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NUMERICAL VALUES OF THE PATH INTEGRALS FOR

LOW AND VERY LOW FREQUENCIES

Leslie A. Berry and Mary E. Chrisman

ABSTRACT

Numerical values of the path integrals for the first five hops

are given as a function of distance from 1000 km to 8000 km, for

frequencies of 10, Z0, 30, 60, 100, 150, and ZOO kHz,, for sea paths,

and for land paths with conductivities of 0. 01 and 0. 001 mhos/m,

assuming reflection heights of 60, 70, 80, 90, and 100 km. For

convenience, ground wave curves for the same parameters are given.

Using these values, and any ionospheric reflection coefficients, the

individual time modes, and the total field can be calculated simply.

The calculation is valid near the caustic and in the shadow region.

The path integrals can also be used to extract ionospheric reflection

coefficients from experimental data.

Key words: path integrals, wave hops, low frequencies, propagation,

diffraction.

IV



Numerical Values of the Path Integrals for

Low and Very Low Frequencies

Leslie A. Berry and Mary E. Chrisman

1. Introduction

This paper presents numerical results, in graphical form,

which make possible simple full-wave calculations of LF and VLF field

strengths. The theory used is analytically and numerically equivalent

to VLF mode theory, but the concepts are asymptotically related to HF

ray-hop theory, or geometric optics. The ray theory itself is not

adequate at low frequencies because diffraction around the curvature

of the earth is important for these wave lengths. The cutback factor

[Wait and Conda, 1958] can be used to correct the first hop for

diffraction, and there have also been attempts to provide diffractive

corrections for the higher order hops [Norton, 1959] but these

corrections are as difficult to calculate as the full wave hops [Berry,

1964; Berry and Chrisman, 1965], and more difficult to use in LF

field strength calculations.

The theory used here was suggested by Rydbeck [1944] and

Bremmer [1949], and developed in detail by Wait [l96l]. Wait discussed

the propagation characteristics of the hops and techniques for evaluating

them, and Wait and Conda [l96l] evaluated the path integral for the first

hop. Berry [1964] showed the propagation characteristics of the first

three hops graphically, and Berry and Chrisman [1965] developed

detailed methods for calculating the path integrals. This paper is

essentially a numerical supplement to the last mentioned paper.



The vertical electric field is written

E = E + Y Y. I. , (1)
r o L j j

J = 1

where E is the ground wave, y. i s the ionospheric reflection coeffi-
o J

cient, and I. is the path integral [Wait, 196l], Each term of the series

in (1) is called a wave hop since it reduces, in the saddle point approxi-

mation, to the corresponding ray-hop of the geometric optics series.

Thus the familiar geometry of ray theory is used, as shown in figure 1.

The vertical electric dipole source is located on the surface of the

spherical earth of radius a, with conductivity o, and permittivity e.

The field is found on the surface at a great circle distance d = a6. The

ray paths of the first two hops are shown for a reflection height h. The

jth hop is incident on the earth at an angle T., and on the ionosphere at
^ TT

an angle cp.. Its phase path length is D.. The lit region is T. <— ;

n J J J 2

T. = — is the caustic; and beyond the caustic is the shadow region. In
j 2

the shadow region the "ray path" is assumed to run along the surface

of the earth.

Section 2 describes the graphs of the path integrals and of the

other parameters necessary to use them. Sources of ionospheric

reflection coefficients to be used in (1) are discussed in section 3. A

sample calculation, illustrating the use of the graphs, is given in

section 4, and the formulas and methods of calculation are given in

section 5.

2. Description of figures

The main results are the amplitudes and phase lags of the path

integrals, I., j = 1 , . . . , 5, for frequencies of 10, 20, 30, 60, 100, 1 50,



and 200 kHz. Three kinds of paths are assumed; sea water (a = 5,

e = 80) where a is the ground conductivity, in mhos/m, and e is the

dielectric constant relative to free space, and two land paths (o = 0. 001,

e = 10, and o = 0. 01, e = 15). The curves are given for reflection

heights of 60, 70, 80, 90, and 100 km. It is hoped that this set of

parameters covers most cases of interest, and that the points are

sufficiently close together as a function of frequency and height to

allow interpolation. The space between the earth and the ionosphere is

assumed to be free space, and the actual earth' s radius, a — 6. 367 (10 )m,

is used.

Also included are graphs of the ground wave, E , for the same

set of parameters (figures 6, 7, and 8); a graph of coscp as a function

of distance parametric in height (figure 3); a graph to determine D

(figure 4); and a graph to convert measured field strength to the

equivalent dipole current moment (figure 5).

2. 1 The path integrals

Figures 9 through 2 3 show the calculated path integrals. The

figures are grouped first by conductivity; then each group is arranged

by ascending reflection height. The wave hop number, j, is indicated

by the digit after the decimal point; e. g. , figure 14. 3 shows the third

hop. Each figure shows both the amplitude (divided by the frequency

in kHz) and the phase lag, 8., of the wave hop for the set of frequencies

mentioned above. The phase lag is defined by

8 = - [ph E + kd + tt/2} for the ground wave, (2)

and

8. = - (ph I. + kD. + n/2} for the wave hops. (3)
J

l
J J

There is, of course, an ambiguity of an integral multiple of 2n. This

definition was chosen so that B. -» for perfectly conducting earth in

the saddle point (ray-hop) limit [Berry and Chrisman, 1965].



Figure 14. 1 shows the amplitude and phase of Ix for a path

conductivity of 0. 01 mhos/m. For this reflection height the caustic is

at d = 1740 km -- beyond this is the shadow region. However, the

first wave hop propagates into the shadow region by diffraction. Deep

in the shadow region the propagation characteristics are much like a

ground wave as demonstrated by Wait [l96l]. Thus, the diffraction loss

increases with frequency and is less for higher conductivities (compare

figures 9. 1 and 19. 1).

The amplitude of I2 for the same parameters is shown in

figure 14. 2. There is a relative minimum in the amplitude near

3000 km. This is caused by the pseudo-Brewster angle in the ground

reflection coefficient [Bremmer, 1949]. The minimum is very sharp

for a frequency of 150 kHz, showing that there is nearly perlect

matching of characteristic and surface impedances for this set of

parameters [Wait, 1962], Corresponding to the sharp minimum in

the amplitude, there is a sudden phase shift of 180°. The location of

the psuedo-Brewster angle varies with frequency, conductivity, and,

of course, reflection height. The pseudo-Brewster angle minimum

also occurs on the third and higher hops at appropriately greater

distances.

From geometrical considerations it is clear that the width of

the neighborhood of the pseudo-Brewster angle and of the caustic region

is proportional to the hop number. Figures 9. 4 and 9. 5 show that the

very low frequency high-order wave hops have an oscillatory behavior

in the vicinity of the caustic and the pseudo-Brewster angle. These

are perhaps related to the interference fringes of optics, although, if

so, it is not clear to the authors why they only occur for the high-order

hops.

4



Figure 19. 1 illustrates an interesting phenomenon that occurs

on sea paths -- the amplitude curves cross over each other just beyond

the caustic. The same crossover occurs in the geometric optics cut-

back factor [Hyovalti, 1965]. In figure 19.3, there appears to be a

double crossover in the third hop. The first is due to the frequency

variation of the location of the pseudo-Brewster angle, and the second

is the true crossover beyond the caustic.

Bremmer [1949] shows that the ground wave at a distant point

does not increase monotonically with conductivity. Rather, for a fixed

frequency, the field first increases with conductivity, goes through a

broad maximum, and then decreases slowly with increasing conductivity.

The path integrals behave the same way. For example, for h = 60 km,

d = 7000 km, and f = 20 kHz, |lx (o = . 001)
|
= 2. 85 (10

-11
), [la (o = . 01)

|

= 3.79(10
-11

) , and |

I

a ( a = 5. )| = 3. 5(10~n ).

The phase lag, 8., is a very sensitive indicator of computational

accuracy since the first few significant digits are lost in (3). In some

cases, especially hops 4 and 5, there is a slight discontinuity in the

phase lag curves where the computer switches from the saddle point

approximation (23) to numerical integration of (17). The worst example

of this is the top curve in figure 18. 5, where there is a discontinuity of

about 40°. In most cases, the discontinuity is less than 5°, and it is not

difficult to draw a smooth curve to eliminate the discontinuity.

There are undoubtedly features of the wave hop calculations of

more interest to some readers than those described above. It is not

the intent to exhaust the possibilities here -- the calculations are being

presented in hopes they will be used and studied by others interested

in LF and VLF propagation.



2.2 The ground "wave

For completeness, the amplitude and phase lag of the ground

wave are shown in figures 6, 7, and 8, for the same set of parameters

used to calculate the path integrals. The only difference is the distance

range covered -- the ground wave is important only at shorter distances,

so the curves are shown from 100 km to 3500 km.

2. 3 Normalization

The calculations have been made for a unit dipole current

moment. (Refer to (19) of section 5. ) Figure 5 shows the field of such

a dipole at one mile as a function of frequency. The field strength

increases below about 30 kHz because the induction and electrostatic

fields extend out to one mile at these frequencies. The equivalent

dipole current moment to be used for an existing transmitter is found

by dividing the value given by figure 5 by the measured field strength

at one mile.

3. Reflection coefficients

To use (1) to predict field strengths, ionospheric reflection

coefficients must be available. Calculation of such coefficients is

outside the scope of this paper; however, several sources of reflection

coefficients will be listed, and instructions given for their use.

In general, the reflection coefficients are functions of angle of

incidence, cp, which varies with distance and reflection height according

to [Bremmer, 1949]:

coscp = [ a (l - cos-|:)+ h] £2a(a + h)(l - cos-^)+ h
2 ]~*

(4)
J '-] 2 i2j 2j



The subscript j indicates the hop. Figure 3 shows cos cp as a function

of d/j for various heights.

For propagation into the shadow region, the reflection coefficient

for maximum cp (minimum cos cp) is used. A useful approximation for

the great circle distance to the caustic is

d = 225/h~ j , (6)

where h and d are both in kilometers, and the angle of incidence for

this distance is given approximately by

cp = 89. 9 - Jh~ degrees, (7)
c

where again h is in kilometers.

