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Turbulence Measurements in a Tidal Current

Alan Thomas Massey

Submitted to the Department of Meteorology on August 21, 1967 in partial
fulfillment of the requirement for the degree of Master of Science,

Abstract

Measurements were made of the component of turbulent velocity along the axis
of a 3-knot tidal current 1,5 meters below the water surface using a ducted
impeller current meter, Values of the one-dimensional energy spectra were
computed on a digital computer at wave numbers from O emrl1 %o 0,157 em~1,
The composite energy spectrum obtained from the individual spectra was of

the =5/3 power law form predicted by the Kolmogoroff hypothesis for wave
mumbers from 0,01 corl to 0,026 cw-l, At higher wave numbers the energy
spectrum decreased more rapidly than predicted because of attemuation of the
turbulent velocity variations caused by the relatively large size of the
current meter, The average variance for the field of turbulence was

5546 em? - sec=2 + 25,0 (standard error) and the average rate of energy dissi-
pationBEy viscosity was estimated using the Kolmogoroff hypothesis as 0,8l cm?
- 86@" ®

Thesis Supervisor: Erik Mollo-Christensen
Title: Professor of Meteorology
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Nomenclature

E(x, t) = three-dimensional energy spectrum function (cm3-sec'2)
E(t) = energy of the turbulence per unit mass (cmz-sec"z)
€ = rate of dissipation of energy by viscosity (cm?'--tseq::'3 )
¢ (K, t) = one-dimemnsional energy spectrum (mB-sec"Z)
K = wave mumber (cu T)
t = time (sec)
u(x) = component of velocity along axis of current relative to boat
(cm-sec"l)
U(x) = velocity of towing along axis of current (cm.-sec"l)
x(t) = distance of advance of the current meter relative to the water
along axis of current (cm)
x! = distance along axis of current relative to chammel buoys (meters)
U (x') = component of curremt along axis (meters-sec™ )
u' (x) = component of turbulent velocity along axis of current;
u(x) = U(x) + u'(x) (cm-see"l)
A x = intervals at which data is spaced; x = kAx, k = 0, #1, *2, ... (cm)
€ = lag (cm)
A f = intervals at which wvalues of the autocovariance series are computed;
DN =nlx,n=1,2, 3 U4 . (cm)
§ , = waximm lag st which a value of the autocovariance series is
computed (cm)
L = length of sample (cm)
= Nyquist wave number (cm"l)
= time from start of run to beginning of ith rotation of impeller (sec)
T = period of rotation of the impeller (sec)

= period of ith rotation of impeller (sec)



X
Ra(k A& ) = apparent autocovariance function (cm®-sec™2)
£,(§ ) = hanning lag function (non-dimensional)
)’h( K ) = haming spectral function; the Fourier transform of rh(f )(cm)
Rm(k Af ) = modified apparent autocovariance funetion (mz-sec"z)
¢ (k) = aliased, modified, one-dimensional energy spectrum; the Fourier
transform of the autocovariance series Rm(kM )(cm3-sec'2)

= velocity of water flowing through current meter (cm-sec'l)

=

= angular velocity of impeller (rad-sec'l)

= diameter of impeller (cm)

= advance diameter ratio; J = uw/( W D)(non-dimensional)
moment of inertia of impeller (gram—cmz)
= calibration coefficient of the current meter (cm)

= resultant driving torque on impeller (dyne-cm)

& B K -« o B
]

= constant component of velocity (cm-sec"l)

= varying component of velocity (cm-sec™T)

constant component of impeller angular velocity (rad-sec™t)

1

€E O L
]

-

= varying component of impeller angular velocity (rad-sec™
= response time (sec)

= response distance (cm)

= kinematic viscosity (cma-sec'l)
density (graml,-tm:"'3 )

= vector position of point in space (em)

™ © C >+
L]

= vector displacement with respect to X (cm)
ui(;, t) = ith component of turbulent velocity (cm—see'l)

R @ ’ t) = covariance tensor; the covariance between the ith component of
turbulent velocity at X and the jth component at % +&  (eulmsec™?)

P ij(g s t) = correlation tensor (non-dimensional)
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dz, (K, t)
¢ﬁ(x, t)
E(t)

B, ;(ry,t)

\1/13( K,t)

E(x, t)
R(§, t)
¢ (x, t)

i~
vector wave number (cm"l)
Fourier transform of the ith component of the turbulent velocity
ui(‘i, t) (em-sec™t)
energy spectrum tensor; Fourier transform of the covariance ten-
sor (cm-sec™2)
total kinetic energy per unit volume of the turbulence (grame
e -sec™2)
one-dimensional energy spectrum tensor; the integral over K2
and K 3 of the emergy spectrum tensor (cmB-sec°2)
scalar wave number; K = l?l (mn"l)
component of wave number corresponding to the direction x1
(taken along the axis of the current)(cm"l)
energy spectrum tensor funetion of the scalar wave number
the average of ¢i:j( K , t) over all directions of the vector
argunent K (cm3-sec"2)
three-dimensional energy spectrum function (cm-sec™2)
one-dimensional covariance function (em*-sec™2)
the Fourier transform

one-dimensional energy spectrum function;
of R(Z, t) (cm3—secf'2)
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Addendum

= wave number at which the maximm in the energy spectrunm is
located (cm™Y)

= wave number at which the maximum in the dissipation spectrum is
located (cm"l)

= angle between axis of current meter and the direction of towing

(desrees )

highest frequency at which the current meter is responsive to

variations in velocity (Hz)
= wave mumber corresponding to fmax(cm'l)
= average value of the instantaneous velocity wu(x) over the interval

A x(m—sec'l)

Fourier transform of the autocorrelation series; ¢am( K ) divided
by the variance R_(0)(cm)
= grror in the ith value of ui(cm-sec'l)

error in the kth value of the autocovariance series (cmz-sec"z)

= variance of the ith sample (cmz-sec'z)
value of the computed energy spectrum for the ith sample (cm3-sec'2)

¢ sam(K) divided by the variance of the ith sample (cm)

= final, constant value of the step function change in the velocity
(cm-sec‘l)

= angular velocity corresponding to u, (ra.d-sec"l)

= initial period of rotation of the impeller (sec)

= final period of rotation of the impeller (sec)
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Introduction
The important problems in the theory of turbulence are: the determination of
the energy spectrum function, E(K, t), and hence the total kinetic energy of
the turbulence, E, and the rate, € , at which the energy is dissipated by vis-
cosity; the change in E(K, t), E and € with decay, A limited amount of theo-
retical predictions are available concerning the form of the energy spectrum
function in the low wave number range of the spectrum, the reason being that the
structure of turbulence in the low wave number range is, in general, inhomogen-
eous, anisotropic and strongly dependent on the mean flow from which the energy
of the turbulence is derived, Such characteristics result in an intractable

theoretical analysis,

The structure of turbulence in the high wave number range of the spectrum, however,
has been hypothesized (Kolmogoroff, 1941) to be homogeneous, isotropic and statis-
cally independent of the mean flow, The Kolmogoroff hypothesis states that at
sufficiently high wave numbers the statistical structure of turbulence has a uni-
versal form and is uniquely determined by the parameters € and ¥ , the kinematic
viscosity, The range of wave numbers for which the preceding is applicable is
known as the universal equilibrium range, Within this range it can be shown
through dimensional analysis that the energy spectrum function can be written as
E(x,t) = e“’x'mF(K/Kd) )

where F(x /Kd ) is a universal function and

= 3)1/4
K (e/v?) .

is the wave number (approximately) at which the maximum in the energy dissipation

spectrum is located,
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Tt has further been hypothesized (Kolmogoroff, 1941) that is there exists within
the equilibrium range of wave mumbers a range (the inertial subrange) where dis-
sipation is negligible then E( K , t) is independent of ¥ and therefore of K d
and consequently F(K/Kd) must be a constant so that, within the inertial subrange,

E(x,t) = K e2/3x-8/3 (3)

The necessary condition for the existence of an inertial subrange of wave numbers
has been shown (Batchelor, 1) to be that the Reynolds number of the turbulence
mist be sufficiently large that the wave mumbers corresponding to the maximum
dissipation of energy and to the maximum energy are considerably separated on the
wave number scale, This condition is satisfied (Grant, Stewart and Moilliet, 2)
in large scale oceanographic flows, wherein the wave numbers corresponding to the
maximm energy are several orders of magnitude smaller than those corresponding
to the maximum dissipation of energy (the wave mmbers corresponding to the
maximum dissipation of energy are of the same order of magnitude for oceanograrhic

turbulence as for laboratory turbulence).

Measurements of the turbulent velocity component parallel to the axis of a tidal
current were made by Grant, Stewart and Moilliet (2) using a hot film anemometer
mounted on the front of a heavy towed body. The instrument was towed from the
research vessel C, N, A, V. Oshawa at a depth of 15 meters in Discovery Passage,
adjacent to Vancouver Island, One-dimensional energy specira were found from
samples of the data using analog filtering techniques over the range of wave
numbers from 0,01 em™t to 35 cm"l. The spectra followed the -5/3 power law
predicted by the Kolmogoroff hypothesis from wave mnumbers of around 0,01 et
to cm~Y, thus indicating the extensiveness and importance of the inertial sub-

range in oceanographic turbulence, Similar measurements have been made by Grant
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and Moilliet (3) of the turbulent velocity component perpendicular to the axis
of a tidal current (Discovery Passage south of Cape Madge), Although a calibra-
tion of the hot film anemometer was not obtained the spectra were of the -5/3
power law form when represented on an arbitrary scale, The first set of measure-
ments allowed the energy dissipation spectra to be calculated from which values

of € and hence the universal constant K could be determined,

Additional measurements have been made by Grant and Stewart (5) of the turbulence
spectra in a tidal current (Georgia Straight and Juan De Fuca Straight) near the
water surface in the presence of surface waves and noise, The results of the
previous measurements were used to determine values of € although the energy

dissipation spectra could not be calculated because of the interference,

Complimentary measurements to those of Grant et al were made over the low wave
rumber anisotropic range of the spectrum from approximately 0,01 meters ™ to

2.0 meters ' by Bowden (6) and by Bowden and Howe (i), The instrument used was
an electromagnetic flowmeter, Although the Kolmogoroff hypothesis does not apply
to the low wave mumber range, the spectra obtained from the measurements by
Bowden and Howe were reported to follow a power law similar to that predicted by
the Kolmogoroff hypothesis but with an exponent of the order of -1,3 instead of

~5/3 for wave numbers from approximately 0,001 et to 0,01 cm"l.

Shonting (8, 9, 15, 16) has used a ducted impeller ocean current meter to make

measurements of the particle motions in ocean waves to frequencies of 2,5 Hsz,

The results demonstrated the potential of the current meter for measuring relatively
high frequency and/or wave number oceanographic turbulence, The hot f£ilm anemometer
used previously (2, 3, 5) is a complex instrument requiring considerable electronic

equipment to obtain an output suitable for data analysis, In addition, difficulties
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are encountered in using the hot film anemometer probe at sea because of the corro-
sive and electrolytic properties and the high level of contamination of sea water,
The advantages of the ducted impeller current meter in comparison are simplicity,
sturdiness and reliability, desirable characteristics in an oceanographic instru-
ment; the output of the current meter is of the appropriate form for digital
spectral analysis with respect to wave number, The objects of the measurements
reported herein, then, are to: (1) obtain using the current meter additional
turbulence spectra from a tidal current which can be compared with the spectra
obtained using the hot film anemometer in order to determine the applicability
and/or the limitations of the current meter for measuring oceanographic turbulence;
(2) provide additional experimental confirmation of the Kolmogoroff hypothesis,

Instrumentation
A, Description of Current Meter, The ducted irpeller oceanographic current meter

(figures 1 and 2) consists of a six bladed impeller axially mounted in the center
of a brass cylinder approximately 8,5 cm in diameter and 15 cm long, The impeller
is manufactured of micarta (laminated phenol formaldehyde), The impeller shaft
is terminated at either end with carbide pins which rest in quartz V-bearings
mounted in neoprene; it is supported at either end by three struts spaced 120
degrees apart, A miniature magnet (weighing around 5 grams) is imbedded in the
tip of each blade and a coil is potted with epoxy resin in a housing mounted ex-

ternally on the cylinder,

In operation the instrument is aligned with the water flow which, impinging on the
blades of the impeller, is deflected with a resultant force exerted on the blade
surface causing the impeller to rotate, When a constant angular velocity has been
achieved, the angular velocity is directly proportional to the water cursent over

the specified linear operating range of the instrument; the constant of propor-



5=

tionality is the calibration coefficient, k, for the current meter, The rotation
of the impeller and consequently the passage of the magnets in the tip of each
blade past the coil induces a series of voltage pulses which is transmitted
through two conductor waterproof cable to appropriate recording instrumentation,
The frequency of the pulses generated thus becomes a measure of the water velocity,

The waveform obtained from the current meter is shown in figure 3,

B, Calibration, The current meter was calibrated in a water tank by towing the
instrument at various known, constant velocities and measuring the frequency of
the pulses generated, For the calibration the axis of the current meter was
aligned with the towing direction, The calibration curve is given in figure 5
from which the calibration coefficient, the slope of the calibration curve in

the linear range, was determined as 3,12 cm, Thus

U (cm-secr) = §) (rad-sec™L)(3.12 cm) 1)

Additional tests were performed to determine the variation of the calibration
coefficient with flow direction, For these tests the axis of the current meter
was set at various known angles relative to the towing direction and the fre-
quency output measured at known, constant velocities, The variation of k as a
function of O , the angle between the axis of the current meter and the towing
direction, is shown in figure 6 which indicates that k is given very closely by

k(@) = x(0) cos @ = 3.12 cos § (2)

the largest deviation occurring at wvalues of 6 near /2 and probably caused
by asymmetry in the mounting arrangement, Since the component of velocity

dusdr ot
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in the x direction (taken along the axis of the current meter) is
u= l?ﬂ cos 8 ,

the current meter is sensitive to the component of velocity along the axis and
insensitive to the components perpendicular to the axis, A second calibration
of the current meter was obtained using a low speed wind tunnel (appendix II),
The calibration curve is shown in figure 7. The slope of the straight line is
the same as that obtained from the in-water calibration but the straight line

1 instead of passing through the origin,

intercepts the U axis at 10 cm-sec”
Since the measurements were performed at relatively low wind tumnel velocities,
the difference is attributed to error in measuring the low velocities with a
pitot static probe, The correct value of the calibration coefficient is assumed

to be the in-water wvalue,

C. Response to Accelerated Flow, The current meter has been used (Shonting,

8, 9, 15, 16) previously to make measurements of the particle motions in ocean
waves, For those measurements the mean water velocity was zero or near zero,
Under such conditions it was determined through wind tunnel and in-water tests
(8, 22) that the response time of the current meter for a step function change
in water velocity is of the order of 50-70 milliseconds, In making the turbu-
lence measurements reported herein, however, a towing velocity of approximately
OO em-sec™t was superimposed on the turbulent velocity field. Therefore it was
necessary to determine the response of the current meter to a step function
change in velocity superimposed on a mean velocity. Wind tunnel measurements of
the response time of the current meter are described in appendix II, It was
found that the response time for a relatively small step function change in water
velocity varies inversely with the mean velocity such that the product of the

response time and the mean velocity (the response distance) is a constant with
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a value of 0,97 cm, The frequency response of the instrument is determined
by the response time; the instrument is insensitive to variations in velocity

occurring at frequencies greater than

l
fmax =< 5ot N2 (3)

Assuming that Taylor's hypothesis is applicable, that is,

($9)? = U (50"

X ()
this corresponds to a wave number of
Kmax =< gz K° 2nf/U ()
which, from the previous measurements of response time, is
Kmax << ~ = 1.03cm™
max N - 6)

Thus the current meter had the capability for measuring turbulence over the
constant range of wave numbers from O to 0,103 cm'l, regardless of the mean
velocity superimposed on the turbulent field by towing (actually the value

given for K is optimistic because of the size of the current meter

max
-1

-15 cm long; a more reasonable value is of the order of 1/150 em = 0,0068 cm ),

Since spectral analysis of turbulence is more correctly performed with respect

to wave number than frequency, this is an important result.

D, Sensitivity. The lowest water velocity sufficient to maintain a constant
angular velocity of the impeller is of the order of 5 to 7 cm—sec"l. No
measurements were made to determine the sensitivity of the current meter as a

function of welocity but typical commercially aveilable turbine flow meters
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have sensitivities equal to #0,25% or less of the mean velocity, If the per-
formance of the ducted impeller current meter is assumed equal to that of
commercial flow meters, it has a sensitivity of #1 cm-sec™ at a mean velocity

of Loo cm-sec.l.

E, Output, From the calibration coefficient the distance required for the
current meter to advance relative to the water in order for the impeller to

complete one rotation is
2w K = (6.28)(3.12 em) = 19,61 en

The output of the current meter is six pulses per rotation or 6 pulses 19,61 cm
= 0,306 pulses per cm advance, In practice the output of the current meter was
modified using a Schmidt trigger-binomial counter circuit in a divide-by-six
mode to obtain one pulse instead of six per rotation of the impeller, This was
found necessary because of the approximately +10% variation in angular spacing
between adjacent impeller blades, which otherwise would have resulted in a noise
level (measureable) corresponding to variations in velocity +4O cm-sec-l, The

practical output of the current meter is 1/19,61 em = 0,051 pulses per cm advance,

The recorded data consists of successive periods per rotation of the impeller;
corresponding values of the water velocity can be computed using the calibration

coefficient:
u; = 2wk/Tj; i=0,1, 2, -

u, is the average value of the instantaneous velocity u(x) over the interval

of time T Since a mean velocity is superimposed on the turbulent velocity

i LJ
component,



T = 19,61 cm = Ui T:L + u'i Ti

Ui Ti is the distance relative to the water which the current meter had advanced

in the interval Ti' Hence if u'i is negligible compared to Ui, the values uy
are obtained at distances x, approxinmately equally spaced at intervals of
x = 19,61 cm, regardless of the mean velocity., The error in assuming the data
is equally spaced is of the order of #u' /U, = #10/L00 = *2,5% for the measure-
ments reported herein, which is not greater than the existing ambiguity in
corresponding the values uy with the series of times
i+l
ty = 2 Tj
=0

Such equally spaced data is of the appropriate form for digital spectral analysis

with respect to wave number,

F, Aliasing, A discussion of the problem of aliasing is given by Blackman and
Tukey (17) (see appendix IV also) wherein it is shown that if there is significant
contributions to the energy from velocity variations occuring at wave numbers
greater than the Nyquist wave nmumber given by

K, = L . —2 8)
N sampling interval AXx

then the computed energy spectrum is in error at all wave mumbers, The Nyquist
wave number for the data obtained from the current meter is MW /19,61 cm =

0,157 em™L,
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The equally spaced values of velocity can be considered to result from sampling

the average velocity

Xfi‘;')‘(
a=z51 woydx'
aY (9)
=7

at intervals of Ax. Equation (9) can be written as a centered moving average:

[~
J/x)=fﬂ(x’)4{x-x’)c/x‘ (10)
-0

h
wnere —‘- _AX 4 X é A)(

DY 2 < 2
hix) - (11)

O, otherwise

If the Fourier transform of u(x) is dZ( X ) and that of u(x) is dZ( ¥ )

(appendix II) then, applying the convolution theorem,

(12)

zax)
Fa

Hiny= =H

714:)() <
2

d2 (x)

The quantity

HOX

2

HoY \ =
2

Sin’t

is the Fourier transform of h(x) and operates on the energy spectrum as a low
pass filter. Variations in velocity occuring at wave numbers greater than around
o / Dx = 0,157 cm-:L are strongly attenuated. Since this value is equal to the
Nyquist wave number, and since velocity variations at wave numbers greater than
about 0,007 cm™! (section C) can be expected to be attenuated because of the

dimensions of the current meter, aliasing is not considered a problem,



Field Observations

Figure 8 is a section of C, & G, S, chart no, 353 showing the area within which
measurements were made, The area is located in the Sakonnet River between the
north end of Aquidneck Island and Tiverton, R, I, The area indicated on the
chart as station I is formed from stone breakwaters projecting from the island
and the mainland, The tidal current at station I is given in table I which was
constructed from information given in the tide and current tables (20).

Table I
Time with respect to high Current at station I
tide at Newport, R, I,
High tide 1,7 knots South
1 hour after 26 0 "
2 1] n 3.0 " i
3 u n 2.2 " %]
L » " 1,2 v "
5" " 1.1 knots North
6 n n - 8ee Note
7 @ u - n "
g n n - " u
9 n - n n
10 *» " 2,3 knots North
i n n 2,0 knots South
12" " 1,0 *® n

Note: The current during this time interval is unpredictable and can change
rapidly from North to South or from South to North and can be as mmch as 3,0
knots in either direction,

Measurements were made on L November 1966 from 1300 hours to 1400 hours, The
time of high tide at Newport was given as 1130 hours and therefore measurements

were made during the interval when the current was a maximum of 3,0 knots South,

The width of the chammel at station I is approximately 116 meters and the depth
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6,7 meters, North of station I the depth is 18,6 meters and in the area from
station I to station II, 800 meters South of I, the depth varies from around
10 to 20 meters, with a width of the order of 400 meters, The width Reynolds

number at station I is approximately 1.3 x 108.

Figures 9, 10 and 11 show the method of mounting the current meter on the bow

of the boat, a U,S, Naval Underwater Weapons Station T4 £t OAL torpedo retriever,
Brackets were fabricated to support the mounting strut, an 11 1/2 ft long sec-
tion of 1 1/2 nominal size steel pipe to the lower end of which was clamped a

3 £t length of 3/6" x 3" steel bar stock, along the bow, When in position the
lower end of the strut extended approximately 1 1/2 meters below the surface of
the water, The current meter was affixed to the end of the strut in a horizon-
tal position; the clamping arrangement allowed the bar stock to be rotated so
that the axis of the current meter could be aligned with the centerline of the
boat,

The current meter output was recorded on FM magnetic tape at 30 inches/sec on

a Precision Instrument PI-2100 recorder, It was necessary to include an atten-
uator in the circuit to reduce the signal level 8 db to an appropriate level for
the recorder, A gasoline engine driven 115 VAC generator followed by a Sorensen

voltage regulator was used to supply power to the recorder,

The original intention was to proceed against the current from station II to
station I along the centerline of the channel at as slow a velocity as possible
in order to obtain the maximum amount of data with a minimum change in position
or downstream distance from the chanmnel buoys, The ideal technique would have
been to tow the instrument at a velocity equal to that of the current, The

first run showed that this was impracticable as it was impossible to control the
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boat in the turbulence at such low velocities, The remaining runs were made

at a velocity of L meters-sec T relative to the water; the engine RPM was
maintained constant throughout, A typical run consisted of steaming against
and along the center of the current from the vicinity of station II to station
I, Four runs were made proceeding with the current and four against (including
the first, the data from which was not analyzed), On each run the instant when

the boat passed between the channel buoys was observed and recorded,

A light southerly breeze prevailed during the time measurements were made; sur-
face waves were limited to wave heights of a few centimeters and therefore no
wave particle motions should have been recorded although the current meter was

only 1 1/2 meters below the water surface,

Data Analysis
A, Analog to Digital Conversion, The data analysis follws the procedure given

by Blackman and Tukey (17); the equations used are derived in appendix II for
reference, Figure 12 is a block diagram indicating the process involved in
obtaining data in digital form appropriate for computer analysis, The original
data was recorded on 1/2 inch magnetic tape at 30 inches-sec™ and has the wave-
form shown in figure 3 (top trace), It was reproduced at 30 :inches-sec"I, ampli-
fied 10 db and modified using a Schmidt trigger so that the waveform was as shown
in figure ¥ (lower trace), A binomial counter was used to divide the original
frequency by six thus resulting in the square wave shown in figure 4 (lower trace),
where one cycle of the square wave corresponds to one rotation of the impeller or
19,61 cm advance of the current meter through the water, The average frequency

of the original data was (at 30 inches-sec ) 120 Hz and that of the modified data
20 Hz, The modified data was recorded on 1 inch FM magnetic tape at 30 inches-sec >

on an Ampex FR-1100 recorder,
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The square wave data was converted using a Honeywell analog to digital converter

to digital data at a conversion rate of 2500 counts-sec™t and recorded on digital

magnetic tape, The reproduce speed was 7 1/2 inches-sec so that the average
frequency of the square wave was 5 Bz and therefore the number of counts per square
wave cycle was approximately 500, The maximum error in determining the period

of one square wave cycle is +1 count or approximately +0,2#., At an average towing

velocity of 40O ca-sec™t

cm-see"l.

this error corresponds to variations in velocity of +0,5

B, Computation of Auto Covariance Series and Energy Spectra, The data process-

ing was performed on the NUWS CDC 3200 digital computer, The FORTRAN programs
are included (appendix III) for reference, The following were determined for
every run and for i =1, 2, 3, +s.y N = number of square wave cycles in run:
1., the time t; from the start of the run (taken to be the start of the
digital recording) to the completion of the ith cycle
2. the period Ti of the ith cycle from

Ti=ty =%, (1)

3, the wvelocity for the ith cycle using the calibration coefficient

Yy
uj = 2wk/T; (2)
The u; were assumed equally spaced at intervals of 19,61 cm, Each run was
divided into samples of 500 values of velocity per sample; a computer printout
of all of the digitized velocity data was obtained, Examination of the data
revealed that all except 7 of the 49 samples contained several obviously erron-
eous points, A section from the printout (Run No, 2, Sample No, 3) is given
in table II which shows a typical series of values containing erroneous points,

which are indicated,
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Table II
Square Wave Cycle No. Velocity (cm—sec-l)
1010 341.6
1011 339.8
1012 339.8
1013 338.1
1014 339.2
1015 406, 8%
1016 340.4
1017 338.1
1018 342,2
1019 343.4
1020 411,9%
1021 340.4
1022 340.4
1023 405,1%

The values of erroneous points were replaced with the values of the immediately

preceding points.

For each sample a straight line was fitted through the data by the least squares

method (18):

Un) = U o+ aX (3)
where Ub and a were computed from
So0 Sop S0 Soo
?
}: szak - Zxkz Xl
U - = K= < =
O So00 $oo 2 (h)
S$00 o Z
PRy
K=1 k=1
So0 Soo Soo (5)
500) Nt~ ) % Z 4
a = kel Kel _KZ) -
2
S00) X' - [ i"k]
k= k=1

Xe =Kkox = |46l k; k=h2,.--,n=s00
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The mean velocity and the trend in the data were eliminated:

/
“

) é/k-(u,,+al<ax)

(6)

(0, + 19.¢1 a k)

The apparent autocovariance series was computed at lags equally spaced at in-
tervals of A§= Ax = 19,61 cm to a maximum lag of m Ax = 50Ax = (50)(19.61 cm)
= 980,5 cm using equation (33), appendix IV,

20~
Ralkos) = g ) u'lgax) e’ [cark)ox]
71

Soo-IK 7
/

J.DO"/( prmy ai ai*/{

for k =0, 1, 2, 3, ..., 50. The apparent autocovariance series was modified

|

according to hanning (equation (34), appendix IV):

I aT
$(1eeos T L keso
R, (koy) =Ry (kok) (8)
O , otherwise
The Fourier transform of the modified autocovariance series was computed at
values of wave number ) equally spaced at intervals of DY = T/50 Ax =
0.00320 et from equation (38), appendix IV.
Fp (1eM) = &, @Ax )
14, él

T [22 @SM R, (kog) +R., (0)+ @9 R UMEB}

(9)
Z 9 =06
T - ? L )
‘L l ,o-‘w\efu)“e

Values of the computed energy spectrum were obtained for wave numbers up to the

uist wave number M. = 0.157 cm—l; the values are referred to positive wave
4 N
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numbers only. The values of the computed energy spectrum function were divided

by the sample variance:

/ _ qﬂo"m CQM)
qﬂam(ib){) ] % 3 [p) (10)

C. Location of Samples. From the original data and the computer printout of
the digitized velocity data were determined:

729 = time from the start of the run to the instant the boat passed

between the channel buoys (sec);

Ma = the number of impeller rotations from the start of the run to
time to;

’é@ = time from the start of the run to the start of the kth sample;

/| = the number of impeller rotations from the start of the run to time

by

If the average current from t_ to tk is Uc (meters—sec'l) then the position

0
of the kth sample relative to the channel buoys is

Xk [me-éers) = Uc (—ék '"éo) + 0.19¢ /[Vlk -, ) .

