2.1500-001 
2.000-001 
1.eoo-001 
1.600-001 
1.•00-001 
1.200-001 
1.000-001 
9.000-002 
&.000-002 
1.000-002 
e,.000-002 

.000-002 
•.000-002 
J.soo-002 
J.noo-002 
2.500-00;, 
2.000-002 
1.,-oo- no2 
1.600•00? 
1 •• 00- 02 
1.;,00-00? 
1.000-noi 
9.ooo- OJ 
R.o o-ooJ 
1.000-00" 

.000-00:1 

.000-0 0 

. 000 -0 03 
J.soo-o 
3.ooo-oo 
2. 00•003 
2.000-003 

. oo-noJ 
l.fiOO• OJ 
1 •• 00-003 
le200• OJ 
1.000- OJ 
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MOO CALCULATIO~S FOA A PLANAR EA-TH cqusT WAV[ UtDE 
THA[[ L&VEA MODEL 

H • !eOO t04 

SIG~AC6) • INFINITV 
SIGMA• le00•006 MHO/M 

SIGMA(l) • le00•003 MHO/M 

MECC) 

l,OZf,7••001 
1.053 0-001 
1.os•J•-001 
1.12049•001 
lel6386•001 
le2174et•001 
1•28661•001 
le3l992•001 
1.3 180•001 
le4 586•001 
1.s2 39-001 
1.se,901-001 
1.~1511-001 
lef!10l6•001 
le7l'i78•001 
leAl650•001 
1.86486•001 
le9l045•0ll1 
1.,a~su-001 
2.06 35•001 
2.15939•001 
2.28306•001 
2.36044•001 
2.45)04•001 
2.56726•()01 
2.7143•-001 
2.7866 -001 
2.8698•-001 
2.96713- 01 
J.08355•001 
J.2211s-001 
.JlJH,•0 01 

~.41203•001 
J .s2n,e-oo 1 
J.6660 -001 
J.8367d•001 
4e05 S3•001 
••19400•001 
4.3 48•001 
•• 613 -0 01 
•• 22 8•001 
•• 9 09 -001 
s.o<i s1-001 
5.271 H,•001 
s.41112-001 
!li.731.46•001 

IMCC) 

2•45922•001 
2.s2s02-001 
2e60068•001 
Ze68919•001 
2e79~1l•001 
le925 3•001 
le09412•001 
l,19941•001 
lel21§41•001 
l,48084•001 
l,68095•001 
J.77938•001 
J.89253•001 
4,02490•001 
4el8329•001 
4el7867•001 
•• 49570-001 
4e63022•001 
4.18760•001 
4.97§92•001 

.20121-001 
5e507l0•001 
5,69441•001 
5,9183?•001 
6.19451•001 
1,.sso11- 01 
6e7ZIJ04•001 
6e92611•001 
7el6134•001 
1•••l 2•001 
7.79004•001 
7e99f\OJ• l 
A.lJ 10• 0 
e.s1,-19- 01 
8e85148•001 
9e26 3• 01 
9.79 89• 01 
l•Ol:t ••llO 
1.0~26 • 00 
1•10173•000 
lel649J•OOO 
1.19 0?•000 
1•2317 • O 
1.27356•0 0 
l el235lh000 
lel8529•000 

ATTE UATIO 
(0 /KM) 

4,5672-001 
4,4385-001 
4.290•-001 
••1186•0 l 
l.917 •001 
J.,, 02-001 
3.39 •-001 
3.;,2 1-001 
l.0419•001 
?, 311-001 
2.s 2-001 
2.4796-001 
2.36 0-001 
2. Jf.,7-001 
2.09 <1-001 
1 .9 s-o 1 
1.-.636-001 
1.11 2- 01 
le#1802•G01 
1.517 - 001 
1.• •J-001 
1.33 1-001 
le268 •0 l 
1.1932-001 
1.110 - 001 
1.01 1-001 

.1 1-00 · 
• 610-00? 

8.90 • - oo 
e. 11 -oo? 
1. 101-002 
7.577 - oo 
1.? ~-002 

. q z - 002 
• 712- 02 

6.173 - o? 
s. 'i> -o 

.4 l • O 2 
s;.2121-0 2 

.ql63•0 2 

.115 22- 00 

•• ·-.21 3-0 2 
••l •00 
J.91 0-002 
3. 1111-002 

f( • 

KC 1 > • 
9eO 

15•0 

V 

7.78863•001 
1.5 919•001 
7.2944 -001 
6e98 ll•OOl 
6.6262 -001 

,19 66-001 
5.6 3Z7•001 
5.38293•001 
~.o• -001 
•• 66 • 001 

.21 - 001 
•• 02749-001 

• 1 7 -001 
l. ~•-ool 
J.33bl2•00l 
3 . 0 910- 01 
2 .90842•0 01 
2 .7476•- 1 
2 . 495- 1 
2. 119- 1 
2 . 2 l• 1 
l • 311 • 1 
1. 673•001 
1. -. -
1. -
1 . -
1. -. --. -. -. -
7. -
. -
• -
• . -. -. -. -
.21020-ooz 

2.92919• 0 2 
2, 2 49•002 

[XCITA I ,,cro~ 
MAGNlTU E P A~E 

o.s 
o. 
o. 
o.5 
o. 
o. 
o. 
o. 
o.soo1s 
o. 00 0 
o.500 
o. 0061 
0 • 00 
o. 00 
o. 00 
o. 00 
o. s 0 
0 0 
0 0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

(OE EE > 

0.2 4 
0.2 1 
0e2JA 
0.21 
n.19;, 
o. u, 

• 1 
0.13 

• 121 
• 09 



F 
( z) 

. oOO •OOO 

. ooo- 01 

.000-001 

.000-001 
• oo -no1 
. 000 - 001 
• 00 -001 
. o -no1 
. 000-00 

l . 00 • 001 
?. .ooo-,H>t 
1 . 0-001 

, 00 l\O l 
• 00 - 001 

1 . 200-001 
.c-oo-no1 
. oo- 02 
. 000 -00? 

1 ,00 0-ooz 
. 000-0 2 
. 000 - 002 
. 000 - 002 
• . 00 • O? 
, 000 - O? 
, 00-002 
. 000-00? 
• 00 - 00~ 

1 . 00-002 
, oo- 02 

l ,?00 •00? 
• oo-o, 
. oo- 0 
. 000 -00 

7 . oo - 0 
• oo - 0 
. o o- oo 
. 000-00 
• 00 - 00 
. 000 - 00 

2 . o -n o 
2 . 000-003 

• oo ­
. oo-o 

1 . 0 - t>0 
1 .200 - 00 
1.00 0- 0 
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MOOE CALCUL ATIO~S FOR A PLANAR EARTH CRUST WAV[GUIDE 
THREE LAYER MODEL 

H • '5e00 KM 

IGMAC~) • INFINITY 
IGMA • l . 00 •0 07 M~O/M 

SIGM Cl> • l eO O•O Ol MHO/M 

E(C> 

1 . 0.2 e - 001 
1.0 111-001 
1 . 0 262• 001 
l • 11 85• 00 l 
1,16Zl0•001 
1. 1 00 - 001 
l,285Z7•001 
1. 2 6 - 001 
1,3 06 l•001 
1 . 4 1 -001 
l , 5Z7 3•001 
1 . 11-001 
1. 1 1- 001 
1 . 60 • 001 
1 ,73 10-001 
1 , l cn - 001 
1, 6 l • 001 
1 ,92 001 • 001 
1,98 13-001 
1.06 0 - 001 
2 ,1592 •001 
2 , 2 306-001 
2 ,J 053- 001 
2 . 532 • 001 
2 , b7 1•001 
2 , 71 -001 
2,7 7 3•001 
? , 7 060 • 001 
2 ,9 03•001 

, 0 6l•001 
.22tt .. - 001 
, 31 59-001 
• l •001 

- 001 
l • 001 
11-001 

. o 3 - 001 

. 1 71 •00 
• 0 • 01 
.c;e, 2-001 
, 272 -0 01 
, 9 0 -001 

•;.10 U.1 • 001 
3 - 001 

- 001 
• 039 • 001 

IM(C) 

2,46499•001 
2,53067• 001 
2,60620•001 
2,69 57- 001 
2 , 003 • 001 
2,9308A•001 
3,09~9 -001 
3,20 16•001 
3,3300 -0 01 
3. r;J -0 01 
3, 530-0 01 
3,7 367•001 
l,8 67S•001 
4,0290 - 001 
4,18736•001 
4,3 267•0 01 
•• 9965•001 
4,63 13-001 

,791 6•001 
4,97974•001 
5,21199•00\ 
5 ,51 104•0 01 
5,691 - 001 

, 2?0J • 001 
6,1 823-001 
6,55 8 -001 
,7l 7 • 001 

6,9296:tA•OOl 
7 .. 16513• 00\ 
7, 666-001 
7•79395•001 
8, 0 019 -0 01 

e24l1 2• 001 
8,5208 - 001 
8 , 5567 - 001 
9 .20 67 - 001 
9, 00 -0 01 
1•01331•0 0 
l e0S Jl • 000 
1.1022 • 000 
1,165 7•000 
1 , 19 SA•000 
l,Z323 •00 0 

,27 17•000 
1,32 23 • 000 
\,3 ~9 • 000 

ATTENUATION 
(08/t<M) 

6.91SB 002 
6 ,8466-002 

,7726-002 
, 6923-002 
, 6030 -002 

6.4997-002 
6 ,3716- 002 

,,!91 2-0 02 
,1922-0 1)2 
. 0633 - 002 

'5,8829--002 
s .1 11-002 
5 , 6 7 .:; 5- 0 0 2 

,5340- 002 
S ,3h 0 • 002 
5 ,14 07 002 
5 ,0 078 - 00, 
4,85'14•002 
4 ,6794 -002 
4,4741-002 
4,2315- 002 
3 ,94 00-002 
3 ,7 702-002 
3 .5 00 -002 

,3642- 02 
3 , 1149-002 
3 , 0032- 002 
2 , 8 -002 
2 ,7522 - 002 
2 .~090 - 002 
2 ,4499•002 
2,3629-00? 
2,?. 9 - 002 
2 ,1 693-002 
?.0597 002 
1,9 3 4- 00 2 
1 . eo1s- 002 
l e7 2t;2-002 

, 42 0- 002 
1 . 9 - 002 
\ .4 .. - 002 
1 ,39 6•002 
1,3 01-002 
1 . 2q - 002 
1 ,23 1-002 
1,1730-002 

t< • 9,0 
l<(l> • JS,o 

EXCITATION FACTOP 
V ~AGNITUUE PHASE 

9 ,73030-001 
9,71024•001 
9.68484-001 
9,05145•001 
9,60541-001 
9 , 53766•001 
9 • 42887-0Q.l 
9 ,34639•001 
9.23137-001 

, 06337-001 
8,80401-001 
8 ,65955-001 
8 ,48117-001 
8.25798•001 
7,97467-001 
7,60895-001 
7 ,36531-001 
7,12710•001 
6,82678-001 
6, .. 7420•001 
6 . 05520 -001 
S.5486 •001 
S , 25?69•001 
4,92022-001 
4 , 5 42 16•0 01 
4, 10 473•0 l 
3,90 51 •001 