3. 1 Isotropic ionosphere

If the effect of the earth 1 s magnetic field is ignored, the

ionosphere is isotropic, and

Y
J
= T

ee
j

= „V (8 »

where T is the ratio of the incident field in the plane of incidence to
ee

the reflected field in the same plane. (The T notation is used by

Bremmer [1949], Johler and Harper [1962], etc. ; the R notation is

used by Budden [l96l], Wait [1962], etc.) For a sharply-bounded,

homogeneous, locally plane ionosphere [Bremmer, 1949],

Tl I
3
—

i cos cp - / 1 - (sin cp/ \)
T
ee

= "
' <?>

ti. cos cp + 7l - (sin cp/ri.)'
2

I

1

Wo
2

where r
\. = 1 - i U) /uu, uo = ——— , uu is the plasma frequency, and
l r r V+iiu '

v is the collision frequency.



Wait and Walters [l963a,b,c] show many results for contin-

uously varying models of the ionosphere.

3. 2 Anisotropic ionosphere

If the effect of the earth' s magnetic field is included, y. is
J

given by

Y, 0C12 |

T_ T_
| |

jjR,, „Ri
! =

ttsi a2 2 :

ee em
-R T -R T I -R ,R„ -R ,R

,m me m mm j
mJ- ml _L

(10)

where R is the Fresnel ground reflection coefficient for horizontalm
polarization [Bremmer, 1949]:

cos T - a/h
2

- sin
2

T

R =
;

g
, (11)

cos T + Vn - sin T
g

where -n is the index of refraction of the ground, given by (21). In (

T is the ratio of the incident field perpendicular to the plane ofmm
incidence to the reflected field perpendicular to the plane of incidence;

T is the ratio of the incident field in the plane of incidence to theem r

reflected field perpendicular to it; and T is the ratio of the incidentme
field perpendicular to the plane of incidence to the reflected field in the

plane of incidence.

Explicitly,

Yi = T
ee

v2 =T-RT T , and
ee m em me

Y-,=T 3 -2RT T +R 2 T T T . (12)
,J ee m em me m em me mm



Clearly, (12) reduces to (8) if the terms containing the coupling

coefficients T and T are neglected. This is usually a good
em me

approximation at grazing incidence for LF and VLF radio waves.

Johler, Walters, and Harper [i960] show reflection coefficients

for a sharply bounded, homogeneous anisotropic ionosphere with

arbitrary magnetic field, and Johler and Harper [1962] calculate them

for a continuously stratified ionosphere with arbitrary magnetic field,

as do Walters and Wait L 1 963 H for a horizontal, transverse magnetic

field.

Belrose [1964] shov/s average magnitude and the seasonal

variation of measured reflection coefficients for several LF and VLF

frequencies over various paths.

3. 3 Extrapolation of reflection coefficients

It is sometimes convenient to extrapolate a reflection coefficient

measured at a given frequency and distance to other frequencies and/or

distances. The following empirical formulas have been suggested.

For an exponential model ionosphere and very low frequencies,

Wait and Walters [ 1963a] have shown that

m _ -a-, cos cp icco cos cp ., .

T = - e
x ^ e

^
, (13)

ee

where cca and Og are positive constants (for a fixed frequency). This is

a very good approximation especially over moderate variations of cp.

Allcock [1955] suggested that

IT
I

= ota f cos cp
, (14)

ee

which can be used to extrapolate in the frequency domain. Belrose

[1964] has compiled data that tends to confirm (14) in the winter, but

not in the summer.



4. Sample calculation

Using (2), (3), (17), and (42), (1) can be written

00 >

E -i te-
1(kd+,T/2

>{iEo|-
iPo

+ y iv.i ii.i e
-i(e

j

+ k(D
r

d) - ph
V}

J J

j = l

(15)

All quantities in (15) except
| Y.I and phY. are shown in figures in this

paper, as discussed in section 2. Sources for | Y. I
and ph y. were

discussed in section 3.

A sample field strength calculation is described below for the

parameters:

f = 20 kc/s, h = 70 km, a = 0. 001, d = 1000 (200) 4000 km.

For simplicity, an exponential, isotropic ionosphere is used so that

Y. = T J (see (8)),and [Wait and Walters, 1963a]
J ee

T - - exp((-3 + 3. 5i) cos cp), i. e. ,ee

|Y |

- e
" 3j COSCP

, andphY. -
j (tt + 3. 5 cos cp). (16)

J J

(1) For each distance and each hop, cos cp is found from

figure 3. Since the first hop caustic is at d = 1880 km, cos cp

is held constant for the first hop for all greater distances.

Similarly, cos cp is constant for the second hop beyond

3760 km. Only three hops are necessary for this distance

range.

(2) |y.| andphY. are calculated using (16).

(3) |e
I
and 6 are read from figure 6. |I. | and (3.,

j = 1 , 2, 3, are read from figures 10. 1 , 10. 2, and 10. 3

10



(4) For f = 20 kHz, k= .419. (D. - d) =
j Q

D
J

" d
~) is

found from figure 4. Note that p. is given in degrees while

k(D. - d) and phy. are in radians.
J J

(5) The individual terms of (15) are calculated and the sum

of the series is found.

(6) If desired, the series can be multiplied by Io^e

as shown in (15). This was not done in the sample calculation.

The calculated amplitudes of the wave hops, the ground wave,

and the total field for this example are shown in figure 2. As would be

expected, it is not necessary to consider the ground wave at great

distances. Indeed, for this daytime model, reasonably good results

are obtained by including only the two largest wave hops at each point.

At night, it would probably be necessary to include three, four, or more,

hops.

The path integrals can also be used to extract ionospheric

reflection coefficients from measured data [Berry and Chrisman, 1965].

5. Formulas used

A previous paper [Berry and Chrisman, 1965] discussed the

calculation of the path integrals in detail and compared the methods of

calculating them. The formulas used are repeated here for completeness,

11



5. 1 The path integrals

The path integral I. is given by

I. - (-DW 1"74 2^ & ( 1+.t)'» e^ ^"'^^ dt , (17)
J a/ sin fl J _ j+1 , .

.

VsinB 7
c E x

j+1
(t)

uo

where k = 2tt/X = — , uo = 2nf, and c is the speed of light.
c

1 ka x
/

x= v6, z =-^3" , and v= ( — ) . (18)

K = 11.96 lol^jK v2 , (19)

where I £ is the dipole current moment.

E
n
(t) = W,'(t) - qW, (t), where (20)

k k k

q = -vjl- n
2

/ n
2

, and (21)
g g

2 2 /

T| = e- i|ioC a/^, where eis the relative permittivity of the earth

and o is its conductivity.

The Airy function, W (x), is discussed by Spies and Wait [l96l] and
JK

formulas for its calculation are in section 5. 3.

where y = kh/v.

The saddle point approximation to (17) is

12



•2 2

L_Z_
4xj

where a =
4
\ y,

"
X

, (24)

2 4, 2
3
/o 4 3

Q = - xa2 + - j (y + a
2

)

/2
- - j a3 , (25)

R - aM (i s ) - iqL (is ) .
L(-is) , ?M

aM(-is) + iqL (-is) L(is) '
K

'

s =|a3
, (27)

H(a) = (l-a
2
z )

5/2
L2

(is) {^j"/ \ (28)

and L(x) and M(x) are defined in (55).

The saddle point approximation is valid if a » 1.

For most cases of interest H (a) — 1 , in which case Wait Ll96l]

has shown that (23) is the Jth geometrical optics ray-hop.

The integral in (17) can also be calculated by summing the

residues at the poles, t , such that

Ej. (t
g

) = 0. (29)

The calculation is intricate since the poles are of order j+1, but it can

be done on a computer with the following formulas:

Rewrite (17) as

t =r nJ- 1^ iTT/4 e
"

r
D(t) e2 (t) F J

(t) dt
I. — (-1) 4Ke i , g

—
j Vsin 6 J J+1 /^x

(30)

t
j_i in/4e"ikd r

AW
= -1 J 4Ke J -J— dt

Vsin 6 B.(t)
J

5 -3Xt
where D(t) = (1+ f- zt) e '

, since |zt|«l. (31)

13



Let Res(j,t ) be the residue of the integrand of (17) at t . Then
s s

I. = (-l)
J_1 8ni Ke

._ / . -ikd ro

in/ 4 e v
) Res(j,t )

V sin 6
s = o

(32)

b.
J°

J

JO Jl J2

b. b. b. .

JO Jl J2

b. b. .

Jo Ji

JJ

JJ

b.
Jo

jj-l

'jJ-2

b. b
Jo Ji

, (33)

where a. (t ) = A.
(n)

(t )/n!, and b. (t ) = B.
(n+j+1)

(t )/(n+j+l)!. (34)
jn s jn s

The superscript (n) denotes the nth derivative.

Using Liebnitz 1 s rule for the nth derivative of a product

[Kaplan, 1952],

n

ww-I
n! (m) (n-m)

m!(n-m)! g (35)

m - 1

the necessary derivatives of [E2 (t)F(t)] and

A.(t) = A. (t)[E(t)F(t)]
J J

-1 2
(36)

are found recursively. The necessary derivatives of D, E2 , and F for

the first five I. are
J

14



n (n)m - / • \
n ~ 1 _ixt

r 5D (t) - (-ix) e Lng-z ix(l+ f- zt)]

E 2'(t) = tWa (t) - qW2
/

(t),

E/(t) = tW2 (t) + (l-qt)Ws (t),

E2
(s)

(t) = (t
2 -q)Wa (t)+ (2-qt)Ws(t),

E2
U)

(t) = (4t-qt
2 )W2 (t)+ (t

2 -2q)W 2'(t), and

F "(t)

F<
3

>

F (4)
(t)

F (5)
(t)

(37)

(38)

E 2
(5)

(t) = (4-4qt+t
3 )W2 (t) + (6t-qt

2 )W2 (t);

F-'(t) = 2i[W2 (t-y)]"
2

,

= -2GF'(t),

= {-2(t-y) + 6G2
} F'(t) (39)

= {-2+l6(t-y)G-24G3 } F '(t), and

= {l6(t-yf+20G-120 (t-y)G
2
+ 120G4

}F'(t).