Accurate measurements of U over the distance between stations I and II were not
c

available. However a large error in Uc does not result in a corresponding large

error in xk; for

- WN,-1e
%k_é" ~ K
U
= NG
Thus //-—Z— (Ne-1,)

o146/
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x £ (n,-n)0.1961) [1 + Uclh] 3

Ax,  Av s
X, 1+0/

If a value of 1/2 the current through station I is used for U, and if this
value is in error by + 50% then

A +
-—ixloo% -]-.-'19-’5-&/-‘; x 1008 = + 8,48, + 12,5%
T z0.

Table III gives the positions of the samples relative to the channel buoys as
determined from

X = 0.8 (8, - t)) + 0961 (N~ N )

o

and are assumed to be correct to within around 10%.

Results and Discussion

Figures 13 through 17 are graphs of the digitized velocity data for several typical
samples, The mean velocity is superimposed on the u'i and the least squares
straight line used to eliminate the mean and trend is indicated, The autocovar-
iance series corresponding to the samples are shown in figures 18 through 22,
Thirty seven useful samples were obtained from seven runs, It is not necessary

to show the autocovariance series and energy spectra for the individual samples;
the autocovariance series shown in figures 18 through 22 and the energy spectra
given in figures 23 through 27 are representative of the results, The resulis
from the 37 samples are tabulated numerically in appendix V, The values of the
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Table III

Positions of Samples

Run No, Sample No, Downstream distance of Center of Sample from
Chamnel Buoys (meters)

-164
- U
73
181
308
427
5kl
661
300
305
229
152
75
- 70
50
168
286
Lol
523
-218
- 95
26
L6
226
386
Lk3
116
338
260
183
105
~112
7
126
215
36U
L4182
38
116
1k
272
350
;28
507

N OWVEWNROHFOMEFWNFEOMEWND HOVIEWNRD R OVIEW N HVUVIEWN H o~ AFLEWN -
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energy spectra have been divided by the corresponding sample variances pre-
vious to being plotted. Before proceeding to a discussion of the results it
is appropriate to consider the deficiencies in the data and/or measurements

which are apparent in the autocovariance series and the energy spectra.

A, Noise. The energy spectra do not continue to decrease for wave numbers
greater than around ,ﬂ = 0,06 cm'l as expected but approach a constant value of
the order of 4%”’01) = 20 cmP-sec™2 s with considerable variation among samples,
This can be shown to result from random error in the digitized velocity data. If
for a sample consisting of N equally spaced values of velocity the error which
the ith value, u{, is subject to is ei then the corresponding error in the

kth value of the autocovariance series is

N-I¢ IN-{c
= - ' +e. . R /o
o NS [J 6’][”/*" e/*’f] Nk = 4G U
N-K N-K N=-IK
— __l_—- ) ! _l___ : . z
- N-RL ”j”jm +\H<Z “j Citk TNk ua+l< Y@
o N-kk J N-
s | s }: _—
f N“‘Z QJ ej+\< N-l¢ 4= uJ 4+
Jst =
N-K N-K N-
. ~ 1 . Z
Rew - N-kz Ui€is ¥ N um” nr S Gk @
G j=!

Since the e, are assumed random, statistically independent variables, the u3

and the e , | are uncorrelifed, as are the u3 + Kk 1?d the eje Therefore

| ]

N-le ZU er N-\L J+|<eJ e (3)
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In addition, the eJ are uncorrelated with the ej + k unless k = O, Then
N
N-K I
we have L pA
=413 N-Ik / ) A T 3=l
J= o o-therwise
N (%)
RIR&®) + Ry, = '—Z 'y ’ el
& TON-RET M TN koj-: J
where
l) ‘( =0

S

ko ° ) o otherwise

?
This demonstrates that the presence of random error in the digitized velocity
data has an effect on only the value of the autocovariance series at k = O
(the variance). The expected form of the autocovariance function for small

values of § is (Batchelor, 1)

2
R(g) = R)(1- T ) A= constant (g

Comparison of this with the autocovariance series given in figures 18 through 22

indicates that the sample variances are larger than expected by around 3 cmz-sec'2.

The Fourier transform of equation (4b) is

?,;(Z [’R(kas) * N Skoieﬁ] Cos % Kok

o )=l

N
_ 4}_’512.1 (6)
—‘@““ L T\\'.[el

J‘.&

19,6/ cw -
:4920() + _77'——— [36:441-5(’6' 2)

The sources of error in the digitized velocity data have been discussed previously:

1. sensitivity of the current meter of *0.25% of mean velocity corresponding

-1
to an error of *1 cm-sec



2. analog to digital conversion rate resulting in an error of +1 cm—sec-'l
The total expected error, then, is of the order of *2 cm-sec'l, which agrees

well with the observed noise levels for the energy spectra.

B. Statistical Variations Among Samples. Figure 28 is a plot of the sample

variance as a function of the estimated downstream distance, x', of the sample
from the channel buoys. Because of the large amount of variation it was not
possible to determine the change in variance with respect to x'. According to

Batchelor (1) the change in variance is

U i le
g Mﬂr

(7)

where A is a number of the order of one and 7@ is the wave number at which
the maximum in the energy spectrum is located. Applying the Taylor hypothesis
this is

Ju* A3 Ne

X B U “ —.—Z—}F (8)

An order of magnitude estimate of the change in variance with respect to x! can
be obtained from this. The average value for the variance for 34 samples is

55,6 cml-sec +25,0 (standard error) (the variances from the third and fourth
samples from run no, 4 and the first sample from run no., 7 were not included in
the average since the values are excessively large, probably caused by non-linear

motion of the boat) and from the energy spectra is 3.2 x 10.3 or less., Then

4

2 %2 -3
Iu (56.¢) “2.2 xI0 -
~ = -4.3 x10 cm - cee " *

Z)T 400 $.28
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For a change in x' of 100 meters (the average sample length) the change in

variance is about 8,3 ozmz--sec"'2

which is not significant compared to the sta-
tistical variations among successive samples, The large variations are attri-
buted to inhomogeneity of the field of turbulence, short sample lengths and non.

linear variations in the towing wvelocity.

A more precise indication of the accuracy of the results is obtained from the

energy spectra, A measure of the accuracy of any computed value of the energy
spectrum is the equivalent number of degrees of freedom of the value (Blackman
and Tukey, 17), The equivalent number of degrees of freedom is approximately

given by

i = —2(sample length)
maximm lag

which for all of the samples is

k= 3(5?8-0-1 = 20 degrees of freedom

The distribution of computed values of the energy spectrum o agl)obfbained from
a large mumber of similar samples having an equivalent number of degrees of
freedom, k, is assumed to be equal to a Chi-Square distribution with k degrees
of freedom, That is

Ik 5, (1)
 @(x)

vhere 6( O() is the value of the energy spectrum function that would be obtained

- ')C)“ (20)

from a sample of infinite length, Using this assumption confidence limits can
be assigned to the computed values of the energy spectrum function, From the

2
tables in reference 18 values of x corresponding to the probabilities of occur-

2
rence of deviations greater than x can be found, For a probability of 0,10 of
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a deviation greater than Z s the value of X for 20 degrees of freedom is
2
28,412, Similarly, for a probability of 0,90 A = 12,413, Thus the prob-
1
ability is 0,80 that the deviation from A is within the interval 12.4)3 to

28,112, or that
Kk e
Lam 00 { 28 .4\

@ (K) B

for k = 20, Then we have 80% confidence that the correct value of the energy

{2,443 £

spectrum function is within the interval

K3, (1) ¢ P & Dy (%)
l-4’7- .62

or that

\ba. &a“‘ 0(-) ~6.152 & \6? PNR) é“’? CQQM(K) +0.208

The 80% confidence limits are indicated on the energy spectrum given in figure 26,
The confidence limits for the other spectra are the same, Examination of the

energy spectra indicates that the 80% confidence limits are reasonably correct,

The predominant characteristic of the spectra is the linear range (on a plot of

log (M) as a function of log X ) extending from wave mumbers of 0,01 et

to 0,06 o

o At larger wave numbers the computed values of c?a .9() are subject
to large error because of the relatively high noise level, Since any actual
variations among the spectra are considered negligible with respect to statistical

variations,a composite spectrum was formed from the individual spectra:

- 2 &; 4 (N
! _ L ! .l Ko,
cpa m()( )= = é“ﬂ.‘ M) , c(?a (R) = (11)
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to determine more certainly the existance of the linear range. The composite
spectrum is shown in figure 32, The effective sample length is 37 times longer
than that of the individual samples and the equivalent number of degrees of
freedom is 740, The 80% confidence limits are indicated on the spectrum.
Several of the individual spectra display secondary maxima at wave numbers

1

ranging from 0,02 ecm — to 0.03 cm.l. This feature, however, is not apparent on

the composite spectrum so no significance is attached to it.

If the approximate noise level, as estimated from the composite spectrum, is taken

Soo
as 19.61 Z 2 3 -2
7> oo C?J' = 20 Cwr -se¢
J=!

and a noise correction applied to the composite spectrum, the result is as shown
in figure 33. Within the range of wave numbers from J{ = 0.0l cm'1 to X =

0.026 cm—l the composite spectrum is of the expected form, viz.

-1 -$/3
€7guv M) ~ A _,

For wave numbers greater than ) = 0,026 cm":L ?;u (. ){) decreases more rapidly
-5

with increasing wave number than ) which reflects attenuation of the higher

wave number variations in velocity because of the size of the current meter. At

/
X =0.0353 emt ?; (%) is 3 db below the -5/3 log Y line.
N

The necessary condition for the existance of the inertial subrange can be stated

precisely as (Batchelor, 1)

Ut \ e

where u is the RMS value of the turbulent velocity and /{ is the length corre-

sponding to the wave number at which the maximum in the energy spectrum is located.



Using the values obtained herein:
1

U X 7.5 cmesec

2 >2,0x10° cm

V= 0,15 enP-sec™t
this is Ul \ e
v = ’74' 7 s

a value sufficiently large that the condition (12) is probably satisfied,

Values of the energy spectrum were not obtained at wave mumbers large emough to
allow calculation of the dissipation spectrum )(2 Jg (4) and subsequently the
[ ]

rate of energy dissipation by viscosity
4]

x 3ou"[)(2fam(u)¢lu

&)
since dissipation occurs at wave numbers of the order of 10 et (Grant, Stewart

and Moilliet, 2), Regardless, if the Kolmogoroff hypothesis is assumed, an

estimate of the average value of £ can be obtained from the spectra using

37
: = , -3 _s/
2) R @@ s gy AT @
j:l

At }( = 0,01 cm'l the average value of the computed energy spectra is
‘pam (X ) = 9.5 x 10° cr-sec™2

It is necessary to have a value for the universal constant K!', If the value
obtained by Grant, et al (2) is used then the average value of K' is 0,47 * 0,02

(standard error), Substituting this value along with the average value of <fa n)
w

into equation (13),

0 2
& = 2415 x 10 3 = 0,840 cm-sec™>
(0.47) (2,2 x 107)
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The result is of the same order of magnitude as the values reported in ref-
erence 2, No attempt has been made to determine € for the individual spectra
because of the statistical variations, The individual spectra would, in general,
yield different values of £ ; because of inhomogeneity of the field of turbu-

lence £ is a function of position as well as time,

Conclusions
1, The ducted impeller current meter, with a constant wave number response

L 40 0,0353 ca*

of from O cm’ , 18 a practical instrument for measuring oceano-
graphic turbulence, The high wave number response is limited by the dimensions
of the current meter instead of the response distance (also constant), measured
as 0,75 cm, The data obtained from the instrument is approximately equally
spaced at intervals of 19,61 cm, resulting in a Nyquist wave number of 0,157 cm"l;
the sampling process further attemates velocity variations at wave numbers
greater than the Nyquist wave number, Since the Nyquist wave number is greater
than the highest wave number at which the current meter is responsive to velocity

variations by a factor of four, aliasing is negligible,

2, The average sample variance is 5546 cm?-sec™? + 25,0 (standard error),
Superficial comparison of the distribution of the values of the energy spectra
with the expected Chi-Square distribution, however, indicated that the variation
is statistical, The variation is attributed primarily to short sample lengths

and inhomogeneity of the field of turbulence,

3. The composite energy spectrum is of the form predicted by the Kolmogoroff

hypothesis within the range of wave numbers from 0,01 et to 0,026 cm'l; at

1

wave numbers greater than 0,026 cm — the energy spectrum decreases more rapidly
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than predicted because of attenuation of the higher wave number velocity varia-
tions, At wave numbers less than 0,01 et the turbulence is assumed aniso-
tropic and inhomogeneous, The maxima in the individual energy spectra are

located at wave numbers less than 0,003 cm"l.

ho The average rate of energy dissipation by viscosity is estimated as

0.8 cmemsec™ .

5. The energy spectra are subject to a high noise level - of the order
of 20 cm-sec 2 - resulting from random error in the digitized velocity data,
The sources of error are an insufficiently high analog to digital conversion
rate and insufficient sensitivity of the current meter combined with a large

towing velocity compared to the variations in velocity,

Planned Research

Two much improved versions of the ducted impeller current meter are presently
being considered for making additional turbulence measurements, The first is
a Braincon Corporation Type 430 Ducted Impeller Current Meter, shown in figures
31 and 32, It is similar to the current meter used herein except that it is
manufactured of type 316 stainless steel instead of brass, has a lighter weight
impeller resulting in a smaller response distance, and has improved bearings
and hence increased sensitivity, The Type L30 current meter has approximately
the same dimensions as the current meter used herein and thus the high wave
mumber response is similarly limited; the estimated useful wave rumber range is

1 1

from O cm™— to 0,04 em —, The primary advantage of the Type L430 current meter

is its sensitivity which is expected to result in a very low noise level,
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The second version is a Cox Instruments Model 12-SCRX turbine flow meter which
has been modified by machining the pipe threads from the body (figures 33 and
34). The modified flow meter is 1,8 cm dia and 8,3 cm long, The advantages
of the Cox unit are its small size, semsitivity (0,1% of mean flow) and simple
disassembly for ball bearing replacement, The estimated wave number response

140 0.1 e L,

range is O cm
It is intended to mount the instruments on 2 £t Braincon "V'-Fins and to tow
the instruments at different depths in the Cape Cod Canal against the L knot
tidal current existing there, Measurements are also planned for the open ocean,
It is expected that much longer samples can be obtained than for the measure-

ments described herein,
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Figure 2. End View of Current Meter



Figure 3. Output of Current Meter (upper trace),
Output of Schmidt Trigger (lower trace)
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Figure 4. Output of Current Meter (upper trace),;
Output of Binomial Counter (lower trace)
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Figure 5
Water Tank Calibration
of Current Meter

Slope = |/2Tk
= 0.0510 rotations/cm
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1.OP o Figure 6
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Variation of Calibration Coefficient with Angle
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Impeller Angular Velocity, Q (RPS)
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Figure 7

Wind Tunnel Calibration
of Current Meter

e = measured values
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Figure 32. End View of Braincon Corp. Type
430 Ducted Impeller Current Meter



Figure 33. 3/4 View of Modified Cox Instruments
Model 12—SCRX Turbine Flow Meter
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Figure 34. End View of Modified Cox Instruments
Model 12—SCRX Turbine Flow Meter
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Figure 36. Instrumentation for Calibration
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Appendix I, Outline of Pertinent Theory
A, Qeneral, For the present analysis the turbulence is assumed to be homo-

geneous and the mean velocity equal to zero, The primary quantity used in

the statistical description of turbulence is the covariance tensor defined by
{
B’ij(;’ X, t) = avg [ui(';, t) uj(;', t)] (1)

where ué(;, t) is the ith turbulent velocity component at the point X and
u (X, t) is the jth component at the point X', If the displacement between
o )
the points x and x! is
§= 3 .X (2)
then because of the assumption of homogeneity the covariance tensor is not a
function of the points X and X' individually but only of the displacement

g (and of 4):
By E, 0 =R (B, 0) - avg [ 0, E, ) nj(;-l-? , )] (3)
since

Rij(°§’ t) ’Ri:j(?’ t)

the covariance tensor is symmetric, The components of the covariance tensor
are the covariances in the usual statistical meaning between the various velocity
components at different points in space, The correlation tensor is the non-

dimensional form of the covariance tensor and is defined by

- R £
pﬁ(g,t)..llli_:_ﬂ_ (14)

1

where Ti and 0';_ are the standard deviations of u, and u 4 Tespectively.

Using the chain rule for differentiation and equation (2) (xi and x', are inde-
pendent variables), differentiation of equation (3) yields



-T1-

) R X, X t) = EQ,.J.(';‘ £) = a\,a[ t(xt)uwm

Contracting the indices i and k and summing and applying the equation of

contimiity for an incompressible fluid, we get

o
I%i

The turbulent velocity components ui(;, t) are homogeneous random functions

Ry (B ,8) =0 (6

of position X and time t and as such do not satisfy the necessary condi-
tions so that the usual Fourier series or integral representations are appli-
cable, It is assumed, however, (1, 7) that the velocity somponents can be
represented as Fourier transforms of otler homogeneous random functions of wave

=

number ) and time:

w )’7' 5-(L
Ui (%) f e dZ, (1, ¢) i
- o0
Since the u, (X, t) are real but not symstric the dZ, (X , t) are symmetric
and complex, Substituting equation (7) into equation (3) gives

Ry =2vg[u; () wGg0)]
i g i (X +%)
- a P =
= avg é Az{(;{}t) € dzj(){,f) (@)

— o0 — o

- ’ -

ol f] 55
/ € JB; (Ht)d?, 0i,%)

ff F X A )
: € e avy. [ C!Z) O:{‘J-t) AZJ (ﬁft)]

n
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ﬂhere dz (}{ t) is the complex con:]ugate of dz, (){ t)s The dZ
Comﬁhtel

(7( s t)y be:mg randon Punctions of ){ , are statistically independent of,

and hence undorrelated with, the cl.Z._j ()(, t) unless X' is equal to A,
is’
'
avg [az; Gr, t) az, (X, £)] =0 it MEX

Therefore equation (8) is

«© . A e
- ?H‘E e e
B ;(¥,¢) = [ e avg [dz:(z, t) dz,0f, t)]

Denoting the Fourier transforn of Ry ¥, t) by .. 66 t) we have
Y

' -k

~ N - I}(.g
R (E, t) = -(Dij O, ) C i
@ij(% t) dy = avg [dz;‘ o, t) az, O, t)]

Conversely

N L R A%
éij ()(,'t) = 8'|T3f/\\7i‘j (?;h)e AS

R, (’g,t)isrea.la.ndsymnetric sothat@ (yT,t) is symmetric and real,

Waen 5 = 0 equation (13) gives K

Biy(0, t) = ave [ u, () uy ()] f@(‘ t) d X

The energy per unit volume of the turbulence is defined as

That

(9)

(10)

(11)

(12)

(13)

()



E(t) = 1/2 0 g4 B;y (0, t) (15)

where gj_,j is the metric tensor for the coordinate system in which the velocity

components and displacements are expresse , Therefore, from equation (11),

Kt) = 1/20 [813 Dyy O +) dx=12pP [@ﬁ,t)di’? (16)
- ob - ov

The quantity 1/2 3> (¥, t), then, represents the contribution to the total

kinetic energy per unit volume of the turbulence from wave mumbers within the
-l b >

interval ) to X+ d ), §ij (;, t) is the energy spectrum tensor,

Functions of a scalar variable ) can be obtained from éi;) O, t) and
D (37, t) by integrating over a spherical surface of radius A (X = ' ')TI ):

\
¥—"J' Uit) - # D ij M) da

S AR "U’#@(ﬁ,{:) da
/

E(), t) is the three-dimensional energy spectrum function and represents the

Y (17)

contribution to the energy from wave numbers within the interval ) to of+d¥,

regardless of direction,

B, Isotropic Turbulence, It can be shown (1, 19) that any second order iso-

tropic tensor must be of the form

?13(;) = A (x) % x; + B (x) gy 5 X = | %]

where g; is the metric tensor, Therefore the covariance and energy spectrum

J



T

tensors for isotropic turbulence can be written as

Ry (5,0 =F(5,0 5, §,+0(5,0),
(16)
By, O 0 =4 O 1) 5t Ay + B OFy 1) gy

F (§ s ¥)y G (8, t), A (X t) and B (X, t) are scalar functions of the
scalar variables g s W and t, The functions F (€ , t) and G (§ , t) are
not independent; differentiating the first of equations (18) gives

2 /R A (gi‘t) =

)
35(« ) qu{\:@’ﬂ‘g"gj + G5t 3%’)’ ]

= F@"‘)[g)'gm v § ka] ’ g'sﬂ?'{) & T
& S

2 3 .
+ 9% G'(E,'t) ?H- %z‘J

Contracting the indices i and k and summing and using equation (6) we obtain

— IF(%,+)
4 F(g,+) +8 T =22 1 G6(A) |8 =0

Equation (20) must be satisfied for all values of g 3 and therefore

IF(R4) \ 96(sr) (21)

3% T3 o% =0

4FE ) + S

Similarly, the functions A ( »( , t) and B (), t) are not independent, The

relation corresponding to the preceding is

#2A0Of ) +BOft) =o (22)



75
In practice measurements are made of the turbulent velocity components parallel
to and perpendicular to a single direction, Assume for convenience that the
x axis coincides with the direction of analysis so that the components of the
one-dimensional covariance tensor

Rij (§ 15 9 O t) = avg [ui(xl, t) uy (xl + El, t)] (23)

and subsequently the one-dimensional energy spectrum function
‘i 7( 1 g !

®ij ()(,,-t) = ::?f/RzJ (g',,O)O,‘E—)G A%,
- o0

(24)

= ffCID,.J(%,,%z,x3)Aylau3

are obtained, Thus from measurements of the velocity component parallel to the

direction of analysis we get

B (F1s 00 0 t>=avg[ﬁ (s 8wy (1 + 80 '°>]
and from measurements of the velocity components perpendicular to the direction
of analysis,

Ryp (%15 05 0, ) = avg [uz (x), #) uwy (4 *+ §ps t)]

By (B 15 05 0, %) = avg [“3 (x), t) uy (x + %5, t)]
From equation (19)
By (g, 0)=F(§,8) 8% +a(5,1)
Ryp (5, 1) =G (%, ) (25)
Ry (3, 0) =0 (%, 0,
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omitting the subscript henceforth, The relationship between R, (B,
and Ry, (8, t) or Ry, (¥, t) is equation (21),

By, (E,t) =R, (¥, +1/2 % ‘;—;-Bu(g,t) (26)
Substituting equations (25) into the first of equations (18), we have

‘&ll(.? s’ t) - 322(§ » t)
-52

The one-dimensional energy spectrum functions corresponding to the measured

B (%, 4) = S 15t Ryl(E, t) gy (2D

covariance functions are then, from equation (24),

* _)‘)(IE/
@:()(’Jt) = j'f—Tf/R"(g'JO)O»*)e d, \
o
. —"){13, (28)
@72 (){'J"l—') = },L—T«f?zz (gc/olof'l’—.)e AS, >
-0
- /
| —I.}{l?/
@, K ,+)= 35| Ry (3,0,00) Jg

The preceding equations and equation (26) give

8,00 0,0 - 1[8.041-1.5, 8.1

The three~dimensional energy spectrum function is related to the energy spectrum

tensor by equations (16) and (17)

E(f, ) =1/2 0 g3y Dyy % v) do (30)
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where the integration is over a spherical surface of radius ){, Since there

is no dependence on direction for isotropic turbulence this gives
E(x, t) =1/2p MT)(2 &y éﬁ 6f, +)
2
= /2P LT 5’ gy [A(z, ©) 2, % + B Oh t)gﬁ] (31)

= - b xha(x, t),

using equations (18) and (22), Therefore

L EOLt 2
Dy, 60 ﬁ OF g3y = 7% 7;) (32)

o i3 (f, t) is the Fourier transform of Rij(% , t) and therefore equation

)'?T;
M fﬂ?,J?zJ (54)e

AKF
) i (5,4) ?z (54) | i
= Mz f[ f 90 [ 2 Jss +Rop(54)Fs0€ &8 51,

(31) can be written as

E(H,t) =

P - A5
= I’/}""[f R Cg)—t) *2Q21(§7t)] ¢ c‘?

oL

~?AE CosP

ff . LS,-t)-l—ZQu_(E,-t)}@ £°d% sincdPdpd®

- od
-

§
s [

77'
o

Sin A%
8

R, G +2R,, (3:‘&)] Sl d?