.. 69720 -001 
3 . 4 803•001 
J .2111 s-00 1 
2,93QlO•OOl 
2,78745•001 
2.&2s5s-001 
2 .. 45146 -001 
2 . 262 1-001 
2 . 0 ~11-001 
1,82 39- 001 
l,69571•001 
1,55793•001 
1,40755•001 
1 ,24 07 -0 01 
lel681S•001 
1 , 091 41•0 01 
1,00978-001 
9,22246•002 
8,27395-002 

0.49933 _ 
0,49944 
0.49955 
0,49965 
o.49974 
0,49982 
o.•9989 
0,49992 
0.49995 
0,49997 
0.49999 
0,50000 
0, s.o 001 
0,50001 
0,50002 
0 ,5000 
o.sooo2 
o.so n2 
o.soooi 
o.s 002 
o.soooz 
o .50002 
0,50002 
0 ,500 0~ 
0 ,50 001 
0 ,5 0001 
o.so oo1 
0 ,50001 
o.sooo1 
0 ,50000 
0,50000 
0,50000 
0,50000 
o.soooo 
0,500 00 
0 . 49999 

. 49999 
,4999'1 

o .499qQ 
0 ,4999 
0,4999 
0,499 9 
0.4 99 7 
0,49997 
0,49997 
0,49997 

<DEGREES) 
0ellt. 
0,099 
0.00s 
0,071 
0,059 
0,047 
0.036 
0.031 
0,026 
0,021 
0,017 
0,015 
0,014 
O • 0 l ? 
0,011 
o. oog 
0 , 009 
0,00ij 
0,007 
o.oo 
0 ,00 6 
o.oos 
.oos 

0,004 
0 , 004 
0 , 004 
0 , 004 
0 .004 
0 , 004 
0 , 003 
0 , 00 3 
o oo· 
o. 03 
0 ,0 03 
0 .0 03 
o.oo 
0 , 003 
0 .004 
0,0 04 

,0 04 
o.o 4 
0 , 004 
0 , 00 4 
o. oo 
0,005 
o.oos 



.. : 0 

F 
CK Z) 

1.000+000 
~ • 00o-001 
e.000-001 
7. 0 0 o- 0 0 1 
6.000-001 
5•00o-001 
"• 0 0 o-o 0 1 
3.500-001 
3 .00o-001 
2 .s no- o o 1 
2•00o-001 
1.eoo-001 
1.Eioo-001 
1•"0o-001 
1.200-001 
1•00o-001 
9 • 0 0 o- 0 0 2 
e. o o :1- o o 2 
7 • 0 0 o-o O 2 
6.oon-002 
s.000-002 
... 0 0 o-o O 2 
3 . 5 0 o- 0 O 2 
3.000-002 
2 .s oo-00, 
2 .000-00 2 
1.~00-002 
1.600-002 
1 ... 0 o-o O 2 
1.200-002 
1•00 o-o 0 2 
<3 . 0 0 o- 0 0 3 
~. 0 0 o-o O 3 
7. 0 0 o-o 0 
6.000-"03 
5.000-003 
c. .oo -003 
3 e'5 0iJ -O Ow 
3 .000- 003 
2 . 5 0 o- 0 0 3 
2 .00 0- 00 
1 ... 0 o-o O ~ 
t.600-003 
1 ... o o- on 3 
1•20 o-o O 3 
1.000-003 
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HOOE CALCULATIO~S F ' A Pl A~ APTH C U T 
THR r LAY R ~00 l 

H • 5.0 

SIGt-•cc, I~Fl lTY 
CJ . 0 SlCMA 1.00-00 HO/M 

IGt-•<U z 1.00-00 H O/H C 1) s 1 • 

RECC> 

1.021+10-001 
1.0 153-0 l 
1.oe2 .... -001 
1.11868-001 
1.1&211t-001 
1.21se&-oo, 
1.2es11t-001 
1.3285&+-001 
1.Jeos1-001 
1.ltltlt 1-001 
1.5273Ct-001 
1.s6eo2-001 
t.61 .. 7<J-001 
1.&6q52-001 
1.1 ~o -001 
1.t'1587-001 
1.86,.29-001 
1.91<396- 001 
t.9851 0-01)1 
2.06305-001 
2.1sq22-001 
2.28306-001 
2.360 c.-001 
2.C.53 26-001 
2.567E5-001 
2.114q4- 01 
2.7~7 9-001 
2.870E8-001 
2.q6e12-001 
.oec.1 2-001 

J . 22 ~7-001 
• 1474- 01 

3.41 79- 01 
. 52967-001 
.66834- 001 
.e3ga.1-o 1 

'4.059 7-00l 
,. • 1 C?7 tt -n o 1 
4.3623'l-00 1 
4.56S 2-0 01 
... 82776-0 01 
c..q566t-001 
5.10 .. 73-001 

.21,.0 - 01 
s .,.8 36-o 1 
5. 74111\-001 

2.1t6 57-0 1' 1 
2. 12 .. - 0 1 
2 . 0675- 001 
2 . 9 11-0 01 
2.-,008e-o 1 
2 • 1 9- 0'l 1 

. 09Ci47-0 1 

. 20 .. 6 .. -0 01 
J . ~0'51-0 01 
~. It ~ 79-0 0 

• 8574-0 0 1 
.1e .. 10-o 1 
• 9718-0 01 

... t'?9 .. -001 

... 1a-777-0 rJ l 

... 38307-0 1 
ft• 0 '5- 1 
,. • .. 2-0 1 
C.e7Cl185•0 1 
c..~eo12-o, 
5 . 212 1- 0 1 
5. 1142- 0 1 
5. 98St- O l 
s.q2241- o 

• CJe 0-0 111 
f . lt2 -0 (' 1 
6. 1? H,- 0 
~.q 026- 00 1 
7.16 5J- 0" 1 
7.•4705- 0 1 
1.1 .. 5- on 
e . 002 e- oo 

• ~15 ?- 0--1 
e . ~21 29- 0 1 
e .fl ~ 09- 0 1 

1. 
1. 
1 • 
1. 
1.23 
1.?7 
t.J2 
1.3e 

- oo ' 
- o ' 

£, ♦ 

TT NUATI O 
( 0 / t'I) 

1.9051-002 
1 ·" .... -0 02 
1.75 ft-0 02 
1.68 0 - o 2 
1. 962-00 2 
1.5 4+1- 002 
1 ... 04+ 0• 00 
1.,. - 002 
1. 29 07- 002 
1. 2 75- 0 2 
1.1582-0 02 
1.1 2 -o o 
t.0969-0 02 
t.06 7-0 02 
1. 02 84- 0 2 
. oc. - oo 

9.1 02 1-0 0:? 
... 900-0 0~ 

. -
8 . -
7. -
7. -
7. -
7. - 003 

!i . -
5 . -
4 .98Se­
a.. ... 
4. 

• 
• 
• 0 
• 0 

[ GUID 

llA l l C 
JT UCE 

cc 



• 0 

, 
( z, 

1.oOO•OOn 
9.000-001 

.000-001 
1.000-001 
,.000-001 

.000-001 

.000-001 
3."00• 01 

. 000 -001 
2. oo-no1 
1.000-001 
1 • .-00-001 
1.,-00-001 
1. 00-001 
1.200 -001 
1.000-001 

• on -001 
.000-001 

1.000-001 
.000-001 
.000-001 
. 000 -002 
• 0•00? 
• 00 -001 
• 00 •00? 

? . 00 0-0 1 
l . 0 •OOl 

• 00 -002 
• 00 -no1 

1.200-002 
.000-002 
.0 00 - 003 
.ooo-no 
. ooo- 0 
.ooo-ooJ 
.000-00~ 
• 00•003 
• 00 - 003 
. noo -003 

2 .s;oo-00:-
2. 00 •003 
1. 00•003 
1.~00-00 
1 •• 00-003 
1.;,on -003 
1.000-003 

68 

MOO[ CALCULATIONS ,o A PLANAR [AATH CAUST WAVE UIOE 
THAEE LAY[' MODEL 

H • l0e 00 KM 

SI MACG) • IN,INITY 
SI MA• le00•005 MHO/M 

IGNACl) • le00•003 HO/M 

ECC> 

7,§3 -002 
1.7l0Zl•OOZ 
1,,i •••ooz 
f',115 ?•002 

• 719l•OOZ 
1.~l 90•002 
9elll6 •002 
9. 111,-ooz 
9,9693 •002 
le041l •001 
1,091z•-001 
lel263T•001 
1,15 74•001 
lel966 •001 
1.2•201-001 
leZ9111•001 
lellllZ•OOl 
1.,,0111-001 
1.41519-001 
le4700 •001 
1. 3700•001 
1. 2328•001 
1.67729•001 
1.1•19•-001 
1.a2112-001 
le9l447•001 
le97 Ol•OOl 
2.01 lJ•00l 
2el011l•001 
2.18249•001 
2.2tt2 s-001 
2.3•.!95•001 
z.• 1.o•-001 
2.•928•-001 
z.5 951-001 
z.10.-12-001 
?.fA ?11•001 
2. 01 -0 01 
J.n1211-001 
J.21409•001 
3. 9 cn-001 
J.• ~28•001 
J.StU92•00 l 
3e7U781:t•001 
J.AS\29•001 
•• 02192-001 

1,6602••001 
1,1014 -001 
1,76386•001 
l• 2151•001 
1,90571•001 
l,0007l•001 
z,12 1 -001 
1.19 91•001 
2.2 993•001 
Ze40199•001 
,. 4,,1-001 
Z,61670•001 

.69191•001 
le79ZIZ•001 
,.,0,11-001 
l,04604•001 
lel296 •001 
l,?2576•0(11 
J.JJI07•001 
J,47ll5•001 
le6l715•001 
lel5071•001 
le9 l77•001 
••14291•001 
4ell907•001 
4. 914 -001 
4e11'15l•001 
4e85111)•001 
5e024cll•001 
5e22426•001 
5e47015•001 
5e6l?l •001 

.78651•001 
5. 445•001 
6e22116•00J 

e5ll0l•0 01 
6el 6•001 
1.12 5 -001 
7.40660•0 1 
1.1s11•-001 

el971 l •0 01 
le4l644•001 

.66847•0 01 
le96lZ••OOl 
9ell581•00l 
,.75069•001 

ATTE UATION 
CD /KM) 

1,723~•000 
1,6412•000 
1,5 36•000 
1.4595•000 
1.3 11.oon 
l•'-•61•000 
1,1211•000 
le053l•OOO 
9.1944-001 
8.9115-001 
1,093 -001 
7.1035-001 
1,,901•001 
6,8497-001 
6.37 5•001 
,., ca0-001 
~.'1809-001 
., 6 -001 
.ff730-001 

4,6356-001 
•• , •-00 1 
1,161 -001 
l.6317•001 
3.3990•001 

.1J 1-001 
1.. 90-001 
1.12 1-001 
2.11 99-001 
2.4•7 -00 1 
z.z, 0-001 
2.12 •-00 1 
2.f)J 1-001 
1., e. - 001 
1.1• 2-00 1 
le?llO•O 1 
1 . 137-001 
1,481?•001 
1.40 - 00 1 
1 . 29•., . 00 1 
1 .1• -001 
1.1 73-001 
1.1 -;2-001 
1.0 - 001 
1.012•-001 
,.60 0- 002 
9.,n1 -0,,2 