In (39), G = W2 (t-y)/ W2 (t-y); a single prime indicates a first derivative

and a double prime indicates a second derivative.

15



The b. can be found by repeated use of (36) and (29), but are

given explicitly here for the first five hops.

b = (E x'(t ))
J+1

, j= 1.....5 ,

JO fa

b.

/

,

S J4

"+
1

"

=J—-(Ei(t ))
JE X (t ), j = 1.....5,

Ji 2

(3)

i+1 (
4

)
+ TT El <VV j = 3

'
4

'
5

.

i - 2 »« . i (3

)

Ei(t )b. =V Ej (t ) b. t-frEi' '(t ) b. (40)
8 "» »V u

j3
T

12 ^ *V u
j2

>55 =-^E 1

,

(t
s
)(E 1

//
(t

s
))

5 +|(E 1

#

(t
s
))
2 (E 1

,,

(t
s

))
3 E 1

(3)
(t

s
)

+ |(E 1'(t jfE^t )(Ei
(3)

(t ))
2OS fa S

+ |(Ei<t ))
3
(Ei'(t )fE 1

{4 \t)
O S fa fa

+ ^(E1'(t
s
))* E1

(3)
(t

s
)E1

(4)
(t
s

)

+
l<

E1'<t
s
))*E1"(t

s
>E1

(5)
Jt

s
>

and b. = 0, if j < n.

16



The necessary derivatives of E x (t ) are
s

El'(t ) = (t - q
S

) Wi(t ),
s s s

^x(t
B

)
= Wx (t

g
),

El
(3)

(t )
= (t

2
- q

2
t + q) Wi(t ),

s s s s

Ex
(4)

(t ) = (4t - 2q
2

) W x (t ), (41)
s s s

Ei '(t ) = (t
3

- q
2

1
3
+ 2t q + 4) Wn (t ), and

s s s s s

Ei
(6)

(t )
= (9t

2 - 6q
2

t + 6q) W x (t ).
s s s s

In general, the saddle point approximation is valid in the lit

region except near the caustic; numerical integration of (17) is

necessary in the vicinity of the caustic on the lit side; and the residue

series is used in the shadow region.

5. 2 The ground wave

In the notation used in this paper, the ground wave is ["Wait,

1962]

-in/ 4 eE =2iKe ' —
-ikd

Vsin6 E x (t)

. ,. A -ikd °° D(t ,

-in/ 4 e V s)

D(t)Wl(t)
. dt (42)

= - 4TTKe
^•'

, * - Y =—; , (43)

V
rIinl

U t - q
s

s = o

where, again, t is a zero of E^t).
s

17



5.3 The Airy functions, W (x)
k

Let [Spies and Wait, 1 96 1 ]

CO

M-14.S (l)(4)(7)...(3n-2) 3n
Yi(t) - 1 +^ 7J^T[

t
»
an<* (44)

so that

Then

where

(3n)l

n= 1

M-+4.X- (Z)(5)(8)...(3n-1) 3n+l
y2(t) - t +

l —onTiyi

—

t (45 >

n= 1

oo

'ftl-Y (l)(4)(7)...(3n-2) 3n-l
.(t) -£ I3n-ni * '

and (46)yi^ =
Z, (3n-l)!

n= 1

W(t)=1+ £
(2)(5)(8)...(3n-l)

t
3n ^

n= 1

W
k
(t) = u(t)+ (-l)

k
iv(t), (48)

u(t) = (aj yi (t) + a2 y2 (t))/3

,

( 49)

v(t) = alYl (t) - a2 y2 (t), (50)

aa
=—-

, and a2 = (51)

V9r(|-)
3vTr(^-)

These convergent expansions are adequate for small |t|. For large |t|,

the plane is divided into four regions:



Region I: |ph t| < 20°

Region II: |ph tl > 100°

Region Ilia: -100° ^ ph t ^ -20°, and ( 52 )

Region nib: 20° ^ ph t ^ 1 00°.

3/

In region I, let z = §- 1 , then [Olver, 1954]

W
k
(t)= t~^[e

Z
(L(z)+ (-l)

k
| e"

Z
L(-z)], and (53)

W^(t)=t^ [e
Z
M(z)+(-l)

k+1 i e'
Z
M(-z)], (54)

where

00 00

L(z)=£ U. z" j
, M(z) = Y V.z" j

, (55)

J=o j=o

U = V = 1 , and for j > 1

Ub =
(Zj+ l)(Zj+ 3)

:
..(6,i-l) ^ = _ u 6j±l

^

J j!(2l6)J J J 6J" 1

3/

In region II, let z = f- (-t)
2

, then

W
k
(t) = (-t)"4 exp[i(-l)

k
(z+^)] L[(-l)

k
iz], and (57)

W^(t) = (-t)
T exp Li(-l)

k
(z -^ )] M L(-l)

k
iz]. (58)

19



3/7
In region III, let z =

f- (t) , then, in Ilia

W
k
(t) = t"

4 [e
Z
L(z) + i(k-2)e"

Z
L(-z)], and (59)

i
z„ ,, . . „ „. -z.

W^(t)=t 4
[e M(z) -i(k-2)e M(-z)]. (60)

In region Illb

i
z_ , . , ... . . -z.W (t)=t" 4

[e L(z) + i(k-l)e" L(-z)], and (6l)

W '(t) = t
4 le\A(z ) - i(k-l)e

_Z
M(- z )]. (62)

These formulas are asymptotically valid in regions larger than those

given here [Olver, 1954], but greater computational accuracy is

achieved in the restricted regions.
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O : » ~d
]l

'

l

id.

ffrt
•*

n
_ § OOOOOO

1 q _ — OJ ro 10 O u*>

" . O « + *
q . o Q . + «•

(J

o
o 4: ijij flj] Mi iilf

oa
t\J 1

- ! « i

x;
X n *

4

.+.- ii.
4 ''.]

a
3 ;

(

-«--t—
•

OJD

1
—

*

:

—

r I-* i
*

. 4: :
: li -c
QT

» ;;
T-o

X
X — - it ©..

^iilii
j]

'

' 1, <VJ

1—

1

X
;ii iiii : n : : :

•*-
ft

,i:;
4i?

?T-7TJT

uiiilk iii iiii i

!

lif!
CD

;
( ,

;

i?- 4 > ^T1
-

I:
:

nJ

+ itfiii . 1

. = ii &
TT7

r..., im
, :. . .

;
f|o

o
00
o

.9
C
J ° o o o o

<g «r oi o oo «o *
<" « f~ v> t n c\j

< 5 a. uo: \iLtcuio -> z :• \ ^

O
CJ
—

T Pi

: .:

HIV
ii! "

.
1

< iU]:±±
•:::!

~
innr ~i

-

i !p,
.......

.,.: !:. lj

Iff
CO

5 to CO CO CO CO CO

\ WWW
CO uu uu u u

n 02 X X X X X *T

x x
5 oooooo

5: o — c\j ro co o m

°o2
u ii ii n n ii ii

J II — 00 ro rf in ii

^ O. X OOOOOO
_r uj uj uj uj llj uj

O iritii
CJ U_ U U. U_ U. U.

:;:"_
h

? tl 7r ;.:'r7
Tr

!>-•
jj j 4

_
1 _ ;,:

7 ;i
:

1

:.4: :
.

\}\m.

hi

o
X

M-l

o --U

—

...

:: iff
'

lj

:

jj]!
f

: 1 1 rj
r^- -3

CVJ

II 4T =

|4|1 3
*"*•>

Mi; llj.

'Ii

llir F"i
:::: o

ft

cu

s
r -

:
' :: :: 1 \m

ill j

ii ft:
Jl.Ii:

J CO
w—

-
0:

B
•H
1—

1

u. ""

r "

'.

i '
'

il" it
r

|;H ;_"
: ~.:'::::::

:

ijij
. If-'-

1-

UJ-
-^

S

r f\ K

11 j 1

|

i*n] ITC
.... -U-

H j
Hr : ::

.iJi

:!:;

:

:l!
'l ii

r
'"

--S3
l-H

X
CO

/ / ;
Hi-

If

,
;

11
z

°U!

Hit it

—

f\\ cjx::; -
00

f: . ii

iiiJ_ _L_jJ

°,,
!]J444=+-= tj- O

z
<

cu

u
1 Til

5-414--

:::

:

:::
:i
5 tti ojo

•H— . .

vm--f
:: §° h

::: :z :r.
III!

: : : : :

;

: "'.".,.: .;:;:::.:,;fmt :: fO
1

J
jj
a .... ...( . ---

--_
; at: tM i-S-- ~-r---

H
J '/M wj -44

1
T :::::::;_

-

:::

- • t—

•

-—
iw/-

-«---
-J—

—
III

- 4- H • ++*--44----

----- t- Itw- Lj ±tt"^
-

..;'.:...._. Iffl- CVJ

..-„ -— -t-
„„

—

ET;: 13 - ™ 4- 1::: ,:l.x

±: Imp
j

!

'

E:
„-_

Itli

mm % 1 f
; rf+t — •- „_,4f|jmM :~z :;_:_u„ ,1,1

"'"' CX -iiljj 7 int ,Li _:: 3 ffl
:::

::::

:

. 1 1 i IM z'zz^z.z
— . t-

""25^^1+f=F :..„...._
ffijijf

-.„. ^-4^ itziz -"-TT 5544T--- .0

it
3 '

o
. , J

-.... J „ J cJo



m uj i- < •-' z

<5i uj a: \ u. a: uj o *-*z > \
p " Z^ .

i 0* ~;
,

.' -
, ,, o

WAVE

HOP

4

COND

=

.0

1

MHOS/M

HT

=

100

KM

FREO

1

=

10

KC/S

FHEO

2

=

20

KC/S

FHEQ

3

=

30

KC/S

FREO

4

=

60

KC/S

, ip i* CO
'

T
>r

-

—

ri i E5
—

,

... I
] 1

-r
i

.. .