Substituting equation (26) into this results in

Q0
SmX%

on* il S
EON,E) = p~s [3Q\l(§,{:)+§§%’ﬂn(§,t)] X3 §A§ (33)
o

Integrating by parts changes equation (33) to

Sin Xg

1§

r " 2,2
E+) = ?Ff Ru(E,+) X% —Cosxg)ég (34)
(2]

Recall that the one-dimensional energy spectrum is given by

o

~INE
¢0{“‘:) = @:, (M) = j—ﬂ* ?u(EJ—z‘:) e c’§ (35)
Differentiating with respect to 5,
XA, L) ’ . -iAF
3;{" =.Z——7}’ ’f\)/,(g,-&) (“75)(‘3 c’§

Miltiplying by 1/« and differentiating again,

5 [._ é’_c__ﬂm,f)]
H| N X

A N . —e —3.}{5
- o R0 2 )



[cosng -ssinnz ] ds

= ﬁ ” 2 2 S
77'[']?”(5;&))( 5 ( 7—’;-—@5)(5)&5
(2]

The result is idential to the term on the right side of equation (3L) and hence

we have

EOG t) = P

&
9}([ L ——‘/(’Cf)] (36)

A IH

for the relationship between the three~dimensional energy spectrum and the
measureable one-dimensional energy spectrum, Equation (36) indicates that if
E (A, t) is of the form predicted by the Kolmogoroff hypothesis, that is,

B O t) =K X3
then @ ({, t) is also of this form:
PO, v) =Kkt Y3 553 (37)

The rate at which the energy is dissipated by viscosity is determined from the

Navier-Stokes equation, Reocall that the ith component of the equation at the

oo
point x is

%|Q)

Ui(T,6) = -2 U Ty (Fe) -+ 2 P(E
1 JXI: ; ;f)ak()(n‘:) /DQX‘,'IO(X)%)J'?)VZLC'(Y\)H(BS)
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Similarly the jth component at the point ;' is

5e4 ) o, U, f)%()(,’i) éj)‘(}/;/)(f) oV a/()/, ) 69

Miltiplying the first equation by uj(;', +) and the second by ui(;, t)

and adding the results,
-~ 2— N N
4j(X2) 50Uy () + U,—(v,f)i Uy (T,4)

P U B Ul (), [u)i-(, Y (%)
(40)

Ly oz pre
yz UJ (X’%)JX,- P(Y,+) *%()_(j-é) 'P(X f)]

PO
V| UA)VU (14) U (4T 75{,'(7;‘&)]

Since ; and X' are independent variables,

Using these relationships equation (LO) becomes
S U AT ) (T t) f{[a J0E) Uy (G4) U (T)2)
K
- U T () U (T4

*"“(3[3‘5) »+“5X)Jc)~ P(n)u(x .1:)] (1)

+2 V"og, (X, L)U; (T, 4)



-
The statistical average of this is

@zj (§,) - ——k(avg[u (1)U, (x,Jc)u (7,4)]
-avglu,(d U (7 +)U(H)])

(—’(i aug_[P(XA:)U (4] - Q‘S'au?[(b(f)t)ui(rl {)]) (42)

Rj;j (§ , t) = avg [ui (x, t) uy (;', t)]

by definition, The order of averaging and differentiation have been inter-

changed, Miltiplying by the metric tensor and contracting indeces and evalua-

ting the result at § = 0 gives

(L43)
E-0

The last term on the right side of this equation represents the rate of energy

Lﬁgtg ? )‘k) = {E({) = = +-Lf2vazb?z)(5 "\’,)

dissipation by viscosity:

€)= MGy VR (B -E.)l (1)

-0
From equation (11)

d{

£=0

- _ N 2
TRy (% ’_\:)|§=o_ [ DAY € 1)



and thus

=)

E(¢) :All,%zgz)-@,J.(ﬁ“,f)Jﬁ =l | X°EC4t)dy (46)

Substituting equation (36) into this,

] $2 12 2
€(¢) = /Af% M[% 5 f)]d}( u7)
Integrating by parts, o o
_ 39 - 32 Pt
E) = Sux J}(‘/(}(/—é) 5){]7{ 9}{40[ ) dy
- 32
-2
Integrating by parts again,
oo
é({') = -/5/1/([ 7(2 q9()<) C/}’( (ha)

The quantity 7{2439()() is the one-dimensional energy dissipation spectrum and
gives the contribution to the rate of dissipation of energy by viscosity from
wave numbers within the interval 3 to X + d ).,
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Appendix II, Response of Current Meter to Accelerated Flow
Expressions for the resultant driving torque on the impeller of a current meter
as a function of the geometry of the current meter, impeller angular velocity,
and the velocity of water through the current meter are given by Rubin, Miller
and Fox (11), and by Grey (12), Similar expressions are given by Lang (13) for
the resultant driving torque on a windmilling propeller, If bearing friction
and other torques are assumed negligible the resultant driving torque is of
the form

Kk = cu® £(J) (1)

J = /D) (2)
and ¢ 1s a constant of proportionality and is a function only of the geometry
of the current meter, When the water velocity and the corresponding angular
velocity of the impeller are constant the driving torque is zero so that

£(J) =03 J = J, = constant, (3)
Hence
o =B - % (L)
J D

which gives the calibration coefficient for the current meter,

If the water velocity through the current meter consists of a time varying

component superimposed on a constant component

u= U+ul (5)
where u' is assumed small with respect to U so that the 1ift and drag forces
on the impeller blades are approximately linear, then the equation of motion of

the impeller can be written as

I%—_Ew= K(u,tu)scuzf(J) 6)
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The angular velocity of the impeller also consists of a constant plus a time
varying component :

e = S2 + w /
(7
Since u' is assumed small with respect to U, ¢cv' can also be assumed small
with respect to S2 and K (u, e« ) can therefore be expanded in a Taylor series
about the equilibrium value, zero:
alK ]
Klu,e) = \’((o(,w)l + o u
U, <2 L,
(8)
3 I*k b
+ 3}21'“), =] u” i‘ak Uew' + K| n
v, utl o Tousw Dot
) L),SZ. L),Q—
+ - - .
The coefficients of the linear and second order terms in the series are
K (u, w), = Q (9)
L, O
KU, o) = 2¢ uf v ocur @
au °F
U, L, UL (10)
- =RYGE
C L)Io —53__ = C | )
*To
u ot(3
a—\ic )w)' = - C.L)DJ'Z *—') = —Czu (11)
Jeww U, o JJ I,
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I* K (U, e0) = a2c¢ ¥ + +cjoa_¥9)
O, To Jo
(12)
2
+c3r 240) C
oJ*t
I
, pzk(%cwl I EPURT-C0C) IR 1
IUD L L, <L @ IT e ) jL (13)
3'0 0
= C4
IRu, w) ) Lo @ a5 )
e 6 a7 o7 1%
T J, (1)
= C;
Substituting equations (8) through (1) into equation (6) gives
1]
Ig—f-"-)=clvu'—catlw'+c3u'2+chu'a_)'+cs w‘z (15)
If U (and therefore 2 ) is zero, then equation (15) becomes
I g-;é’—-"; cy ur? + c, uleo’ + cg w'z (16)
whereas if
3¢ 1

then



and equation (15) becomes

dco’
Iag-=clUu'-c2Uw/ 17)

neglecting second order and smaller terms, Equation (17), which pertains
Mg{,ﬂ'

to the method in which the current,was used, is a linear first order equation

for the time varying component of the impeller angular velocity as a function

of the time varying component of the water welocity, The general solution is
- CJ_U t c,L ,,
’ c,u T t o,y T 4
cw'tt) = — e u(t'ye dt ' (28)
0

From equation (18) the theoretical response time of the current meter can be
determined, The response time is defined, for a step function change in water
velocity, as the time required for the change in angular velocity of the im-
peller to achieve 1 - 1/e of its final value, If the step function change in

water velocity is

0, t<0
u' (t) = (19)
u;i = constant, t > 0O

then the corresponding motion of the impeller is, from equation (18),

(

o, t <o
/ _ C. U (20)
w(—t)-ﬂ - T2
iu' 1- € * t >0
\ G2 /

From equations (10) and (11)
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2F(7)
g,- _ Cc7, JT T - i _ L
“ cog’ 91 07, k@
ST
To
Therefore
_Gu GU

2 -~ 2L
T t I
cw'l(¢) = —,{Lu} (1-6 ) - a:(’ (/~e \(22)

Examination of this result shows that the response time is given by

I

2’ = C-"z_-L—J (23)

Thus the response time of the current meter is not a constant but is inversely

proportional to the mean water velocity., The quantity defined by

A=uU?T (2k)

is, however, a constant for the current meter and is referred to as the response

distance,

The response distance in air is considerably larger than in water and conse-
quently more easily measured, The value obtained can be converted to what it
should be if it were measured in water, The procedure is similar to that used
in calibrating ocean current meters in the wind tumnel (23), The dimensions of
each term in equation (17) are ML2T™2 and since the dimensions of and u are

-1 -1

T and LT~ respectively, the dimensions of the constant c, are ML, c2 is
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necessarily of the form
A B C
c,=ch P U (25)
where ¢; is a dimensionless constant and A, B and C are to be determined,

Substituting the preceding dimensions into this equation,

A B C
m3) vl 1 - om,

from which
A=1
B=0 (26)
C=14
so that
6, =, Pt (27)

From equations (23) and (24)
)4
2

Assuming that I, L and cé have the same values in air and in water,

Aair /oa:i:r - Awater/"wa'ber (28)
Therefore P
Avater = Aair ——— =17 x 107 A air (29)
f water

The virtual moments of inertia in air and in water have been neglected in the

foregoing analysis,

The current meter was mounted in the test section of a closed circuit, single
return, low speed wind tunnel (figures 35 and 36), To simulate a step function

change in air velocity a small section of screen was suspended immediately in
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front of the current meter so that it blocked same of the air flowing through
the current meter, When the impeller had achieved a constant angular velocity,
the screen was quickly removed and the output of the current meter measured as
the angular velocity of the impeller increased from its original value to its
final value, Ipitially the period between pulses was measured at intervals of
approximately 042 sec with an electronic counter connected to a paper tape digital
recorder, The interval was determined by the maximum printing rate of the re-
corder-5 lines/sec, The results, however, were subject to a large amount of
scatter which was found to be caused by the variation in angular spacing between
adjacent impeller blades-+10%, To eliminate this the output of the current
meter was modified using a Schmidt trigger-binomial counter circuit so that the
period per rotation of the impeller could be measured instead of the period

between pulses,

Measurements were made as described at six different wind tunnel velocities, The
velocity was determined from measurements of dynamic pressure, wet and dry bulb
temperatures, and barometric pressure; the dynamic pressure was measured with a

pitot static probe comnected to a differential micro-manometer,

A calibration of the current meter was also performed in the wind tunnel by
measuring the output frequency at various known wind tunnel velocities and using
the method described in reference 23 to convert the values measured in air to
in-water values,
From equation (22)

ewl - a't) =) T (30)

This c¢an be written as



(31)

Ald

using

T3y (32)

For each wind tunnel velocity the quantity

1— T¢/7,
I~ T#/T(t)

was calculated from the recorded data and plotted as a function of time;

figure 37 is representative of the results., The response time in air was
determined from the slope of the straight line fitted through the points
using the least squares method:

T e

air slope

The reciprocal of the response time in air was plotted as a function of air
velocity (figure 38) and the response distance in air determined from the slope
of the straight line through the points, The response distance in water was

computed according to equation (29), a value of 0,97 cm resulting,
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31/32/3300 FORTRAN (241)/MS0S 08711767

PROGRAM TIMEL INE

DTMENSION A(8)+J(2500)IB(7)

C4ARACTFR As1IB

ENUIVALENCFE (JsA)

READ(604s120)NRoNT

FARMAT (214)

NATC=1

My =1 =91
RFAD(ADs40) IB(ML)

FARMAT (N1) Appendix III
NRIGSAMP=(

NSWP=0 Computer Programs
N=3

C4AN=0,

BTGCHAN=O,

TTME=Q,

SW=0e

SAMP=agQ,

BUFFER IN (391) (J(1)0eJ(2500))

GN TO (192394 UNITSTF(3)

KaLENGTHF (3)

PRINT 1ns K

FARMAT (1Xe17H EOF ON LV3 AFTERISe6H WORDS)

Gn TO 99

KalLENGTHF (3)

PRINT 20 K

FARMAT (1X426H PARITY ERROR ON LV3 AFTFRsIResH WORDS)
Gn TO 11

K=zLENGTHF (3)

IF(A(G) JEQ.IB(ML))S146

Da 7 I=aNeK

IF(IsLF.3)9¢8

IF(I.GE.K)Qe18

IF(J(I) 4LE=B800) 719

IF(J(I=1) ,LEe=800)9,12

IF(J(TI+1) ,LEe=R00)1449

SAMP=SAMP+10

TIME=TIME+14/2500,

Gn TO 7

SAMPaSAMP+1 .

TIME=TIME+14/25004

C~ANZTIME=CHAN

SWaSWe+1,

VELB4004/ (S5« 10%#CHAN)

WRITE(81¢3N)SWeTIMEsCHANSVEL
WoITE(2e300)CHANVEL 9sTIME o SW
FQRMAT(F12g51F1005!F12|5’F500)

FARMAT (1X4 19HSQUARE WAVE CYCLE= 9F5,092X920HTIME TO THIS POINT= oF
112e592X e 13HTIME CHANGE= ¢F12,542X910HVELOCITY= 4F10,5)
CHAN=TIME

NSWP=NSWP+ 1

IF (NSWPLEQ.500) 667

NRIGSAMP=NRIGSAMP+]

WRITE(6]1e80)

FARMAT (1 Xe///9100(LH#*))

BTGCHAN=TIME~BIGCHAN
WRITE(614)00)NRIGSAMPZTIME BIGCHAN

FARMAT (1X9/91Xe20Hi ARGE SAMPLE NUMBER 9I12+19X910H AT TIME= o4F12,5
184 SECONDSe/930Xe25H TIME SINCE LAST SAMPLE= ¢F12,598H SECONDSe /9]

PXe100(1H*) 9//7)

NewP=0



7 CONTINUF
Gn TO 11
6 WQITE(5941000) (A(I)9Im]1e8)
1000 FARMAT (1Xe6HCODE= +801)
PAUSE 1234%
35 M aML+]
‘ IF(MLeGTaNR) 42441
41 READ(60440)1IB (ML)
BTGCHAN=OD,
CuAN=0, =92
" TIME‘OQ
}

GN TO (51+35) SSWTCHF (1)
NgWP=0
Sw=0.

SAMP=(,
END FILE 2
Nz3
NaIGSAMP=(
WRITE(619200)ML
200 FORMAT (1H1+460X99H RUN NOe o11)
Gn TO 5
99 RFWIND 3
WRITE(61+70)NOTC
70 FARMAT (1X419HEND OF TAPE NUMBER 11)
NATCeNOTC+1
91 WRITE(59+40)
60 FARMAT (1 X+20HUNLOAD LV3 AND SAVE s/ 928HMOUNT NEXT TAPE ON SAME UNI
1To/917THHIT GO WHEN READY)
PAUSE 1
. Gn TO 11
S 999 RFWIND 3
‘ ° 47 END FILE 2
RFEWIND 2
EnD

3200 FORTRAN NIAGNOSTIC RESULTS = FOR TIMELINE

QUIP3=MTCOF 01103
0AD 54
0 ARORT CF !'INTT 03

0 FRRNRS
QUIRy2=MTCOF 01102
gza ERR
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31/32/3300 FORTRAN (2,1)/MSOS

PROGRAM FITNSUB
DIMENSTION V(452)9T(452)
DTMENSION TIM(500)VEL(500)
DTMENSTON ZA(80)

CAMMON VEL (500) TIM(500)
vaum=0,

YN4=19,461

J.J=2500

CnDE=0,

RFEAD(6043) (ZA(I)9I=1980)
FARMAT (/0ORY))
IF(ZA(2)4EQe0,)B0eR1
M1=50
RFEAD(60413)DMINsDMAX
FARMAT (2F1045)

Sx=0,

Svy=0,

SXX=20,

SXY=0e

FNARMAT (1H1)

PRINT 100

WRITE(6144) (ZA(I)4I=1980)
FORMAT (25X +80R])

DN 16 I=14500
RFEAD(19200) VEL(I) o TIM(D)
FARMAT (12X sFl0a59F1265)
Gn TO (1916)EOFCKF (1)
CANTINUF

Dn 76 J=2,500

IF(VEL () 4LTDMIN) 22923
Vel (J)=VEL (J=1)

Gn TO 74

IF(VEL(J) aGT«DMAX) 24076
Vel (J)=VEL (J=1)

CAONTINUE

Dn 17 I=l14500
SyaSY+VFL (1)
SX=SX+TIM(T)

SXY=2SXY« (VFL(I)#TIM(I))
SXX=SXXe (TTM(I)®TIM(I))

SI.OPES ( (JJ#*SXY) = (SX#SY) )/ ((JJ#SXX) = (SX¥*¥SX))
YINT2((SXY#SX) = (SY#SXX) )/ ((SX#SX) = (JJ#SXX))

WRITE(A19301)SLOPFeYINT

FORMAT (1XeBHSI.OPE =2 9F6e392X912HINTERCEPT = sFB8aé)

DN 18 T=14500

VEL(I)2VEL (1) = (SLOPE#TIM(I)+YINT)
Call SPECTRA (JJyCQDEyM14Y04)

Gn TO ]y
END

3200 FORTRAN DIAGNOSTIC RESULTS = FOR

FITNSUB

08711767



-

11

973

12

913
16

23

26

31/32/3300 FORTRAN (2,1)/MS0S
SUBROUTTYNE SPECTRA(NsCODEsM1sYO04)

DIMENSION A(102)49B(102)4C(102)D(102)4E(102)9F(102)

CAMMON X (500)9Y (500)
Pra3,14159

SUMX=0.0

StMY=0,40
If(CODE)11+12011

Dn S I=)eN
StMXasSuMX+X (1)
StMY=SUMY+Y (])

EnaN

S1IMYaSUMY/ZEN
SUMXSSUMX/ZFN

WRITE (6196N06) MLlsNyYO04
WRITE(619608) SUMX.SUMY
WRITE(619609)

Dn 973 I=14N
X(I)=X(1)=SUMX

Y(I)=Y (])=SUMY

Gn TO 16

Do 4 I=1eN
SiMX=SUMX+X(])

EnaN

SIIMX=SUMX/FN
WRITE(619606) MlenN,yY04
WRITE(619607)SUMX
WRITE(614403)

DN 913 1I=1,N
X(I)=X(T1)=SUMX

MaMl=]

Moaz=M]+)

Do 22 L=1eM2

SHM1=0n0

SiiM2=0a.0

SiM3=Q040

DA 23 I=L.eN

L7=l=L+]
SUMI=SUMT+X(LZ)#X(T)
SiiM2aSUMP+X (LL2)
SiM3I=SUMI+X(])

Z7aN=L +y

CNEF=14/22
CNEF2=COEF##2
AtL)SCOFF#SUM] =COEF2#SUM2#SUM3
IF(CODE) 28924425
Si)M&=0,0

SHIMS=0,0

SiIIMe=0 .0

StIM7=04.0

SiIMR20 .0

Dn 26 I=LWN

L7=I=l+]

S1iM4aSUMA«Y (LZ)#Y(])

S MSaSMB+Y (L2)
StMe=SUMB+Y (])
SUMTSSUMT+ X (LZ)Y®Y (1)
SiMB8=SUMBeY (LLZ)#X (1)
B(L)ICOFF#SUM4=COEF2%SUMB#SUME
C(L)=COFF#SUMT=COEF2%SUUM2%SUME
D(L)=COEF#SUMB=COEF2#SUMS#SUM3
E(L)=(D(LY+C(L))/2.

08711767
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24 CNANTINUFE
22 CANTINUE
DN 27 K=z=] M2
IF(K=1) 2R+28+29
28 ZMml=zMl
DELTal./(2.%ZM])
Gn TO 32
29 IF(K=M2)314+28428
31 Zml=Mml
DrlT=]1./2ZM]
32 SiM1=0,0
StiM220,0 ~95~
SiM3=0,0
Si1IM4=0,40
EM]l=M]
CaY=K=]
Dn 33 L=2.M2
ElL=l=1
GITa(1.+COSF(PI*EL/EM1))®*COSF(PI®CAY®*FL/EM])
StM1=SUML+GUTH#A (L)
Ir (CODE) 35433435
35 SiIM2=SUMZ2+GUT#B (L)
SUM3=SUM3+GUTHE (L)
SUMGaSUM4L+ (1 4 +COSF (PI®EL/EM]) ) #SINF (PI®CAYHEL/EM]) #F (L)
33 CANTINUFE
X1=DELT#(SUMLl+A(]1))
IF(CODE)37+36437
37 Y1=DELT#(SUM2+8(]1))
ZaDELT# (SUM3+E (1))
W=DEL. T#gUM4
RaSQRT ((Z##2+ws#2)/(X14Y]1))
TaATANF(W/2Z)
TaT/.0174533
P=2Z/SQRT(X1%#Y1)
QaW/SQRT(X1%#Y1)
KKk=Km=]
X1 Q=M
X| QP=KK
FXLP=(2,%XLQ*Y04) /XLQP
WRITE(619602)KKeA(K) 9B (K) sE(K) oF (K) 9 X1oYLloZoWoFXLPoRT
WRITE(029R02)KKsA(K) 9B (K) 9F (K) 9F (K) o X1oY1lgZ oWeFXLPoR T
Gn TO 27
36 KK=K=]
X1 Q=M1
X1 _QP=KK
FXLP=(2.%#X.Q%*Y04) /XLQP
FREQ=1,./FXLP
WRITE(611AN2)KKeA(K) s X1 9FXLPYFREQ
WoITE(024602)KKesA(K) 9 X19FXLLPsFREQ
27 CANTINUF
END FILF 2
IF(CODE)39+38+39
36 Ca=E(1)/SQRT(A(1)#3(1))
WRTITE(A193)CC
IR CONTINUE
609 FORMAT (1Xe44HK ACOV U ACOV W COV IN COVOUT SP U SP W COy 23H
1 Q1A PER R PHI)
608 FARMAT (1XoRHMEAN I 29F6419BXeBHMEAN W =4F6,1)
607 FOARMAT (1X+BHMEAN U =9F10.5)
6072 FrARMAT(I34,3F9.3+FRB.695F6e21F4,2¢F60e2)
6n6 FORMAT(I1XeSHLAGS=y I394H NmyIS5,5Xe3HDT=9F6,243HSEC)

6n3 FNARMAT (36H K ACOV SP PERIOD F )
3 FARMAT (1 X4 23HCORRELATION COEFFICIENTsF10e3)
RETURN

EnD
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31/32/3300 FORTRAN (2,1)/MS0S 08711767

PROGRAM MOD

DIMENSION KK(70)oAL(TO) o X(TO0) oFXLP(TO)sFREQ(TO)2ZA(B0)SPK(T0)

DTMENSION SPN(T0)

RFEAD (60,1 )NF

FARMAT (15)

NeC=0

I=1

RFAD(60e2) (ZA(K) 9 K=1480) =96

FARMAT (ROR1)

WRITE(6192) (ZA(K) s K=1480)

WoITE(A1911)

FORMAT (15X «857H K ACOV SP PERIOD FREQ SPK
SPN)

READ(3916)KK(I)sA(I) o X(I)oFXLP(])

FARMAT (13,3F9,3)

I=2

READ(304)KK(I)oA(I) o X(T)eFXLP(I)9FREQ(I)

FARMAT(13¢3F9.3¢FR.6)

Gn TO (596) EOFCKF (3)

I=]+1

Gn TO 2

Li=4HINF]

LP34HNITY

IFRQ=000000

SeK(1)=312,102#X(1)

SEN(1)=8SPK(1)/a(1)

WRITE(A1013)KK()) e (1) o X(1)oLlsL2+IFRQISPK(1)+SPN(1)

FARMAT (19X e 3¢2F943e2Xe2A4018+2F1Ne3)

Ni=]=-l

Do 7 J=2enN1

SeK(J)=312,1024X ()

SeN(J)=SPK(J)/Za ()

WRITE(A1e10)KK(J) «A(J) o X (J) o FXLP(J) oFREQ(J) 9 SPK(J) 9sSPN(J)

WRITE(2,10)KK () oA (J) s X (J) 9FXLP(J) oFREQ(J) oSPK (J) 9 SPN(J)

FORMAT (15X e I303F9,30F9,692F10,3)

ENDFILE 2

NFC=NFC4+1

WRITE(&1415)

FNARMAT (1H1)

IF(NFCoaFW,NF)Re9

RFWIND 3

ReEWIND »

E~ND

3200 FORTRAN DIAGNOSTIC RESULTS = FOR MOD
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Appendix IV, Analysis of Equally Spaced Data of Finite Length
A, Contimuous, Finite Data., The one-dimensional covariance function

R(E) = avg [ u(x) ulx+E )] @)
and the corresponding one-dimensional energy spectrum function
°0 .
P = j-'-[ ?(g)e'msd (2)
m) . 3

are defined as statistical averages, It is assumed (1, 7) that the statistical
average of equation (1) is equivalent to the spatial average giving the auto-

covariance function

L-¥
. ’ z

R¢) = /{'_:',‘,Z:; = U)UC+E)dx G
Tz

provided the field of turbulence is homogeneous, In practice R( § ) and
f (M) are estimated from samples of data of finite length; the closest
quantity to the autocovariance function that can actually be computed is the

apparent autocovariance function

L-%
2
:
R,(%) = L——; fL-fa[xja(HF)dx ()
Y

where L is the sample length and |§| < |§ | _<_L}'.being the maximm

lag at which values of Ra( § ) are computed, Ra( ¥ ) is not defined for

1% >|’§M| and therefore does not possess a Fourier transform, However, if

R ( §) is miltiplied by a prescribed function of § that is zero for |§|>|¥, |
then a modified autocovariance function is obtained which is defined for all

values of g and having a Fourier transform, Denoting the modifying or lag
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function by £( € ), the modified autocovariance function is

R(E)=£(E)R(F);£(8) =0, |3|>]5,] (5)
The Fourier transform of R _(§ ) is then
o - IAME
A
@, ) = ffm&) e JdE 6)

If Ra( £ ) were determined for a large number of similar samples, then it
could be expected that the average value of Ra( ¥ ) would be approximately
equal to the value of R( ¥ ) within the interval -¥, & § < F,  or that

avg [R(E)] =  2(3)R() )
From equation (5) the average value of Cpm(){)(for a large mumber of samples) is

-UE

avg [, ()] J—f avg [Ru(3)] e dg @®

interchanging the order of integration and averaging; from equation (7),

-k
ovg [ (1)) = Mf TG)R)e-  ds ?

which expresses the average value of Cen()() as the Fourier transform of the
product £(§ ) R( ¥ ). If the Fourier transform of £(¥ ) is ¥(J( ) then

from the convolution theorem

avg( 00 = [0 )rinx) oy a0)

Therefore the average value of C@(}‘ ) is approximately equal to a weighted

moving average over wave number of the one-dimensional energy spectrum func-
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tion ¢/(M); the weighting function is T f). A discussion of lag functions
and weighting or spectral functions is given in the book by Blackman and
Tukey (17). A practical lag function is that denoted as hanning and is given

by TS
T (I+cos = )

¥, %] < (.1

y)

£.6) = )

O, 1% > 15,1

The hanning spectral function, the Fourier transform of £ ( E), is

|
: . = , (12)
100 - fas S0 1] SR DO s

+2%
(V] )(?m 4 ™ ()(- + 2._'.5-.“. ) E‘“ - (){_.E'E:‘XE“‘

B, Equally Spaced Data, The data from the current meter is not continuous

but is equally spaced at intervals of A x so that values of the autocovar-
iance function can be computed only at lags of 0, + A% , *2 A’g 9 eee =
0, + A Xy, 32 A X, ¢ee If the data were of infinite length then instead of

equation (3) we would have the autocovariance series

N-4.

: !
RE) = R(1.65)-R(@ar) = L‘_‘:@ zg,_ﬂz Ulkary [(Reg) ox] ( @3)
k=-(n-9.)

If 42 (X)) is the Fourier transform of the autocovariance series then

/% :
P HLLE
K (qa%) = f &, ) € dx )
_TT/A‘;
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which is just the expression for the qth coefficient of the Fourier series
expansion of the periodic function 4’a( X ) defined in the interval - s <X 4 Tr

Therefore

&K ~2 N LOF
Cl%(‘f) = ZTZQQAE)C (15)
z: -l

The R(q &% ) are real and symmetric; hence @a()( ) is symmetric and real and

equations (1) and (15) reduce to

Way
R4e%) = [ PLyn) Cos HLLE N \
&8
oo > (16)
=31
f) = — R{pg) cosN90%
27 )
7=
Since q% (X ) is periodic values of CPa()( ) are not obtained for wave numbers

greater than P( N l: the Nyquist wave mumber, although P(X ) extends

T
4% ?

to * 0o

A second difference exists between 421 (X ) andcf (X ). The autocovariance series
can be considered as the result of sampling R( § ) at equally spaced values of
E . For any function of ¥, say g(§ ), the integral

f J(E) S(5-3)d%

vhere S (% -a) is the Dirac delta function, generates values of g(¥ ) at
? = g, Thus

o0

f R(E)S (5 -94o%)ds

— 00
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gives values € R( § ) at g - QS and

fﬁ(‘i)c@s S 5(§~2¢§)J;

gives values of the product R(E ) cos X§ at ¥ - qA§ . Thus equation

(16b) can be written as

sy (2
Cpa()().-. .2—77—’2 fﬂ(;)CoS)('s 5(;-2&? )cl? 17)

2eei oo

Changing the order of summation and integration,

PalH) =[RO§)Z S(5-90%)los NS J; (18)
- ol ’,:._-o

which expresses %(l{ ) as the Fourier transform of the product

2T Q(?)Z S(5-256%)

Z=-00
The transform of R(§ ) is the energy spectrum function %’/{) and that of

is oo

L=t (19)

27 ) H-»' !
= Z%Zf Cp[){)g/z—'ﬂ’ —A;-z;)"—/){
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changing the order of summation and int..fgration again, Integrating,

2T
Cpa()d = —5-52 Cf’(-;—_% —%;)

g~
‘ [ d
= Z§Z KA - 29, ) (20)
="
= i‘g[dlnncﬂlf-zm,) + (A “-)‘/u)”“’]
pi g Cf(’f+2}'{~) ’ 6/{){_.2,7{N) , etc,, are negligible compared to
Cf()() then
Py ln) = 2’5 (M) (21)
This requires that
¢(X} = 0 —For' }‘{ Z MU (22)

If condition (22) is not satisfied, the energy spectrum for the equally spaced

data is in error at all values of J){ (aliasing).