K • 
fC Cl> • 

9eO 
15•0 

y 
EXCITATION FACTOR 
"9AGHIT UO[ PHA 

leO 179•001 
2,937 6•001 
Z,11662•00& 
Ze60lll•001 
z. 1671•00& 
2e2l165• l 
le9ll0~• Ol 
1.e 1ze,-oo 
1.121s1-001 
1.s11,1-001 
1,40193•001 
lell?ll•OOl 
1.z,1zs-001 
1,110Z5•001 
le09JOl•001 
9.9 12,-ooz 
, •• 100•-002 

.92903•001 

.J 246•002 
1.13231.002 
7.0 Tll•OOl 
6el0970•002 

.90019•002 
5e4591e.-ooz 
••9 os1-00z 
··••980•0 02 
•• 21111-002 
3e9T •3•00Z 
3.11•02-ooz 
le43397•00Z 
lel2908•0 2 
z. 91- 00 l 
2.79lll•OOZ 
t!eb062l• l 
2.•011•-002 
l. 90 l • 002 
1. • 02 
1. 1 37-0 0 
1. 1~10-ooz 
1.s11• -ooz 
lel 1 l•O 2 
1. 21100 -002 
1. 19 2••002 
1. 1•J2-002 
1.02•0•-002 
,.25933-ooJ 

o.s,2•1 
o.s30., 
o. 1917 
o.sz13 
0,5Z lb 
o.sz 1 
o.s,01e, 
o.s1ca•J 
o.s119 
0 • U1• l 
o.s1•e.6 
o.51390 
o.s1lo 
o.s12z, 
0,5112 
o.s10 :, 
o.so,13 
o.5091 
o.~0 J 
o.so, e, 
o.so l 
0 • 631 
o.so 
o.50 
o. o• 
O • O• ) 
o .soJ97 
o.soJ 9 
0 • 0 3 
0,5030!, 
o .so1e. 
o.so2•1 
o.so22 
o. 0201 
o. 017~ 
o.so1 

. soi 

.soo 

o. 
0 , 2 
o.4997 
0.4,t 5 
Oe499ll 
0.49905 

COEGAEE ) 
J.449 
3.219 
.10 

l.91 0 
2.10 
l.4 2 
?ell 
le09Q 
l .9S2 
1.1 2 
1 e6 l 
1.537 
1.• 
l • J 
l . 27::» 
1.1 q 
l • 1 1 

• 
• 
• 
.11 1 

0 .121 
• o. 

o. 
o. 



• 

F 
( 1'1£) 

eO0 0•0 00 
.000-0 01 
. 000 -001 

1.000-001 
• 000-001 
. ooo- 01 
• 000-001 
. soo- 01 
• 00-001 

2. oo- 01 
2.000-001 
1. 00-001 

,600-001 
1. oo- 01 
1.200-001 
1.000-001 
.oo -002 
.000-00 
.000-002 
. 000 -00? 
.00 0-00? 
• 00-00? 
• 00•00? 
. ooo- 0? 

2. 00• O? 
2 . 000-00? 
1. 00-002 
1 . 00•00? 
1. oo -no2 
1.100-00? 
1 . 000 -0 02 
. o - no 
. 000 -0 0. 
• 00 -0 0 
. 000 - 00 
• r )-00 

00 
• v•OO 
. 000 -0 0 
• oo- " 

2 . 000 - 00 
• 00 - 00 

1 . oo- O 
• oo - 0 

1.;:, 00- 0 
. 000 - 0 3 
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MOOE CALCULATIONS FOR A PLA AR AATH CRUST WAV[IUIOE 
THAEF LAYER OOEL 

• l0e0O M 

SI MACG) • INFI ITY 
SIGMA• 1.00•006 MMO/M 

SlGMACl) • le00•003 MHO/M 
I<• 9eO 

Cl) • 15•0 
EXCIT T 0 

CC) 

7.2972 -002 
7 • -0 02 
1. -002 
1. •00? 

• -002 
• •002 

9.11110-002 
9. 1-002 
9. •002 
1. 6•001 
l.Ob21 •001 
1.1108 -001 
,,1 001 
1.1 001 
1.? 001 
1.2 •001 
1.31977•001 
1. 0 -001 
1. 01-001 
l• 03•001 
l• •001 
1. -001 
1. -001 
1. •001 
1. -001 
l• •001 
1. •001 

-0 01 
- 001 
-0 01 

2. - 00 1 
• -o 1 

-0 01 
•0 01 
-0 01 
- 001 
-0 01 
-001 
-0 01 

• • 01 
• -oo 
• - 001 
• - 001 
• - 001 
• - 001 
• -001 

I ( C) 

l• • 
1. • 01 
l• •001 
l• • 00\ 
1, -001 

, -001 
z. -001 
2,2594 -001 
z. 1-001 
2, 2-001 
2e6002 •001 
2, 90•001 
2• 97•001 
2. 6 -001 
2, 7 -001 
,.0939 -001 
lel7 79•001 
J.2719 -001 
l, 33•001 
3,51-, 1-001 

, 2-001 
3. 2-001 
•• 9•001 

• -0 01 
, -001 
• •O l 
• -o 1 
• -o 1 
, -o 1 
• • O l 
• -oo 
, -001 
• -0 0 1 
• -001 

-001 
-001 

• -o 1 
-001 

• -0 0 1 
- 001 

, -001 
, -001 
• -o l 

9, - 001 
• -0 01 

-001 

ATTE TIO V M4C, 1 UO 
(0 KM) 

• 2 - 001 7, 2793-001 
.30 -001 1. 9 77-001 
,1539-0 01 7.3300 •001 
,9829-001 1.0202s-001 

J.7 2 -001 •• 0•001 
l, 459-001 • •001 
3,2609-001 • 2-001 
3,n9 0-001 • -001 
2.9093-001 s. -,01 
2.6990-001 -001 

-001 -001 
• 01 2- 1 

2. - 001 • 2-0 
a. - 001 • 0-001 
1.9 - 001 • 0-001 
1.A17••001 3,076 6•001 
1. 9-001 2.92580•001 
1. o- 01 • 12-0 1 
1. 6•001 2. 6 -oo 
1. -0 01 2. 8 -001 
1 . - 001 2. 02-001 
• - oo 1. 5 1 

1. -o o 1 . 7 
1. -o 1 1, 

-o o • 
-002 ' 1. 
-o 
-o 
-o -
• 00? 
- 002 
- 002 
-002 
- 002 
- 0 
- 0 
- oo 
- oo 
-o? 
-o 2 
- 002 
- 02 
- 002 
-002 
- 002 

0 0170 
o. 0 
o.so 
o.so 
o • 
o . 
0 • 
o • 
o. 
0,50 
0,50 
o.so1 
o. 01 
o.so1 
0 ,50 
0 0 
0 0 
0 0 
0 0 
o.so 
0 
0 
0 

0 
0 
0 
0 

4CTOR 
PHASE 

COEG EEs, 
0,565 
o.s1 
0 • 72 
o. 2 
o.J o 
o •. J 
o.2e1 
0.2 
0 .23 
0.213 
O • l 

.11 
• 1 5 

C,l 
• 1 
-12 

0 .121 
o. 11 

• 1 0 



• 0 

F 
( HZ) 

.ooo+ooo 
9.000-001 

.000-001 
1.000-001 

.000-001 
!> .000-001 

.000-0..01 
3.a;oo-001 

, 00-001 
.i;oo-001 

• 2 .000-001 
• 00-001 

1. 00-001 
1,400-001 
1.zoo-001 

' 1 . 1)0-001 
.000-002 
.000-002 
.0 00 -002 
.000-002 
. 000 -002 

~ . 00-002 
• 00 -002 
. ooo - 02 
• oo - oz 

2 .0 00 - 002 
1 . 00 - 002 
1 . 00 -00? 
1 . 00 -002 
1.2 00 - 02 
.000-002 
. ooo - 0 
• O - 0 

1 . 00 -oo 
• o o- 0 
. 000 - 00 
ooo - 0 

• oo - 0 
. ooo - 03 

o- oo 
2, 00 - 00 

• oo - 0 
l , O -00 

0 - O'\ 
1 .~ on - 00 
l . 00 • 00 
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MODE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER ~OOEL 

H • lOeOO KM 

SIGMA(G) • INFINITY 
SIGMA• le00•007 MHO/M 

SIGH Cl> • l.00•003 MHO/M I< ( 1 ) 
• 9,0 
• 1s,o 

RE(C) lM(C > 4TTENUATION V 
EXCITATIO F~CTO~ 
MAGNI UDE PHASE 

7.26~ -002 1.1 345-001 
7.45632•002 1•7 980•001 
7,67233-002 1,84312-001 
7.92611•002 1,9055'.•001 
e.230 9-002 1,9 02 -001 
8. 0846•002 2.012 1-001 
9~0i6ll•002. 2,19126•001 
9e40 89•002 2,26~61•001 
9.76 33•002 2,35 59•001 
1.022 0-001 2,46437-001 
1.0 045•001 2,60575-001 
lelO 17•001 2e67 30•001 
l,l Z2l•001 2•7 Z •001 
1.1 087•001 2,84880•001 
1.2211s-001 2•9607 -001 
le28 27•001 3e09884•001 
1.31 49•001 3.1 15 -001 
1.357~•-001 3,2766 -001 
1. 03 1-001 3,38790-001 
1. 5897-001 3.s210 -001 
1.s26 s-001 J.6 21-001 
1. 1 -001 3. 9 7 -001 
l• 927•001 ,0290 •001 
1.1 2-001 .1~73 -0 01 
l, 15 •0 01 ,3 267•001 
l• l 2•001 • 3 l •001 
1,9710 -0 01 .757 -0 01 
2.02 -001 • 000 -0 01 
2.098 2-001 ,06 0-001 
2.1812 -001 ,265 -001 
2,2 z 6- 001 s,s110 -001 

• 001 , !> 1 •O l 
1-001 • 2 2 -001 

- 001 .02so9-0 01 
ij•OOl ,261 • 001 

- 001 • 1-0 01 
- oo ,cn9 -001 
• 01 1 • 01 
- 00 1 - 001 
- 001 • 1-00 1 

0-001 11 -0 01 
10-001 • 10 - 001 

2-001 •7139 - o 
- 001 . oo 7 • 0 1 
- 001 .3 7 -0 01 

7•0 1 9e800 •001 

(0 /KM) 
6.1821-002 
6,1439-002 
6.1023-002 
6,0 57-002 
6.001s-002 

.9348-002 
'5.8446-002 
i;.7836-002 
5,7041-002 
S.5945-002 
Se4l2Q•002 
5,3451-002 
5,2380-002 