Ml i
i

_ »*s o
: x *: 1

-^
/ f~—f 7~ : /l !i , ,

. . _ iii

- — CO 7 y
'

f ^/ - —
t|
—

{

iii o)ON o
y i o

y 3jM 4
—

:r
o

TT
—— —

-f+fr

tn

/

-Htt
"
£ 3ni '

ij

_ 1

1

H
,

UJ
- o-

~;

:S
°^

;

- z 1 1

' ii! in -1

\
— , : | ./ —

,

i
__ — M

-

in *-—

H

-
- / " V 4+^ — - "—H~ - —

"

—
-

; ^ :::
It

I

1

]

::
jti Ll ^ ^_ ._

*"~
;:;: ; r

:

4ia V - — —
~~SZ O

11 1
o„.

1
! o^

/
1y (L:

"; ~ ~ Kj ~~

"Z.

"7 UL - - - — -

.:

•-

i
;~

-J-H4
h— 1 <J

z
1

—
'.]'..

...,„

.^_t_j__.^ (
i

— —
!

- -
Hj,

- - — ~—

r

4" _ ~~

IE ;

i-:

Ml
- ,Xt _T

§
' — Oq

o
7 ' t

ii*

;' ".".', iiit
o

/

7 f,
::::: in ;;;

M
:e ::: '.::. -

fO

-- : —
f.

;;::HjiiL
-Ik

\
:E ;- :::.: [if! ::. :: p:..:

:~
;E

-_
--- ——

~/i'//1
- -— -r- o....

o
—\ijj t

ynT
o

.__.

i
; :.:: "T

;

::;

---- ^r^-
i
~ r

: z: i
~

mTT
Hrj —:

—

E:: -

ro

II i

i

;
!

1

ii

.... ._^_
f\i '-'-Z

.. .

.

7:: |
-'-'.'-

ttt]
E

:

:
3 ;

~ ±
:

:

'_
...

H
;

:::

-

j

.... m
i'"' '!l

: " o
In, ill! M <\ III Mil o

o 8
1 „ 1

->
7

> - . J - "
ro

o

05

CO

0)

IT)

a
u
om

ca

&0

I—

I

(U

en

a,

(TJ

S

CO

u

H

79



muJt-< hz oujoccujujc/)

o
o fl
o
10 £

co
X.

UJ ,3
(- CO
UJ

O -=

o ~, en

o^j 14

M <D
* +->

0)
z

so
rt

?u ^
z rt
< Oh
1-

c/> ^
Oq o
3 <-W
D
ro

•»

in

GCL

O
O M
O

rt
r—

1

CU

03

rt

O ,£)°
Ph

T)
s

o
o cd

o
CD ••

N
X

O X

3

s

in

oo

OjO
-H

fa

80



<5l UJ <E \ u. cc UJ 3 " Z > \5 O
.o

1

WAVE

HOP

1

COND

=

5

MHOS/M

HT

=

6

KM

FREO

1

=

10

KC/S

FHEO

2

=

20

KC/S

FREQ

3

=

30

KC/S

FREQ

4

=

60

KC/S

F
REQ

5

=

1
00

K

C/S

FREQ

6

=

150

KC/S

FREQ

7

=

200

KC/S

~>

|

.-" u
(O

O

fcf"

L-

/ / o
/ | II 1 D

5 C
1

<f 1

<> I)

" - " ^
1

c )

VI

u
<IJ

+->

ID

5

a
u
o

CO

2

a

(U



CD UJ 1- < M Z Q u J OCT U UJ t/) o

X :

** '++ TTTTIt
iiii Hi

o
in

X
X ** ;

^=F
• a ;iii iiii i!i

H
V ll

<

'..':': j: » ,[«. I ..;:

|
1

.... ijji

1
X « 3

la
e :

o
o

'x :
"
**

- .::
4

fl <

3' n
.^ : j::

!:!•

o

:;;!fx.: *
*,,

+
+

,

'I:::.

•J
'

ft
::*

1X
X \ *

+
+

:: m; cg 4
X
x. .* v, !» t & 1 ffl !lf

o
o

X
X

1 o a
mil la

«
: := s

li

;

X *,
+
+

'

: B A [ ii

X '\ +
+ •«

D
id

t.

o
•> 1 =i

X *pi
j a:
o

::

::

o
:

Bl
*'+ |i <> e

»
;

o
in

..

; I
X& +

K
+

l

<-"E e-i :::: ::i

::l

:;.

I {{ft

gigs

ll
* ij:;

III

:|

1"
:

* Ed » .

« jab:*'

:

1!

o
o

: ....].:.:

Sij+j«j|j» ;-h

ill

o

|
: :;i! bill if- II:

CO ^ \ \ \ \ \W o
o

~?St X * -X * * *" ^ — t

:::: :

>«J
:i:i

:i:

O o ooooooo :

1 I
....!....

.:.: :...

-r 1
3£ :!..

:

— — C\J

Sin

"

-:r~ rrrrphr
——

•

.1
.... -• Ijii lii!

Bf-::, -4 CA*: lit ill

o

S°i o o . + * x
~ o O . + * X
2 o o « + * x

.j ...

# ::::

::::::::

X- tF* afro

H'*'<a<> :

>; : :

.

1
::::

...
o
o

6 o c

::::::::
^r

:lll p ill:
::::!;:;:

::::

m; !:;; :•:• III! li:":

:::: ::::

i.^X-
jC^yl ^3 Hal- ,

4
;

:+-j%

o
o

C C C ) C > c i C) o (
,o

<5i ujtr\u.Q:ujo mz :>\

O

CO

10

u

u
a

u
o

i—

i

d)

co

ni

cu

Oh

C>

CD

fl

82



CD UJ h- < W 2 QUI OH U Ul (/)

o

en

rt

&,

u
O

i—

i

<D

en

rt

Oh

a

X
x

3

ft

E

l-i

•H
fa

83



Q Ld O CC lU uj id

-
r

!:!;

....

.

:

;:

•::: .::
ttlt ;

:

:

f> C
TTT !:!

1 .. :

J Jmtafli
: * l# jii:

iVo
CO

..
; ;l?i

:

mi
. . JO <

DO >

Hi i II

....

HJHlft
|M

— -- .... __:
pi

* II

: 63I'
:r o
:; o

an
or

4
*

:

it
i :.. ::

-3S5
a3t>
Do ::

i

.i Ih il°
i e:i :.:: ;r: u_J.

;

: :

:::::<::k

fl

-- :;
[

G10 o i;,! Ii 1
i

« + *
-•

- 1 iJp-f

-> ; ;;:
1

< ji7 *: :« <t

r £

- .... - — : :

::i fil :. :

Iti

x .
+

-i! * E CO

JJ
..... ....

: 1

;

'

X ( -:j *>
Ob <ff82

a)T
|

i! 1

II 1

1 :

1m +
+

'

a .

II,
. S^

i|l
: ill ¥tmJMiJi

-
sjljj iiii

::.
Pi

4

1 iff i
*

Fo
: Qui1!

tltttittttt 1 %
«

OS

? (/) {/> (A (/) (n (/) (O

J; \\w\w
*r « 2 u o u y u u a
^ic ^ ^ ^ ^ i: ^ ^

Oo ooooooo
X «X> — tM fO «D O ^ O

£ ii
"

< o |
-

?"i o o o . + * x
t; o o o « + # x
^ O O « + * X

:;,! ill
TT"^ ¥ 4. •

. CO,:
f f P 0- !

<;

:

: ?u
... ...

Mi ^# flHJ ffic

5 *
*

: <
h

it'te '; uo 'T ll 1.1

!! 2
Ii; !j

|M +
*

30 ( : ...l
n o Q

111 as, »
1
IO ^H

Mr'

:

: i»f ;M « p

a
a

,.».-•- ca

: :>c
K .k*

no
fo
"6"

.0.

4 :

;

K liaiEiaifi iffl

u 5 M L
;: ono nJ

: ; ii

ns
P fl i iiii

,

:

'

:

f*o

CO:]
;i ^ °:

a
.

iiii "

i pi ilt: b~ 4 '

1 ft
a)

:

' ' O
rH^ o

1:1:111li

<5Q- ujqi\ii_q:ujo »-<z ^-\:
1-

....
:o ^ r

Hi
i

1

i

i

i
, ii

:::

lit
I

1 II
ill 1

5 \ \ \ \ \ N 4-H- ..'

x;

I * oooooo
Jill

i
i

O s o -!M"">o>n
I « 10

CM

..: ...

w II II II II II II

...

...

... ...'.

::!: :::
....

> "
"1 -WiOff tflO r-

.... |... ... -.

*z oooooo X .... J ... .... ...i .:: ....

u. LL. — .... .... ....

::;: ;: ' jjr

-j|

/
:... 44-- .

.

- ll.4

.Ill . .. .

. :::

J .... !

^

M-

r

""
'Jr

/ ,

I /
/ r

/
/,

i

f

—

-

::::::": MTitnTi
—

/ ..

/
ItIt Hjril..;: j

;

/
-

i
:

i

;::::: :

/

.... ::::
- -

i

..
:.'

:

.. ^.

.

i

,
,

1 il
"t

....

YlTT 1 II ii :.l

3 c
1

a

T
. - « - - -

.... - J - -

PI

0)

pi

ft

s
<

I—

(

0)

GO
•H

84



CD UJ 1— < -1 z Q UJ O CE UJ UJ CO

—

#

'i X* r

o

:

l;i|l& i;l ;;;:

c $m X?

:: ...

:Hi};!!!
ado
1. O 1

-9- —
j

Si* T

• c
< o *- m +

4-

j 'f- *f( >s o

3 XW 4 lm
9 . >:

X ££ •
! oo—la*.

3 < ?":•+
!

di o

<

iji» alo
Hie c

o
O

X
X r..,L —

<

a

a c
10

1 ¥ i t—4-
V Q

U

-———
X

" X
1 f

4 1 O *

L

; ;

X
~

1

!J
f

ffl n

ii.^iM t :

3-G
CI ©- •o

J-1

~$$ 3! » bi
5

XX * pj£l
3OOo

—

X

i

'

ht ; ; U o o
J nT 3-e-—»'- o.