Finite data yields the apparent autocovariance series

N-9.
Ra(40%) = 2(N-¢) ¢ u(J‘DS)U{(J‘-}‘L)D;]}
Je-(N-1)
(23)
1:0,1’[ ,'.’:2)-" )tmj

Mbg = MaYimeent \aa-



Values of R a(q A’g ) are not defined for qO% > m, As for continuous data
the autocovariance series is modified by multiplying by a lag function which

is zero for (4] S m :

R (40%) = $3)R(40%) 5 $(8)= 0, |5] >maw (@)

Denoting the Fourier transform of the infinite series Rm(q A§ ) by Cpam( X),

we have from equations (16)

L7/S3
Rm(40%) = [ of, ) cosng2F dn
_'“/Ag"°
L, ) = g;’Qh(q_og)cgs;(q_o; $ (25)

/

1

A ok
*J—ETZZI\QW (46%) Cosxq0%

For continuous data the relationship between the computed energy spectrum

Cea( X ) and the one-dimensional energy spectrum function was found to be

ny lgo0] = [Hoornndd
A similar relationship exists for equally spaced finite data, Analgous to
equation (7) we have

avg [R,(125)] = $(95%)R(E0%) (26)

From equation (25b)
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avg (@, 0] = ST ) £@s%1R(05)cos Xao¥

zs-.o (27)
As before
f(4268)R(ALYE) osh 2% = j—f(s)?(g)(osw&s (28)
T -208)de
and therefore
v [qoam[”) B f{@)ﬂE)@Q{;S{f—%E)JS ()

Following a procedure similar to that prescribed by equations (17), (10), and

(19) results in
Svg [y 1)) = f L)Yy ) In’ 0

or

vy (Do 1)) = IC??M’)FM—J(')J){' (31)

where

P(ﬂ) = AJ_ Z )‘[)/'22)11\') (32)
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Equation (31) is of the same form as equation (10) and has the same signi-

ficance,

C., Equations for Computing, With a change in indexing, equation (23) is

N-€
Rs (10%)= 3=, ) Uy
k=1

k+ 9
(33)

z: 0/t,/ 1'2:"'/1‘»:
Modifying the apparent autocovariance series according to hanning, equation

(11) gives

Ra(4oF) L (1+cos T—"‘) [4.1<m
R, (4D%) = 2 T G
o \‘L\ >

The energy Spectrum is, from equation (25b),

[ 4]

D o) = %TE Z R (120F) cos g% (35)

==l

Since Rm(i b% ) = R (-qA’$ ) and R (m AE ) = o, this can be written as

m-l
&% ,
Py, ) = > [@m(o) ZZ’I?."(ZDE)%MZ’?]

=/
/4 (3¢)
and if the energy spectrum is referred to positive wave numbers only,



=106~

m-\
_ 2%
,Z%m(){) T 7 (x) [7\7,‘,@) + .LZ R (4068 ) st i‘-“?] (37
1'.\

where T (M ) = 1/2 when ) = 0, 1 for all other values of { o The usual

procedure is to compute 49 (X ) at values of )f equally spaced at intervals
om

of AY = ;Tbg e Then

. M- (38)
2L s (L) = =l [R,m) *ZZL:@«(@?) los fgf] 3
=l
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_ Numerical Tabulation of Results
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 RUN -
ACNV SP PERIOD
3IND.525 123.074 INFINITY
275,056 135,528 1961.000
270,822 13,171 980,500
274,441 1.928 653,667
274,580 1,693 490,259
66,900 1.095 392,200
248,260 ~1al4s 326,833
243,554 1,069 280,143
. ?A1,599 2832 245,125
?59.Q49 0521 2170889
258,247 .358 196,100
256,538 .336 178,273
254,150 ~ 2385 163,417
PR2.837 « 327 150,846
P50,A37 .289 140,071
248,305 «27H 130,733
245,971 «296 122,563
243,715 349 115,353
240,190 «430 108,944
237,002 521 103,211
234,364 2561 98,080
?31,972 2994 93,381
229,746 692  B9,136
226,727 - 767 85,261
224,125 . 185 81,708
222,713 s 199 78,440
220,043 4805 = 75,423
216,901 .833 T2.630
214,231 868 70,036
211.388 2831 67.621
2nH,350 o774 65,367
206,169 o 127 63,258
Pn3_n66 = ,H656  6],28]1
200,353 ,o574 509,424
196,975 ,507 57,676
194,932 464 56,029
191,556 | 4426 54,472
LR8, 789 .398 53,000
185,401  ,L,372 51,605
123,535 2333 50,282
180,900 L3303 _ 49,025
178,580 » 305 47,829
176,143 .328 46,690
173,567 0 342 45,605
170,339 .361 44,568
167,764 “436 43,578
144,609 NYas 42,630
161,081 «436 41,723
159,044 -446 40,854
185,670 412 404,020
153,159 .231 39,220
Appendix V

FREQ

.000510 42298,560

2001020

«001530
. 002040
. 002550
« 003060
003570
«004080
004589
.005099
.005609
.006119
. 006629
.007139
007649
.008159
. 008669

.009179

.009689
.010199
.010709
.011219
.011729
.012239
.012749
.013259
,013768
2014278
.014788
015298
.015808
.016311%
.016828

.,017338

017848

2018358

,018868

.019378

.019R88

- .020398

.020908
,021418
.021928
.022438
.022947
023457
.023967
, 024477
. 024987

CHANNEL 7

SPK SPN
N 38411,.,642 127.815%
1404749
4110,695 13,678
601,733 2.002
528,389 1,758
341,752 1,137
357,045 1,188
333,637 1,110
259,669 .86
162,605 o541
111,733 0372
104,866 0349
120,159 <400
102,057 340
90,197 300
86,764 289
92,382 307
108,924 0362
134,204 447
162,605 541
175,089 « 583
185,389 617
215,975 o719
239,382 797
245,000 .B15
249,369 ,830
251,242 «836
259,981 <B6S
270.908% 0901
259,357 863
241.567 804
226,898 . 755
204,739 681
179,147 596
158,236 .527
144,815 s 482
132,955 W 442
124,217 o413
116,102 386
103,930 e 346
94,567 315
95,191 e317
102,369 e 34)
106,739 355
112,669 0375
136,076 . 453
148,873 0 495
136,076 «453
139,197 0463
147,312 490
72,096 0240

.025497
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L o S CHANNEL 7

K ACOY SP PERIOD FREQ SPK SPN
N _B7.n33 22.153 _INFINITY ) 0 6913,996 .121.228
1 53.860 25,526 1961.,000 ,L000510 7966.716 139,486
-2 83,519 3.910. 980.500 .001020 1220.319 210397
3 52,497 2975 653,667 ,001530 3044299 5,335
,,,,, 4 B1,520 . «592 4904250 4002040 184,764 3.240
5 50,831 «355 392,200 .002550 1104796 1943
A 49,971 2324 326.833_ ,003060 101.121 1,773
7 49,332 «199 280,143 ,003570 62.108 1.089
B 4B.R02 4167 245,125 ,L004080. 52.121 914
9 48,309 «207 217.889 ,004589 64,605 14133
10 474443 4192 1964100 .005099 59,924 1051
11 46 4RBT 2135 178,273 « 005609 42,134 e 739
L1200 .66,060 . 4111, 163,417  L006119 34,643 607
13 45,n16 «092 150,846 ,L006629 28,713 «503
S 16 44,535  ,064 140,071 .007139 19,975 «350
15 43,851 2049 130,733 ,007649 15,293 0268
~1A . 43,286  .053 _122.563  ,008159 16,54) 0290
17 42,407 2049 115,353 ,008669 154293 0268
18 41,R31 . 4044 108,944 ,009179 13,732 02641
19 414519 +061 103.211 4009689 19.038 0334
20 40,589 2074 98,050 .010199 23,096 0405
21 40,065 « 059 93.3R1 .010709 184414 0323
.22 39,1836 2042 89,136 ,011219 13.108 230
23 I3.814 W 04) 85,261 ,L,011729 12796 0226
24 37,607 .. .044 __R]1,708 _,012239 13.732 0241
25 27 .287 « 052 78e440 ,012749 16.229 «285
26 6,467 - 2070  75.423  ,013259 214847 «383
27 35,751 « 066 72.630 «013768 204599 036]
.. . 2% 35,308 2032 704036 _,014278 9,987 o175
29 %,774 «023 67,621 ,014788 7.178 0126
.30 34,694 037 65,367  .015298 11.548 0202
31 34,049 2045 63,258 ,015808 14,045 0246
S.32.0 33,372,057  61.2R1 L01631R. 17.790 «312
33 32,937 057 59,424 ,016828 17790 0312
... 34 32,283 ~+060 57,676 ,.017338 18,726 +328
35 31.613 2073 56029 .017848 22.783 «399
C 35 30825 074 54,472 ,018358 23,096 0405
37 30,270 064 53000 .018868 19,975 ¢350
38 29,556 e056 514605 ,019378 17.478 e306
49 28,593 »063 50282 .019888 19.662 0345
40 28,329 _«058 49,025 ,L020398 18,102 0317
4 27466 «043 4T«829 .02090R 13.420 e235
_ 42 26.855 L072 464,690 .021418 224471 0394
43 26,754 «105 45,605 ,021928 32,771 o878
.44 25,797 « 085 44,568 ,022438 26,529 0465
45 24,910 2049 4348578 ,022947 15,293 0268
L 24,534 _ 043 42,630 ,023457 134420 0235
47 23,856 0070 414723 023967 218647 0383
49 23,303 . 079 40,854 _ ,024477 24,656 0432
49 22,798 « 056 404020 ,L024987 17,478 0306
80 21,778 . 2022  39.220 .025497 6+866 0120
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Ruiss 1 ) CHANNEL 7
ACHY sSP PERIOD FREQ SPK SPN
. 94.965 36,966 INFINITY 0 11537,163 121,489
21,629 424411 1961.000 L000510 13236.558 139,384
S Q0,403  A,.B20 980,500 L,001020 2128,536 22.414
R9,.n44 2,579 653,667 ,L,001530 804.911 Be476
_RT.114 1418 4904250 .002040 442,56) 44660
B5,955 «542 392,200 4002550 169,159 14781
 R4,375 21485 326,833 ,003060 1514369 1594
32,669 2346 280,143 ,003870 107,987 1137
. R1,.231 2293  245.125 .004080 914446 2963
79,410 2210 217.889 ,004589 654541 e590
78.817 +198 196.100 .005099 61.796 0681
77.n82 «173 178,273 ,005609 53,994 «569
T5.574 2121 1634417 .006119 37.764 ¢ 398
T4,4,056 «075 150,846 ,006629 23,408 0246
T2.516 . ,aﬂlﬁw.lQQJQIlv‘4007139 234096 02643
714332 «097 130,733 ,007649 304274 «319
70,168 2102 122.563  ,008159. 31.83¢ «338
69,641 «110 11%.353 ,008669 34433 0362
_ATL984 4123 108,944 ,009179 38,389 0404
46,989 «100 103.211 .009689 3l.210 0329
66,211 «067 984050 .010199 = 20.911 0220
A5,287 «03R 93.381 .,010709 11.860 o125
_R4,44T0 2« 025 89,136 ,L,011219 T«803 + 082
63.572 0047 85,261 011729 144669 e 154
62,993 . 065 B81.708. ,012239 20.287 214
672,617 047 TB.440 ,012749 14,669 2154
62.017 2036 754423 ,013259 11236 «118
61,4662 «053  72.630 ,013768 164541 o174
h0.843 2063 T0.036 ,014278 19,662 «207
80,146 2066 67.621 L01478R 20,599 0217
. R9.873 074 65,367 .015298 23.096 0243
58,524 054 63,258 .015808 16,854 o177
87,968 2043 614281 4016318 134420 0141
574310 e 057 594424 .016828 164229 0171
. 856.516 2053 57.676 .017338 16,54 o174
55.166 e 073 564029 .017848 224783 0240
. 84,299 2086 54,472 ,018358 26484 283
53.346 «078 53,000 .018868 244346 0256
514813 o076 514605 ,019378 23.720 250
RDaB19 «080 502872 019888 244968 0263
49,225 2094 49.02% ,020398 294338 «309
47,222 «087 47829 +020908 27.153 286
_ 485,733 4052 464690 .021418 164229 1T
43,885 2035 45,605 .021928 10924 o115
42,048 2027 44,568 ,022438 Res27 « 089
404351 « 026 43,578 022947 8,115 ¢« 085
IR,602 2044 42630 4023457 13737 0145
17,029 057 41723 4023967 17790 .187
34,997 2051 40854 ,024477 15,917 168
33,1K5 « 048 404020 ,024987 14981 158
314481 2026 394220 4025497 8,115 « 088
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RUA ]

ACOY SP PERIOD
92,103 31,822 INFINITY
RB,3726 41,558 1961,000
RT7,197 10.125  98B0.500
R ,488 Pe524 653,647

. A3,581 12675 490,250
R1.378 «832 392,200
19,317 ...2529 326,833
77.268 + 465 280,143
. T5,103. 0334 245,125
73,346 2225 217.889
T1.629 +212 196,100
£9,959 «141 178,273
L ATLT02 2083  163.417
AB,.009 «073 1504846
A3,975 «065 140,071
£2.338 +065 130,733
ANL.418 2073 122.563
28,754 2075 1154353
CRBT7.203 0093 108,944
55,268 «097 103.211
53,882 2071 _ 98.0%0
52,320 « 066 93,381
5N,562 2070  R9,136
49,084 « 050 85,261
47,681 2047 81,708 .
45,818 2063 T8e440
C44,%7) #2063 75,423
43,201 0067 72.630
41.490 2082 T0.036
39,794 +090 67.621
38,094 . +085 65,367
36,305 0059 63,258
4,562 «050 61.281
32,533 2072 59.424
20.599 2078 57.676
28,825 0057 564029
27,748 2045 54,472
26,201 « 059 53.000
24,978 077 51605
23,684 077 50.282
22,596 062 49,025
21.360 + 054 47.879
20,076 054 46,690
]9;247 .053 450605
17746 4076 44,568
17,015 «091 43,578
15,667 2090 . 42.630
14,725 2082 414723
L 13.68B6 2061 404854
12,648 » 055 40,020
11.593_ «030 = 39,220

=110~ -

CHANNEL 7
FREQ SPK SPAN

0 9931,.710 107.833
.000510 12658,233 137.436
«001020 3160.033 34,310
»001530 787745 B«553
«002040 522.77) 5676
2002550 259.669 24819
~«003060 165,102 1793
« 003570 145,127 1576
« 00646080 104,242 lel132
« 004589 704223 o762
~+005099 66.166 o718
e 005609 444006 0478
2006119 254,904 28]
« 006629 22783 0247
« 007139 204287 «220
2007649 204287 «220
«.008159 22.783 0247
« 008669 23.408 254
2009179 29.025 3158
» 009689 304274 «329
2010199 224159 0241
«010709 204599 0224
011219 214847 237
011729 15,605 0169
«012239 144669 159
«012749 19.662 2213
013259 19,662 «213
+013768 204911 0227
«014278 25,592 278
«014788 28,089 «305
2015298 264529 «288
«015808 184414 «200
«016318 15.608 169
+016R28 224471 0244
«017338 244344 264
« 017848 17790 «193
2018358 14,045 01952
2018868 184414 0200
«019378 244032 «261
«019888 244032 261
2020398 19.350 210
« 020908 16.854 «183
_2 021418 16,854 183
021928 16454) «180
2022438 23.720 « 258
0022947 284401 308
023457 2R, 089 «305
023967 25,592 278
0024477 19,038 0207
« 024987 17.166 186
+ 025497 9,363 0102
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Ru~ ]
ACNYV SP PERIOD
18,997 3,965 INFINITY

15,545 54772 1961,000
14,966 2,553 980.500
13.R43 1323 653,667
124,820 1864 490,250
11.811 2505 392,200
- 104919 _2302 326,833
10,446 2239 280.143
9.783 4327 245,125
9,418 2279 217.889
B.719 174 196,100
8,415 e142 178,273
T.932 1126 163,417
7.095 2082 150,846
6,504 2068 140,071
6,106 2063 130,733
5.909 2059  122.563
5.462 063 115,353
5.127 2070 108.944¢
4,792 2076 103,211

- 5.018. 2059 _ 98,050
3.n24% «027 93.3R1
4,740 2028 89,126
4,587 2059 85,261
L4, T72. 2081 81,708
4,374 +088 784440
4,187 2071 _ 75,423
3,723 2043 724630
3.513 2053 TC.036
2.806 + 066 67,621
2,963 L0552 65,367
24631 2044 63,258
. 24589 2054 _ 61.28]
2550 071 59.424
2550 2072  57.676
2.849 « 057 564029
2.254 2051 . S4.472
2.159 2 0855 53.000
12702 2053 514605
1.582 + 054 50.282
1.045 2062 49,025
«673 « 058 47.82729
~e468 !Qégu .gégﬁgﬂ,
-0s177 092 45,605
=0,625% 077 44,568
=1 +53% 072 43.578
=2,013 «08¢ 42.630
~2.698 2060 41,723
=3,300 2043 404884
-3,734 0061 40¢020
4,193 «038 39,220

FREQ
0
+000510
001020
«001530
«002040
« 002550
4003060
«003570
004080
. 004589
005099
«005609
2006119
006629
007139
007649
+008159
008669
.009179
009689
«010199
010709
2011219
011729
+012239
012749
.013259
013768
014278
,014788
015298
.015808
4016318
016828
«017338
.017848
0181358
018868
019378
019888

- 2020398

2020908
« 021418
+ 021928

- 2022438

+ 022947
4023457
+ 023967
0024477
0024987
« 025497

CHANNEL 7

SPK

1237.484
1802,389
796,796
412.911
269,656
157.612
94,255
74,592
102,057
87,076
54,306
444,318
39,325
254592
21.223
19.662
18,414
19,662
21.847
23,720
18,414
Be427
Be739
18,414

25.280

274465

224159
13.420
16,541
20,599
16,229
13,732
16.854
22.159
224471
17.790
15.917
17.166
16.54)
164854
19.350
18.102
21.223
284713
24.032
22.471
26,217
18,726
13,420
19,038
11.860

SPN
65,4451
95,329
424,143
21.839
14,262

84336

44985

3¢945

54398

44606

2.872

2e364

24080

1e354

l1o122

1.040

974

1040

1.156

1.255

974
0446
. 462
0974

1337

10453

lel72

710
«875
1.089
«858
e 126
«891
1el172
1.189
094
8472
«908
875
+89]

14023

«957
lel22

1519

1271

14189

1387

0990
o710
1.007
0627
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Slo

11

.12

13
14,
15
16
17

S18

19
20
21

22

23

24 .

25
24
27
2R
29
30
3

32

33
14
35

36

37
38
39
40
41

42

43
44
45

- LA

47

_ 48

49

-850,

,,gllz!“ S

. Rum 1 L
ACOV Yo PERIOD
R2.157 274736 INFINITY.
T1.276 324661 19614000
. A9,293 __ K.769 980,500
AT 73 14547 653,6A7
CA5,625 1.301 490.250
A4,305 1225 392.200
63,415 2958 326,833
A2.543 535 280,143
C B1,RTT . 2443 245,125 .
59,522 2420 217.88R9
537.705 .a332 196.100
86.976 320 178,273
864537 . .314 163,417
56,945 418 150.846
. 56,438 4584 140,071
54,986 2482 130,733
54,161 2286 122,563
53,102 2201 115.353
824394 _ . 2186 _10R.944
S51.401 «189 103,211
S B1.235 0 L166  98.050.
504952 0192 93.381
48,712 237 89,136
47,848 2268 85,261
45,810 2265 Bl.108
44,375 2210 TR,440
44,738 »189 75,423
42,933 199 724630
42,108 2202 T0.036
4l en?} 228 674621
40.n37 4240 65,367
3R5812 0188 63-258
18,519 «155 = 61.281
38a.n4] Ql72 590424
38,061 2217  57.676
2,454 2224 56.0?9
36,376 2173 . 54,472
164345 2195 53.000
33,960 2250 51605
32,984 221 500282
1] .,976 2166 49,025
11,773 2146 47.829
31,448  ,174 46,690
31030 0238 454,605
29,782 «224 _ 44,568
28,377 «187 43,578
>B8,R38 - 2210 424630
28.194 «210 4).723
27.184 e 202 40,854
26,785 2204 406020
27,415 2099 39.220

o CHANNEL 7
FREG SPK SPN
e 0. BASH,461  105.365
+000510 10193,.563 1244074
«001020 18004516 @ 21,916
2001530 482,822 S5.877
- «002040 406,045 44942
« 002550 382,325 44654
+003060 = 298,994 3.639
« 003570 166,975 24032
004080  138,26] 14683
» 004589 131,083 1596
2005099 103,618 le261
« 005609 99,873 1216
»006119 92,000 14193
006629 1304459 1.588
- +007139 182.268 2219
« 007649 1504433 14831
+008159 - 89,26) 1086
« 008669 62,733 o 764
2009179 58,051 e 707
« 009689 SR,.987 «718
2010199 51.809 «63]
»010709 59,924 o729
- 011219 73,968 «900
«011729 83,643 1.018
+012239.. = 82,707 1007
+ 012749 65,541 «798
- 4013259 58,987 «718
«013768 62.108 « 756
«014278 63,045 « 167
»014788 71159 0866
4015298 144906 912
+« 015808 58,675 o714
.016318 48,376 589
«016828 53,682 653
«017338 67,726 24
.017848 69,911 851
«018358 53,994 «657
0018868 60.860 .741
2019378 78,025 950
« 019888 68,975 oR4(
020398 51.809 0631
020908 45,567 555
0021418 54,306 05661}
2021928 744280 0904
2022438 69,911 «85]
« 022947 58,363 o710
2023457 654541 « 798
« 023967 65,541 798
2024477 63,045 o 767
2024987 63,669 o775
2025497 30.898 «376



—

13

=113~

w»aE:oLp~4»&nbtnﬁh~ﬁ>x

Rijar ]

Acnv sp PERIND
40,603 10224 INFINITY
36,194 14.701 1961.000
35,308  5.928 980,500
33.344 2.277 653,667
31,735 1.382 490.250
30,203 «901 392,200
*234131 ,95ﬁ2 ,3261833
PT.524 2380 280,143
Ph564 286 245,125
24,383 191 217.889
. .23,5891. ~«228 196,100
?1.816 «265 178,273
L .20.878  L.184 163,417
19.989 «14]1 150.846
- 19.001 162 1404071
18,092 152 130,733
17,185 2120 122,563
164458 «066 115,353
15.795 2041 108,944
15173 2054 1034211
144377 . _ 068 98,080
13,323 072 93.381
12,524 066 89,136
11,646 077 85,261
- 11,038 2079 8l.708
10,753 a065% 784440
104061 2079 . 75,423
9,808 088 T2.630
8,516 2075 70,036
8,274 « 070 674621
1,417 2078 65,367
6,329 2068 63,258
5,930 . 2048 614281
5,283 e 045 59.424
54165 ~e045  S57.676
44,907 » 049 564029
4,560 ~ 2064 54,472
4,879 «098 53,000
_4.101 2110 = 51.605
34947 2097  50.282
3,233 ~2l26 49,025
24,886 +125 47,829
3.104  _ .067 46,690
2787 053 45,605
24370 2063 44,568
2.148 057 43,578
1.705 2058  42.630
la24] +081 4172723

2271 2118 40,854
« 265 128 40020
'01211 1059 ,39122ﬂ

FREQ

n

« 000510
«001020
«001530
« 002040
» 002550
«003060
. 003570
« 004080
. 004589
« 005099
. 005609
006119
006629
«007139
007649
-008159
« 008669
«009179
« 009689
«010199
«010709
011219
0011729
«012239
2012749
2013259
« 013768
014278
014788
015298
.015808
016318
2016828

.+017338

«0178B48
.018358
«01RB6R
«019378
«019888
«020398
«020908

- 2021418

«021928
+ 022438
+ 022947
2023457
« 023967
0024477
« 024987
025497

CHANNEL 7
SPK SPN
3190.,931 78,589
4588,212 113,002
1850.141 45,567
7104656 17.503
431,325 10.623
281,204 6,926
169,159 4,166
1184599 2.921
89,261 2.198
59.611 1e468
714159 1.753
82.707 24037
57.427 ledlés
44,006 164084
50e561 1245
470440 lel68
374,452 0922
204599 507
12,796 e315
16.854 0415
21.223 523
22.471 «553
204599 «507
24,032 592
244,656 «507
204287 «500
2644656 0607
27,465 676
23,408 o577
21,847 538
24,344 « 600
21,223 09523
14,98) 369
14,045 0346
140045 e 346
154293 «377
19.975 0492
304586 e 753
34433y 0846
300274 o746
39,3258 «969
39.013 «961
20.911 515
16454 o407
190662 0484
18,102 0446
254280 0623
36,828 907
39,949 +984
184416 0454



27

43%W

42

46
47
48
49
50

- 2126

o RUN T
ANy SP
154693 __3.496
134229 Be504
13371 2.675
12,730 2946
11.912 2464
11,666 285
L10,775 . . .181
10.784 0143
9.669 ~«110
90156 o085
- 8,686 2071
3,029 e 061
7,654 2049
7,114 o034
6,483 = .N26
6.134% 0035
. .85.518  _.045
5.279 2041
4,904 « 035
4,354 2031
S 3.981 . . _.028
3.A57 2 03]
3.179 - «037
3.0n28% 0041
- 24519 2033
24300 2021
24231 . _ «024
1,679 »027
1,528 . a02hH
1,198 2028
1.037 2032
«836 035
« 495 20395
0495 + 046
£ 071 «051
=0.070 2040
) 204 «039
~0a101 2060
=0.?252 « 087
‘Q;3§4 Waﬂjq
-1 P44 063
=0,264 _e07a
-0.304 «067
?QQZBQ ,,!Q48”
~04360 «048
-0,005 2056
'0.?96 1052
»138 0039

2019 _

-

PERIOD

_INFINITY

19614000
980.500
653.667
490,250
392.200
3264833
2804143

245,125
217.889
196,100
178,273
163.417
150,844

214064071
130,733

122,563
115.3563
108,944
103.211
- 984,080

93,381
89,136
85,261
B1,708
784440

154423

72.630

- 70.036

67.621
.. 65,367
63.258

61.281.

59.424

... 57.676

564029

B4.472

53.000
51.605
504282

494025

47.829

__46.690

45.605
44,568
434578
424630
414723

. 40,854

404020
39.220

FREQ

, 0

.000510
001020
«001530
2002040
. 002550
« 003060
0035790
. 004089
« 004589
005099
« 005609
006119
« 006629
2007139
0007649
»008159
008669
2009179
«009689
«010199
«010709
«011219
011729
« 012239
012749

~+013259

«013768
2014278
«014788
«015298
»015808
«016318
«016828
«017338
«017848
018358
«018R6R
«019378
«019888

—+020398

« 020908
2021418
«021928
« 022438
« 022947

- +023457

+ 023967
-« 024477
« 024987

2025497

CHANNEL 7
SPK SPN
1091.,109 66,528
1717.809 1094463
. R34,.,873 53.200
295,248 18.814
144,818 9,228
88,949 5e568
564490 3.600
44,63 2844
344331 2.188
264529 14690
22.159 le4)2
19,038 1.213
15,293 « 978
104611 676
Be.115 «517
10,924 0696
144045 « 898
12.796 815
10,924 e696
9,675 617
Be739 e 557
9,675 «B817
11548 2736
12796 815
10,299 «656
64554 0418
74490 0 4T7
8.427 .537
8.115 517
8,739 «557
9,987 5636
10.924 0596
10.924 «696
14,357 915
17790 lel34
18.917 le01l4
12.484 « 796
12.172 o TT6
1R, 726 14193
274153 1730
244656 14571
21.223 1352
23,096 14472
20,911 1332
14,98 0955
14,981 09585
17,478 lellé
16229 1034
144045 «895
12.172 o776
5930 «378



S RUN 2
K YolaY'; SP
N23°25,710 168.668
1 =110.,084 375,622
2 =172,883 425.686
3 =-173,876 448,754
4 _=2646,009 4644773
5 «255,862 473,296
A =206,275 479,996
7T =273,635 483,976
8 =205,602 483,831
9 =174,188 477,432
10 =14A,8A9 471,169
11 =137,320 471.080
12 =11R.374 46Y%,499
13 =102,134 466,373
14 =R6,637 4614621
15 =90,471 460.554
1A =87,159 459,275
17 =6h4,043 460,526
1R =7R,62]1 461.943
19 =91,444 460,609
20 =101.077  460.299
21 =78.139 462,49]
22 =75.792 463,797
23 =A1,925 463,251
24 -52,422 4624132
25 =49.,4T73 460,871
26 =~46,074 459,481
27 =48,309 459,326
2R =30,975 46]1.443
29 ~=72.414 461,875
30 ~75,144 460,781
31 =78,276 461,165
32 =5A,.a5T7 46]1.86]1.
33 =46462T 4634024
35 =139,403 464,298
36 =57,n83 464,922
37 =A6,496 4644304
38 ~T1.197 4634859
39 =855,295 463,859
40 =RA,nB8B1 4634404
@] 'q004g8 4674658
42 =63,7TBRB 462,702
43 =B5,487 462,892
44 =75,124 4614059
45 =45,006 46N.438
4h =54,906 462,337
47 =3B,946 463.128
48 =482,037 462,896
49 =90,379 463.05]
B0 =3T7,01l8 231614

-115-

PERIOD
INFINITY

1961000

9804500
653.667
4904250
3924200
326,833
2804143
245,125
217.889
196,100
178,273
1634417
150.846
140.071
1304733
122563
115.353
108,944
103.211

93.381
89,136
85,261
Rl1.708
78,440
754423
72.630
70,036
67,621
65,367
63,258
,Q1.281
59e424
57676
564029
544,472
83.000
. B1.605
50.282
494025
47.829
464690
45,605
44,568
43,578
42630
41.723
40854
404020
39.220

98.050

CHANNEL 7

FREQ SPK

N 52641.620
«000510117232.377
«001020132857.452
«001530140057.,021
«002040145056,583
«002550147716.628
2 003060149807,712
»003570151049.878
«004080151004,623
«004589149007,482
2 005099147052,787
«005609147025.,010
«006119146531.577
s 006629144931,742
«007139144072,837
.007649143739,825
.008159143340,646
«.008669143731.086
.0091791644173.334
.009689143756,990
2010199143660,238
«0107091443444366
«011219144751,971
011729144581 ,564
«012239144232,32]
«012749143838,76)
«013259143404,939
«013768143356,563
.01427R144017,283
«014788144152,423
.015298143810,672
«015808143930,519
0016318144147.742
«0168281445]104716
«017338144755,717
«017848144908,334
2»018358145103.086
«018868144910.207
20193781447714322
«0198881447714322
+020398144629,315
«020908144396.487
20214181444104220
«021928144469,519
«0224381438B97,4436
20229471437034621
2023657144296,302
0023967144543,175
0 0244T716444T0,767
«024987144519,.143
025497 72287,193

SPN

24286
5.091
5,770
6.083
6300
6415
64506
6.560
6.558
6447}
6.386
64385
64364
6.294
64257
64243
64225
6e242
6e26]
6e243
64239
64269
60287
6279
6.264
6e247
6.228
64226
64255
6,260
64246
he251
6260
6.276
6287
64293
6,302
64293
6.287
6.287
64281
6271
6272
6.274
64249
6e24]
6¢267
6277
be2T74
6276
3.139



YY"

RUN 2

L0956

Y

19,261 .