,1053- 002 
,938 -oo.? 
.7252-002 
,c; -002 
• 4 s - 002 
.2738-002 
.01 0-002 

3. 3 3-002 
.s -002 

3.37 4-002 
.1 2 -002 

2.9 07 -002 
2,73 - 002 
2. 2 4•002 

• 100 -0 0 
2,3 30-00 
2.2 1- 02 
2.09 0 - 002 
?.oo 1-0 02 
1 .9 7 - 00 2 

9, 3962•001 
9. 2388-001 
9, 0330•001 
9,77 Jo-001 

,73524•001 
,b1 04•001 

9,57203-001 
,49273-001 
,3 033-001 
, 21.379- 00 

8,9 3 7-001 
, 0 69•001 
,62700-001 
• 0•1-001 
• 2 -001 

1, 0 -001 
7. 2 -001 
7 . 24993-0 01 

• -001 
• -0 0 1 
• -001 
• -0 01 

-001 
- l 
• l 
- 1 
- 1 
-0 0 1 ---

2. -
2. -

1 . 1 -002 2. 
1 ,7 1 - o 2 2 • 

- 002 2 . 
- 2 
- 0 
-o 
• 02 
-oo 
-o 2 

• 10 - 002 
1. 1 - 002 
9. 1 - oo 
9,0 1 - oo 

---. -
• - 001 
• 2-001 
.22211-002 

o. 986 
o.•9A90 
0.49911 
0,49 31 
o.•99" 
o. 99 S 
o. 997 
0.499 5 
o.49991 
o. 9996 
o.s 000 
o.sooo1 
o .soooc 
0,50003 
o.sooo­
o .so oo~ 
o.s oo 
o .s 00 
o.sooo 
o. 000 
o.so oo 
o. 00 
0.sooo 
0 • 000 
0 , 000 

00 
0 000 
o.sooo 
o. 000 

000 
o.soooc 

000 
000 
0002 

• 0002 
• 000, 

00 

<OEG~EES) 
0.229 
O • l 9 
0.110 
ll • l 3 

• l l 
• 4 

0 . 012 
0 , 06 
(),052 
o.o 3 
o.oJ• 
0 ,03 1 
0,027 

. 02 

. 021 
0 . 01 

. 01 
0 . 01 
0 . 01 
0.012 
. o 1 
. oo 
. 009 



.. • 0 

F 
(KtiZ, 

1.000+000 
~. 0 0 o-o O 1 
e.000-001 
1.000-001 
6•000-001 
is.000-001 
... 000-001 
3 • 5 0 o- 0 O 1 

• 0 0 o-o O 1 
2 .soo-001 
2 .000-001 
1.eoo 001 
1.600-101 
1.c.00-001 
1.200-001 
1.000-001 
C3 • l1 o- 0 0 2 
e .0 00-002 
1.000-002 

.000-002 

.o -OO c 
... 000- 02 
.. • 5 0 o-o O 2 

• 000-002 
2 • o- 0 2 
2 • 0 o- 0 0., 
1 . 00-002 
1 . oo- 02 
t .CtO -002 
1 • 2 0 o- 0 0 2 
1. 0 o-o 2 
0 • 00- 0 .. 
. o - oo 

1. 0 0 o- 0 0 ~ 
. 00 - oo 
. 000 -0 0_ 

... o- oo 
• • 00 

-- . - oo 
2 • - oo 
2 .00 0-0 0 .. 
1 . -
1 . -
1. -
1. 200-
1 . oo-
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HOOE CALCULJtro~s FOR A PLANAR ~APT~ CRUST WAVEGUIDE 
THREE LAYER ~OOEL 

H = 10.00 t<H 

SIGMA't) E INFINITY 
SIG~A : 1.0 -ooe HHO/M 

SJG~~(1) = 1.00-0 03 HHO/M 

RE(C> 

7.266Ct1-00 2 
7.C.5356-00 2 
1.66966-00 2 
7.92351+-00 2 
e.22853-00 2 
e.6061 -00 2 
q.09393-00 2 
9.39980-00 2 
q.7b6 l+-00 2 
1.02191- 001 
1.oeo21-001 
1.1090 0-0 01 
1.11+201+- 001 
1.1eo11-001 
1. 2701-001 
1. 2e1+13-001 
1.31836-001 
1. 5771-001 
1.c.o 76-001 
1.1+see1-oo 
1.sz e6-o 1 
1.r,1c.c.1- 001 
1. 66CH q-o o 1 
1,7 C.75-001 
1. 15 - 01 
1. q1q11 - o 1 
1.q11 00 - 01 
2 . 02990 - 001 
2 . 09 a1q-0 01 
2 .181 25-001 
2. 82 9 -o 1 
2 . ,. e9- 001 
2 . 1 9 -001 
2.i.q ,,,,_ 

. -

1.7 .. lj23-0 01 
1.7(3056-0 1 
1.64-3 6- 00 1 
1 .qo~ 21+- on 1 
1. 809 .. · 00 1 
2.0731 - 00 1 
2.19190-0 01 
2.26622-001 
2.~5519-001 

• •6,.qs- on 1 
2.606 0-001 
2 . 758Ct-0 01 
2. 75578-0 1 
2.t,4931-0 01 
2.q 12Ct- 001 

. 099 2-0n1 
3.18 20 1+- 001 

. 27712- 00 1 
:! . .. t,e 6- o 1 

• ? 1 .. 9-0 0 1 
• f\571-0 01 
• 7H,- 00 1 

i.. 02~1.s- 00 1 
... 1~777- 0 
,._ 30 7- 01) 1 
It• lt5 - o 1 
c..75 2 - oo 
... 0001+ - 001 

• t71\-0 1 
. 2 S 5- 001 
. c;11 .. . - o 1 
• 8 - 01 
.~?7 - G 
• 2 ,. - 001 

E. 2 220 - 1 
. - . -
• - • - 001 . - . 
• -001 7. -
• ~ 1 -
• - 1 -
• - 1 .. 
• 1 • -

- 1 • -
• - 001 g . - 00 1 

~. 059 6- 01 9 . - 001 

ATTENUiTIO 
( 08/101) 

t.2358-00 2 
1. 2 000-002 
1. 1623-0 02 
1.1 22 .. -0 02 
1.0718-00 2 
1.0 37-0 02 
q.& 31 -0 03 
9.5560-003 
q.261 - oo 
8.9 .. 9•0 03 
8.'>950-00 
8 ....... 3- 003 

. 2 57- O 
,,,1176-0 0 
7. 9 80-0 03 
1.1 .. l+-0 
7.6389-0 03 
7,5282-0 
7,4 0 6-0 03 
7. 2802 -0 03 
7.1 C.9- 00 
6. 96 1- 0 0 . 
E,,f\ 03-00 
&.7 88- 00 
6 . 5 7 -o o 

• .. -o o. 
&. 1'07- 0 

• 7 -o o 
• . --

K = 
KC 1 l = 

9 .0 
15 • fl 

V 

9 . A765 - 01 
q.l\70 03 - 001 
9 . 231-001 
9 . ~ 01-001 
9.8 .. 1 .. 9-001 
q . 1-001 
9 . 1-001 
q. 2- 00 1 
CJ .777 3&+- 0 1 
9 .7 29- 001 
9 .7 271+ 3-001 
q ,7 124..,- 001 
q . - 001 
CJ . - a 1 
9 . -0 01 
CJ . t. -001 
<J.58087- 001 
q.!, 011•0 l 

. 51075- 00 
q, Ol+ -0 01 
• - o 1 
• 001 

• 

• 

• 
• 
• 

tXCITAT lC~ FA TOR 
HA GNITUOE P~ ~SE 

o.c.~e 
0 • 4C.:8 62 
O.'t ·; e 't 
0 ... 990~ 
0.4 925 
0. 4 9 't 
0, 413 960 
O.C.9<J&7 
O.lt9974 
0 . 4c;g 1 
O,lt99 7 
0 .4 Cj9 C 

o. 4 CJCJCH 
0 ,4 ':9 2 
o .c.c;9 q4 
o. 
(' . 

• 
0. 
C • 4 
o • 
o. 
o. 
0 • 
0. 

<CE~REES > 
O.t9S 
0. 16 7 
0 .11+0 
0. 115 
0 . 091 
C, 07 0 
o . oso 
C. 041 
1. 033 
C, 02 t 
0 . 1 <.; 
c . 01 
0. 01't 
C • 0 1 1 
O. 0 0 '.1 

.00 7 
0 . 0(., 



N • 0 

F 
(KHZ) 

1 . 000 +000 
.00 0-001 

e . 000 -001 
1.000-001 
6 . 000 -001 
s.000 -001 
4 . ooo -ool 
3 . 00 -0 01 
3 . 000 -001 
2.500 -001 
2 . 000 -001 

• 00 -001 
l , 00-001 
1 ,4 0-001 
1 ,20 0- 01 
1 .000-001 

,000•00? 
. 000 -002 
. o 0- 002 

b,000 •002 
. 000 -00 2 
.o oo - 02 
.c; oo -o 2 
• oo - 0 

2 . 00 - 0? 
2 . 000 -00? 
1 . 00 • 00? 

• 00 -0 02 
• oo - 02 

1.200 - 002 
1 . 00 -002 

.000 - 00 

.o 0-003 
1 . 000 - 00 

. r,00 -0 0 

. 000 -0 03 

. 000 -003 
• oo - 03 
. 000 -0 03 

2. oo - 0 
2 000 - 00 
1 . o- oo 

, oo - 0 
l,400- o_ 
l .;> 00 • 0 
1, oo - o 

7Z 

MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THRE£ LAVER MODEL 

H ■ 20e00 KM 

SIGMA(G) • INFINITY 
SIGMA• 1.00-oos MHO/M 

SIGMA(l) • le00•003 MHO/M 

RE(C) 

s. 1145-002 
'5.6.365b•0 02 
5,78130-002 
5,95170•002 
6,15688-0 02 

,41155-0 02 
t,,741.~j•OO 
6.9~887-002 
7,197 5-002 
7,5060 -002 
7.90427-002 
e.10 061-00?. 