X
X ?

-- 4 lid A «

x p t-
* a
4 : a % -

•
*

? c/)cocnu)(/)cncn

w Js 2 u o o o u u u
z. ^ :**::*:**:*:*:

(X —
O o ooooooo
X CD — C\J rO (0 O "^ O

«n w

< ^ »-

3 2 i o o < + * x
«r o o B « + * x
O O O « + * X

X
: >: 1 p « a c

> «

X n u^ la o
I

o-e- ? \

o
o
rOo o

*

:l
ill

o 1©

3 b

:; ijli

;:
;

:

. 1
. [i <i 4

m$M * !|j|
'

:

|

.

. it

3 .!.*
! i!

o
o
o

: .].:

| j|

;
III

[ilil i-i iiii|;|! '*!
i

i: iii!|i;i !!;l||!; (UlHiJ
rfi o

mi mm j. o
5°

en co co en co co co

\ \\ \ \ \

\

U O O U O CJ o
^ :* *: * * ^ *

O

en

0)

O

ID

CO.

t—I

ID

CO

Oh

X
X

pi

p.

s
<;

u

•tH

85



CO LU (— < f-h Z OUJOCCLUUJCO

10

CO
IT ,3
UJ

Cfl
1-

CO

oO M
°-i <0

t-t +J
X 0)

z s
o Oj

§•" h
^ u n)z
< ft
1-

*n

OOq <-n

nJ
i—i

CD

CO

ft

CD

3

ft

o

cu

u

•H

86



CD UJ t- < t-* Z

o

en

en

U

a
u

u
o

bo
a

.—

i

a;

CO

nj

a

3

CD

3

a,

O
fM

CD

u

MH

87



CD UJ (— < HZ O LU (JD CE Id UJ CO

!

« (/) W 10 (0 (/)

s WWW
\ o u o u o o

ro OT -5 * *: * ^ *: *:

O

O 2 O
o o o o o o
— (\i rO to o in

x ~ f-
— —

II II II II If II

— c\j ro ^- m (^

o o o o o o
o UJ Ul UJ LlJ LLl uj

o cr x tr it tr cr

o

CO

en

u
o

ca

r-H

ai

en

CD

a,

<

o

<D

U
pi



|PU j
- .....

i if
... ....

t +
4- Tl'o

CD

WAVE

HOP

4

COND

=

5

MHOS/M

HT

=

7

KM

FREQ

1
=

1

K

C/S

FREO

2=

20

K

C/S

FREO

3

=

30

KC/S

FREO

4

=

60

KC/S

FREO

5

=

100

KC/S

FREQ

6

=

|50

KC/S

-- - w ... 44i h — .... f-)--+-

4flT*
>

t h

^
]

•*i~*"1 ^t-
._ - t±

XT = ;n? Eu-±
c\j ""

.....f Jl ... _^ L_.. .

II ... . Jy T / - - -- -
" "I

"

-% ._ . — - _
° -+ff li'^i

*

—

r 1

-
u

x -- — IM -+-

Lu _L|J u _{_
--+- „_ f_....

jfl
—i. —rr i—:—

~

i— - .... ... - -

j_|_|

r~
-

p-
•— "—

7

7
'

_.. _|_L|

CXL-
4444- -j

—

|
:tl

.... ijJ

lt"x
-

.
i

1
|

1

tF
::T <-»

-U4-nT
'i |

'

!i
i!

I
1

'

.Jjj.lL ....
:;:* -• :rr

—
; fH

.

:

!

Ill
'

| —XJI T-§
;!| ! i

j

fttr§:::
1

i

JJ-U- -j-J_j_

Jf
H~i~^- ..;;:..:::

| ^:::r
.... _..

tj|f"JT^ ~ ... ~. ...

4-

I

u
u

.... .. . . fa

".'

::::; | il!:!

:' ;;;

:::. ....

—
1 1 1

1 i

- — tJTI
4(4- ... ._.. -• '

4h~41 ..- ._. ..-, Tt+T3+%
O
1

r , .

i
.. -

i

c3
1o

o

en

?-i

0)

ft

o

ca

»—

i

<D

w

ft

s

X
X

ft

<

o*

89



< 2 a Hi cr \ u. a: uj o E : v
\ z

J°,

en co en en en in en

r
TE l« TO" . 4 ill mi mini T BUIIIIliPliliiiiii: i

;;

,' l'ii !

i!| 1 II
;||

j
II ; ralliiipi

|

1,1,41. i, It mil
"t'TTI l

: ill

"in 1 '

.... i"
!

| 1

4 "" "r"Tt"1"'T"a

'

\ u u u u u e_> y titT 31 it

. .::.::;;::: „:"::: .iili':illllill

TT '

"" hrrr**

E

HOP

5

:

5

MHOS

=

7

KM

=

1

K

=

20

K

=

30

K

=

60

K

=

1
00

K

=

1
50

K

=

200

K '

PlnTi ^ llll 'Illlll 1

1
L
T[}

_| Lx.i;,j..i |ti
flttiiZZWM w ipiffl RJflfflF...

,.„„.,,.. .

- ....

ii
TITTTTTM Til

' 'i-lii! i
1 It

-
;

li:ra "
ii3|ffl

1

1 '! it Liu 1

— cnj fo ^r m o
- Q I5 z oooooo
O UJ UJ UJ UJ UJ UJ

U X X <T X X X
u. u_ u_ u. u. li_

.... £..JJ_L_
fi TTTHrit

L ..j jjiira; '

r^ 1 M 1 ! I'll/]

-*;
•'

-i™WfLL4
4-4 •,, 4 ,

mt rn
,J

o -

uj - ::i^|||||] '' Ii T
j Jj^-ll.!. IINNL,. BwB

u-
i '"' , r-|-| )

'

' T"T""r" •p t ttttfHtH- rrtTl'ln'T

, II 1 imiMii i

' llilpl ! ;

i|
|

iff Jh T
t4t

s

., i --4iffl i m !; 1

1

i i lii ... IHifitBnHi I'lltfllf-¥ U4--LU--L
- ttt

'

1 I'TI III' ill ittTi

1
.,.. ...- ... i ™ lit!

i!i; ii

!

|ll ::

|"f
: l|-

BfiJ
1

1

III msm 11

jt-- illllllllUII 1

..1

.

— .,

Hff
/" "'

j!
IT

ill- -M—1— -if-

1

M 11

!|
ft

1f ''lilllllllllilHMWr n yt

~ J, ~.+l tttt i! I
p'i

4 ,-. , .[..
I

. Ulil'i.|li|l|i|j.|'..|«l{il 1,
i

-j_ -ll.lJ. .llL; 4'IJiLiUj | T; 1 1

.... " i-^-T r

t

K~~u
TIT"

" —h"T " 'Vifr' 1 "rj: •^ 4 iii + -|--| -j } i tHH^'t'iHt |||Tr 1 ['

.... _ _ i .

.

.,.. 1
J

1
<
1 (''I'l'l ill

. ..i.ll:.. ,1 4-r
_ _

j|j|tjfl| llj
j

[j illlll llllllllll [[I [I 111 III)
-

1
'

'
1

'

TFT
-- H!:

,

l'

,

lili :

:t
:,

'l'iilii

1

i

l|;|i
I II Hill

1
|

|ll |l i||| l| III
..- riill'* 1

:

1

t 1. _a
ijjlli

1

1 I
I

it *+++- .jj.

<-"

II

1

1I,

1

ill

'

|| | | |
1

"

,| ill
jU

>
J . . « -

'o b ~o"

o

en

CO

U
(0

^i

PL,

u
o

10

CjQ.

n5
i—

i

CD

CO

cr)

Oh

X)

n3

X

-t->

•H
i—l

Oh

O

<D

U

ojO
1-1

90



m uj t- < *~* z oujoq:

o

CO

CO

u
cu

O

60

i—

i

cu

CO

;n

S

cu

2

P.

G

CU

u

60

91



H< "-< Z QUJOCEljJLLlCrt

+
< S 0- LU r \ U- E U 3 " z ; • \ s o

1
o

1-+ 1 (\i
il. .! ^ LL M III TfflTI-"" ^o*

. . L! .

<
: : : : ...

i tfi

-4
•fffr T"H

—

I

co co co co co en

2 WWW
\ o u <j u o o

CO

7^\4*
\ -

o ,-,.": >4f$
oj

^>T
' o

Q 2 -wioioomo i

|
;

"_:.

„i i,j,.-

cu
M

M Mr- ~~o
^ — OJ K) fl

-
iT) iO N o< Q K

.

o

:::: :;:;

T <D

O UJLUUJUJUJUJLJ 1-tB:o iiiq:j:q:x

ftpp <J*-'*I EE
::::!::: o

i| :::: ""±t
-_ m

. . :

:

•

i

|

Mil

:::: ::::- I4-U- jTtrx"
Ilk

jjjj l-J
:

o
7

I'l
.... ''^IV

" o
rit

/
- — -Z*.±- -

V -ix
IF

"ITTTTf
zz. :::: :: ::. z :.'.'. Mffi:::

... ....

TTtH
....

Hfw~

"

—

g

±z4H~p .... *•* *^—i-
1

IP

;:: :: :;;: .:::fHffj ^Mf ~ :::

i

1
\% .... :::; :::.: :.z :;; 7.*.!

~
nr. ^trT~

.... ... „ ~7'
i 4 m" ... ....

---

- .::: —$// .... ....
—

£

.:!:it+i± - :::: z Xtitj:.- o
o

i

::: Trr
1-

::::

....

.., ::::. ; Izzz ::: "C zz :::; ;;;; XT :=
pp

=:: ::::::; ::: ffijj 4*4 ff" ' CO

'
:::: :::: w ^^i1 :::: ::: -~.