5

5R,142

52,403

48,811 = 44536

44,792

PERIOD

INFINITY

21.911 1961.000

3.085

3.376

B 41,268 14480

7 38,434 «689
. B 38,917 .89T.
9 34,035 «388
S0 10 32,581 . L4311
11 31.601 «233
12. . 31.321 . 0122
13 31.221 0101
14 21,967 «N9%
15 32.713 061
14 33.879. «031
17 35,126 022
A8 36,443 0 L0300
19 37.724 « 037
20 38,842 . 2036
21 39,450 « 029
22 19,925 2029
23 39,354 2037
24 29,266 «039
25 38,818 2034
26 17,556 ..«032
27 R6.632 « 040
28 14,724 . a038
29 33,543 2030
30 31,489 2029
31 29,988 0028
32 28,377 2024
33 27,422 +026
34 26.374 - 2032
35 2hant7 027
L 25,599 2025
37 25,294 2027
39 24,920 _ «020
39 244,258 «02)
41 23,459 « 039
41 22382 e053
42 21,127 20585
43 19,968 s 054
44 18,853 = L0066
45 17712 e 062
4h 16,696 . 2030
47 16,214 «038
48 15.324 0079
49 15.227 2070
510 14,752 2022

653,667

e
-0
1
_2._ 56,146  3.370 980.500.
3
4 - 490.250

392.200

3264833

2804143

~245.125

217.8R9

- 1964100

1784273
163.417
150,846
1404071
1304733

122.563

115.353
108.944
103.211

..98,.,050.

93,381
89,136
854261
Bl.708
784440

712.630
70,036
67,621
65367
63,258
61.281
59,424

57.676

56.0?9
- B4e.472.
53000

51.605

500282
494025
474829
46,690
454605

44.568

43.578

42.630

414723
404854
40020
39,220

75,423

FREQ
0
.000510

2001020 .

.001530

+002040 .

« 002550
003060
.003570
004080
0004589
+005099
005609
006119
006629
007139
« 007649
.008159
008669
009179
. 009689
»010199
«010709
+011219
011729
«012239
012749
«013259
.013768
014278
014788
«015298
«015R08
«016318
.016828
«017338
2017848
«018358
«018868
.019378
.019888
2020398
« 020908
e021418
«021928
022438
2022947
2023457
023967
+ 024477
0024987
+025497

CHANNEL 7

SPK SPN
6011,397 98.619
6838,467 112,187
1051,784 17,258
962.835 16,796
1431.300 234481
1053,656 17.286
461,911 7.578
215,038 3,528
186,325 3,057
121.096 1987
97.064 1592
724720 14193
38,076 0625
31.522 517
29,338 048]
19.038 0312
9,675 « 159
6.866 o113
94363 0154
114548 «189
11236 e184
9,051 e 14R
19,051 e148
110548 .189
12.172 0200
106611 0174
9,987 o164
12,484 205
114860 195
9,363 v 154
9.05 e 148
R,739 o143
7.490 .123
B,115 0133
9,987 «164
84427 138
7.803 128
Re427 «138
he24? 0102
6¢554 108
12172 200
164549 271
17.166 0282
164854 0276
204599 «338
194350 «317
94363 + 154
114860 *195
244656 e404
21.847 ¢« 358
6,866 «113



(DX

20

21
22
23
24
°S
26
27
2R
29
3n
31
32
33

- 34

35
36
37
38
39
40
41
42
43
44
45
4k
47
49
49
20

L0 NP PP WU —

117w

PERIOD

INFINITY

1961.000
980,500
653,667
490,250
392.200
326,833
280,143
245,125
217.889
196.100
1784273
1634417
150,846
140,071
130.733
122,563
1154353
108,944
103.211
98,050
93,381
89,136
B5,261
Hle708
784440
75,423
72.630
70.036
67.621
65,367
63.258
61.281
594424
5T7.676
56.029
54¢472
53.000
51605
50.282
49,025
474829
464690
45,605
44,568
434578
424630
41,723
40854
40020
39.220

Rijne 2
ACOV Se
61,445 174370
A3,328 22,607
59,762 R.455
R5.636 54732
_ 51,969 . 3.970
43,356 24018
45,296 «833
42,6173 « 554
40.A02 548
38,192 « 739
35,756 «904
32,950 e 569
304153 2 240
?8.056 208
25,683 0185
24,485 «168
23,715 0149
24,281 »07R
25,052 095
254420 «122
25,471 «117
24,797 2096
24,454 « 087
24,108 « 094
23,938 0090
23,589 « 061
23,623 « 0954
23,R95 - 057
23,751 0081
23,521 2063
772,550 +053
2Leh02 2055
?N.251 e 052
| 9_54 93. - QQ 37
18,586 «034
18.861 «04]
18,9901 + 0154
19,204 «068
19.410 « 071
19,616 =056
19.134 e 04]
18,206 QO;Z
174922 «035
17,173 2045
164402 0062
17.061 «N88
174333 «066
17,637 s 049
17,745 2026

FRFEQ

0
000510
001020
«001530
» 002040
« 002550
«003060
.003570
» 004080
. 004589
« 005099
» 005609
006119
« 006629
007139
« 007649
008156
« 008669
«009179
. 009689
.010199
«010709
«011219
.011729
«012239
«012749
013259
013768
.014278
014788
,015298
.015808
016318
« 016828
«017338
«017848
.018358
018868
.019378
.019888
+020398
« 020908
021418
« 021928
«022438
0022947
0023457
« 023967
024477
024987
2025497

CHANNEL 7
SPK SPN
5421,212 80,380
7055,690 104,614
2638,822 39,126
1788,969 264525
1239,045 184371
629,822 9.338
259.98]1 3.858%
172,905 2564
171.032 2.536
230.643 3420
282140 4,183
177.586 24633
T7.713 1le152
64,917 0363
57.739 « 856
524433 o777
46,503 + 689
33.083 0491
244344 361
29650 0440
38.076 e565
364516 «54]
29,962 0444
27,153 0403
29338 ¢ 435
28,089 0416
19,038 282
16,854 «250
17790 e264
19,038 0282
19,662 0292
16.54] 0245
17.166 255
164229 0241
10611 0157
124796 «190
164854 0250
214223 0315
224159 329
174478 0259
12796 190
9.987 0148
10924 0162
144045 208
134420 «199
19.350 287
274465 0407
204599 «308
154293 0227
84115 e120



-118-

PERICD

INFINTTY

1961.000
9804500
653,667
4904250
392.200
326.833
280.143
245,125
217.889
196,100
178,273
163,417
1504846
140,071
130,733
122.563
115.353
10B.944
103.211
98,050
93,381
89,136
85,261
Ble708
784440
754423
T2.630
70,036
67.621
65,367
63,258
61.28]
59,424
57.676
56.029
$540472
53,000
51.60%
50,282
49.025
47,829
46,690
45,605
. 44,568
43.578
- 42.630
41723
40.854
404020
3%9.220

. Run_ 2
K ACNV sP
o.n ~A5,.n37 154734
1 40721 244537
2. 5T7.910 . 9,313
3 54,017 24632
4 504433 7.019
5 47,046 1e717
' Hh 44,965 @ 1,135
7 43,226 » 735
83 41,932 970
9 41,105 14030
19~ 39,973 702
11 38,630 0395
12 36,703 »304
13 35,033 2209
14 . 32.R14 ¢135
15 31,387 0102
146 29,713 «104
17 ?8;618 2110
18 27.280 2082
19 26,703 «082
.20 25.687 2100
21 24,563 2071
22 23.311 2045
23 21,757 057
24 19,7726 e 064
29 17,770 2062
26 15,413 2« 057
27 12,725 «062
289 11.313 «068
29 9,894 2053
30 8,691 «071
31 7,854 094
32 6,953 «085
33 6,233 0052
34 5,535 2049
35 4,768 2« 070
KL 3.499 2063
37 2.255 044
38 1.0064 w048
39 « PR3 «061
40 =N,T4b 2056
“1 -1.R17 QOSO
42 =3,748 » 055
473 =44349 2054
44  =6,393 = .050
45 -8,271 « 069
46h -9,875 2104
47 =11.580 0106
48 =13,4%9 2084
49 =14,53] « 059
30 =15,641 022

FREG

0
«000510
«001020
«001530
« 002040
« 002550
« 003060
« 003870
«004080
« 004589
« 005099
« 005609
«006119
« 006629
«007139
« 007649
« 008159
« 008669
2009179
+ 009689
2010199
«010709
«011219
0011729
»012239
0« 012749
«013259
+013768
«014278
«014788
«015298
015808
016318
016828
«017338
«017848
+018358
«018868
2019378
+019888
020398
« 020908
2021418
«021928
+ 022438
« 022947

- 2023457

+ 023967
2024477
+ 024987

2025497

CHANNEL 7
SPK SPN
5222.715 80.304
7658,047 1174749
2906 ,4,606 444692
R21.452 124631
630,134 9.689
§35.879 84240
3544236 5447
229,395 3527
302.739 4.65%
3214465 44943
219,096 3.369
1234280 1896
94.879 14459
654229 1003
424134 0648
310834 489
324459 «499
34,33) «528
25,592 «394
25.592 e 394
31.210 0480
22.159 034)
14,045 0216
17.790 0274
19,975 «307
19.359 298
17790 274
19,350 0298
214223 0326
18,102 0278
224,159 034)
29.338 045
26529 «408
16,229 «250
15293 +235
214847 «336
19,662 302
13.732 211
140981 0230
19,038 0293
17.478 0269
15.608 0240
17.166 0264
16854 259
15608 «240
214535 0331
324459 0499
33,083 «509
26217 «403
18,414 «283
6866 2106



RUN 2
ACOV 5P
52.492  17.139
48,830 21416
_4T,.257 50332
45,395 1559
43,622 o721
41,914 «556
604640 o775
39,948 e 731
39,397 . 510
8,569 «410
37,977 «300
37,465 218
36,828 2194
35.870 0161
35.155 0137
34,081 elll
31,666 062
30,517 « 061
29,399 «075
28,205 _«067
27,513 o048
?5.576 0076
»4,688 077
94.118 0079
23,797 0093
3,108 0093
22.678 « 073
224230 » 069
22.109 2057
21,780 « 043
214157 « 052
204477 + 055
P20.021 2060
19,157 +06]
18,247 2051
17,745 « 056
16,R35 072
164274 2066
15,885 048
15,931 « 049
15,497 0069
15.632 ’083
15.679 + 065
15,278 e 040
144493 $049
13,869 « 06?2
12,873 e 066
11.915 0067
10820 «03]

=119-

CPERIOD

INFINITY

19614000

653,667
4904250
392.200
3264833
2804143
245,125
217.889

1964100

178,273
163,417
150.846
140,071
130.733
122.563
115,353
108.944
103.211
98.050
93.3R1
89,136
85,261
Rl.708
T78e440
75442723
72630
T0.036
67.621
65.367
63,258
61e2R1
59.424
57.676
564029
544472
53.000
51.605
50282
49,075
47.829
464690
45.609
44,568
43,578
42.630
414723
40)e8R4
40020
39.220

980.500

FREQ

0
«000510
»001020
»001530
002040
. 002550
« 003060
. 003570

«004080

« 004589
«005099
« 005609
«006119
+ 006629
« 007139
« 007649
.008159
» 008669
«»009179
« 009689
«»010199
+010709
.011219
011729
0012239
012749
« 013259
«013768
.014278
«014788
.015298
«0158(08
«016318
« 016828
+017338
2017848
«0181358
.018868
019378
«019888
« 020398
« 020908
«021418
« 0215928
0022438
« 022947
« 023457
« 023967
024477
« 024987
0025497

CHANNEL 7

SPK SPN
5349,116 101,903
6683,976 1274333
1664,128 31.703
486,567 9.269
225.026 4287
173.529 3.306
2414879 44608
228,147 44346
159,172 3.032
1274962 24438
93,631 1784
68,038 1296
60+54R 1153
504248 0957
34,643 e660
27777 529
19.350 0369
19,038 363
23+408 0446
200911 398
14,981 «285
18,102 0345
23.720 0452
244032 2458
24.656 0470
29,025 ¢553
29.025 553
22.783 434
214535 0410
17.790 339
13,420 0256
16.229 309
17.166 «327
18,726 0357
19,038 «363
15,917 2303
17.478 0333
22471 «428
204599 0392
14,981 288
15,293 291
21.53% 0410
254904 2493
200287 «386
124484 238
15,293 291
19.350 369
204599 392
206911 ¢ 398
9.675 v 184
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RUM 3
AnOVY SP
S 303,990 79.564
221,302 9R,L955
214,516 @ 25,143
2174931 9.890
Eﬂilﬂlﬁw, ”61582
197.667 4223
192,792 . 3.027
1R3,031 Pe&92
182,003 24525
177,707 2¢435
172,431 24279
167,305 22192
141 .R4A 2+100
187,030 24045
152,772 14935
148,466 1775
145,645 14791
14),891 14916
138,502 1 o864
135,271 14767
132,738 12778
129,567 1,776
127,243 . 10713
125,384 1667
121,781 1.688
1184657 1688
114,540 14669
112.508 1652
119,229 1624
1570416 ]Q664
103.740 - 1e703
1004923 1651
97.408 1599
96,033 145672
93&782 1&546
91.570 1556
89,2109 149545
26,945 1525
R3.946 14508
RO.770 1517
79,220 14539
76,317 14550
73,526 14575
71,153 14615
~ A9%9.192 14680
AT,916 12684
674131 1586
66,045 14575
£54040 1649
62,478 1624
Al.056 786

=120

PERIOD

INFINITY

1961«000
980.500
653,667
490,250
392,200
326,833
2804143
245.125%
217.889
196,100
178,273
163,417
150.846
1404071
130,733
122.563
115,353
108,944
103.211
984,050
93.3R)
89,136
B%.261
Bl.70n8
TBe440
715.423
72630
- T0.036
67.621
65,367
63,258
61e2R1
594424
57.676
564029
544472
53.000
51608
50.282
494025
47.829
464690
45,605
444568
43578
42.630
41.723

40854

400720
39.220

FREQ

2000510 30884,053

001020
«001530
« 002040
002850
«003060
«003570
2004080
« 004589
«005099
. 005609
«006119
006629
007139
+ 007649
«008159
. 008669
«009179
« 009689
«010199
«010709
011219
011729
«012239
0012749
.013259
«013768
0014278
.014788
015298
«0158¢08
«016318
« 016828
«017338
«017848
018358
«018868
2019378
« 019888
»020398
« 020908
»021418
021928
0022438
« 022947
» 023457
0023967

20264477

» 024687

CHANNEL 7

SPK SPN
0 24832,084 81,687
101596
7847,181 25.814
3086,689 10,154
20544255 6.758
1318,007 44336
Q44,733 3.108
TT77.75R 2.558
788,058 2e592
759.968 2500
711.280 2¢340
684,128 2.250
655.414 24156
638,249 2100
603.917 1.987
553,98]1 1822
558,975 1839
597.987 1.967
581,758 1e914
551.484 l1e814
554,917 1825
5544293 1.823
534,63) 1759
520274 1711
526,828 14733
526.828 14733
5204898 le714
515,593 14696
5064854 1667
519,338 1708
531.510 1748
515280 14695
499,05) 14542
4870503 1604
482,510 1.587
485,63 1598
4824198 1586
475,956 1566
4704650 10548
4734459 14557
4804325 1580
483,758 14591
4914561 14617
504,045 1.658
524¢331 1725
82545890 1729
4941994 1.628
4914561 14617
5140656 14693
506.854 14667
2454312 «B07

2025497



RUN

Acnv
45,984
43,379

42,742

41.90%
40,648
39.980

38,693

37,864

36,790

6,102

- 35.445

34,339

33,484

32,814
31.704
IN.726
29,992
29,n87
27.767
P264,RT4
25.617
24 ,A83
23,708
P2.953
22,124
2l1.314
20,513
19.541
18.R00
18,067
16,966
16,274
15,229
144302
13.169
124346
11,333
10.270
9,825
R.604
T.R21
T.036
6272
5,805
4,862
44103
3.856
3,790
2,915
?.482
24049

3
SP
15,4073
20e068
54239
14074
o876
+» 358
« 368
«328
0216
132

2109

« 099

« 089

» 062

«035

» 039
#2064
072
2066
«054
2047
e 049
2047
0053
054
«043
2028
018
029
w042
056
2072
0060
2036
0037
2 04)
044
2054
2058
265
2063
071
+ 085
«063
2040
«036
«031
«037
«040
026
«009

=121~

PERIOD
INFINITY

1961.,000
9804500

653,667
490,250
392.200
326,833
280,163
245,125
2174889
196,100
178,273
163,417
150.846
140,071
1304733
122563
115,353
108,944
103.211

- 98.050

93,381
89.136
85,261
B81.708
784440
75.423
724630
70036
67.621
65,367
63.258
61.281
59.424
57.676
56.029
544,472
53.000
51«605
50282
49,0275
47.829
464690
45.605
44,568
43.578
42.630
41723
40)eRB4
40029
39,220

FREQ
-0
+000510

«001020

«001530

002040

« 002550
« 003060
«003570
«004080
.004589

-.+005099

« 005609
2006119
. 006629
2« 007139
2007649
«008159
« 008669
«009179
009689
«010199
«010709
011219
.011729
«012239
«012749
«013259
013768
0014278
.014788
.015298
«015808
«016318
016828
2017338
« 017848
+018358
.018868
«019378
0019888
020398
«020908
0021418
« 021928
« 022438
« 022947
0023457
« 023967
0024477
024987
« 025497

CHANNEL 7
SPK SPN
4807,.,307 104,543
6263,263 136,205
1635,102 35,558
335,198 7.289
210,981 4,588
111733 24430
114.85¢4% 24498
102.369 24226
6T.414 1s466
41,197 +B96
34,019 o740
30.898 obhT72
27777 0604
19,350 0421
10.924 2238
12.172 « 265
19,975 0434
22471 « 489
204599 0448
16854 367
14669 «319
15,293 «333
140669 «319
16,541 360
16.854 ¢ 367
13,420 292
8.739 ngo
5¢618 0122
9,051 0197
13,108 «285
17,478 « 380
22.4T) * 489
18,726 «407
11236 e 264
11548 291
12796 «278
134732 0299
16,854 0367
18,102 39
200287 o44]
19,662 e 428
22.159 0482
264529 «577
19.662 0428
124484 2T
11236 0244
9,675 210
114548 0251
12.484 «2T1
8,115 176
2809 0061



CONIPASWN—~ S X

29

5.117

- RiIN 3
ACOv SP
31,589 Ba297
28,574 11,670
28,034 44799
26,628 1892
25,526 2796
24,347 « 592
23,199 387
PP+243 0 247
Plal47 0212
204394 0194
19,7299 0183
18,765 0152
17,173 0124
16,469 2085
15,244 « 053
14,519 «051
12,995 061
12,635 « 050
11,791 0040
11039 « 048
10,354 e 062
9,583 « 060
9.348 054
8,839 2046
8,130 «051
7.519 +050
7.080 + 035
6,908 »033
6,359 2040
6,427 049
6,125 +058
6,221 «059
5,960 « 050
6,155 034
6.n93 «030
6,182 033
6,328 e 042
6,439 « 065
6,819 e 076
6,684 2063
6.627 «038
6.758 «039
6.797 .081
6.616 0095
5,165 0072
6,021 2070
5.735 072
5.709 2056
5201 0 049

0026

122~ -

 PERIOD

INFINITY

1961.000

980.500
653.667
4904250
392.200
326.833
2804143
245.125
217.889
196.100
178,273
163.417
150,846
140.071
130733
122.563
115.353
108.944
103.211
98,080
93.3R1
89,136
85,261
81.708
78440
754423
T72.630
70,036
67,621
65,367
63,258
61.28)
59.424
57.676
564029
544,472
53.000
51.605
50.282
49,025
47.829
46,690
45.605
44,568
43.578
424630
41723
40.854
40020
39,220

FREQ

0
+000510
«001020
« 001530
+ 002040
« 002550
«003060
« 0035790
+ 004080
« 004589
« 005099
« 005609
2006119
006629
«007139
2« 007649
«0n8159
« 008669
« 009179
+009689
«010199
010709
011219
011729
« 012239
012749
0013259
«013768
2014278
«014788
.015298
«015808
«016318
2016828
017338
+017848
0018358
018868
«019378
019888
+ 020398
« 020908
«021418
«021928
2022438
2022947
« 023457
« 023667
e 024477
0024987
« 025497

CHANNEL 7
SPK SPN
2589,510 81,975
3642,230 115,301
1497 .777 474415
5904497 18,693
249,369 T«894
184,764 54849
1204783 3.824
77.089 2440
66.166 2098
60.548 1917
57,115 1.808
474440 1502
38,701 1.225
26,529 «R40
164541 524
15,917 «504
19,975 0632
19,038 0603
15.605 0494
12.484 «395
14.981 o474
19,350 613
18,726 «593
16.854 «534
144357 0454
15.917 504
15.608% 0494
10924 0346
10.299 «326
12.484 «395
15.293 0484
180102 0573
184414 583
15.605 0494
10.61) «336
93673 296
10.299 0326
13,108 «415
20.287 0642
23.720 43!
19.662 2622
114860 «375
12.172 « 385
25.280 «B00
29.650 0939
22447 o711
21847 0692
22471 o711
17.478 553
15293 0484
8,115 257
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33,165

29,679

- 28,991

27,779
26,424
25,845
24,713
24,340

23.348

22,493
21.528
20,625
19.R79
19,272
- 18,926
18,254
184154
184145
174437
17,456

16.976.

164450
16,181
15.809
15,532
14,95]
14,561
14,598
13,994
13,337
13,451
13,015
. 12.798
12,961

12443

12,586

12,641

11,813
11.716
10,956
11.000
10461
10,148
10,376
104163
9,908
9,675
9.663
9.231
9,371

9.534

3
sP

104161

12,594

- 3.316

14486
981
646
«384
181
«158
0176
0182
212
«185
0136
0117
« 098
=088
2073
0063
2050
e 041
« 051

2067

«058

2049

+ 064
+059
040

0040

e 068
+ 084
« 054
+035
2045

o047

«052
L ] 089
« 094
«050
2056

086

« 095
«108
2093
«070
0064
2059
2058
« 049
« 039
019

-123-

PERIOD

INFINITY

1961.000
980,500
653,667
4904250
392.200
326.833
280.163
245,125
217.889
196.100
178,273
1634417
150.846
140,071
1304733
122.563
115,353

10R.944

103.211
98050
93.381

85,261
81.708
784440
75423
72630
T0.036
67.621
65,367
63,258
61,281
59,424
57.676
56,029
544472
53.000
- 514605
50282
49.025
47.829
464690
454605
44,568
434578
424630
414723
40.854
40,020
- 39220

89,136

FREQ

0
«000510
+001020
«001530
« 002040
+» 002550
« 003060
«003570
«004080
+ 004589
» 005099
« 005609
+006119
« 006629
«007139
« 007649
»008159
«008669
0009179
5009689

010199

«010709
+011219
«011729
012239
+ 012749
« 013259
«013768
014278
«014788
2015298
015808
«016318
016828
2+017338
»017848
«018358
»018868
2019378
0019838
2020398
« 020908
2021418
»021928
2022438
022947
« 023457
« 023967
e 024477
« 024987
2025497

CHANNEL 7
SPK SPN
3171.268 95,621
3930.613 118,517
1034,930 31,2085
463,784 13,984
306,172 9.232
201.618 64079
119,847 3.614
564490 1,703
49,312 1,487
544,930 1.656
56,803 1e713
66,166 14998
57.739 l1e76)
42,446 1.280
36,516 le101
30,586 0922
26,4529 «800
22783 «687
19,662 0593
15,605 04T
12.7956 «386
15.917 o480
20911 e63]
18,102 0546
154,293 a46]
19,975 0602
1R.414 555
12,484 «376
12.484 376
21.223 e640
26,217 0790
16,854 «508
10.924 0329
140045 0423
14.669 0442
16,229 2489
27777 «8B38
29,338 885
15.605 4T
17.478 «527
26.841 .809
29.650 oR94
33.707 1e016
29.025 «875
21847 0659
19,975 0602
18,414 «558%
18,102 546
15,293 0461
12,172 e 367
54930 179



WD NIPIRPLPWOUN—~D X

'2.13?