,326 1-002 
A.59183•002 
e. 095s-002 
9.30225-002 
9.SJ784t•002 
9,80898•002 
l•Q.1~65- 0 01 
t,05071-001 
1,09771-001 
l,l 33-001 
1,19630•001 
\,2417 -001 
1.2 7 4• 00 1 
1,370 2-001 
1.•os 5- 00 1 
1. 693- 00 \ 
1. 4 - 001 
1 , 55231 - 001 
l• 2 1 • 001 
l, 6 6b• 00 1 
1,71 - 001 
1,771 3•0 0 1 
1, 003 • 001 
1,cn 42-00 
2,0 10•00\ 
2.1 010 - 00 1 
2 , 1 4 - 001 
2.2 2- 001 
2 , l 02• 001 
2. 7 - oo 

S • 01 
- 001 

,73 1 - 001 
2 . 210 -001 

IM(Cl 

1.12103-001 
1,15631~001 
1,19674-001 
1,2438A-001 
1,30009-001 
1,36914-001 
1•~5163-001 
1,51278•001 
1,57859•001 
1,65949-001 
1•7 328-001 
1,81419-001 
1,87261-001 
1,94082-001 
2.02221-001 
2.122s1-001 
2,18244•001 
2,25124-001 
2,3 161•001 
2,42764-001 
2e54'i 9•001 
2,6978 -001 
2,79277•001 
2,90 23-001 
3, 04602- 001 
3,22574•001 
3,31 o5 - oo1 
3e4l 50-001 
3,53 10-001 
3,67 92-001 
3,8 011 - 001 
3, S 4•001 

, 07 -0 01 
,21 11-0 0 1 
• 22-001 
,5 l • 00 1 
• 11-001 
• 01 
• -001 
• - 001 

s . - 001 
• • 01 

6, - 001 
6,3 00 - 001 
6e58021•0 01 

• 8 1-001 

ATTENUATION 
(0 /KM) 

1.1021+000 
1,619 •000 
1,5322•000 
1,43 1•000 
l,33b3+000 
l,22•8• 000 
1,1004•000 
l,0320+ 000 
9,58 e- 001 
8.77b3•00l 
7.881 - 001 
7,4919- 001 
7,0791-001 
6,6388- 001 
6el651-00l 
5.64 91 - 00 1 
5,3714-001 
5,0775-001 
4.7644-001 
4.4277- 001 
4,0 12-001 
3. 555- 01 
3,4333-001 
3,1 4 -001 
? ,934 - 001 

, 10 - 0 1 
2. 21 - 001 
2.3 5-001 
2.? s-001 
2 . n 10-001 
J ,q 321 - 00 1 
l, 34•001 
t ,7 95- 00 1 
l, 5• 00 1 
1 . 20 - 001 

, 42 9-001 
1 , 2 53 - 001 
1 , 22 2- 0 l 

-o l 
- o 1 
- 002 
- 002 

s - 002 
• OOl 
- oo 

? - 002 

K • 9,0 
K(ll s l •0 

V 
EXCITATIO FACTO~ 
~AGNIT UUE ?HASE 

3, 08959-0IU 
2,93843•001 
2,77737-00l 
2,b0•55•00l 
2,41743-00l 
2,21237-001 
1,9 380•(101 
1,ase o1 -0 01 
1,72235-0 01 
1 , 57425-001 
1 , 09 0-0 0 1 
1 ,33 11-001 
1,26220-001 
1,18125-001 
1,0941 - l 
9,992 3- 002 
9 ,4 190 - 002 

• 148-002 
,36562-00 2 

7,74640•002 
, 0724 - 02 
, 32 0- 002 

5,91773- 0 02 
5, -0 02 
s. -0 02 
4, -o 2 
4, -o 2 

, - o 2 
• -o 2 
, -o 2 

3, - 002 
2. - 002 
2. - 002 
2. - 2 
2 , - 2 
2 , - 2 
1 . • 2 
l, • 2 

• - 2 
2 

- 2 
- 2 
- 2 
• 00 2 
• 002 
- oo) 

0,5664~ 
o.5631 
0,5596~ 
0,5S 8 
0,55174 
0,54727 
o._5 ?.30 
0,53957 
0,53 63 
0,53342 
0 , 529 7 
O, 28 c 
o , 26 6 
o.52494 
0,52 0 
0 , 521 J 
0 ,519 
o. l 7 
o , l 7 c. 
o. 1 
0 ,514 
0 , 1 lb 
0 , 512 
0 • 11 4 

o . 1031 
o . 'l917 
o.so 
o. O 1 
o. 07 

(DEGREES> 
5,950 
s. 9~ 
5,42 
5,13 
4. 16 
4,461 

, 057 
• 3, 

3,5 
3,31 1 
3,001 
2, 4 

2 ,71 
2,56 
2. 9 
2 . 20 
2 . 0 7 

l • 
l • 
1 • 
1. 
1 • 

7 

.002 

o. 
o. 



• 0 

F 
(KHZ) 

1 ,000+00 0 
q ,000- 01 

.000-001 
1 .000-001 
b,000•001 

.000-001 
... ooo-_oo1 

.soo-001 

. 000 -001 
2 .so o-001 
2 . 000 -001 
1.eoo- 01 
1, 600 -001 
1,40 0- 001 
1 . 00 - 001 
1. ooo -no1 

. 000 -002 
• 00 •0 0? 

7 , 000 -002 
. 000 -00? 

c; , 000-002 
. noo - 002 
• 00 -0 0? 
. 000 - 00 

2 . 00 - 002 
2 . 000 - 00? 
1 . 00 -002 
1 . 00 • O? 
• o- 02 

1 . 200 - 00? 
1. 00 - 00 

. 000 - 00 

. 000 - 00 
• 00 - ')0 
.000-003 
. 000 -00 

... 000 - 00 
. c:;00 - 00 
. oo - 0 

2 . oo - 0 
2 . 00 - 00 
. o- 0 
• 00 - 00 

1. oo - 0 
l . O• ll03 
1. oo - 0 
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MODE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
TMREE LAYER MOOfL 

H • 20,00 KM 

SluMA(u) • INFINITY 
•SIGMA• l,00•006 MHO/M 

SIGMA(l) • 1,00•003 MHO/M 
K ll 

K ( l) • 
9,0 

15,0 

~E(C> 

s.2116c-002 
5,33926-002 
S,•87JS•002 
s. 0212-002 
5,87299•002 
6,13509-002 
6,i7495•002 
6,68 59-002 
6,94503-002 
7,26227-002 
7,67186-002 
7,87368-002 
~.10591-002 

IM(C) ATTENUATION V 
EXCITAT 10N FACTOR 
MAGNITUDE PHA~E 

,37786-002 
.10,,,0-00~ 

9,10'578-002 
9,3.684-002 
9,b2407•002 
9,9't'353•002 
1,03370-001 
1,0 164•001 
1,143 - 001 
1,1 20J•001 
1.22 2&-001 
1,2 - 001 

!>•0 01 
01-00 1 

1, - 001 
1, • 2- 01 
1. ~ 2- 01 
1, 61~2 - 00 1 
1. 25 -0 01 
,7 0, 1- 00 1 

- 00 1 
l, 0-001 
l• 2U2i•001 
2 . 3 1) 20•001 

1-001 
- 001 

2 . - 001 
2 , 137 0 l 
2 . 07- 00 1 
2 , 203- 00 1 
2 . - 01 
2,742 0 - 001 
2, 7 -001 

1,22269•001 
l,?5561•001 
1,29348-001 
1,33782-001 
1,39090-001 
1,45640-001 
l.1S 077•001 
1,59356-001 
1,65673-001 
1,73465•001 
1,83497•001 
1,88430-001 
1,941.01-001 
2,00735-001 
2,0867~-001 
2,18462-001 
2,2 325-001 
2,31064-001 
2,3 9 7•001 
2, 8379•001 
2,60013-001 
2,74990•001 
2• 4 58-001 
2,9556 -0 01 
3,0939 - 001 
3, _719 -0 01 
3,35951-0 01 
3, 6015-0 01 
3,5 1-001 
3,7 1 7 - 001 
3, 9251-0 01 
3,99 59- 01 

,1 1 2 • 01 
1 - 00 1 
6 -o 1 
2 - 00 1 
2 - 1 

1 
01 

s. 073:>- 01 
- 00 1 

• 790 - 00 1 
6,15 8 • 01 

• 70 -0 01 
• l 3 • 001 

(08/1("'4) 

4.3593-001 
4,~318-001 
4,0848-001 
3,9142-001 
3,7144-001 
3,4778-001 
3,1930-001 
3,0273-001 
2,8417-001 
2,63H,-001 
2,3895-001 
2,2814-001 
2,16 2-001 
2,0395-001 
1,9024-001 
1.1 09-001 
1.6 ~s-001 
1,5 07-001 
1, 8b4•001 
1,3 44- 001 
1,272 • 01 
1,14 0-001 
l , 79 •001 
1.o os• - 001 
9,2 b - 002 
.J 4- 00 

7,9 2- 0 
.c; .. - o;, 

1.1 020 02 
, 2 3- 0 
,1 0 - 002 
• 2 1-002 
.5332-002 
, ;q 2- 002 
• 7 z- 002 
, 509 - ? 
, 10 - oo 

1 . 7 o- 02 

7,84721-00.l 
7,61512•001 
7.34736-001 
7,03634-001 
6,67192-001 
6,24008-001 
5,72003-001 
5,41725-001 
5,07817-00l 
4,b9398•0 01 
•• 2 138-001 
4,05353- 001 
3,84 097 -001 
3,61101-001 
3,36000•001 
3,0 2t,9 - 001 
2.9318•-001 
2,77108•0 01 
2,59 57-001 
2,4117 •001 
2 . 20102- 01 
1. 7 7 • 01 
1, 5310- 01 
1,717 b•OOl 
1, 6 ~ -001 
l • 0 21 ·•0 o l 
1 . 3 3 •-oo 

. 2s - oo 
- oo 

• 2 • 

. -
3. -
2 . -
2 . -

- 002 
-002 

• 2 13- 00 1 2 , - 00 2 • 

O a.5 035 
0,503 t. 
o.so368 
0,5037 0 
0,503t:i 7 
0,50357 
0 ..S.0339 
o.so326 
0,50310 
0,50291 
0,50267 
0,5025 
0,50244 
o. 0230 
0,50215 
0,501 8 
0,50 1 
0 ,50 17 
0,50 1 

.s01 
0,50143 
o. 012 
O • 0 20 
o. 0111 

• 0 0 
• l 

(DEGREES) 
1,121 
1,029 
0,935 
o.844 
0,752 
O,b61 
0,568 
o.52n 
0 .472 
0 ,422 
0,3 0 
1),34~ 
0,325 
0,302 
n .211 

.2s1 
0 ,237 
0 .223 

.201 
0 .191 
0.1 7 

• 



N : 0 

F 
(KHZ) 

l,OOO +OOO 
.000-001 

e . 000 -001 
1.000-001 
6.000 -001 
s .000-001 
4.,000-001 
1 .soo-001 
J . 000 - 001 
2.c:;00 -001 
2 .noo-001 
1 . 0 00 -0 01 
1 .600 - 001 
1 .400- OJ 
1 .2 00 - 00 1 
1 . 000 -001 

• 0 00 •1) Oi! 
. 000 - 002 

7 , 000 -002 
b . 000 • 002 

. no o- 002 
~. ooo- o? 
3 . 00 -002 

. 000 -0 02 
z . soo - 002 
~ . 0 00- 002 
1. 00 - 00 2 
, oo - 0 ~ 

l .40 0• 0 2 
1 . 200 -002 

. 000-002 

. 000 - 00 3 

.000 - 00 3 
, . O • 00 3 

. 000 - 00 3 

. noo -oo 
• 00 - 0 03 

'.' , c:;00 - 00 3 
. ooo - 0 

1 , c. 00- o 
, . (10 - 00 
. oo- , 
• ,00 - 03 

! , 00 • 00 3 
, i?OO • 0 3 
. 000 - 00 3 
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- -
MODE CALCULAlIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 

THREE LAYER MODEL 

Ha 20100 t<M 

SIG~A(G> • INrINITY 
SIGMA• 1100•007 M~O/M 

SIGMA11) • l,00•003 MHO/M 
K = 

l<(l> = 
9,0 

15,0 

RE(C) 