~
::::

~
::::

•
' i

.... T*«^f ::: :::::: _ :::: ;t:::: .._

.... - :... ill!
'

,1!! |. .... i+i*4--4_._|lt-~ ....

fffif

—

._
;;;; FT-

.... r ill

— ... -*
4 4^ o

;:z lili II ntt mi t± '

ll 1 llll III nil i i || llll m ilii In llll 1 1 1 11 in in llll M Ill II
llll 11 --hSor

o
1

' bv

'a
- • V 'o

a

o

CO

CO

U
CD

cti

U

U
o

C\!

qq.

r—

<

CD

CO

ni

ft

X

CD

o,

r\J

CD

U

92



miij i- < i-t

CO CO CO CO CO CO CO

\ \ \ \ \ \ \
CJ U CJ U <-) o o
*: *: *: ^ *: *: :*:

o o o o o o o
-WK) 10 OlO O

— — CM

< 5 Q. UJ ^ \ U.I li o " z ; • \ s

... . ~ ~.

-r\

1

, „ -

E ;

CO CO CO CO CO CO w "
::

^ to _ ^ ^ :**:*: *:
" -L-4

1

a x * ooooooo
J-4-|" -4—U

yi

„ :ii±J
uj

H
II " " " " " " " .

If)5 ,_
- cm 10 «• in w

*z x oooooo
k-

o rn

li.li.li-U.U-li. u. .

1
1

Hi h
/
/

ill
'/

ii'i
'

1lfif
l-iu

:::: ::

:

// :::: . - j

Ml
....

j

1

"~Jf

. .

:

Z-,

i' .1 .:
....

1

1

. /
, , 111 T , Mil

?
c

Tt '

"

O „ ,

g
i

c3
1

c>

- - - - '

I

X

<

•r-i

93



CD UJ 1- < « z a Lu uo: uj u en

.0

-;-[-

1

1

i
i

i

-. ...—
: '

X * + « BX jF ]+ • D

1

4- 1

.
1

: j

j

ill

t: 1 x jT J « d
X. * + « BO

\-

.;• •
| ' X: * + « B0

* *{$+* _B-SI°

— h-
1 — :J I ! :

!

*
.

i
-

-

-

:

-i

1

;

X JT 7 « bo
1 X * + «
x * + « a
X * + «! D <— f—Jx -ijf -t-H *i-o.»—

.

x * 1+ ; < lao. •
X * ,+ < DO •

'"•'XT'* (- ;« ibo »
IX »' -• « DO

_.:L
"" r !

1

V 4 '

I

1 :

1 1

j
J

n

i

s
\

<- <o ^

-VO 2 o

5: II

"

—

; 4+- --•-:

_ . ...

:

i ; _.L.1_:_._
;x jF +

-fit
• do*
« BjO
«' BOO
« b b

U3

: 1

1

|
j

i

i

X"'! #1 -f 1 D Q
b
S 1

D O j

O
O

. -

1

:-i~
. „.._

>: # !+ «

X rf—J- ,."

O »
B b » i

a -«- !---
BO «

O
IT)

:

i

-4-- ._[._. '- :._[.... _..:....L_L.
1 ;

1

i

._}..:.:_!__ -1- X * +X ?r++
x jf

1
+

4 3
. 4 II e—31—1 ;•

_

« BOO
!

O
O

000

10

KC/S

000

2

K

C/S

bob

30

KC/S

*

*

»

60

K

C/S

+++

100

KC/S

***

1

50

KC/S

XXX

200

KC/S

i

1

1

-—j-... -
;"ff L .,..4... "T~

—1

—

W« « ' B
<

I
3 »*— B", ,-«

—
DCs T '

O
1

! 1

: 1

-. ... ..j ...
i 1 ! p» o

a

« ;

;

:

i

s

_ - .. —f—
l —;-

""Tb

a 10

3 b <
1—*-»
d

— -- m

i
-

.1

"'

;
x __i_

n '*

—*~ Jtl_" + •1
<r

1
Q

Id 3

4
"

1
oT •1

i

r

—

1

i

1
i

1

1

_[:

!
B
B

b
u

ei eg

; ;

B
r 1 .»or .

; 1

1
i

i
~t~*

•j

! B <s
°:

C> c> c> c> c> c> C> 62

< jo. uja:\Lj_crLija >-h2

co en co c/> co tn

2 www
\ u O U (J

- v> s

^ « CD
IT)

i£ ^: * ^ ^ x

OOOOOO
— C\J ro to m

-.1"
II II II II II II

— c\j ro ^- in co

OOOOOO
UJ UJ UJ Ui UJ LJ

u q: (t 1 1 a: a:

o

+->

£

o

(XL

t—

1

CD

X!

2

ft

•H

94



Q UJ O 0£ UJ UJ CO

CO CO to CO CO CO CO

\ \ \ \ \ \ \
CJ u u o u u u
.«. XL :_: * * _<: _.:

O O o o o o o
OJ fO mom o

CM

o o * +# X
• o D - + * X
• o Q « + * X

< 2 CL UJ x. \ L»- tr uj o " Z = • \ ^ o
o

.
1

.
l>-5 " ... ._,_..

i i

-

-

+f
""

1 1

to co (/> t/) t/i uj

.2 WWW
\ u u u o (J u

„ to .. _:_._._:*_:
"on

CO

\ -

u
iii

—

! y_l
:

:

-
; i:i if :;.i

o

I 'j

;lti
„ i ooooooo

WAVE

HO

ONO

=

5
f

HT

=

80

EO

1
=

EO

2

=

;

EO

3

=

;

EO

4

=

(

EO

5

=

1

(

EO

G

=

1

.

„.:.i -

_,

1

inn:
II .-

::::;

I
/o .-J

UJ "-pi j
r

U_U.Li_U_U-U.U-
'"pi : ;-'

._

—

I ::E-

; ;

o

::z
1

rf

"

S; :E im
-r-

;--;r
:

z ~i
•,

':'-' H±:

1

i ....

Tiff
:""

ii-j. If -..

....

-:::
EE: '-

EE -- -
if

-

"2ZZ tz
_
-

ij ::1 1
1

-4 4- ....
-jjif f~

-

-, . .

—

i-j-p U—L

.

1 T -A— —

-

4-T—
— — 4+4-- —r^- ....... -

— .... -4
li

- — rUj -

m _

'Iz Z-
; ;; :;: .... :

H5: i I iJr _id „ iii z. ~iii- iii'E - E
"T

iiii

— ::i: .
;

1

...

EE __
=

iii
7~r

i

!

- .....— -UIL !

i / '1 - -- ——

—

1

)
1

ikk1 "(i "T if
III! o

ii Mil Ill 1 1 1 1 III! II 1. a

h
o

„ ,
To
.. "

I>

- -
1

c

u
<D
+->

a>

'H

a
u
o

nJ
i—

i

0)

w
rd

Oh

rd

ts)

X

a;

Oh

m

IN)

95



LO LJ i- < h-«2 O UJ O (E UJ UJ CO

'!..;

:.::y:
- _j - j _

ylr 1

v'+^IiiF :sr.U= x-l~::s r-t—

^.K
r- 1 1

-" :::n : :::

3 _©_
nr- :

- tA :;^- r~L

I

s
1

1

i:-:t ::
:

s :7K
; X

* m . 1\ O -.
t-_-h::: * : L :::

:' "7t"- 1

I
'

--

. t .

" ;:•]':;:

.ifiiisfe
ft- §B : :

:
.

!

-: Sfe ** ^ ::::k:-
14:

:

:
* !

--
.

| :. ; |

i .:

::[.:- '."liotv i
i

rtn

SSi \ ..!=. .... tin ...i-a- 1 — :
\
'."-- "\-

.
[ -|

' I."' .--J .
i

: i ::::f:u; tp3 :::. :::!};;:: t> ... -| :i:;::

j

-

1

:

'i-
: B .. .; ..:

• ;! c ;;;-5c: K." '
'* P ; g i »

«
B '*-

©1 " ft"

—r—1—r~
:

-
1

.'

rti :
:

-

r^:r|p [htt

. _LJ
—

-

x"
_

- — n-;

.. i

—

!

t
'-

h^ I-J
"

i
; U-4..1.#1 -H-:--

a i© <

:q j«—
-na-f-o-r

~"

j °j
»~i

—

1"

- i

- :l

! i

l .

: i .:

'

i i

-7
i 1* V :u .

* 1) G
1 . B |G

4 ,: go
vl

;^4—
!: :::.-::

r
1 *x \' IV |-

: ir

-•--1-i-
-1

._:l ....l.I.i^CH~X « di c
Q )

O ,

: '1
..

:

;:
JTT7 H

i
j

i

i

X * + ' « Q
1 . .

I

^ 2

! N : - -'
i — _J._

!

-----— :-
-

0: «'

3 a «

I*

m -J

t~
:"M

| ;:

: '1

—-j—
^

1

1

-J-
.._;_..

X
>c\ f+ i \

1 *
1

\ at *'

— -::
z

, i: 1 . 1 1

•

i *qv
:*P

— !

—

1

__j

—

1

-j--
j

-!-
X * +

1 >" Jh. -t
« c b .

.

+ j
* \a G

!

b—
z
<

. to co (/> en to to co

-qS oocjuouu
q. i

—

—

—ft-

! ----- -•}--
i-

1

-..4....
X

— !

* ~~ ~~ -r :4
CO
1-1

-+- L •

---t-—
i

j

...:] --i — -i- ...
' _—i^* [ Xir+Vas

hfff
10Oo oooooooIOJ — w Kl (OOIO o

-*

CO

2 II

"

—i—
—

"f-
_.:(::„ 1

1- -f-
: . i:

:

.

_.:(..__— 1

—

>«H-i »>

--
1141-

S^I ft Q « + * X
£ O O O « + -* X
|~j O O O . + * X

-4-
"f-

- -
nrnr

i

•4;- !H(g
1 —— t:4 --^

•!:! i!i:

j[fj
I 1

'

'

"T
1

iifli
T_|._

1

--— -?1
i:i!