RUN 3

ACOV sSP
38,695  /,316
34,358 104051
314996 = 6.857
29,091 44978
26,110 24553
23,607 1308
21,282 2958
18,639 02668
16,505 2562
14,805 0447
12,486 0355
11,144 «263
9.672 0225
T.691 202
6,762 0165
5.442 014]
4,450 142
3,960 2137
3.122 128
2,510 «l16
2,546 2 088
2.473 2« 078
2,118 «078
24624 0065
2.598 «n80
2,778 « 086
2.946 «NS7
3.407 2044
3.R90 «056
4,200 «063
4,719 2058
5.194 2043
5.743 «046
6,037 0093
51963 .128
6,251 «126
6,626 « 095
64660 +054
6,262 «038
6,117 2045
5,513 051
5.n089 «055
44342 «071
3.306 2092
2e002 ~ «085
1.085 2062
2023 2058
-1.,058 s 065
~=1e278 « 071
«1,698 2066

«028

=12}~

PERIOD
INFINITY

1961.000

980.500
653,667
490.250
392,200
326.833
2804143
245,125
217.889
1964100
178,273
163.417
150,846
140,071
130,733
122.563
115,353
108.944
103.211
984,050
93,381
89,136
85,261
81.708
TBe44n
75.423
72630
70,036
67.621
65367
63,258
61.28]
59.424
57.676
564029
544472
53.000
514605
50282
49,025
4T7.829
460690
45,605
44+568
43.578
42:630
41723
40.854
406020
39.220

FREQ

0

« 000510
.001020
.001530
« 002040
. 002550
.003060
+003570
« 004089
« 004589
«005099
+005609
«006119
. 006629
2007139
« 007649
.008159
« 008669
«009179
2009689
«010199
«010709
«011219
«011729
«012239
0012749
+013259
+013768
0014278
«014788
«0152918
«015808
«016318
.016828
»017338
+017848
«018358
.018868
.019378
. 019888
«020398
« 020908
+ 021418
.021928
+022438
0022947
« 023457
« 023967
0024477
« 024987
« 025497

CHANNEL 7

SPK
1971.236
3136.937
2140,083
1553.,644

796,796
408,229
298,994
2084484
1754401
139.510
110.796

82,083

704223

63.0645

514497

44,006

44,318

42,758

39,949

364204

26+529

244344

244346

200287

244968

2he84)

17790

13.732

17,478

19.662

18,102

13420

14357

29.025%

39.949

39.325

29.650

18.854

11860

144045

15,917

17.166

22159

2R«713

26.529

19.350

18,102

200287

22159

204599

84739

SPN
504943
81,068
55,306
400151
204592
10,550

Te727

5,388

44533

3.605

2.863

2121

1815

14629

14331

1137

14145

1105

1.032

936
«686
0629
0629
0524
0645
0694
2460
355
0452
«508
0468
0347
37}
750
1032
1e016
0766
«436
0306
0363
0411
2444
«573
0742
686
«500
0468
524
«573
532
0226



- RUM 3
K achy SP PERIOQD
0 39,987 9,937 INFINITY
1 36,539 15,993 1961,000
2 35,472 64745 980.500
3 34,046 14369 653,667
4 3246523 989 490.250
5 31,474 «562 392,200
6. 304195 . 2499 326,833
7 29,078 0450 280,143
R PT.827 = 2304 245,125
9 26,464 173 217.889
10 24,953 _all7 1964100
11 24,275 «099 178,273
_..12 234282 0 2128 163,417 .
13 22.521 152 150.846
14 21,204 _«167  140.071
15 20,271 e157 130.733
16 18.842 2102  122.563
17 17249 «068 115,353
18 162009 2069 108,944
19 14750 0061 103.211
20 134445 _«056 98,050
21 12,596 «050 93.381
22 11,141 _e045 89,136
23 9,863 0062 85,261
24 9,031 L0779 . 81.708
25 7.723 0079 784440
26 6,740 2073 75,423
27 5.692 «063 T2.630
28 4,388  L,054 70,036
29 3,210 « 067 67.621
.30 1,960,038 65,367
3 «531 «039 63.258
_32. _=0.539 «059  61.281
33 =]1.956 079 59.424
43ﬁ”,/93.ﬂ§2 . _‘AQQQ”W 5?1§7ﬁw,
35 44671 0047 56.029
.36 | =5,982 2048 54,472
37 =7.171 2078 53,000
.38 =B,110  «090 51.605
39 -9,116 0063 50.282
_40  =9,988 0049 49,025
41 =11,207 «053 47.829
62 =11.877 = 4055 464690
43 =13,013 0060 45,605
44 =13.794 068 44,568
45 =14,516 0074 43.578
46 =15,453 = 079 42630
47 =16,278 2079 41723
48 =17,018 2053 40.854
49 =17.690 e 035 40020
50 =18,076 019 394220

e )28

FREQ

... 0
«000510
2001020
«001530
« 002040
« 002550
«003060
«003570
«004080
« 004589

005099

«005609
2006119
« 006629
2007139
0007649
« 008159
« 008669
2009179
« 009689
2010199
«010709
2011219
2011729

«012239

« 012749

013259

«013768

2014278

014788

+015298

«015808
«016318
«016828
«017338
«017848
«018358
«018868
«019378
«019888
«020398
«020908
0021418
+021928
2022438
0022947
0023457
« 023967
0024477
0024987
0025497

CHANNEL 7

SPK SPN
. 3101.358 774559
49914447 124.827
. 2105.128 52.645
427,268 10,685
- 308,669 Te719
175,401 44,386
155,739 3.895
1400446 3.512
944879 2.373
53,994 1350
36,516 «913
30.898 o773
- 39.949 2999
47.440 1.186
52.121 1.303
49,000 1.225
- 31.834 o796
21.223 «531
214535 «539
19,038 o476
. 17.478 0437
15,605 390
144045 2351
19,350 0484
24,656 0617
240656 617
22.783 «570
19,662 0492
16.854 0421
14,669 0367
11.860 0297
12.172 «304
18,414 eb46]
244656 617
214538 «539
14,669 ¢ 367
14.98) 0375
264344 «609
28,089 e702
19.662 0492
15.293 «382
16,541 0bl4
17.166 0429
18,726 0468
21.223 531
23.096 «578
244656 0617
244656 0617
16.541 W6lé
104924 273
5930 e148



OD NP NP WO X

67,778 1.420

RUN &

Acov SP
580,722 1404659
425,453 190,388
417,278 640985
397.437 204456
386,383 = H8.184
382,037 64190
371,823 5317
368,276 44685
349,748 5503
339,557 44844
327,517 3e422
317,346 4el116
305.108 5207
291.994 4,168
280,112 3,371
267,800 44375
255,765 44552
242,141 3.329
229,762 - 3.118
217.116 3.639
209,448 3,254
194,945 24635
186,104 2577
174,723 2584
180,388 2638
158,875 20969
160,672 24945
152,115 24619
128,755 2.818
124,792 3,163
117.235 24976
179.854 2652
124.780 2.721
122.588 20921
118,739 2,832
114,898 2648
112.554 24675
109,362 2933
105,294 3.086
104,340 24842

98,096 2991
95.887 3.678
82,577 3.602
89,880 3.049
~_R5,553 34356
82,557 3.822
78,106  3.311
77.195 2+680
,HZL.QIQUMM_ZJBQZ
70,243 2978

~126-

PERIOD

INFINITY

1961.000
980,500
653,667
490,250
392.200
326,833
280,143
245,125
217.889
196,100
178,273
1634417
150.846
140,071
130733
122.563
115,353
108.944
103.211

98.050
93.381
89,136
85,261
81.708
TBe440
754,423
72.630
T0.036
67.621
65,367
63.258
- 61.281
59.424
57.676
56.029
544472
53.000
51.60%
50.282
. 494025
47.829
46,690
45,605
444568
43.578
420630
41723
40,854
404020

- 39.220.

FREQ

«000510 59420.476
«001020 20281948

« 001530
«002040
« 002550
«003060
« 003570
«004080
« 004589
005099
005609
«006119
«006629
007139
0007649
«008159
+008669
«009179
« 009689
«010199
«010709
«011219
2011729
0012239
«012749
« 013259
«013768
014278
2014788
»015298
«015808
«016318
«016828
«017338
«017848
018358
«018868
«019378
.019888
« 020398
« 020908
«021418
«021928
0022438
« 022947
« 023457
« 023967
« 024477
2024987

CHANNEL 10

SPK SPN
0 43899,955 75,595
102,322
34,925
6384,359 10.994
25544243 44,398
1931,911 3.327
1659.446 2858
1462.198 2518
1717.497 2958
1511.822 24603
1068,013 1839
1284,612 2.212
1625,115 2.798
1300.84] 24240
1052.096 1.812
1365,446 2351
1420.688 20446
1038,988 1.789
973,134 1676
1135,739 10956
1015.580 14749
822.389 le416
B04,287 1.385
8064472 1.389
823,325 1e418
926,63) 1e¢596
919.140 14583
8174395 1408
879.503 1e514
987,179 1«700
928,816 14599
8274695 1625
849,230 1462
9114650 1570
883,873 1e522
826,446 l1e423
834,873 10438
915,395 1576
963.147 1659
886,994 1¢527
933,497 1607
1147.,911 1977
1124.191 14936
951,599 1639
1047414 18064
1192.854 20054
1033.370 1779
836,433 10440
886,994 1527
929,440 1600
443,185 ¢ 763

« 025497



OCINIPIAOPWNN— DX

RUN 4

Acov
13,724
11,609
11.388
10.814
10,384

9.830

9,369

8,922

8,513

8,317

7.937

74650

74590

74317

7.266

74337

7.158

Te415

7.309

T+705

T.664

7,632

7@542

7.465

74473

74365

Te?34
6,963
6,736
6,499
6,288
54748
5,225
4,785
4,653
4,152
3.961
3.508
3.079
2.990
2.672
2.323
1845
1.805
1699
1510
14613
1,187
l1e462
1,249
1216

SP
4,053
4,908

2941

515

0706

0394
e185
0124
« 098
« 086
»093
078
044
2039
2046
o047
2045
« 039
» 025
2036
e 057
2043
033
2039
«039
040
0040
«036
2027
« 028
2037
« 037
«04]
e 046
¢« 043
2044
«039
027
022
e 025
° 037
« 057
2056
«063
2035
0032
2050
006]
2 050
« 039
« 019

-127-

PERIOD
INFINITY

1961,000

980.500
653.667
490.250
392.200
326.833
280,143
245,125
217.889
196,100
178,273
163.417
150,846
140,071
130,733
122.563
115.353
108.944
103.211
98,080
93.381
89,136
85,261
81.708
784440
75.423
72630
T0.036
67.621
65,367
63,258
61,281
594424
57.676
564029
54,472
53.000
51608
50.282
49.02%
47.829
464690
45.605
444568
43.578
42.630
41723
40854
40,020
39.220

FREQ

0
«000510
«001020
.001530
« 002040
« 002550
»003060
«003570
«004080
.004589
«005099
« 005609
«006119
006629
«007139
« 007649
«008159
« 008669
«009179
+ 009689
.010199
.010709
.011219
.011729
« 012239
0012749
«013259
«013768
«014278
«014788
2015298
+015808
«016318
«016828
«017338
2017848
.018358
.018868
0019378
.019888
«020398
+020908
0021418
+021928
0022438
+ 022947
« 023457
« 023967
0024477
« 024987
+ 025497

CHANNEL 10

SPK SPN
12644949 92,171
1531,797 111.614

293.688 214400
160.733 11.712
2204344 16,055
122,968 8,960

574739 4.207

38,701 2.820

30.586 2¢229

26,841 1,956

29,025 20115

2644344 1774

13.732 l¢001

12.172 «887

144357 le046

14,669 1.069

1440645 1023

12.172 «887

74803 0569

11.236 «819

17790 1.296

13.420 «978

104299 o750

12.172 +887

124172 +887

12.484 910

12.484 e910

11.236 819

84427 o614
B.739 0637
11.54R « B4

11548 + 841

12.796 0932

144357 14046

13.732 1.001

12.172 «887

8.427 o614
6.866 «500
7.803 0569

11548 e84

17.790 1296

17478 1274

134420 978

10924 796

9.987 «728

15605 1137

19,038 1387

15.608 1137

12.172 «887

5930 0432
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59.R48

] RUN 4
ACOV SP
247,741  BT7,726
241,461 107,231
235,473 244299
228,784 7.720
221,576 49562
215,016 34365
219,574 2375
204,754 1e216
199,733 1296
195,424 1e284
191,259 «882
196,218 651
131,669 592
177.183 453
173,014 294
169,116 +213
165,690 0199
161,926 183
158,451 «180
154,993 «178
151.614 2153
148,477 +104
144,990 « 089
141.012 2110
137,113 « 089
132,790 2062
128,854 077
124,342 «090
120.914 « 089
117,869 0093
116,182 0110
114,263 2098
112.494 «088
1114244 »080
1n9.832 0039
107.474 .027
105,610 2040
102,728 «039
99,779 « 057
96,933 « 068
93,304 «054
R9,678 2066
B6,502 2087
83,437 + 084
79,916 « 067
76,535 ~ 058
73,621 2070
7TNa153 2069
66,146 » 055
A2.979 «080

2054

=128

PERIOD

INFINITY

1961.000
980.500
653,667
4904250
392.200
326.833
2804143
24%5.125
217.889
196.100
178.273
1634417
1504846
140,071
130,733
122.563
115.353
108,944
103.211

984050
93.381
89.136
85.261
81.708
78440
75423
T2.630
70.036
67621
65,367
63,258
61.281
59.424
57.676
564029
546472
53.000
514605
50.282
49,025
47.829
464690
45.605
444568
43.578
424630
41723
404884
404020
39,220

FREQ

«000510 33467,010

0001020
«001530
« 002040
+002550
.003060
.003570
«004080
. 004589
«005099
« 005609
«006119
« 006629
«007139
«007649
.008159
. 008669
.009179
« 009689
2010199
«010709
«011219
011729
«012239
2012749
«013259
.013768
«014278
«014788
¢ 015298
«015808
.016318
.016828
«017338
2017848
«018358
.018868
«019378
«019888
«020398
.020908
.021418
.021928
022438
0022947
« 023457
« 023967

2024477

» 024987

CHANNEL 10

SPK SPN
0 27379,460 110,740
135,362
7583,.766 306674
24094427 9.745
1423.809 5.759
1050.223 44248
7414242 2.998
379,516 1535
4044484 le636
400739 le621
275,274 10113
203.178 o822
184,764 0747
141,382 «572
91.758 «371
664478 269
62.108 0251
57.115 0231
564178 0227
554554 225
47.752 2193
320459 .131
27777 0112
34433) 139
27,777 «l12
19,350 «078
244032 « 097
28.089 ellé
27777 o112
29.025 117
34,33) 0139
304586 0124
274465 o111
244968 e101
124172 0049
Be427 0034
12.484 e 050
12172 « 0649
17790 0072
214223 e 086
16,854 « 068
204599 «083
274153 e110
264217 0106
204911 « 085
184102 0073
21847 « 088
214535 e (87
17.166 0069
244968 0101
16,854 « 068

+025497
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ot
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20
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
33
39
40

N
o

42
43
44
45
46
47
49
49

2N

RiIN &
AcCOy sP

- 295,575 1014045
PRY,.260 139.282
2R2.631 35.287
275,683 R.889
758,228 44603
P61.091 2756
254,968 1+873
248,465 1787
242,246 10466
235,745 1.03%
229,647 +938
224,352 661
218,352 +289
211.558 248
2nN4.404 «390
187,270 e 446
190,031 0377
183,699 2260
178.525 159
172.544 0128
140,730 » 089
154,441 2104
148,664 »128
143,088 106
138,195 « 095
134,156 0141
129,056 167
123,766 120
119,090 » 08¢
113,583 0079
108,019 077
1“2;747 0092
97,696 0108
94,310 0133
90.515 o113
RT.615 « 058
R5,174 « 067
82,665 «100
R0.256 «076
78,304 2043
76,202 20643
73,488 e 041
71.784 0044
£§9,.900 s 066
AT4311 0062
674197 « 069
66,718 2063
66,873 2068
65,786 0038

129~

PERIOD

INFINTTY

1961.000
9810.500
653,667
4904250
392.200
326,833
280,143
245.125
217.889
196.100
178,273
163,417
150.846
140,071
130,733
122,563
115,353
108.944
103.211

S8.050
93,3171
89.136
85,2561
8le.708
784440
754423
T2.630
T0.036
67.621
65,367
63.258
61.281
59.424
57.676
56.029
54472
53.000
51605
50.282
49.02%
47.829
464,690
45.605
44.568
43.578
42¢630
414723
40854
40.020
39.220

FREQ

« 000510 40661.273
2001020 11013.143

«001530
»002040
« 002550
«003060
« 003570
«0040890
« 004589
« 005099
+ 005609
«006119
« 006629
«007139
007649
«008159
« 008669
« 009179
« 009689
«010199
«010709
«011219
011729
+ 012239
«012749
+013259
013768
014278
0014788
,015298
»015808
+016318
016828
017338
«017848
«018358
«018868
+019378
« 019888
«020398
« 020908
«021418
« 021928
0022438
0022947
0023457
023967
0024477
» 024987

CHANNEL 10

SPK SPN
0 31536,.347 1064695
1374567
37.260
2774,275 9,386
1436,606 40860
860.153 2910
584,567 1,978
557,726 1.887
457,542 1.548
323,026 1.093
292.752 «990
206,299 «698
90.197 «305
77401 0262
121,720 o412
139,197 0671
1174662 «398
8l.147 o275
49.624 «168
39,949 0135
35,892 121
27.777 0094
32.459 «110
39,949 «1385
33,083 o112
29.650 «100
444006 0149
52.121 o176
37.452 o127
264217 «089
24,656 «083
244032 e 081
28,713 « 097
33.707 ellé
41510 0140
35,268 119
18,102 e 061}
204911 «071
31210 0106
23.720 080
13420 2045
134420 e 045
12796 0043
13.732 0046
204599 e 070
194975 «068
19,350 2065
2145358 «073
19,662 0067
21.223 0072
11.860 e 040

» 025497
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. 2,838

. RUN 4
ACHY 5P
. 44,4724  11.009
40,910 154520
38,744 9346
35,741 2688
32,989 10293
31.003 2973
29,351 14054
27,8890 «841
26,865 «620
25,992 604
25,109 o478
24,244 288
23.159 0212
22.094 0217
20,946 «185
19,715 109
18,779 2103
17,325 2114
16,489 « 092
15,402 + 082
14,501 2079
13,807 2056
12,871 049
12.046 2052
10,990 20643
10360 +037
9.608 2 040
9.516 00641
9.396 2038
9.766 + 036
9.914 «04]
9,751 0049
9,386 2055
9.n68 057
8,675 2053
8,486 0047
74906 0056
7.338 071
6.736 2069
6,341 0061
6.046 »051
6.n19 +038
5.911 041
6.053 2063
64000 _ 2075
5.955% 2062
5.478 0042
4,747 « 042
4,127 061
3.375 « 062

2026

-130-

PERIOD
INFINITY

1961.000

9804500
653,667
490.250
392.200
3264833
2804143
245,125
217.889
196.1090
178,273
1634417
150.846
140.071
130733
122.563
115.383
108,944
103,211
98,080
93.381
89,136
85,261
81.708
784440
75423
72630
70.036
67.621
65,367
63.258
61281
59.424
57.676
564029
544472
53.000
514608
S0.282
49,025
47.829
464690
45,609

- 44,568

43,578
424630
414723
40,854
40.020
39,220

FREQ

0
«000510
.001020
.001530
« 002040
. 002550
+003060
. 003570
. 004080
« 004589
+ 005099
. 005609
»006119
2006629
«007139
« 007649
«008159
. 008669
«009179
» 009689
.010199
2010709
011219
.011729
« 012239
0012749
«013259
2013768
« 014278
,014788
«015298
+015808
«016318
.016828
»017338
+017848
«018358
+ 018868
«019378
.019888

020398

« 020508
0021418
«021928
« 022438
« 022947
+ 023457
« 023967
2026477
» 024987
+ 025497

CHANNEL 10

SPK SPN
3435,93) 77344
4R43,823 109,036
1980,599 44,584

838,930 18,888
403,548 9.084
303,675 6,836
328,956 Te&08
262.478 5908
193.503 44356
188.510 4e243
149,185 3.358

89,885 24023

66,166 1.489

674726 1.525

57.739 1300

34019 o766

32147 o724

35,580 «801

28,713 oH46

25592 0576

244656 «555

17.478 0393

15,293 s 344

16,229 e 365

134420 «302

11548 «260

12+484 «281

12796 288

11.860 0267

11.236 0253

12796 288

154293 0344

174166 «386

170790 «400

16.54] «372

14669 «330

174478 0393

224159 0499

21538 *48%

19,038 0429

15,917 358

11860 0267

12.796 288

19.662 0443

23.408 3527

194350 0436

13.108 295

13,108 0295

19,038 0429

19,350 0436

B8s.118 0183
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ACOV

- 43,487

38,101
32.635
30,440

28,989

28,072

27,569

26,951
26,459
26,381
25,R09
25,566
25,160
24,694
24,085
23,120
22.217
214098

20,541

19.796

19,451

19,147
18,781
18,637
16.747
15,671
14,381
12,868
11.R06
11,650
11.834%
12415
12.752
12.947
12.871
120145
11.872
11.760
11.878
114619
11.386
10.911
104575

9.668

9,165

B,652

Be.544

84457

4
SP

. 124509

19,991
40426
14494
1.249
1277

2964
+920
915
2497

9254

362

~e322

« 185
171
+115
0067
084
073
s 056
e 057
2052

+ 040
2067
« 065
0046
+ 057
058
2043
2033
2033
0034
0029
«035
« 054
+ 057
«NB1]
+050
»051
«053
«040
024
0045
e Q77
2076
w066
0061
0064
« 066
031

«038

-131-

PERIOD
INFINTTY

1961.000
980,500

653,667

4904250

392,200
326,833
2804143
245,125
217.889
196,100
178.273
163,417
150.846
1404071
130.733
122.563
115,353
10R.944
103.211
98.050.
83.38]
89,136
85,261
BleTQR
T8.440
715,423
T72.630
TNe036
67.621
65,367
63,258
61.281
59.424
57.676
56+029
54,472
53.000
51605
50282
49.025
474,829
4646990
45.605
44,568
43,578
42.630
414723
40884
40020
39.220

FREQ
: 0
«000510
«001020
«+001530

- 002040

« 002550
« 003060
« 003570
+ 004080
«004589
« 005099
« 005609
« 006119
0006629
007139
« 007649
008159
2008669
« 009179
« 009689
+010199
«010709
011219
«011729
0012239
«012749
« 013259
«013768
«014278
+014788
0015298
«015808
+016318
0016828
0017338
017848
«018358
.018868
2019378
019888
« 020398
«020908
0021418
0021928
0022438
« 022947
« 023457
0023967
e 024477
+ 024987
« 025497

CHANNEL 10
SPK SPN
3904,084 89,776
4990,823 114,766
1381,363 314765
466,289 10,722
389,815 84964
398,554 9.165
3004866 6919
2874134 6.603
285,573 6.567
155,115 3.567
79.274 1,823
112.98) 2¢598
1004497 2311
574739 l1.328
53,369 1.227
35,892 «825
20.911 0481
264217 0603
22.783 «524
17478 0402
17790 0409
16,229 «373
11.860 0273
12.484 287
204911 0481
20.287 0466
14,357 ¢330
17,790 2409
18,102 0416
13,420 «309
10.299 «237
10299 237
10611 0244
9,051 0208
10924 0251
16.85%4 388
17790 «409
15,917 0366
15605 » 359
15.917 0366
16.54] «380
124484 287
7.490 0172
14.045% «323
244032 «553
23.720 «545
20599 0474
19.038 0438
19,975 0459
20599 o4T4
94675 0222
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) ) ,,RUM 5
ACOV SP
129,340 23.161
Ad,.n22 254203
.89.730 Teb40)
R7.518 3.789
56,099 2288
55.386 14902
54,228 1776
R2.697 1552
81.876 12564
49,618 10492
48 ,NnR2 10333
47,110 1350
45,592 14607
44,597 1652
44,034 14408
42,657 19364
42,434 10494
40,453 14402
39,319 1310
37,R25 1430
36,902 12407
36,611 14273
35,586 1373
35.660 14366
35,055 1352
34,409 1333
31,731 1363
31,237 1345
31,130 14319
32.710 14330
33.750 14315
32.536 1e324%
32.511 14364
-31al12 1342
31.643 14382
32,381 10433
_30.R21 1eb4a
30.784 14430
30,741 1346
3N.125 12323
28,669  }.398
27.610 10426
27.421 14382
26,282 14394
25,131 14405
24,88 14362
24,351 1382
24,419 L4645
.‘23;231* - 0733 -

<132~

PERIOD
INFINITY

1961.000

9804500
653.667
490,250
392,200
326.833
2804143
2454125
217.889
1964100
178,273
163,417
1504846
140,071
130,733
122.563
115,353
1084944
103,211
98,050
93,381
89.136
854261
81.708
784440
75.423
724630
70.036
67,621
654367
63,258

614281

59,424
- 57.676
56.029
544,477
53.000
51+605
50.282
49.025
47,829
464690
454,605
44,568
43,578
42630
41723
40884
4G4020
394,220

FREQ

0
.000510
«001020
.001530
. 002040
« 002550
« 003060
.003570
« 004080
« 004589
«005099
« 005609
« 006119
« 006629
.007139
2007649
.008159
« 008669
«009179
« 009689
«010199
«010709
.011219
«011729
«012239
0012749
«013259
«013768
+ 014278
014788
e 015298
»015808
«016318
.016828
«017338
«017848
«018358
.018868
«019378
.019888
« 020398
«020908
.021418
2021928
« 022438
« 022947
2023457
»023967
2024477
+ 024987
« 025497

CHANNEL 10
SPK SPN
7228,59%94 55,888
8802.,213 68,058
2322.039 17.953
1182,554 94143
Tl4,089 5.521
593,618 44590
5544293 40286
48644382 3,745
488,128 3.774
465,656 3.600
416,032 3.217
421,338 3.258
501.548 3.878
515.593 3,986
439,440 34398
425,707 3.291
466,280 3.605
437,567 3.383
408,854 3.16)
4464306 30451
439,128 3.395
397.306 3,072
41).663 3.183
42R 516 3313
426,331 34296
4214962 3262
616,032 3.217
425,395 3,289
419,777 3.246
4114663 3,183
4154096 3.209
4104414 3.173
413223 30195
4194465 36243
418,84) 3.238
4314325 34335
447,242 3.458
44T 4242 34458
4504675 3.484
446,306 3:45]
4204089 3e248
4124911 3.192
436,319 34373
445,057 3e44])
43)4325 3335
435,070 3364
438,503 3.3%90
425,083 3.287
4314325 34335
4504987 3.487
22R.TT1 1769



=D OB ~NIPUF W=D X

RN
ACDV
_52.790

48,008

46,117

44,558

47,685

. 41,390

39,724

~ 38,950

37.533

36,481

35,491
34,49)
33,202
32,090
31,083
30,217
28,276
27.524

27,008

25,861
25,223
24,396
23,623
23.182
22.792
P2.648
21,974
214175
20,746
20,056

19,332

18.556
18,123
]7p6b9
17.100
17.017
164624
15,673
15.450
14,902
15.068
14,739
15,152
15.n35

- 15.474

15,045

_ 144810

14,059
14,228

-133-

8
P PERIOD
16636 INFINITY
21e112 1961.000
K.898 980,500
2,249 653,667
14292 6490.250
o757 392.200
«582 326.833
«508 280,143
«378 245,125
«291 2174.8R9
0270 196,100
«221 17B.273
o116 163,417
« 096 15n,846
«116 1404071
«106 130,733
« 086 122.563
0065 115,353
«080 108.944
2« 088 103.211
_.2064 98.050
«054 93.381
« 061 89.136
2« 063 85,261
2068 81.708
« 082 784440
+091 754423
2« 059 72.630
00372 T0.036
0046 67.621
2052 65,367
« 048 53,258
» 055 614281
0053 59,424
058 57.676
071 564029
073 54.472
0067 53.000
+051  51.605
050 50282
064 49,025
2047 47.829
029 464690
038 45,605
e 050 44,568
2060 43,578
2058 42.630
2064 414723
« 080 40.854
2098 404020
2057 39,220

FREQ

0
.000510
.001020
001530
. 002040
. 002550
003060
«003570
. 004080
. 004589
« 005099
.005609
.006119
0006629
«007139
+ 007649
. 008159
. 008669
»009179
« 009689
«010199
«010709
.011219
«011729
+012239
«012749
013259
.013768
014278
«014788
0015298
.015808
.016318
» 016828
»017338
»017R48
.018358
+ 018868
«019378
.019888
+020398
«020908
2021418
2021928
.022438
0022947
« 023457
» 023967
e 0264477
0024987
» 025497

CHANNEL 10
SPK SPN
5192.129 98,354
6589,097 124,817
1840,778 34,870
701,917 13,296
403,236 Te638
236,261 44475
1814643 3e46]
158,548 3,003
117975 2235
90.822 1,720
84,268 14596
68,975 1.307
36,204 « 686
29,962 «568
364204 e 686
33,083 o627
26,841 »508
20,287 0384
244968 0473
274465 520
19,9758 «378
16,854 319
19,038 0361
19,662 e372
21.223 0402
254592 485
284401 +538
18,414 349
9.987 2189
14,4357 o272
16,229 0307
14,981 « 284
174166 «325
16541 313
18,102 e343
22.159 0420
22.783 0432
204911 «396
15917 0302
154605 296
19975 «378
144669 278
9.051 171
11.869 0225
15605 0296
18,726 355
184102 e343
19.975 e378
24968 473
304586 579
17790 «337