~-17159-00.2 
5 ,3 0020 -002 
5,44937-002 
5162535•002 
S183758-002 
6,10128-002 
614!30Z•002 
6165776•002 
6.Qll544•002 
7123411•002 
7,b4538-002 
7184798-002 
8108106•002 
A13 395-002 
~,68 074-002 
Q108414•002 
9132589-00i? 
916 0388•0 02 
9,9291~•002 
110318&•001 
'1107990-001 
1114178•001 
1,18050•001 
l122b85-001 
l12c:340Z • 001 
l 13576 lt• 001 
1 .39385-0 01 
1.4354~•001 
1 .4 420-001 
1 , 5424 -001 
l,t:!1~40•001 
116 747-001 
1,70 99 • 001 
1 ,7 492-0 0 1 
1 . e 42 - 001 
1, l 77•0 0 
2, oc - 00 1 
? , O - 001 
2.1, 12 -0 0 1 
2 , 2 2 4• 00] 
2 , 1 - 00 1 
?, 1 31• 0 0 

IM(Cl 

112334 1-0 01 
112660 5 -0 01 
1130363-001 
1, 3 4764-001 
1,40037•001 
1146547•001 
1,54938-001 
1160190•001 
1166479•001 
1,74238-001 
1,84232•001 
11e91•q-001 
l19't.802-001 
2101416•001 
21 09 331•001 
2119 096•001 
2,24945-001 
2,31669•001 
2,39536-001 
214 9S0-001 
Z,60564•001 
2,7551~•001 
2184873-001 
2,96069•001 
3,Q 8 0-001 
3 , 27663 - 001 
3136411-001 
3,46466-001 
3,58230-0 0 1 
3,72307-001 
3, 9 73 - 001 
4,0007 - 001 
4,12033-0 0 1 

ATTENUATION V 
EXCITATION FACT OA 
MAGNITUOE PHASE 

- 00 1 
?. - 00 1 
2,7? 6•0 0 1 
2. 7 05!:, - 001 

,l6 02?•0 0 1 
4 ,42763•0 01 
4,63414- 0 1 
4, 0004- 00 1 

• o,6 o- O 1 
, 2 t> 5 4 - 001 
. · 11 0 - 001 
• 272 ,- oo 
• 82 - 0 01 
11616 0 • 00 
1 7 07 - 0 0 1 
• 21 .10 -0 01 
, 92'l '• 00 1 

(O8/KMl 
S,.8089-00Z 
5,7863-002 
5,7609-002 
517311-002 
5,6945-002 
5 16400 - 002 
5,5748-002 
515234-002 
5,4536-002 
513536-002 
s1201J-002 
5,1170-002 
5.0133-002 
4,8 '39-002 
4,7 203 - 002 
4,5 0 - 0 02 
4,3 15- 002 
412 33 - 0 02 
4,0 624t • 00 2 
318620-002 
3,6247-002 
3 13392- 002 
3,17 1-002 
?. . 9 7 2-002 
2 ,7 7 - oo 
2 1s 0- 00 2 
2 ,4 25 b• 002 
2 . 3 091- 002 
2 , 1 1- 002 
?. 0 '+ 5 5 - 002 
1 . 4 - 002 
1 . ~1 01- 002 
1 ,7225- 0 02 
1 ,62 - 002 
1 , 5252- 00 

141 2 - 00? 
1 . 2 l 
1 . 21 -o 2 

9 , 89515•00.l... 0alt9737 
9,88163-001 0,497@ ~ 
91863S2•001 0,49824 
~ 1838 28-001 0,4986 
g1ao12e-001 o.~9898 
9,74341•001 0149930 
9,6 ♦4al-00l 0 ,Jt.99 d 
9156705-00l 0 149971 
9,45586-001 o .499Bc 
9 , 28982- 001 0149992 
9,02872-001 0,50 00 0 
a . ae10s-001 o.so oo 
8 , o99b5 • 001 0,5 000 
a,1+10 e - 001 o , 50 001 
8 117976-001 0,50 00~ 
7, 80 354 -0 0 1 0,5001 0 
7 157348-00l 0 , 50 0 l 
7 , 3o oJ-001 o.soo1 
6,99961•001 0 , 5001 
6 , 63 14•001 o.so 
6 , 20957• 0 01 o.so o 
5 , 69 313 • 001 o~soo o 
s , 3922s- 0 01 o . soo 10 

. os 14- 0 1 o . soo1 0 
4 .b 2 • 00 1 0 150 00 

, 23229 - 00 1 o . 000 
4 . 03 l • 00 1 o. 00 0 
3 . 33- 0 1 0 , 5 000 7 

• oJ- 00 1 o . s 000 1 
. J 3 9 - 001 o . sooo1 

3 . 0 &12-0 o.sooo& 
Z. 9 1 0l• 00l 0 , 50 O 
2. ssJ~- 001 o.sooo5 
2 . ?. 1- 00 1 • 0005 

00 1 o. 0 005 
I 0• OJ 0 150 QQ 

'+• OC. l o.~ooo 
• OJ 

1 . 1 1- 0 2 1 • 
1 . 0 l - 02 1 . 0 . 

0 • , 7 02 - 003 
9 . 3 - 003 

I • 0 0 3 
, 4 l • 00 3 

7 . 9 2-00 3 
7,41 1 - o 3 

• 
0 ., 
o. 
o.s 
0 ., 0 

fOEGAEES) 
0 ,461 
01400 
0,342 
0 128" 
0,236 
Oel 9 
O,l4t. 

11 2 4 
0 1104 
0 1 0 c; 
0 .06 8 
0 106 1 
o. oss 
0 10 4 '3 
o.o 2 
0 • 0 ft 
0.03 
o . o 0 

. 02 
0 . 02 
0 . 021 

. OlA 
0 , 017 
0 , 0 1 

, 0 .4 
I) . 0 ? 

• 0 l 
o • l 
o. o 0 

. oog 
o. oo 

. oo 
, 00 7 

I') , 0 7 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THR~E LAYER ~OOEL 

H = 20.00 KM 

SIGMACGI z INFINITY 
StGNA: t.00•008 HHO/M 

SIGMACt) = 1.0 0-003 HHO/N 

F PECC> 
(KHZ) 

1.000+000 5.16748-002 
9.000-001 5.zq6 q-002 
e.000-001 5.4'+ 48-00 2 
1.~00-001 5.62159-002 
6.000-001 5.83397-002 
s.000-001 f.097~3-002 
... 000-001 t.43978-002 

.soo-001 6.6546 -002 

.000- 00 1 6.q121+1+- 02 
2.50 -001 7.23126-002 
?. .000- 001 7.6427 -00 2 
1.eoo-001 1.e1+5 8-002 
1.Eoo-001 e.07855-00 2 
1.400- 001 ~- 515j-002 
1.200-001 e .61ec.4-0 02 
1. 000-001 q. 08196-002 

.000-0 02 q.12378-002 
e.000-002 ~.601~4-002 
7.00 -002 ~. q?723-00? 

.oo -002 1.0 67-oo 
5. 00- 002 1.01 73-001 
'+.oon- 02 1.11+162-001 
3 . 00-002 1.1~0 5-001 

.000-002 1. 0-001 
2 . 00-002 e-001 
2 . 0 o- 2 1. 2 - 0 1 
1. 00- 002 t. 4- 0 1 
1 • 0 o- 0 0 2 1 • ft- 0 1 
1 .4 o- 02 1.4ec.oq-no1 
1 . 2 •0- 002 1.54 2 9- 1 
1.000-002 1.611+ 1- 1 
~. ooo- ~ 1. 74 - t 

.000- 00~ 1. - 00 1 
1.000-0 1. -

. ooo- 0 1. -
s.000-00~ • -
... 000- z . -... 

• - L e -

- 2 . -

-
1 . -
1. -. -
t.200-
1 • 0 -

? . -
2. -
2. -
2 . -
2. -
2.7427 ?-0 01 

• 70 3-0 1 

IH<Cl 

1.2341+9- 001 
1.26710-001 
1.30Ctf.5-0 01 
1.3 .. 863-001 
t.1+0132-0 1 
t.46fJ8- 001 
1.55021t-0 01 
1.6C274-o n1 
1. 559-0 0 1 
t.74316- 00 1 
t.84306-0 1 
1.e 22 1-001 
1.q1+r12-0 01 
2. 1,.8,.-0 1 
2 . 09397- 001 
2.19159-001 
?. 5007-0 1 
2. 17 0-001 
?.J95 95-0 1 
2., 0 ne-o 1 
2.f 061<3- 001 
2.1 571-0 01 
2.~4925-0 1 
2 .9E-119- 001 

• 929- 0(11 
• 10- 001 
• 1- 0 1 
• -0 01 

3 . - o 1 
• - oo 1 
• - oo 1 

c.. 17-0 1 
4.1 20 7Ct- 001 

ATTENUATIO 
C DB/l<H> 

8.9500-003 
6.7665-003 
e .s11+2-00"' 
8.3711-00 
8.1549-00 3 
7. 9218-00 3 
7.6663-00 3 
7.5275-00 
1. 792-0 03 
7.2189- 03 
1. 427-00 
6 . g r, 63-0 0 
6.8657-0 03 
&.199q-oo 
b.7074-00 
£.E> OE> O- 0, 
6. 506-00 
6.4 oe:-oo 
6.1+ 25Ct- OO 
e,. 51:i-OO 
6. ? fi«.0- 00 
6.152 2-00 
6. 0 01-00 
!j.989ft- OO 

8- 003 
5 . 4- 00 

.& 044-0 0 
5 .4 2-00 
5 . 567-00 3 

1-00 
.cu; -o o 
• 76- O 

4. 7- 00 
• 1 ?2 - 0"' ... -... - 1 ... 0 s- oo .. ... -... -. -

• . -. -
• - oo 1 
• 97-o 1 
• 5- 0 1 

6.f 21t. - o 1 
. Q 027-0 1 

• 7 - 0 
• - 0 
• - 003 
• - 0 
• - 0 
• 6- 0 

2 • 1- 0 
2 . 1- 0 

• 2- 0 " 
2 .4611-0 

• 04 5-0 

I( = 
K < 1) = 

g . 0 
1s.o 

V 
EXCITATI C~ jCTCR 
"A f. ITUOE P~JSE 

9.93767-001 
. 9~1+30-0 1 

C}.9 30 -001 
9 .0 251+7-001 
9.919'+'+-001 
9 . 91 16 3-00 1 
9.9 8 -001 
9 . ~3 7 -0 01 
a.8847 3- 001 
9 . 727 -0 01 
9.8~582-001 
q. 4671- 001 
q .e 551-0 1 
9.8 ?12£-0 1 
9. 31 - 001 
0 • I+ - 0 1 
g . 21-0 1 
9 . 81- 001 

• 67- 0 1 
• 11- 00 1 
• O - 001 

a . H- 001 
9 .4 (1 701- 001 
9 . 29 - o 1 
9 .1 25 - □ 'll 

8 . - o 1 
• -001 
. -o 1 
. - o 1 . -
• 
• 
• 
• 

0.1+«;676 
o.,.~124 
0.4<376 
o.1+c;e1 2 
o.1tc;e51 
0 • 4<?8 P 
0.4'39 20 
0.4'39 !: 
o.c.c;91+<: 
o.c. c; 9 2 
o .1+997 
o .c.c;911 
0.4'3981 
0.1+~98 
0. 4 C39 
0 .1+ <:9 2 
0 . 4o9 
o .1t CJ«.:1q1+ 

.4 <;9':I 
o. 4 qgcn 

• i.<:99 
0 . 1+c;9 qg 
o .i. c;gc; 
o .1+ ~93° 
0. 0 0 0 

• 000 
0 .5 00 
o. 