;

:
t

iiM

C i c >

j

c
r

c
or

) c C c > c ^fe

o

tn

!h

CD

o

1—

1

tn

ft

a

pi

ft

(Nl

u

GO
• iH

96



CD UJ t- < HZ O UJ e> CC UJ Ld CO

a
o
o £o o

co rC|
IT

03

1-

UJ
CC

o-* ^1

CD

So

<5l UJ K \ u_ CC UJ O

HOP

2

5

MHOS/M

90

KM

10

KC/S

II
||||||

'LI ill III ill
||| illH

I! Ml '|
|

li ~i

If'
HII i ji''-i" Will 1

Jin 1

1

-OuM. 21 "in
|
T! u,

ii ii ii ii "nS1

I
i|ijir

HI | 1

|1| 1 . 1 1

•

1 1 ||l
, j

1 — *j*Wrr 1, 1 .1 T+~ *•- U_p JJ*ffn | ;

HIII 1 11 1

II P mi 111 III H HI 1 1

1

—

Jlfilili
LWT r'Tjj. iff '

'

-> (J o o o u -- 1 i i'':,i liilllML JWfltiplli 41 ....

x. x s_: _- _. _<: -—Ell Iff I
1

1 I''
1

1
— in'

i|||
1 1

-
S* nf L °

_ .'.;; Z:
;»:;,

i

hf. .4 :;::
C-J — Illllll iiiililillllllllllllllllrjIH

iiiiiin tni-iiir..
:;,i mi

p-iiiiiiiiniiii '•:.

•
i

in

mi 11

nfl
III

O ui

o cc C

u_

1 II tl II II II -- iHff
!

iiii* 1;
Illl

titf ::;,„
ii

' mi III 1
! IH ~ O

mill

.. i.i

frjj LJ UJ UJ UJ UJ —

-

.11,X [ill i.:

c x x or x x --
r 1 li kJv^Kt^ 4*tj~W

IHIIIIIIIIIHIIII -

li
""

" ip

1j-U-U.U-U.U_

T [ill 1 II. 1
'1, lillih 1

1

"
f

li ' '
! uJBwfW CT- 4- 1I11IIIII1II1II-- in ll'l|| 4 -I '"I-

" o

—flHU 1
1 L|l|uff|Pff^|Tf<f|ll

II 1
1 J I

1
1 1 J

— ii hi 1 '

"" ri '

i

— mt

—

- o
IIIHIIIIIIIIilHIII

1 1 lllilllli ! 1
1 minimi

II
i l l —tlrt^ "1

is til

4
i

in -- 4 4l — ,,..L

mXn 11
1 .(..

'
'

lllllllllllllllll' rirll 1 1 ItntiH" "

Hufllllllll 1 1 B 111 I'l 1 II 1 1 1
1

1
1
——rtr 44 *h 4 lllllllllllllll 1

1
-- „^ i-L, ---

1 llllijl 1 1 HII llljllii 'III 1 li 1 1 1

1

iwlllllllllllilllllllllllllllllllllllllllll 1] 1 1 1

1

Ulll|
III

1

l i+ti iiiiiiiiiiiii in llllrji

"

.

V * + " oill j

Ml o^ *

'!'"'"

j ji'ij II II l|i
| || | t

1

i H i in: in i iiiiiiiiiiiiiiiim '

: iiniiiiii .::
'

iiim illllll Ill 1,

li
|. 1 4--

:illlll '

lllllllllllllllil !' IIIIIIIIIIIIIll
- o

EliJIi'
o

1 1 1 1 I 1
1

i|'l H II 1
,

ill
1

1 1 I'M 1 \\\\\\\\wfWWv I N " o
1

I Aft '
' ^ -h

iiiniiiimiiiiiii mil igiiiiiiiiiiiiiiiiiiiiiiniimini iririliinilllllllllllllllillllillliillllilllllllllllllllHIIlli
i

i| l
t;t*

Blr'n'r^fTT'TT *

i

!

r
: ' :

r n" f fl /'I'fll' 1
1

' ' PIP 'P
I' T

"

'/
"

' :: :,|; i:;i |

:

!

:::|il:|ll r M i

q it I
~\r "7 T'

JT o
linn in

.

^ I'M '' r'l
'

i

'

^4 " " M J
1 ii

io
in'
- in- mil nil ' i

ni'i |^y'f
,4T^i

fT'f'T' Y"\ it
j

\."' k^ "!""
"ll'n 'Hll 11

—

4 44* *u* tf- 44- *

CVJ

•—

_, ....

isTEE _ o
Jil III ill ill

llli
II Illl _. o

I
9
1 J 7 J« . J 7

-n - -

L

U

Oh

U

0)

M
cd

i—

i

CD

Cfi

^5

CD

s
<

Nl
CM

CD

U

• i-i

h

97



I

CO

CO

u

u

a.

o

.—I

<D

Cfi

ft

2

ft

CO

bO

98



CD IU h- < *-i Z O IU OIE UJ Id CO

Pi

o

tn

0)

o

00

<u

Pi

0)

pi

A

CD

u

60

99



CDLU|— < t-iZ QLlIOCEuJUJCO

IE o
H A
UJ en

O-c

oO CO
in -l M

<D

< 2 a. uj cr \ u. tr lu 3 M z \ : o

... - * .:.. ....

J

ji i

i
i _ ...

:!:: ; .;::

JJ I! I

:iii

rriir:"

CO CO CO CO CO CO CO

rtPl tt-ttn !!:. ... ' •
ffli-F

ffljli+ii

.

in ii ,.u| 1 T i

|||

' .J.i ..

HOP

5

5

MHOS/

9

KM

10

K(

20

K<

30

K<

60

K(

100

K(

150

Kl

200

K< L
... .,,....

,

,

...,
i

•
11 in;

i

_.L__ - - o
r

TTTliT
+}---

ft! tit;
if

v :t
fj-F ;T

:::II II II II II II II~
II

"

5 Q x
';t;*tI

::

Uul- ] P T' Tt4 ;;
Tfnt

fflO LU Ld UJ UJ UJ UJ LJ |--1
i

-

U_ Ll Li_ Ll. Lj_ U. li.

1

J

"ii
i

:

Till -U
,

lijffl

5 Ji
jjjjj

1

tt- rf-t"

"
it lllill

tr rmr
'

J_
i

T" f ljttlfl_
in i

i

i. ii•

TIT FT ... T,i
|fff-r-

.uJ ii
it it IE ^

X
+X-- Ir±__

'

1

iiii-i J it
|-

tt " ±
|

'

i

:1 J->...

J
1

U|

:::
.... •t- T |'|1 f-i- •;;;

—.... .... .......
1

--
[',

1; Ill i

~ --: ....

; xt 44-1 --
.!.. it±±- __^.~ !.. . .!!!

1

!.-,.

.;.. f-
ft t'M [t[. -f tiff -,,(!£ +

uj mi r\
I; :;; ;;:: it~~ .: .:.

r ....

jj'l

Jilt* 1 MM
1

i

. .S3! J' II'

;;;[

"ft

Ii: ....

, 1 Ju 1:1L

|j|
all. 4b. 4fi *u| r .4. : - *- 14+ a

—

- +I""
--

*- BBr* *r b*~*+*~ 1 -f B(+
tttt" f- *trr

Pit
TT-

—
*itr T it

—

—
ffil

Tilt
J --

i

n
b4 il l

1!

Ill
!

! Ii, lllll ill

" o
it ii III

ll|l|
ill

u
o
1

a

o
>

ff .

u
1

<"

o
- ~ - . -

'o

" « J * -

"o

U

ft

O

L0

(tj

i—

H

cu

en

Ph

Pi

2

CD

3

£

ID

rg
fM

CD

U

CUO
•H

100



m ui 1- < *-< Z OuJOCELULU CO i

i^T l !

..J...I. .1J.._L.
•i

'

j
]

:;'
: :i--

: -

f*
1

- -

-_J.- _ -—
a

|
c

% " 3

e T" '

|

70!
. ..j...

-I-]:
c

• ! - •--
4t :

--

_^_ 'ill

Iftiiii
.;
+
4

:-:;;ljiij
4 a o! I

:'

!
!• X, \

rHl '"li"

a
!l:c

:

1

1

:

:

:

;

ijj jilj

|

ill |
11

ll|l jlil IJ! jlll X .....

XX
'

4 !

i*s<

+
'

D j O
a' i

a > | «

© !

©

i

;

1 i

r-

'"l ;:;; !!] |j|j ill!
IT

:

::
'

_._

>

i

ft,
-„i

—

%
f 1'

*,
": r

'

... . :_

1 . I

1

1

i
ii

ilfr
... __

: 4

1

(

1

...:|...

i

W; liigi

\

-7
:ii

i. .

I;;:l

...j.... _
"i""i

' r"

|
5

~:\

t
"*

X
Sid'

"

KX
; >

rV
'

sjfl
q o
o !

'

"TO ~<S"

*
--

1 1

l:.i_;

(

*

X
X

i
%

. .1

:

!

i

1

h'
:~- iiii - •- iili -

ii
:-.J.

"

.. j... '
"

K 5
\

*ii

~~4
> >

-TtTir «-•

o »
up

<

iipil :::! :

u r-
if;

\

--J--
1 1

— 4- --

!•
Hp*xl-**

X T

^
1̂st

] e
a

<

o » 1'..:
4^:~

(

i—|—
. 1

1 - —— 1

~T"
_

1

-4-
1
fi

X

» *• -rt-

f— lffl~<
4 1 a 3 C

(

— !

1 _ 1

. — © o
ig * :noir
ad <

rr ||
:.:

c

? W CO CO (/> CO CO tO

OTS W\\\\\
— (iz, uooaoou
J X *: X X X X X

O s 2 ooooooo
x ^ _ -Niowomo

— ^ Od

... :_ - "_ — 1

1

—
i

_.J..._"- « 00 «
'«"0©'« -1

c

1

1

' x"*
j-X it + • a« j

i

1 :::

.1 .

H M :::

i
:.;

j

1> 11 II
<

c?„ O © D « + *X
;-- ... s

c

g O O O « + *X . .. jlli
ii

S a s

>': :i
:

: > r* ltd 1 1>
! !

! 1 i
1 lill

r

li! 141

:::: ::::

-

i:!