-  RUN B
K APOV SP
0. 70,090 23697
1 A3,09] 254939 1
2. .. 61,498  $.108
3 89,402 1500
4 88,606 _e948
5 S7.371 o612
.6 _55.989 +602
7 53,166 +586
.8 ®3.948 510
9 53,850 0401
__10  B2.919 2401
11 51,602 2424
12 0 850,282 246
13 48,755 » 088
14 47,825 2083
15 474,067 «N98
1A 45,732 el21]
17 44,662 +142
18 43,947 0 W175
_20 41.651 2305
21 40,129 2282
. 22 13B.&T5 «2590
23 37.939 »191
e 24 3T.137. 2142
25 36.552 »128
26 35,844 +108
27 35,341 073
e 28 33,844 0 04]
29 32,960 o042
.30 31.757 =056
31 30.738 £072
.32 29,501 2108
33 28,706 «158
36 27,950 2188
38 27.58¢ 2170
36 26,963 w147
37 25,611 »14]
.38 24,685 0126
39 23,1093 el21
40 22,744 «108
41 21.904 « 086
R E 21.040 2075
20.662 «070
44 204406  L,097
45 20.287 »120
o 46 19.871,, . ..1,16 -
‘7 18.723 9149
o 48 18,510 2192
49 17.815 +19%
S0 17.0%4 20995

134~

PERIOD
INFINITY
961.000
980.500
653,667
4904250
362.200
326.833
280e143
2454125
217.889
1964100
178.273
163.417
150846
140071
130.733
122.563
115,353
108,944
103.211

98,050

93,381

B89.136

85,261

Ble708

Y YY)

75423

724630

70.036

67.621

65,367

63.258

61.28]1

59,424
57.676
564029
544472
53.000
51+605
50.282
49,025
47.829
464690
45.605
_44.568
43,578

_ 42630

414723

_ 40.854

4N0e020
39,220

FREQ

0
«000510
.001020
«001530
« 002040
+ 002550
«003060
« 003570
» 004080
« 004589
« 005099
+ 005609
«006119
+ 006629
+007139
+ 007649
.008159
« 008669
«009179
«009689
«010199
« 010709
«011219
»011729
»012239
« 012749
+ 013259
«013768
0014278
«014788
« 015298
.015808
«016318
+016828
«017338
« 017848
»018358
+018868

+019378

« 019888
« 020398
2020908
021418
021928

- +022438

+ 022947

1+ 023457

» 023967
2024477
0024987
« 025497

CHANNEL 10
SPK SPN
7395,881 105,520
9031.920 128,862
1906,319 27.198
468,153 6679
295,873 4,221
191,006 24725
187.885 2681
182,892 20609
159,172 2271
125,153 1786
125,153 1786
132.331 1.888
164777 1095
274465 0392
256904 «370
30.586 0436
37.764 «539
44,318 «6832
S4,618 «779
80.522 14149
95.191 1358
88,013 1256
78.025 1¢113
59.611 +R50
444318 e632
39,949 o570
334,707 0481
22783 «325
12.796 183
13,108 187
17,478 « 249
22.47) «321
330707 0481
494312 o704
53.057 e 757
45,879 655
444006 628
39,325 056)
37,764 «539
33.707 048]
264841 383
234408 334
21847 «312
30274 0432
374452 «534
364204 «517
464503 0663
59.924 « 8585
60.860 « 868
29.650 0423



Rilve & )
K ACOV P
- .. .D . _75.815 244753
1 72.1456 31,878
—_— 2 70,755 @ 9,000
3 A8 ,99] 3,235
_ 4  ATL1BT 1.688
5 AG 850 562
6 AR2.970 0460
7 A1,569 434
8. 59,220 = 4403
9 57,588 «336
.10 ®5,R00 197
11 53,951 »1038
12 51.85%4 2129
13 50,246 0162
14  4B,410 2144
15 46,588 « 08¢
- 16 44,767 «048
17 42,767 «N62
- 1B 41,209 076
19 39,837 2075
e 200 39,047 L0173
21 37,817 0065
o e 22 AT.456 . L,061
23 36,357 « 056
e 2B 35,378 £ 050
25 34,293 2061
.26 33,449 + 086
27 32,812 « 095
.28 31.5/5 084
29 31,221 « 087
.30 30,190 2104
31 29,217 2097
.32 28,208 063
33 27,152 e N46
34 25,945 = L042
35 24,725 037
.36 23,230 $ 037
37 21,839 « 047
38 204370 4046
39 19,060 <038
_ 40 17.960 « 062
41 164,461 074
_ “2 f5.57§m 70051
43 14.091 0055
44 33,221 « 087
45 12,484 0112
46 11,418 +081
47 10,768 0048
48 10,247 0049
49 9.946 + 054
S0 9,349 s 028

135~

PERIND

INFINITY

1961,000
980,500
653,667
490,250
392.200
326,833
2804143
245,125
217.889
196.100
178.273
1630417
1504846
140.071
130733
122.563
115,353

108,944
103.211

. 98.050 .

93.381]1
__R9.136
85,261
81.708
78,4490
754423
72.630
704036
67,621
65,367
63,258
6]1.281
59.424
57.676
56.029
544472
534000
_ 514605
50282
49,025
47.829
464690
45,605
. 44,568
43,578
424630
41.723

404854

40020
39.220

FREQ

0
«000510
«001020
+001530
»002040
« 002550
« 003060
« 003570
+ 004080
. 004589
+ 005099
+ 005609
2006119
0006629
«007139
« 007649
« 008159
« 008669
« 009179
2009689

«010199

2010709
«011219
«011729
«012239
. 012749
« 013259
2013768
0014278
«014788
.015298
«015808

2016318

«016828
017338
«017848
2018358
.018868
2019378
«019888
«020398
0020908
021418
«021928
« 022438
« 022947
« 023457
« 023967
2024477
« 024987
2025497

CHANNEL 10
SPK SPN
77254461 101.899
9949,188 131,230
2R08,918 37.050
1009.,650 13.317
526.828 66949
1754401 24314
143567 14894
135,452 1.787
125,777 14659
104,866 1.383
614484 +811
33.707 0445
400261 «531
504561 0667
44,943 ¢593
264217 0346
14.98) s 198
19,350 0258
23.720 0313
23.408 ¢309
22.783 «301
204287 2268
19,038 251
174478 231
15,605 2206
19,038 251
26484 0354
29,650 391
26,217 e 346
27.153 «358
324459 0428
30.274 «399
19,662 259
144357 « 189
13.10R 173
11548 152
11548 0152
14,669 e193
144357 «189
11.860 0156
19.350 + 255
234096 «305
17790 2235
17.166 0226
27.153 358
344955 0461
25.280 333
14498] e198
15,293 «202
16.854 0222
Be739 «115



_RUMS
K ACOV SpP
0 118,676 35.081
1 99 ,R69 45,264
L . 2 . 868,879 19,510
3 24,075 20489
R 4 91,707 = 1.821
5 A9,242 1e4l15
e A 6,961 1.027
7 R§,212 2630
8 82,996 «781
9 A2.748 «667
2 210 R0 ,228 2512
11 784433 503
_ 12 76,660 = 2327
13 74,945 0192
14 73,054 4260
15 714038 e34]
16 A9.n42 = .267
17 AT7,562 2170
1R A6,236 4205
19 65,094 228
20 0 A3,507 _ «232
21 61,391 252
22 89,207 .234
23 57,382 0191
b BB8.1264 . 179
25 53.926 «168
.26 51,945 2153
27 SQ0.077 159
2B 47,486 0162
29 45,285 «158
30 _42.689 174
31 41,312 0193
.32 40,726 L18n
33 39,727 0152
34 38,688 L1600
35 3T 4678 2160
_HQQ. 236,150 _ 2129
-354,247 »113
- 35 33,115 2112
39 30.966 116
-~ 40 ‘28-39_6_ . 145
41 285,770 2157
42 23,633 2149
43 214643 2178
44 20,759 = 192
45 18,809 177
‘6 ‘17-601 . ,NJ53 -
47 ~15.522 2149
48 -¥1.873  ,155
49 9.960 2118
56 -:8,324 a42

~136~

PERIOD

INFINITY

1961.000
980.500
653,667
4904250
392.200
326.833
2806143
245,125
217.889
196,100
178.273
1634417
150,846
1404071
130733
122.563
115.353

108,944

103.211

93,381
89,136
85.261
Bls7n8
7844490
75.423
724630
70036
674621
654367
63.258
81,281
59,424
57.676
56,029
5644472
53.000
51.605
50282
49,025
474829
_ 464690
454605
444568
43,578

41723
400854
400020
39,220

98.050

424630

CHANNEL 10
FREQ SPK SPN

0 1172604952 103,619
«000510 14126,.,985 129.992
«001020 3280,192 304183
«001530 776.822 7.148
002040 568,338 54230
« 002550 441,624 4e064
«003060 318,968 2935
« 003870 196.624 1809
004080 243.752 24243
004589 208,172 1.916
«005099 159,796 14470
«005609 156.987 10445
«006119 1024057 «939
006629 56,924 551
007139 8le147 e 767
007649 1064427 979
008159 83,33) e 767
008669 53,057 «488
2009179 63.981 «589
« 009689 714159 0655
.010199 724408 0666
«010709 78,650 o 724
«011219 73,032 2672
«011729 59,611 ¢ 549
«012239 55.866 514
.012749 52.433 .482
0013259 47,752 0439
«N13768 49,624 0457
«014278 504561 0465
014788 49,312 0454
.015298 544,306 500
»015808 60236 554
«01631R 56.178 517
016828 474440 437
017338 49,936 0459
.017848 49,936 0459
2018358 40261 «370
.01R868 35,268 «325
«019378 344955 «322
«019888 36,204 «333
« 020398 45,255 «416
« 020908 494000 045]
«021418 464503 2428
021928 554554 511
2022438 59,924 551
« 022947 55,242 508
« 023457 47,752 0439
« 023967 464503 0428
024477 48,376 0445
« 024987 364828 ¢339
025497 13.108 121



-137-

Ry B

K ACOV SP PERIOD
0.0 94,222  193.24R  INFINITY

1 89,060 33,828 1961.,000

L2 84,236 184137 980.500
3 77.646 5.871 653,667

4 T72.510 44212 4904250

5 AT.T90 2+6117 392.200

6. 64,190 14207 326.833

7 60,483 1101 280,143

9 57.291 1251 245,125

9 53,5603 1033 217.889

10 49,528 _.62]1 196,100

11 45,750 591 178,273
.12 424434 #1725 1634417
13 38,891 «541 1504846
14 35,720 292 1404071
15 32,775 255 130,733

16 29,915 __ 2246 122.563

17 27,454 191 115,353

U 24,238 _2149 108.944
19 ?1.84] +109 103.211

20 19.851 . __.080 98.050

21 18,111 078 93.381
22  16.748  .095 89,136
23 15,139 2118 85,261

.. .24 13,227 _ 2098 81.708
25 10.625 056 784440

.. .26 1,390 _e048 75,423
27 3,399 052 T72+630

. 2B =0,442 2044 T0.036

29 -3,819 2042 67.621

30 =6,425 2N37 65,367

31 -8,710 032 63,258
.32 =10.508 047 614281
33 '12.731 0070 59.4?4
L34 =14.952 Q77 57.676
35 =17.222 070 56,029

_ 36 =19,305 2051 . 544472
37 =20,598 « 034 53,000
38 =2]1,598 +038 51,605
39 =22.32] 2052 50282
40 =22.692 060 494025
41 =23.094 e 054 474829
42 =22,930 ¢ 055 464690
43 =23,027 056 45.605
44 =22,801 2063 44.568
45 =22.,454 £+ 081 43.578

_ 46  =22.247 _«086 424630

47 =2].412 0079 41,723

48 =21,002 £ 087 404854

49 =19,808 2104 404020

50 =18,598 « 057 39.220

CHANNEL 10
FREW SPK SPN

0 60074339 63,757
«000510 10557.786 112.082
«001020 5660,594 606077
«001530 1832.351 194447
«002040 1314.,574% 13.952
« 002550 Bl44586 84645
« 003060 376,707 3.998
.003570 343,624 3.647
20040890 3904440 beléé4
004589 3224401 34422
005099 193.815 24057
» 005609 184,452 1.958
2006119 P26.274 20401
« 006629 168,847 1792
«007139 914134 0967
« 007649 79,586 0845
«008159 16777 «815
« 008669 59,611 0633
009179 46503 0496
« 009689 344019 «361
«010199 2644968 2265
«010709 244344 «258
«011219 29,650 315
011729 36.828 391
«012239 30.586 325
2012749 174478 185
013259 14,981 «159
013768 16,229 o172
«014278 13.732 0146
014788 13.108 139
.015298 11.548 123
«015808 9.987 o106
«016318 144669 e156
«016R28 21847 232
«017338 240032 255
«017848 21847 0232
.018358 154917 169
.018868 10611 o113
2019378 11860 0126
«019888 16229 0172
2020398 1B.726 «199
«020908 16854 0179
+021418 17166 0182
«021928 18414 195
« 022438 19,662 209
« 022947 25.280 0268
-+ 023457 2684 0285
2023967 244656 0262
« 024477 27.153 «288
« 024987 32.459 0344
» 025497 17790 + 189



-138-

Run &
K Acnv SpP PERIOD
0 1877,371 _ 99.790 INFINTTY
1 27°5.899 137.462 1961.000
2 221,217 . 5R.839 980.500
3 220,191 38,526 653,667
4 212,092  35.182 490.250
5 2n9,635 34.550 392.200
h_ 207,077 . 33.64]1 3264833
T  2n4,889 33,717 2804143
R 197,752  _33.341 245.125
9 194,185 33.187 217.889
10 1RT7,790 334493 196.100
11 1R4,036 33.521 178,273
. ._...12 178.290 33,321 163,417
13 174,405 334327 1504846
14 18R.594  33.229 140.071
15 1A%5.184 332311 1304733
S 1A 139,270 33,396 122.563
17 183,n68 33.048 115,353
18 182,540 0 32.894 108.944
19 146,.58] 32873 103.211
20 j40.670 32,890 98.050
21 134,873 33,007 93,381
.22 )31.34) . 32.923 . 89,136
23 125,234 32.799 95,261
. 24 . 122,121 .32.866 H1.708
25 118,996 32.916 184440
26 116,068  32.974 75,423
27 107,216 33.217 724630
. _.28 110,377 33,231 T0.036
29 111.665 33.022 67.621
.30 99,n47 32,986 654367
3N 97.88) 33.15% 63.258
32 B9,122 33,395 6]1.281
33 92,736 334,297 59,424
.36 81.190 33005 57.676
35 R3,501 33,059 56.029
.36  8l,120 33.122 544472
37 R5,801 32,956 53.000
38 R4,319 32.998 51,605
39 83.199 33,273 S0.282
40 85,415 33,087 49,028
41 82.337 324705 47829
.42 85,174 33.050 464690
43 90.097 33.15n 45,605
,,,,,,,, 44 90,608  32+852 44,568
45 95.426 33.131 43.578
46 90,539  33.210  42.630
47 96,243 32.728 41,723
48 96,176 324617 40854
49 95,831 32743 400020
50 94,093 16,351 39.220

CHANNEL 10
FRFQ SPK SPN

0 31144.659 16.590
«000510 42902.165 22.852
.001020 18363,770 9.782
2001530 12024,042 6405
.002040 10980.373 50849
002550 10783.124 SeT44
003060 10499.423 54593
«003570 105234143 5.605
2004080 10405.793 5.543
«004589 10357.729 5.517
. 005099 10453,232 50568
«005609 104614971 5573
«006119 10399.55) 54539
2006629 10401.423 5e540
2007139 10370837 5,524
« 007649 103964430 54538
«008159 10422.95R 54552
008669 103144347 5,494
«009179 10266,.,283 54468
. 009689 10261.290 54466
010199 10265,035 54468
010709 103014551 5.487
«011219 10275.334 S.473
2011729 10236,633 56453
«012239 10257.544 Se464
0012749 10273,149 56472
.013259 10291.251 5,482
«013768 10367.092 5.522
2014278 10371,462 54524
«014788 103064232 50490
0015298 102944997 54484
015808 1034T.742 5¢512
2016318 10422.646 50552
2016828 10392.060 5.535
«017338 10300.927 5e487
017848 10317.78¢ 54496
»018358 10337.442 5.506
+018868 10285,634 50479
2019378 10298.742 5¢486
«019888 10384,570 50531
2020398 103264519 56501
»020908 10207.296 50437
0021418 10314,97) 5e494
021928 103460181 54511
« 022438 10253.175 5461
0022947 10340425) 54508
2023457 10364.907 5¢521
2023967 102144474 Seb464)
2024477 10179.831 50422
+ 024987 10219.,156 5eb43
025497 5103.180 2,718



e

-139-

RUN 6 CHANNEL 10

K ACOV SpP PERIOD FRFQ SPK SPN
B} 0. 116,506 41,715 INFINITY = 0 13019,335 111,748
1 112,493 47.768 1961.,000 .000510 14908,.488 127.963
_ .2 119,672 64615 980,500 .001020 2064.555 17.721
3 115,794 3.235 653,667 ,001530 1009.650 Be666
L. 4 100,887 _3.882 490.250 ,002040 1835.784 15,757
5 95,105 44623 392,200 4002550 1442.848 12,384
- LB 81.298  1.64]1 326,833 ,003060 512.159 44396
7 AT.161 2581 280,143 ,003570 181,331 1556
_ R _B4.,n28 2719 245,125 ,004080 2244401 14926
9 81,291 «62R 217.889 ,004589 1964000 14682
10 79,321 #3376 196,100 .005099 117350 1007
11 77,780 e202 178,273 .005609 63,045 B4]
— 12 762771 . . «124 163,417 ,006119 38,701 0332
13 76,518 068 150,846 ,006629 2l.223 «182
.14 76,643 = 4066 140,071 .007139 204599 0177
15 77.158 2082 1304733 ,007649 25,592 220
_ 146 73,370 . 071 122.563 ,008159 224159 190
17 79,740 0039 115,353 ,008669 120172 0104
18 R1.331 . _ _ 4040 108,944  .009179 12.484 «107
19 R3.N37 052 103.211 «009689 164229 «139
20 Re.n87 072 _98.050 ,010199 224471 «193
21 R4 ,260 el102 934381 «010709 31.834 0273
22 R4,448 L0955 89,136 ,011219 29.650 256
23 R3,528 048 85,261 2011729 14,98} 0129
e 24 R2,097 . _.032 _B1.708 ,012239 9,987 « 086
25 79.387 « 075 784440 ,L,012749 234408 201
26 T6.545  .092 75,423 .013259 28,713 0246
27 73,639 « 061 72.630 .013768 19,038 0163
28 69,839 w045  T0.036 .014278 14,045 121
29 66,330 2045 67.621 ,014788 14,045 121
30 43,216,060 65,367 ,L,015298 18,726 o161
31 60,482 o072 63,258 ,015808 22.47) 2193
_ 32 58,441 = .069 61,281 L016318 21535 185
33 56,262 0067 594424 «016828 200911 o179
R 34 54,588 = L056 57,676 «017338 17.478 +150
38 53.514 2045 56,029 .017848 14,045 el21
N 36 52.536 . 2070 54.472 ,018358 21847 +188
37 51.652 104 53.000 018868 324459 0279
_ 38 81,224 094 514605 .019378 29,338 252
39 50«749 067 50¢2R2 019888 20911 «179
40 50.282 2066 494025 .020398 200599 0177
L3 49,593 -063 47.829 L02090R8 19.662 «169
42 49,400 = .051 . 464690  .021418 15917 °137
43 48,848 + 053 454605 L021928 1654 0142
44 47,973 4068 44,568 ,L022438 21e223 0182
45 46,829 2072  43.578 ,022947 22.47) «193
_ . #2052 _42.630  .023457 16.229 0139
47 44,195 2035 414723 4023967 10924 « 094
48 42,130 0040 40854 ,024477 12+484 0107
49 40,232 2066 406020 0024987 200599 177
50 37,931 . 2043 39.220 025497 13.420 o115



, - RUN 6
K ACNY Se
0 82,140 94304
1 46,234 13,723
. 2. _41.731 54619
3 35,583 2.697
4 30.254 3.939
5 25,737 49175
e e A 21,987 3.241
7 18,944 12295
R 16,757 686
9 14,879 o743
- "mlﬂ_ﬂ¢12m981 O75R
11 12,283 532
co212 0 12.325 «551
13 13,263 +586
14 14,7R6 +351
15 16.806 «190
14 18,339 Cel74
17 19,407 0125
,nlg, 195793, W!lgi
19 19,598 »159
20 0 19,588 2128
21 18,507 « 094
.22 0 16,871 aﬂgl
23 14,6544 a111
. 24 12,021 2118
25 9,211 «090
- 2h 6,906 077
27 4,408 « 066
. 28 3,379 a048
29 2.6068 2054
. ... 30 3,281 061
31 2,947 2000
.32 2.796 2058
33 2.206 078
_.—34_ 1.593 +298
35 14377 2092
.36 _ 1.900 <084
37 2,492 + 068
.38  _3.168 - 0687
39 2,792 « 090
40 2,123 _ «088
41 1.538 <068
e 42 _WH06 L0722
43 '1.280 - 089
44 -E.QQQD n”3Q89 -
45 ‘4!518 a096
.46 =6,152 2115
47 =7.568 2105
. 45 “'8-?62 L 007“0
49 -8,841 «082
50 =-8,371 0055

-akeﬁ

PFRIOD

INFINITY

1961.000

980,500

653,667
490.250
392.200
326,833
280.143
2454125
217.889
196.100
178,273
163.417
150846
140,071
130.733
122,563
115,353

108,944

103,211

93.381
__B9,136
85,261
Bl.708
784440
754423
72.630
70.036
67621
65,367
63.25R8
61.281
594424
57.676
564029
544472
534000

51605

50282
49,025
4T7.829
464690
45,605
44,568
43,578
424630
414723
40).854
404020

98.050

39.220

FREQ

0
«000510
«001020
«001530
«002040
« 002550
»003060
«003570
+ 004080
« 004589
« 005099
« 005609
+006119
« 006629
«007139
2007649
+008159
« 008669

2009179

« 009689
2010199
«010709

«011219

2011729
.012239
«012749
«013259
«013768
«014278
«014788
«015298
«015808
« 016318
«016828
«017338
«017848
«018358
2018868
.019378
.019888
« 020398
2020908
021418
.021928
2022438
. 022947
023457
«023967
2024477
. 024987
+ 025497

CHANNEL 10
SPK SPN
2903,.797 55.692
4282.976 82.144
1753.701 33.634
B841.739 160144
1229.370 23.578
14904287 28,582
1011.523 19.400
4044172 Te752
2144102 46106
231.892 bob47
236.573 44537
166.038 3.184
171e96R 3.298
182.892 3.508
109.548 20101
59.299 1137
54306 l1e042
39,013 0748
39,013 e 748
49.624 e952
39.949 e 766
29.338 «963
284401 0345
36.828 o T06
28,089 ¢539
24032 0461
204599 0395
14,98 0287
16,854 «323
19.03R8 « 365
1R.726 «359
18,102 0347
24364 0467
304586 587
284713 551
264217 503
21.223 0407
2l.223 0407
2R.089 539
27465 527
2l.223 0407
22«41 e431
271777 533
2T.777 «533
294962 578
35,892 +688
32.771 2629
21847 0al19
254592 0491
17166 329



141~

Run 6
K ACOV SP PERIOD FREQ
..h3T.n38 0 7,614 INFINTTY 0
1 32.442 11.551 1961.000 ,000510
2 IN,A[62 __”53554 980,500 «001020
3 23,n38 2.830 653,667 ,001530
& 25,398  1.295 490,250 2002040
5 23.364 2732 392.200 .002550
mm_mw_ﬁmuvallﬁgngv,ngng §g§1§33. ggﬂﬁﬂégﬂw
7 20,535 918 280,143 ,003570
R 19,370 2731 245,125 .004080
9 18,.R66 »571 217.889 ,004589
.10 18,120 459 196,100 ,L,005099
11 17.”77 «315 1780273 « 005609
12 164360 2195 1634417 .006119
13 15.105 2129 150,846 ,006629
14 _13.772 _e141 140.071 ,L007139
18 12,484 «156 130,733 ,007649
. 1A 11.133  .120 122.563 .008159
17 9,769 «075 115.353 ,L,008669
e 2B 8,799 . «057 108,944 ,009179
19 2,363 2074 103.211 . 009689
.. .20 7555 . 4105  9R.050 010199
21 fa630 +097 93,3R1 ,010709
22 5,713 . . _ ,064 89,136 ,011219
23 5.571 + 054 85,261 .011729
JPO—— .m..aé_, [P -5,‘326 R ,!_Q:_Ll% - Bll_TO.a . 0 1 2239
25 5,299 0843 TBe440 4012749
. 2H 9,305 _ .082 75,423 ,013259
27 5.422 « 064 T2.630 4013768
28 54164 2052 70036 014278
29 5.494 2« 057 6T+621 .014788
30 50022 . 1088 65.367 .015298
31 4,909 2096 63.258 ,015808
- .32 4,660 «081 61,281 ,L016318
33 44,364 « 080 594424 ,L,016828
34 4-2Q&wmﬁ_WQQJ§”M”§]L§?§w,101?333
35 3.525 « 067 56029 4017848
36 3,486 . 4056 54.472  .018358
37 3,031 « 059 53.000 ,018868
o 38 2.710 _ 2081 514605 ,019378
39 3,143 2082 50.2R2 019888
. 40 2.833 _ 082 49,025 ,020398
41 2,988 «109 47.829 .0209(08
o 42 2,855 = .108 46,690 ,021418
43 3,065 2095  45.605 .021928
44 2,622 #2100 44,568 ,022438
45 24606 « 079 43578 0« 022947
,,,,, 46 @ 2,415 0063  42.630 023457
47 2.028 «073 41e77273 ,023967
, 48 ~24058 | 2082 40,854 .024477
49 -14850 « 068 406020 4024987
o 50 -10629  «025 39.220 +025497

CHANNEL 10
SPK SPN
2376,345 64,160
36054090 97.335
18274045 494,329
883,249 234847
404,172 104912
2284459 6,168
261.854 7070
2864510 T«736
228,147 6160
178.210 44812
143,258 3,868
98,312 2654
60.860 1le643
40.261 1.087
444006 1.188
48,688 1e318
374452 le011
234408 0532
17.790 «4890
23.096 624
3247171 «885%
30274 817
19,975 ¢539
16,854 0455
22.159 « 598
274465 « 142
251592 «691
19.97% e539
16.229 e 438
17790 «480
274465 0 742
29,962 «809
25.280 0683
244968 74
23.096 824
20.911 565
17,478 0472
184414 0497
254280 e683
254592 0691
254592 0691
344019 2918
33.707 «910
29.650 «301
31e210 843
244656 2666
19,662 531
22783 615
25,592 0691
21223 573
T«803 o211



] RUN 6
K ACOV SP
2N 29,185 6.161
1 25,956 9,870
2 234,900  «l.509
3 21.735% 14249
4 19,487 500
5 17,639 «388
5. 16,275 «548
7 ]5.745 + 898
8 16,115 1,059
9 16,570 +839
10 16,779 2508
11 16,961 0254
o120 16,271 +116
13 15.215 2076
e 14 13,682 e 069
15 12,107 ¢ 073
160 104319 069
17 9,128 2065
e o218 7,988 - 067
19 T.134 2072
20 8,777 2075
21 6,209 « 079
22 . 5.733 2072
23 5.307 2072
e 24 4,749 2082
25 4,306 072
26 3,464 062
27 2,919 2058
28 2.184 2055
29 1.523 057
L300 . .913 042
31 2423 2039
.32 L0909 041
33 -0.396 2047
34 =0,.661 2063
35 =0a942 +0T1
- wm.-,_._kiéﬂ ,-._"11377. 0061
37 -1,288 9052
_ mpAéﬁb_wzlgSBS !Q47
39 ~2,160 2043
40 =2,56] 2057
41 '2.950 « 047
42 =3,489 +030
43 -4,280 +033
b4 =4,6716 G047
45 =4.959 + 055
46 =-54117 2051
47 -5,287 2049
‘ﬁ% '5&4’27 e "MQ{"_Q
49 =5,547 +«035
S 5Q ‘5.168 “WMLQLZN

PERIOD

INFINITY

1961.00n0
980.500
653.667
4904250
392.200
326.833
2804143
245,125
217.889
196.100
178,273
1634417
1504846
140,071
130,733
122.563
115,353

108,944

103.211

. 98,050

93,381
89,136
85.261
Ble708
784440
75.423
724630
704036
674621
65,367
53.258
61.28]
590424
57.676
56.029
54,472
53.000

51605

S0.282
494025
47.829
464690
45,605
444,568
43.578
42630
41,7723
4)«R84
40.020
39.220

FREQ
0
.000510

«001020.