• 
0 . 
o. 
0 . 

• 

<CE GPEES> 
0.393 
0. 36 
0.28 2 
0. 2 1 
0.181+ 
.14 0 

0. 10 1 
o. oe 
o. o 7 
c . 0~1 
o. o 7 
0. 032 

. 0~7 
• ?3 

C. 1 
0 11 

• l1C " 
0 . 00 1 
u.o o 
c . oo 
l1 . 0( '+ 

. 
"' • 
c . ro, 
0 • 0 0 ?. 

• 0 1 
. 001 
• 01 
• 0 0 

0 , 00 1 
• 0 1 

. ooc 



I\J • 0 

F 
(KHZ) 

1.000 +000 
9.000 -001 

.000-001 
1 .000-001 
b .000•001 
s .00 0-001 
... 000 -001 
3. 00-001 
3.000-001 
2 . 00 -0 01 
2 .000-001 
1 . 00-001 
1. 00-001 
1 .400-001 
1 .2 00 -001 
1 .000-001 
.0 00 -002 
.00 0-002 
.000-002 
. 000 -002 
. 000 -002 
.000-0 0;» 

3.c:; oo - 02 
~.n 0-002 
2 . oo - 02 
2 . 000- 07 

• oo- 2 
• 00 -002 

1 . on - 02 
1 .2 o- 02 
1 .000- 00 2 
. o- 03 
. 000 - 00 3 

1 . 000- o 
. 000 -00 
• oo- 0 
. oo - 0 
. oo - 0 
. ooo- 0 
• 00-00 
• 00 -00 
. oo - 0 
• oo - 0 
• oo - 0~ 

oo - 0 
• oo - 0 
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MOOE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUIDE 
THREE LAYER MODEL 

H • 50.00 t<M 

SIGMA( . , • INFINITY 
SIGMA• 1.00-oos MHO/M 

SIGMA,l) ■ leOO•OOJ MHO/M 

RE(C> IM (Cl ATTENUATION 
(0 /KM) 

J.6542_-002_ 6.18792•002 1•6893+000 
3.73872-002 6.42531-002 1.6070+000 
3.83559•002 6e69723•002 le5193+000 
3.94863•002 7e0l407-002 1.4253+000 
4e083S1•002 7e39144•002 le3235+000 
4.24934•002 7e8S437•002 1.2119+000 

••~208•002 8e446 6-002 leO 76+000 
4e59481•002 8e81452•002 le0l91+000 
4e75337•002 9e25296•002 9e45 3•001 
4e94863•002 9e79081•002 e6478•001 
S.1997 •002 1•04788•001 7.7535-001 
s.3231•-002 1.oa1ss-001 1.3636-001 

465~0-00Z 1•12012•001 6e9 0 - 01 
5.~3097•002 1•16507•001 6.5106-001 
s.82963-002 1.21e6s-001 6.0370 001 

.074 4•002 1•284 3•001 c:;.52 12-00 1 
~.221~2-002 1.3216 -001 s.2 s- 00 1 
6e39090•002 l•lb867•001 4.949 • 001 
6.58~86•00~ 1•4211 •0 01 4.63 - 001 
6.82602•002 l• 8374•001 4. 002-001 
1.11 97•002 1•560 •0 0J 3.9340-001 
7.49683•002 1•65928•001 .5 2 S-001 
7.73361•002 1•72077•001 .JO 5 - 001 

.017 ••002 1•79417-001 0-001 

.J 7 7-002 1 •8 • · - 001 2.A 4• 001 
• 2 0 -002 2.00 0 ?•001 2 . 212-001 

q.o 211-00? 2.0 11 -001 . 3 001 
9.2 0 -002 2.1224 -001 2.2 42-001 
9.5 91 -00? 2.19 1-0 01 2 . 12 - 00 1 
9.9s 1~-002 2.2 97?•001 1 .9 2 -uo1 
leO 02 • 001 2e401 3•001 le 0 0• 00 1 
leO ~93-001 2e468 • 001 l e7 l • 001 
1.0 1s1-0 0 1 2. • e -001 1.62 1- 00 1 
1.1 -001 2e63S 2•0 0 1 1.~2 • 01 
1.11 1- 001 2.1 33 -001 1 . 1 - 001 
1.22 7•0 0 1 2. 7 7 -0 01 1 . 0 2 - 001 
1.2 1 1-0 01 J.o 01-001 1 . 1 
l• 070 •0 01 J.l 23 - 1 1 . 10 
1. 1 - 001 J. 7 S - 001 1 . 
1 . 2 • 00) • 3 2 - 001 9. 
1. s -0 01 J. J -0 01 
1. 70~ • 00 1 3.73 90•0 0 
l• ill • 00 J. 507 1• 001 
1. 71 -0 01 • 77-001 
1. 1 - 001 .1? 1- 0 1 
l• ~l •0 01 .33 0 - 00 1 

1 
1 
2 
c 
2 

002 
002 
00 2 
00 2 

I< = 
K ( l) • 

9eO 
1i;.o 

V 

3.08904-00J 
2.93794-001 
2.77693-00l 
2.bn417•00l 
Ze41712•001 
2.2121•-001 
l • 983t>•-o QJ 
1.85790-001 

.72229-001 
1.57424-001 
le40986•001 
1.33820-001 
le2623l•OOl. 
1.18139-0 l 
1. 0 4 2-001 

• • 1-002 
• 4 -002 
• 4431-002 

8 . 87 -002 
1.1 993-002 
1.01 ••--o 2 

O - 2 
• 22 -002 

9 • 2 
b • 0 02 

0• 002 

-------
-o ol 

EXCITATION r•cTOR 
MAGNITUDE PHAS 

0 ,6~4b 
0.6570'+ 
o.6•aa1 
n.63990 
0.6301S 
o.61935 
0 6071 
o.6on• 
o.59311 
o. 508 
0,57 13 
0.5722l 
0 ., 
0 
0 
0 
0 
0 
0 
0 

<DEGRE S> 
9.•32 
9.242 
9.021 

• 1b 1 
S.atSl 

.01 2 
7. 7 
7. ln 
6.977 



N • 0 

F 
(KHZ) 

1 .000+0 00 
.00 0-001 
.000-001 

1.000-001 
~.000-001 
~ .000-001 
~.000-001 
. oo -no 1 

3 . 00-001 
2 .50 0- 001 
2 .0 00-00 
l .ij00•00l 
1 ,60 0-001 
1 •• 00-001 
1 .;,00- 001 
1 . 000 - 001 

.000-002 

. 000 - 002 
7,000-002 

• 000 -002 
s . 000 - 002 
'-• 00 - 002 
• oo - 02 
.000-002 

2 . 00 - 002 
2.000 - 02 

• 00-002 
• 00 - 002 

l . 00• 2 
1 .20 - 002 

.000-002 
• o­. -
. o-
• o-. -. -. -
• -

2 . --
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-~ODE CALCULATIONS FOR A PLANAR EARTH CRUST WAVEGUI DE 
THREE LAYER MODEL 

H = 50.00 KM 

SIGMA(G) • INFINITY 
SIGMA• le00•006 MHO/M 

SIGMA{l) • 1.00•003 MHO/M K ( l l 
=r 9,0 
• 15•0 

RE(C) 

3 .3 154 - 002 
3.4 468-002 
3.5 087- 002 
3,65 03- 00 2 
3.7 010-002 
3.93864-002 

, l~ ·002 
4.27787-002 
4,4 0- 002 
4. 3333•0 02 
4. 854•00Z 
5.01461•002 
5,1~9 6•002 
s. 01 • 00? 

,SJ • 002 
s .78695-002 
S,93844•002 
6ell27 • 002 

,31689-0 02 
.'5 142-002 

~. ~Jb - 002 
7.2~252-00i? 
7.4961 -002 
7,7 7 - 002 
,:\ .l 79 • 002 

, 7 - oo 
, 001 - 002 

2 - 002 
q , 0 - 002 

• 7712-002 
1. 2307 - 001 
1,0 02 - 001 
1 , 0 - 00 1 
1 . 11 0 -o 1 
1, 7 - 00 1 
1 , 7• G01 
1 . 2 - 001 
1, - 001 

- 001 
- 001 
- 01 
- 001 

21-001 
- 001 

1-001 
l • 001 

IM(C> 

7,6 352-002 
7, 5243-002 

, 09290 - 002 
8,3745 - 002 
A,71191•002 
9, 2A40 •002 
9,66 91-002 
1.0000 - 001 
1.040z -0 01 
le0897A•001 
lel535 •001 
1 ,1 491-001 
l•c?l094•001 
l•?.6 O •0 01 
l• 1351-001 
1,3756 - 001 
1,41290-001 
l• 5568•001 
l,50571-001 
1,5 557-001 
1,63937-001 
1,73 -001 
1.79376•001 
l• 64 3- 01 
l•95Z • 001 
2,0652 -001 
2 , 12077 - 001 
2,1 5 - 001 
2,2 12-001 
2, 4 3 -0 01 
2 -•~ 2-0 01 
2 , 52 3 -0 01 
2 , 0010- 01 
2, 72• 0 1 
?, 77-001 

_,_001 
-o 

• 927- 0 
-o 
- 001 

91-001 
s-001 

3 • 25 -o 1 
-o 1 
-0 01 
- 001 

ATTEN ATIO 
(0 / M) 

4,3171-001 
4, -00 1 
4, - 001 

, - 001 
3,6730-001 
3, -001 
~. - 001 
2 , - 001 
2 , -001 
2, -001 
2, - 001 
2, - 001 
2. - 001 
1, - 001 
1, -001 
1, -001 
1 , -0 01 
1, 1- 01 

V 

7,8S 63•001 
7, 2S96•001 
7,35754•001 
7,04575-001 

,6 O -001 
. 2 1 - 001 

:,,72b •001 
• 001 
• 00 1 
• 001 
• 0 
, 01 
• 01 

• 
2 . 

• 

1 
1 

1 , - 0 2 . 
1. 0 - 001 2 • 
1,232 - 001 2, 
1,1077 - 001 
1,03 2-001 
9, - oo?. 