It-li <«<.IH
> C> C> c> c> cs o o it

in

UJ

O
X

1- in
LJ

O-J

S3
<D

S£ +J

0)
Z

e
O
°UJ rd
O U
z rt
< aH
CO ^

Oq o
O m

< S 0. LU CC \ U. CC LU 3 " z • \ s o
j.O

WAVE

HOP

1

COND

=

5

MHOS/M

HT

=

100

KM

FREQ

1
=

10

KC/S

FREO

2
=

20

KC/S

FREQ

3
=

30

KC/S

FREO

4
=

60

KC/S

FREQ

5
=

100

KC/S

FREQ

6
=

1

50

KC/S

1 Ii II!

1 m 'II mi
'II' III W %

I' I r ||| <
| y -

'

' Z A< L-'
;c*3 ,/ HI IJfn

ill'
^ z?
T+»?!_ ii I'l >

iC ""

1
II' 1

1

1Z-Z-
--- •**• ^-.n^-^ TnTTTT

""
1

*" 4+t- •U LhL_„ o

o --- .4 •w
IT"
JW

||j
JJ+ roffi"

1 f 411, III 4pf 4-— -4 -• ffiff----

'III'
1 ! 4

-^••u- Jit 4|! i
. 1 I-.4 r"

II --- tHt TnTTTT"
4^- -— +, -i >— —

n o
o

o ---
—3 itT fflffl"

•a- ill laTTT
1 o

UJ d SI |l||-jitJii*¥ X TTTT
1~^ ^ ' U-'m

J—

_

"j

i-

3
f\

Itjt-
»«.*.

,;,§
A-\-* •h-

5^
jf-

-r
i

JIU-i~+-»» 2 *ZZZZZ'Z

TT~
•'--

:ni ,,.,

fH
j 4"
4- -rt i. il,

4 -4-
't'T' T 1

"

— ~5»
-

^f*^'T

v* o
~ a

i— "^

Tr .....

TT" ---Iii .i.l

.

*^;rjt
-4f^^ Ji

1

j
B ,i+*-^H

„
it:

1

Blttt'-T
i'IH" "il""

I

1

'

Ii II ffttJf'--
,.!)., "ii -¥ IHi. iM tr ;? ii»

,
o

J....L 1. M ...:.. '1
|,l Ii!

| -*i- yr- **
tt*»"

•" j-
1

1

1
,

, I

o

tj L'""
...... ••*

rPnf "T
r^- tm |||ml 'J&t

**
i»*"

44
"Hi

"

TC"
— —" -

:::.. ^r^j"fa
»^*: 1,

ILL.

.

. ..i. ,,,, It III
i ^Sr* , , ii

I illl III

tFF • .

t

:i; :"!!
:

l
• —fm

....

••It

f
jtft'rT —EI *-

'
''

„ j TlV
1ii • . i... ..}.

V M
^-p.-LU-..-

rrH
Lit

ill

'" .... i i.

.

o

;z ;^;~~-~
Llli:

o—
itujz^

w ~r~Zi
_|_ M. j!'

.1 ti- J.*

1 ::r
s^it r~ Tut

-"7"i4*
i

,

!

-"
"I* 1

lt ; !f4 «. II

i
^"^lir^rhrrSt5 :

Hr v^- 1-u
"t*
nm

...,
:t" f4 ii*

---4- - *-• o
iL, :.. . ..... ..... ....!

Ull X tSK i!l*tl I'll iili. 4 iji tt- ... .4 ill. -4^-jH 1-
o

tctr .'.

~~~.
[!"'" -*#

|

1 ii"" j{*
~~

H~i •

""JU'fj vT'd—1—pi
4- - B j*4- •*r

in
TT' ~a~ -.

-L.,

—

-™ .._ LL
I

! ,.,

ttIt^*'i r~
—

'-m
I-- - 1

"

"' ~r •
1

'
!

- h

--iffi -n- •+*r
1 1

ill iii! iii

;

H*4-r* k'm TT _
II 1

I
1

1 ±i i i

.. II
i illl 1

o
in mi mi i

1 INI I'll ilil J Illl :._jlffi ill ,J" , jirtU Illl Illl Illl Illl --ii III ill ill Hi nil ttt Illl Illl Illl ^-4lT lill H i Hi II
Illl 1 -ZZ8

?
c

w
o
'c
-• b" 'o

Wo

GO

•—

i

<U

CO

a

X

2

(X

<!

u

101



03 UJ K < oujoq: uj uj to

uj (r \ u. o: ui o
H —W")1

''!
'1 :

"H^H'WIM 1 1 1 1

1

_ j i'i
IIIHJIIIIJH IIIIIIIIIHIIIIIllltlllllllllllll Iti III!

— * <D

uj in co in (O o

5 \ \ \\\'
\ UUUUUl„mS x x *: x x :

1 (0

c :* MM L
- O

~o *
X o o o o o <

*20 -NIOIDOU

II II II II II 1

£ II II

S ZX OOOOOC
O UJ UJ UJ UJ UJ L

O X X X Q_ X G

U_ U. U_ U. U_ I

If
II 1 ll 1

ll
' 111111111 1 in"

- o

1 II

v'\" ""

r

1

'

P"
' "H ' Pi jKlllirHllJJl'T ' 1 II ill LL:

:
. H !!

iH——— " "'' b*jKjff]|ji|f[]jyf'
;
J
'"^tffl 1

r
''

"
1

1' il ii
1

1

i
l

ij.
L ———L — " O

III i
1 . II

Ja.J
;,| JJK^$|tiSjtfHiTl

1 1

' -
1

i T ' 1
'1 mH

- tr

1- U. N'""'"''' r ''"'" J

"! i ".I r.h; Li'liXliliJll
t-

-
1 ll lllll 1

1 1 1 II
| IMP HI III 1 1 1

1

—

OS
- °.J

t-l

r fr: -*

ri

T'p'
'!

''

""'.Ll!rill
1

lXX..|.I.. If/// .-)- . .... .

i'i
1

h 1 1
'

1
11 IIIn i

"

—
fll

1

1'"T"rx"r iP 1

"- | llililllllllllllll lllljlllil 1 — - Suj
if! 1'

If!
11

....... -14' 1 r ll
' 1 <

rt r
[!'

(J ...1,..,) ..,-

^litt
1

4-4-i}iyii||M ij 1 1 - - - ^miHtM-'-P- Nil P - mtxIllrfi i 1fill iii' i lliti
in

I M
'

' r "'
'! I I

. Mi '

i

•'< \
' ' 2°11 ' 1 '

Sfifcii -14-Ujili ij!' - -
l-j-'flli if " TTT"'" ''nntMltl I

o

I

II
.....:.,!

:|..|..|. . .
1.

.
1 ...1 ::.l'!.

; Li. Uh 1

L; ;!'! [j
o

| n I J 1 J .<

n' X. ....ll, XXx : I

Ih
o

Illlllllllllllll III Illlllllllllllll
1 , MM .1

. lllllll lil III Illlllllllllllll lllllllllllllllllllllll Mill -g
3
sj J J «

c
ly " J . J J J

i

'o

vo

a

o

CO

oo

U

u
n5

u
o
<4H

0)

CO.

GO

i—

i

<L>

CO

rt

rC

Tl

cu

3

ft

s

ro
fM

<U

u

ojO
•H

102



ID Ul h < ' >-* Z O UJ O CC LJ UJ

o

in

ft

u
o

m
CD.

M
i—

i

0)

ft

G

X
3

2

00

&0

103



-• -
nSj*

1

" 1 jp .... .. ....

'

.... . IMff •
- • ..: :::: .:.

,.,

1:1
rr-o

WAVE

HOP

4

COND

=

5

MHOS/M

H
T

=

10

KM

FREQ

1

=

1

KC/S

FREO

2

=

20

KC/S

FREO

3

=

30

KC/S

FREO

4

=

60

KC/S

FREQ

5

=

100

KC/S

FREO

6

=

1
50

KC/S

.... .... ..i

• ... ... ....

i

....

n

x '
i

o
o '-'- _ ;

1

1

—

._ .... ... ..

o --- -*-p

—

-

~T.z ::::::

.....

... .... 1-
II

^
, , o

o .

r Tl ~:: - cr

J_ .: . ...

/
i

... .... |Iii_LLL J_L — -
UJ

. - o -=
.

'--
jjjlju

'

ij
Ttft" 1 "h

j pi
-tt

- y"l

:::: :::. : x_ .3 *:

::::

:::: :;:! ::
.a ~r-
t ::::.::::

' 9lu

:::: :::: :;::e| ;:::: :::::::: :: :::; .;
<j u
z

.i.i ... u <

... -i t f ....
", :l

.... .... ... ....:: . . -- CO

w
::::: .: ;::: ....

.... ...

:::. ::

....

: ;

l-t

d lt--- pi 1. oo
;

:::::

....

i
" o— ; .

~m~
it ±±:::: -^

• :.::;: I
" "

•;:: ;:::

:

'

::;

...

...'. -
,

,

.i.

.

ijjj
§

'...'.
i :. .

,.'.'.

...

.

.... .... .... ...

TTT1 —
l!H

" "
Hit "Ht o

::;:
~:: .::. :: T .::::

~
::::.:

;

- :::.z

o
:::: :

....
, .

.

•
ijjt

... .... • ...

'.'..'. #r'
Ffjif

:::: ::::: :.::.: i II
•

'.'.'.'.

. r: '..'.'.

....

:::: ,X> z H-H

—

h
.::::

i,ll
:::: .:: ;::::: ....... ....

r
...

nil

... . ..

ti
:.:.#- o

o
1n

m
o
l „ « „ „ o

-

'o

•

'o

o

w
en

U
CD

U

u
o

ca

ojO

r-H

cu

Oh

^

i—

i

0)

2

Ph

on

0)

•H

104



CO UJ I— < W a iu is>cc uj uj en

MMtttt

el

o

a
u
o

in

ca

M
ni

i—

i

0)

en

a,

PS

3

a

105







U.S. DEPARTMENT OF COMMERCE
WASHINGTON, D.C. 20230

POSTAGE AND FEES PAID

U.S. DEPARTMENT OF COMMERC

OFFICIAL BUSINESS