- 002 

---. -. -----

EXCITA IO 
MAG IT UOE PHAS 

(0 
0, S0QSZ 
o.soq 
0, oq l 
o.s 
o.s 

,5 
o.s 
o.s 
o.s 
0 



N • 0 

F 
( HZ) 

eOOO•QOO 
.000-001 
.000-001 

1 .00 -001 
.000-001 
.000-001 
.ooo-no1 
• 00-001 

J.000 -001 
z.a;oo-001 

.000-001 
1 . 00 -001 
1 . 00 -001 
1 . 00 -001 
1 .2 00 -001 
1 . 00-001 

. 000 -002 

. 000 -002 

. noo -o 2 

. ooo - o;, 
. • 000 -00? 
. o 0- O? 
• O• O? 
. oo -no? 
. c;oo-oo? 
• 00 - 002 

1 . oo - 0 
• 00 -002 

1 . 00 - 00 2 
1.200-002 
1 .000-002 

• 00-00 
• 00 - 00 
• 0-
. 000 -003 
. 000 -003 
• o-oo 
• o- 0 
• O• OJ 
• o- 0 

l . 0 - 0 
00 • 0 

0 
0 
0 ~ 

• oo- 0 

78 

MOOE CALCULATIONS FOR A PLA Aq EARTH CRUST WAV[GUIOE 
THREE LAVER MODEL 

►I• 50.00 KM 

SI MA(G) ■ I FINITV 
SIGMA ■ le00•007 M~O/M 

SIGMA(l> ■ 1.00•003 M 0/M 

ECC> 

• 0 -001 
3.405 -002 
3. 92 -002 
3.597 -002 
3. 72511•002 
3.8 1 -002 
••O 6Q.Q•001 
••22900•002 
4 • 2 •O O? 
4.5 8H>•00? 
•• 4572-002 
•• 972 7•002 
5•llQ32•QOl 
5.29097-00? 

• 2-002 
• s-002 

5.90340•002 
• 7•002 
• -002 
• 2-002 
• -00? 

- 002 
- 002 

• -00? 
• -002 
• - 00? 

A, •002 
9. - 002 
9. •0 02 
9. •0 0? 
l• 001 
1. 001 
1. 01 
1. 01 

• 01 
l• 001 
1 001 
1. 001 
l• 001 
1. 0 1 
1. 0 1 
1. 0 1 
1. 00 
l • 001 
1 . 00 
1. 001 

IMCC> 

7• ll67•002 
e.01 1-002 

.2 120-002 
9. -002 
e. -002 
9. -002 
9.7 -002 
1.01 -001 
1.0 25 - 001 
1.1016n-001 
l • l64U,- 00 1 
l•l 58 •001 
1•23157•001 
1•27339•001 
1•3234 -001 
1.38519-001 
1••2219•001 
l• 647?•001 
1•5 -001 
l• -001 
l• •0 01 
l• •0 01 
l• •0 01 
l• •0 01 

-001 
-001 

2• -001 
2.1 0 7-001 
2e2652 • 001 
2. 3•001 
2. -001 
2• •O l 
2. -001 
2. -001 
2. • 01 
2. - 001 
J. -001 
3. - 0 

-0 01 
-0 01 
-001 
• 001 

3. -o 1 
•• - 00 1 
4el •001 

.J • 01 

UATIO 
/K > 

• O 002 
.5 9 - 002 

s.s 0-002 
.53 3-002 
• 0 2-002 

s. 707-01)2 
5. 10 -002 
S.36 2•002 

.J0\2-002 
s.20 9-002 
s.0601-002 

.9779-002 
,f'7t,2-002 

7-002 
9- 02 
0-002 

O -002 
-002 
- 002 
- 002 
- 002 
-ooz 
- 00 2 

01 - 00 2 
-002 
-o 2 
- oo 
• 02 
- 02 

1.•no -oo(! 

V 

.92 7 -001 
• 5 -001 
• • 001 
• -001 

-001 
- 01 

• -001 
• 61197-001 

9. •0 l 
-001 

9. -001 
• - 01 

a. -oo 
a.s1212-001 

• -001 
• -001 
• -001 
• -001 
• - 001 
• •001 . -. --------

9- 00 2 
- 002 ?.. 

-
- 00 2 2 . --oo 2. -

23- 002 
0 - 0 2 

2 . -
2. -

2 1 • -------

CITA IO 
MAGNIT UO 

• 9 
0 • 9 
o. 9 
0 • 9 
o. •9 
o. 9 
o .. • 
o. 
o. 995t, 
o.• q o 
o.sooc,~ 
o.sooo1 
o,soo 3 
o.soo 
0 

o. 
o. 
o. 
o . 
o. 
0.2 ,, . 
0 
0 
0 



• 
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MOO AlC~llTJO~ FOP A PlA AF ART CRUSl ~AVE GU JOE 
THR E LIYE ~O fl 

a 0 ~ - 50.00 

IG~ltC, z I FI ITY 
J GMA 1.0 - oo~ 0/H 

S1C~IC1) : 1.0 0• 00 "HI 

F RfCCl 
(kt,;1) 

1.0 0+000 ! . A-002 
C: . 0 o- 0 O 1 3 • 5- 0 
e.ooo- 01 • -o 
1.000-001 . 5 -o 
6. 00-001 .1 -o 
s.000-001 .~e o1e-00 2 
... oo -001 ... 09075-0 

• oo-o 1 ... - o 
• ooo- 0 1 ... - o 

z .soo- 01 ... - o 
2 .000- 0 t ... -00 2 
1.eoo-001 e..9 -oo 
1. oo- o 1 5.11516- 002 
1 ... 00-001 ~. 28f95- ' 
1 . ?00- 00 1 s ... 9 a1 -
1.ooo-001 5 .71t7 27• 
c; • 0 o- 0 0 2 !i. 9 J -
e.o 0- 002 fl.015 , 1-
1.00 - 002 fl. ft011t• 

.000-00 2 f.52t7 - 002 

. ooo- 2 6.8 0 - oo 
... 00~- 002 1. 21 .... - 002 

.soo- 002 7.ft6 22 -00 2 

.oo -oo 1.1~, z1-
z • 0 o- 0 2 • -
2 . 00 - 2 • -

• o- 2 -
1 . oo-o O 2 -
1 • ft O o- 0 2 C? . -
1. 200- 0 2 9. • 
1 . uon - 002 1. -0 01 
9 . 0 - o 1. -
,. 000 - 00 -
7.0 0-00! t. -

t . - n ~ 
1 . .. -o , 
1.20 - o , 
1 . 0 0 o- 0 0 :! 

1.16007-
1. .. -
1 . J -
1 . 7 -
1 • 9 -
1 . -
1 . -
1. 7 -
1.61 .. 29-

• 0 -
t.7 .. 6 • 
1.8155 -o 

1. 
t. 

I CC> 

. -. -. -. -~- -
1. -
1. -
1 • • 1 
1.16588- 1 
1.1 9 - 1 
1. 2 tt- 1 
t. ?7 ftlt 2- 1 
1. ?tt .. ft- 001 
1.-.et15-001 
1.C.?312-0 1 

1 
- 001 
-

1... -
1.1.. -
1.,0 201-
1. -

z. 
z. 
z. 

-

2. -. -. --. -
• o-

~.1t• .. a1-
". 6-... , -

... 1 -

... 7-0 01 

ATT 
(0 / , 

&. 50 
• 62 
• ftS 
• 90 
• 88• 
• 2 -
• 72-
• Oft-
• 97-

6 . ft 0-
6 . 091 .. -
6. 7-
6 . O-
s. 6-
5.CJ .. -

. 90 -
5 . 87 -
5 . 8ft9 0-
c; .f' -

.1 -. -. -. -. -. -. -
c; . -
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I I There has been considerable interest exhibited recently in the electro-

., 

magnetic properties of the earth's :crust~l layers. Recent geophysical inve sti-
, • I I ! gations i this area have been summal'ized in a moriograph [Heacock, 1971]. • ' 

The determination of the minimum conduc~ivity of the sub-surface 1stru'cture 
w uld seem· to depend on a quantitative underst,-nding of the ,wa~eguiding 

I 

property of the layers. 

From the analytical viewJ:>Oint, the problem is to calcut,.t"'? the atten­, uation rates, phase velocities, and excitation factors for the various wav~ -
guide modes. The numerical soluti<;>n of the. mode equatio.n was obtained 

. 
I previously for a range of frequ.encies fro~ 1 to 100 kHz using assumed crustal 

I onductivities that are considered reasonable [ Wait ,and .Spies,' 1971]. One 
I dominant feature, for the i4ealized slab model, of the results was that he 

attenuation rate was reduced as -the frequency was lowered. Al~o, of cburse, 
the crustal conductivity o itself was a controIJing factch. In fact, ~or fre­
quencies above l kHz, the attenuation· rate was never less than about 0.4 dB/km · 

I I ' for o :'.!: 10-
8 

mhos/m. 1 

I 

Here, we wish to draw attention to the possible improvemept if the 
' frequency is reduced evc;n f•rther. Adapting the same modal formulation as . . u se d before [Spies and Wc>it, 1971a; 1971b], 

1
we ·u1ustrat~ here,"(hat happens 

when the frequency is extended down t 1 Hz. 
The waveguide ~odel for the present discussion is illustrated' in 

I Figure 1. The "earth-crust waveguide" is aseumed tu be a hor.:-,ogen oua 
slab with conductivity o and: dielectr:ic constant: K 1 

0
• 1lts thickness is h, 



z 
the upper boundary is taken to be a perfect conductor (l. e., o • • ), and , I 
the lower boundary is a homo1eneou1 half-1pace of conductivity a and , 

C 
dielectric con1tant K c . The mode• are excited by a vertical electric dipole C C 

located within the waveguide at depth h
1 

from the top boundary. 

In
1 
Figures Z and 3, we show the attenuation rate, of the two lowest­

~rde .- modes, in dB/km, computed for the pre:-.;ent model using the theory 
described before [ Wait and Spies, 1971]. Ir both cases, h, the waveguide 

1 
thicl<.ne s1s, is assigned the value 10 km. Also, we assume K = 9 and K = 15. 

C 

. . 

The curves are parametric in the waveguide conductivity o, and take the values 
10-

6 
, 10-6 

, 10-
7

, and 10-e mhos/m. In Figure 2, the 1 wer wall conduc-
' -Z I -3 / tivity ·n = '0 mhos m, while in Figure 3, CJ = 10 mh,.>s m. Not sur-e C 

prisingly, the attenuation rates are higher in the latter case, but the difference 
is not striking. Additional numerical vo.lues are given in the appendix. 

The character of the curves in the region above 1 kHz was discussed 
before [ Wait and Spies, 1971]. For the range from 1 kHz down to 1 Hz, the 
attenuation rate of the dominant n = 0 mode become exceptionally small. 
Also, as expected, at sufficiently low frequencies, the attenuation rate is . ~ 
roughly proportional to ( CJ x frequency) 2 • Of course, the n = 1 mode is 

\.11e1·1 below cut-off, so it is out of contention. 

While we have adopted an extremely idealized model, the order of 
' 

magnitude of the attenuation rates should not be very different for . ore elabo-
rate geometries for the same range of parameters. One simple extension that 
follows imn1ediately is a homogeneous slab model, of thickness Zh and 
eJectrif_al parameterf, a and K, bounded top and below by homogeneous 
ha .1.f-spaces of parameters o and K . The lowest order mode for this , C C 

coniiguration hzu precisely the ■ame attenuation rate a• for the mc-,del depicted 
in Figu:-e 1. 

The difficulHes of exciting waveguide modes in earth-cru t waveguides 
: have not been considered here. Therefore . we do not wish to suggest that ELF i 

(i.e., frequencies below 1 kHz) should have advantages over VLF (i. e., fre­
q encies above l kHz) for sub-1urface communication. N verthelesa, in apit 

'. 
of the limited bandwidth ■ available, the ELF band should b given 1ome atten-
tion for auch applicetion1. 
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