«001530

2002040

« 002550
«003060
«003570
» 004080
« 004589
« 005099
« 005609
2006119
« 006629
«007139
«007649
«»008159
« 008669

2009179

« 009689
«010199
010709
«011219
2011729
« 012239
2012749
«013259
«013768
«014278
014788
« 015298
« 015808
«016318
« 016828
«017338
2017848
+ 018358
018868
2019378
.019888
0020398
«020908
.021418
« 021928
« 022438
0022947
« 023457
» 023967
2024477
. 024987
« 025497

CHANNEL 10
SPK SPN
1922.860 65,885
30804447 105,549
1438,478 49,288
389,815 13,357
1564051 54347
121,096 4,149
183,516 6,288
280.268 9,603
330.516 11.325
2614854 84972
158,548 5¢433
79,274 26716
360204 14240
23.720 813
21535 « 738
22.783 « 781
21.53% o738
20.287 695
204911 e716
224471 « 770
23.408 «802
244656 e 845
22447) o770
224471 o770
25592 «R77
22447 770
19,350 2663
18.102 620
17,166 « 588
17790 e610
13,108 0449
104924 374
12796 «438
144669 «503
194662 0674
22159 « 759
19.038 0652
16,229 «556
144669 «503
140981 «513
174790 «610
14,669 «503
9.363 0321
10299 353
144669 «503
174166 +588
154917 «545
150293 0524
15,293 524
10,924 «374
3,745 128



A3

FREQ
0
.000510

«001020

+001530

« 002040

+ 002550
003060
. 003570
« 004080
. 004589
2005099
« 005609
006119
. 006629
«007139
2007649
008159
« 008669

-2009179

« 009689

+010199

«010709
+011219
«011729
2012239
« 012749
«013259
« 013768
«014278
«014788
2015298
«015808

~+016318

+016828
+017338
«017848
+018358
018868
2019378
+019888

+020398

» 020908
0021418
« 021928
2022438
0022947

2023457

. Rum s o
K AcCOvV SR PERINOD
o 0N 42,185 __;g,@Sﬁ,,INFINITYV
1 38,261 15,673 1961.000
L. .2 36,272 = 4.288 980,500
3 33,877 14565 653,667
S 4 31.775 990 490250
5 30.257 «T91 392,200
e B 29,152  _.T728 326.833
7 PR,L501 +BTT 280,143
.9 2T.817 L7004 245,125
9 27,542 sH53]1 217.8R9
oo 10 26,752 . 2432 196,100
11 26,961 2265 178,273
e 12 26,354 171 163,417
13 25,739 21190 1504846
14 24,388 2190 140,071
15 23.449 «15% 130.733
1A 22,562 2150 122.563
17 21.669 158 115,353
1B 21,090 _ 2106 108,944
19 PNa7ll «055 103.211
200 19,995 .050 98,050
21 19.742 2051 93,381
22. 19.480_ 2066 = _B9.136
23 18,R23 2077 85,261
.24 18,224 2070 8l.708
25 17,198 «081 T8Be440
. .26 18,573 . 0858 75423
27 16,061 2« 067 T2.630
28 15,677 2050 70,036
29 15,382 2043 67.621
. 230 15,047 2048 65,367
31 14,692 « 059 63,258
32 14,108 « 076 61,281
33 13,708 074 59.474
34 13,678 = 4059 57,676
35 13,463 « 059 56,029
36 13,032 2066 54,472
37 12,578 W 077 53.000
.38 12,014  _ «073  S1605
39 11.806 a 048 50282
40 11.48B1  .037 49,025
4] 10,833 2049 47.829
42 10320 «062 46,690
43 10113 £ 067 454605
. Y} 9,665 2076 44,568
45 9.550 «091 43,578
. 46 9,498 = 4095 424630
47 9.472 «0T7 41.723
48 94022  «050 40 ¢854
49 8,555 ¢ 033 40020
.50 B,940 = ,013 39,229

« 023967
2024477
« 024987
2025497

CHANNEL 10
SPK SPN
3855,708 914400
4891,.,575 115,958
1338,293 31,724
488,440 11,579
308,983 Te324
246,873 5.852
227,210 5.386
211,293 5.009
2168.720 5.208
1964936 4qe668
134.828 3.196
764465 1.813
53,369 1.265
59,299 le406
59,299 le406
48,376 l1el47
46,815 l1e110
494,312 14169
33,083 « 784
17.166 0407
15,605 «370
15.917 «377
20.599 0488
244032 «570
21847 518
25,280 599
264,841 0636
20,911 0496
15,605 370
13.420 «318
14,98 0355
18,414 0437
23.720 e562
234096 «547
184,414 0437
184414 «437
204599 «488
244032 570
22783 2540
14.98) 2355
11548 0274
15.293 0363
19.350 e 459
20.911 0496
23.720 0562
28440 «673
29.650 «703
244032 570
15.608 «370
104299 0244
4057 0096



2 327,417

RUN T

acnv

SP

338,568  127.427

.
0
1
2

S

332,549

320,714

3
b 3144339

3nT7,956

e 2B 301.303

7

.

9

295,412

2R9,034

283.300

o 10 P77.804

11

2724710

12 266,242

.14

13

15
16
17
18
19
29
21
22
23
.24
25
26
27
28
29

31

30

2614082

255,159

249,783

244,417

238,817
234,448
229.262
2244731
219,138
213,590
2nB,144
213,395
198,442
193,985
189,678
185,193
180,854
176,770
172.834

m_H“A12~”l§91076

. ....38 152,562

,“,H_Wii_wlligglaM

34

33
35
36
37

39

40

41

o 42

43

45
46

165,543

_162.392

159.867
157,416
154,751

149,061
146,886
144,270

141,552

138.260

1324145
129,343

47
48

126,823

123.871

49
50

120,969
11 7.5871

He34Y
4e499
3.040
22044
1334
14071
«833
o 744
0544
«306
2232
2279
2281
0241
«181
0161
«193

2175

131
2095
2065
2+ 075
« 094
103
097
2100
21038
2083
«058
2050
2050

~ 2054

2 04]
: 053
0092
«106
106
0 086
« 052

2053

074

o121

+153
»121
«078
2049
+052

. 035

~Lhm

PERIOD
INFINTTY

193.046 1961,000
314154

980.500
6534667
490,250
392.200
326.833
2804143
245,125
217.889
196.100
1784273
163.417
1504846
140.071
1304733
122.563
115,353

1084944

103.211

- 9R.050

93,381
89,136
85.261
Ble7nR
78,440
754,423
72630
704036
67.621
65,367
63,258
61281
59,424
57.676
560029
544472
53,000
51605
50.282
49,025
470829
46,699
454605
44.568
43.578
42,630
416723
4048854
40020
39.220.

FREQ

«000510 47765,963

«001020

«001530
« 002040
+ 002550
. 003060
«003570
. 004080
« 004589
. 005099
. 005609
+006119
« 006629
007139
2007649
.008159
. 008669
2009179
« 009689
.010199
+010709
.011219
0011729
2012239
2012749
. 013259
»013768
014278
.014788
2015298
«0158¢08
«016318
.016828
«017338
«017848
.018358
,018868
+019378
.019888
020398
« 020908
. 021418
.021928
. 022438
« 022947
« 023457
«023967
2024477
« 024987
« 025497

CHANNEL 10

SPK SPN
0 39770.222 1174466
141,082
9723.226 28,719
26054740 Te596
1404,147 40147
948,790 2.802
637.936 14884
4164344 1230
3344261 2987
259.981 o768
232.204 e 686
169,783 «501
954503 2282
724408 e214
87,076 0257
87.701 259
75,217 0222
56,490 « 167
504248 0148
604236 0178
544618 0161
404885 0121
29.650 «088
20287 «060
234408 e 069
29,338 « 087
32.147 « 095
30274 » 089
31.210 «092
33,707 «100
2549084 0077
18,102 0053
154608 « 046
15+605 0046
16854 «050
124796 «038
164541 0049
284713 0085‘
33,083 0098
33,083 0098
26484]) «079
16.229 « 048
16454) 049
23,096 « 068
37,764 oll2
47752 0l4]
37,764 o112
2ae3b4 0072
15,293 0045
16,229 «048
10.92¢4 «032



. Rum 7 o S CHANNEL 10

K acny sP PERIOD FREQ SPK SPN
.- 2D 23,076 5829  INFINTTY 0 1819,243 784837
1 »0.518 HoT40 1961.000 L,000510 2727.771 118,208
B 2. 20,080 3,547 980,500 ,L,001020 1107.026 474973
3 19.222 1093 653,667 ,001530 341,127 14,783
- 4 18,344 4680 490,250 ,002040 212.229 9.197
5 17,598 2362 392.200 .002559¢ 112.981 44896
e 16,939 L2195 3264833 .003060 67,102 20908
7 16,379 2148 280,143 ,003570 46,191 2,002
_ .8 15,748 2138 245,125 .004080 43,070 1.866
9 14,917 2137 217.889 ,L004589 42,758 1,853
- 19 14,148 145 196,100 .005099 45,255 1961
11 13,334 129 178,273 + 005609 404261 107645
I 12 12,690 2095 1634417 .006119 29650 1.285
13 11.895 «092 1504846 .006629 28,713 le244
o146 11,354 .088 1404071 .007139 274465 1,190
15 10,440 2060 130,733 .007649 18,726 811
15 10,313 2046 122.563 ,008159 144357 622
17 9,496 2054 115,353 ,008669 164854 o730
S 18 9.088 . 4046 10B.944  L,009179 144357 o622
19 H.%592 «028 103.211 009689 84739 379
20 2,154 030 98,050 . .010199 94363 e406
21 7.532 2032 93.381 .,010709 9.987 0433
.22 T.268 2037 89,136 ,011219 11,548 «500
23 6.556 « 047 85,261 .011729 14,669 636
e 28 04234 . 2045 81.708 ,012239 14.045 «609
25 5,315 o047 T8s440 4012749 14,669 636
. 26 5,170 054 75,423 ,013259 16,854 730
27 4,649 0043 T2.630 ,013768 13,420 «582
.28 4,188 4029 70,036 ,L014278 9.051 0392
29 3,792 2042 6T7.621 ,014788 13,108 «568
e 30 3,281 4055 65,367 ,015298 17,166 o T44
3 P2.679 « 051 63,258 ,015808 15,917 690
.32 2.010 s044 61,281 L.016318 13.732 595
33 1595 «038 59.424 L016828 11869 514
.34 1.371 = 037 57,676 L.017338 114548 0500
35 2876 «047? 56.029 ,017848 13.108 «568
36 2411 4050 __54.472 ,018358 15,608 676
37 ‘0.040 1064 530000 0018868 19.975 .866
3R =0+338 2061 514605 ,019378 19.038 «825
39  =0,932 »040 504282 .019888 124484 0541
o %0 =1 2] 72 . *93? o ,499ﬂ25 9020398 ,9Q987 0433
41 =1.748 0049 474829 .020908 15293 +663
R 42 =24222 = 2065 464690 .021418 20.287 «879
43 -2 ,456 0056 450605 0021923 17.478 e 7157
44 =2,713 @ 052 444568 L02243R8 16229 0703
45 -2,933 *» 057 43.578 022947 17.790 o771
46 =3+514 _ .0643 42,630 ,023457 134420 582
47 =3.800 024 41723 4023967 T.490 e325
48 44032 <027 404854 L024477 8,427 0365
49 4,536 « 068 400020 ,024987 204599 e 893
.80 =4,TT7T . 04T 394220 4025497 14669 636



o Rum 7 o
K ACOV 5P PERIOD FREQ

_ 0 49,560 18,490 INFINITY = 0
1 46,092 20+96] 1961.,000 L000510
2 45,549 34361 980,500 L,001020
3 44,563 10426 653,667 «001530
L4 43,275  «85R 4904250 .002040
5 42,569 «569 392,200 L002550
I [a) 41,474 2396 326,833 ,003060
7 40,510 2301 280.143 ,003570

8 394802 @ 271 245.125 ,004080

9 38,981 o177 217.889 ,004589

10 38,489 @ .095 196.100 ,005099
i1 37.623 e108 1784273 .005609

- 12 37.020 o ..e112 1634417 .006119
13 36,684 «099 150.846 .006629
146 36.078 0 108 1404071 .007139
15 35,773 076 130733 «0NT649
o 1A 35,168 . 044 122.563  .008159
17 364,409 «046 115,3%3 ,008669
o180 33,918 0 2065 108.944  ,009179
19 33,477 2076 103.211 ,009689
20 33,089 . _ L079  98,05n  L,010199
21 33,000 « 064 93,381 .010709
_ 22 0 32,407 051  B9,136 ,011219
23 32,357 + 056 B5.261 .011729
e 24 31.H00. . e045  _Bl.708. ,012239
29 11 .545 « 040 784440 ,012749
.26 31,416 4048  75.423 ,013259
27 30,915 0046 72630 .013768
L _ 28 30,487 4043 70.036 ,014278
29 30,108 0045 67,621 ,014788
30 29,821 . 4059 65.367 .01529R
3 29,289 0066 63.258 ,0158¢08
.32 29,258,061 . 614281 4016318
33 29,138 2aN59 59.424 ,016828
S ____34 29.n72 . 2068 57,676 .(01T7338
35 29,3481 0« 0672 564029 .017848
e 36 28,618 2048 564,472 ,018358

37 28,646 « 079 53.000 ,018868

o 38 284230 . #1000 514605 ,019378
39 2T 4842 -099 50282 .019883

40 274839 = #2093  49.025 020398
41 27.194 2063 474829 ,L,020908
- 42 27,282 . 064 464690 ,021418
43 27.542 079 45,605 L021928
o 44 26,953 = .060 44.568 ,022438
45 26,637 «049 43.578 L.022947

L 46 26,063 062 42,630  ,023457
47 25,573 « 071 41723 0023967
48 24,996 0073 406854 L024477
49 24,665 063 400020 .0D24987
_ 50 23,943  L027 39,220 .025497

CHANNEL 10

SPK SPnN
57704766 1164440
6541,970 132.00)
1048,975 2le.166
445,057 8,980
. 267.78¢ 5403
177.586 3.583
123,592 20494
93,943 1896
84,580 1.707
55242 10115
29.650 598
33,707 «680
34,955 « 705
304898 0623
33,707 «680
23.720 e 479
13,732 0277
144357 290
20.287 0409
23.720 0479
244656 0497
19,975 «403
15,917 321
17,478 353
144045 283
12.484 0252
14498 +302
144357 290
13,420 2T
140045 283
18.414 372
204599 0416
194038 «384
18¢414 e372
21.223 0428
19.350 0390
14.981 «302
244656 4697
31210 «630
304898 «623
29.025% e 586
19.662 «397
19,975 0403
244656 0497
18,726 «378
154293 «309
19.350 390
22.159 0447
22.783 0460
19.662 397
Be427 170



TR 2

- Ruw 7 CHANNEL 10

K ACHV P PERIOD FREQ SPK SPN
D 49,294 18,75A INFINTTY 0 4917.479 99,758
1 45,A58 27532 1961,000 ,000510 6408,078 129,997
_ 2 45,165 5,749 980,500 .001020 1794.274 364399
3 43,554 1.581 653.667 .001530 493,433 10.010
4 42,177 «859 490,250 ,L002040 _ 268,096 54439
5 41,330 »611 392,200 ,002550 1904694 3.869
A 39.R11 +529 326,833 .003060 . 162.293 3292
T 9,020 2272 2804143 « 003570 84,892 1722
. 8. 37.944 = 4225 245,125 ,00408) 704223 14425
9 36,737 180 217.889 ,004589 56.178 1¢140
10 35,523 «139 196,100 .005099 43,382 «880
11 36,703 0196 1784273 .005609 61.172 1e241
12 33,474 0196 163,417 .006119 614172 le241
13 32.365 «104 150,846 ,006629 32,459 «658
14 31.493 2071 1404071 .007139 224159 0450
15 I0,R94 +085 1304733 ,007649 26,529 «538
16 29,753 = .095 122.563 _.008159 29.650 601
17 28,951 2074 115,353 ,L008669 23.09% 0469
218 2RL115 0 .0%0 108,944  ,009179 _15.605 317
19 27.012 +058 103,211 .009689 18102 367
. 200 PB.RT5. -.2068 98,080 —+010199 21223 2431
21 24 .5R2 057 934381 .010709 17.790 0361
22 23,604 20427 89.136 »011219 . 13,108 0266
23 224800 044 85,261 .011729 13.732 279
e 24 22,0591 .. 2047 81,708 ,012239 14,669 _+298
25 21.101 «051 TBe440 012749 154917 0323
.2k 20.642 #0733 | 754423 ,013259 22.783 0462
27 19,151 082 72630 4013768 254592 «519
28 18,292 © 4052  70.036 .014278 16.229 329
29 17.433 2029 67621 014788 9.05) 184
30 16,897,030 65,367 _,015298 9.363 190
31 16,494 2029 63.258 ,L,015808 9.051 184
_ 32 15.B66  ,030 61.281 .016318 9.363 «190
33 15,681 w044 59.424 .016828 13732 0279
o 34 15360 «067 w”511§]§”W4Q17335W_ 20911 0424
35 14,570 ~ 079 56029 © 017848 244656 500
e 36 14,011 4064 54,472 ,018358 19,975 0405
37 13.077 « 058 53.000 «018868 18,102 «367
38 12.057 4087 514605 .019378 27153 ¢551
39 10.973 «097 50282 .019888 306274 e6l4
40 10,108 «082 49,025 4020398 254592 519
41 9.180 « 087 4T7.829 .02090R 27.153 551
— 42 8,463 2097 464690 L,021418 304274 hlé
43 7.556 2080 45,605 .021928 244968 «507
44 6,653 2073 44,568 ,022438 22.783 0462
45 S5.726 0091 43.578 .022947 284401 576
4B 4,611 0094 424630 2023457 294338 «595
47 44057 2076 41723 .023967 23.720 0481
B 48 3.591 0053 404856 ,024477 164541 «336
49 3.180 0051 404020 024987 15917 «323
80 @ 2,642 0029 _ 394220 .025497 9.051 0184



. Rum T
K ACOV SP
0 40,218 @ RL.37R
1 36.378 13,555
.. 2...35.078% _ 7.221
3 32,707 3,271
4 30,736 . 1.832
S 28,922 0920
.. b _26.533 = .5)2
7 25,351 « 381
~ 8 23,436 2367
9 21,857 427
10 __ 20,402 398
11 19,022 212
12 0 17,158 «103
13 15,378 » 089
14 13.696 0126
15 12.326 125
16 11.1546 = .(058
17 10,290 077
18 9,487 +140
19 9.n93 « 096
20 BL,31% .042
21 8.138% « 050
22 7,480 «062
23 6,555 » 065
24 5.6441 2063
2% 4,694 064
26 4,493 2072
27 4,174 2081
29 4,032 Q77
29 3.092 2059
30 2.638 0040
31 1.918 «036
32 1.787 2037
33 1,375 «037
S 34 . L8T7 2034
35 -N,208 «030
36 =laNlé 2 Q47
37 -1e422 «068
,,ég '1;350 9073
39 =1,530 2078
40 = =1,.750 075
41 2,059 w077
42 -2,682 2105
43 «-2,990 w116
_ 44  =3,538 ~ 086
45 -4,161 « 064
_,,,,iﬁ — ,,:Sﬁiﬂ'il . a oQa ? R
47 -5,n66 2091
.48 =4,954 2063
49 -4,660 « 039
BN =4,759 L0177

~148-

PERIOD

INFINITY

1961,000

980.500

653,667
4904250
392,200
326.833
280,143
2454125
217.889
196.100
1784273
163,417
150846
1404071
1304733
1224563
115.35%3
108.944
103.211

- 98,050

93,381
89,136
85,261
B1.708
784440
75423
T2.630
70,036
6T7.621
654367
63,258
61.281
59.424
57.676
56.029
544472
53.000
51.605
50.282
494025
47.829
464690
45,605
44,568
43,578
- 42.630
41723
 40e8%4
40,020
394220

. o CHANNEL 10

FREQ SPK SPN

... 0 2614,791 65.015
+ 000510 4230.543 105,190
001020 2253,689 564037
001530 1020.886 25.384
002040 S571.771 l4.217
« 002550 287.134 7.139
« 003060 159,796 3.973
« 003570 118,911 2957
« 004080 114.54) 2848
« 004589 133,268 3.314
« 005099 1244217 3.089
2« 005609 66,166 le645
« 006119 324147 « 799
« 006629 2T«777 «5691
« 007139 39.325 «978
«007649 39.013 «970
+008159 18,102 0450
+ 008669 244032 ¢ 598
2009179 434694 1.086
«009689 29.962 e 745
2010199 13,108 ¢ 326
«010709 154608 «388
2011219 19.350 0481
«011729 20287 «504
+012239 19.662 0489
« 012749 19.975 0497
.013259 224471 559
«013768 25.280 0629
«014278 244032 «598
«014788 18,414 « 458
«015298 12,484 «310
«015R(0R 11.236 0279
2016318 11548 0287
«016828 11.548 287
«017338 10611 0264
«017848 9.363 e233
«018358 144669 0365
«018868 21.223 528
«019378 224783 0566
«019888 244344 «6085
«020398 23408 582
«020908 244032 «598
«021418 32.771 oR15
021928 36,204 e300
« 022438 264841 0667
« 022947 19,975 e 497
0023457 25592 «636
« 023967 284401 o706
0024477 19.662 489
« 024987 12.172 «303
2025497 5306 0132



o Rum T ,
K aApny SP PERIOD FREQ

O ®0.AR32 12.569 INFINITY 3]
1 47,104 19.922 1961.,000 ,L000510
2 46,196  9.416 980,500 .001020
3 44,214 2,782 653,667 ,001530
o 4 42,442 1054 490,250 ,002040
5 41,051 569 392.200 .002559
c.oB 39,363 _.453 326.833 ,003060
7 17 .691 2363 280.143 ,003570
R 36,020 0260 245,125 ,004080
9 ?4.177 0232 2179889 0004589
_.10 . 32.239 2215 196,100 .005099
11 30.660 2164 178,273 .005609
12 28,545 «143 163,417 .006119
13 27.0n29 o147 150,846 ,006629
14 24,889 _sll4 140,071 .007139
15 23,160 «104 1304733 .007649
16 21.256 0 2112 122.563 .008159
17 19,774 «085 115.3%3 ,008669
A8 N T.779 0 #0771 108.944  ,009179
19  16.341 «069 103.211 ,009689

20 14.548 - 2049 98,050  .010199
21 13,199 2065 93.381 «010709

22 11.643 055 89,136 4011219
23 10,246 « 057 85,261 ,011729
i 2% 9,075 . _ <052 81.708. ,012239
25 7.662 0044 784440 4012749
26 6,773 2042  T75.423 ,013259
27 5.613 « 040 T2.630 013768
... 28 4,716 2036 70,036 ,L,014278
29 3.794 «+ 050 67.621 ,014788
.30 3,305 0051 65,367 ,015298
3 2.418 e 040 63.258 ,015808
L _ .32 . 1.795 2042 614281 .016318
33 «564 2« 0G4 59,424 .0]16828
.34 =0,059 .051 _ 57.676 ,017338
35 -0 ,882 + 064 56.029 .017848
36 =1a500_ . . 2067  S4,472 ,018358
37 =-14484 083 53.000 .018868
_ .38  «2.355 2089 51.605 ,019378
39 P 769 e 062 50282 «019R88
40  =3,191 2064 49,025 .020398
41 =3.648 069 47829 020908
42 =3,764 0063 464690 «021418
43 “bo]46 aN68 45,605 .021928
<w..“ﬁ4WﬂW94112?”, 9056 441553 0022435
45 =44139 065 43.578 L,022947

. 4h =4,526 2104 42,630 023457
47 -4 4060 0105 41723 « 023967
e DB =4,089 4067 40e854 L024477
49 =3,550 e 043 40020 «024987
... 50 __=3,.040 019 39.220 2025497

=149~

CHANNEL 10
SPK SPN
3922.810 T7e4477
6217.696 122.802
293R,752 58,041
R68,26R 17.149
32R.956 64497
177.586 3.507
141,382 2792
113.293 2238
81lal47 14603
724408 14430
67.102 1325
51.185 1011
44463 881
45,879 +906
35.580 703
32,459 0641
34,955 «h90
26,529 0524
22.159 2438
21535 0425
15.293 «302
14,045 o277
17.166 339
17.790 «351
164229 «321
13.732 o271
13.108 259
12,484 247
11,236 0222
15,605 308
15,917 0314
12,484 0247
13.108 0259
13.732 0271
15.917 0314
19,975 0395
20,911 0413
254906 «512
274777 e549
19.350 » 382
19,975 2395
214535 2425
19.6672 « 388
21.223 0419
17.478 «3458
204287 0401
32.459 e64)
32,77 0647
20.911 2413
13420 0268
5930 117



=150

PERIOD

32,642 1961.,000

9804500
653,667
4904250
392.200
326.833
280,143

2450125

217.889
196,100
178,273
1634417
150.846
140,071
130733

122.563

115.383
luB.944
lU3.211

. 98.050

93,381
89.136
85.261
8le708
784440
15.423
72630
704036
67,621
65,367
63.258

- Hle281

59,424
57 .676
56,029
564472
53.000
51.60%
50.2R2
49,025
47.829
“6.690
45,605

- 444568

43,578
420630
41.723
404854
40.02N

o RUNT
K Aoy P
- 0 78,386 22.896 INFINITY
1 74,422
L2 724158 11.567
3 A9 486 76465
4 ABL,T05  1.207
5 A& .506 » 986
B 62,187 2937
7 604125 « 972
... 8  ®B,496 «645
9 56.A08 «343
.10 BS5,.307 « 385
11 23.667 «350
o 12 B2.318 165
13 80,172 2095
14 47,779 C 2127
18 45,799 «167
15h 43,746 «160
17 41,586 »125
18 39,043 _ell0
19 36,835 2107
20 14,567 . 089
21 1 ,R93 0054
2z ?9.112 2 049
23 27,043 +060
. 24 25,680 2092
25 23.774 .113
2 22.,R21 . L0T2
27 ?1.7235 « 035
28 19,688 2034
29 17,904 0056
30 15,487 070
31 13.700 2058
232 11.970 2056
33 9,939 )62
34 8.736 070
35 T.516 « 069
. 36 6.961 048
37 6.394 » 063
39 5.707 2 089
39 5,140 0080
40 _5.091 073
41 4,n98 + 084
42 3,381 .(08)
43 3,311 « (48
44 - 2.837 2029
45 24K73 « 037
L - Y Y- « 055
a7 22426 2061
48 2.578 2050
49 2,105 !06?
b0 2,418 2040

- 39,220

FREQ
0

«000510 10187.633

«001530

002040

. 002559
2003060
« 003570
+ 004080
+ 004589
+ 005099
2005609
+ 006119
+ 006629

~+007139

2007649
+008159
. 008669

2009179

« 009689
2010199
«010709
.011219
«011729
2012239
2012749
»013259
»013768
2014278
.014788
« 015298
«01580R
016318
«016828

2017338

«017848
« 018358
+018R64
2019378
»019888

+ 020398

« 020908
« 021418
«021928
« 022438
+ 022947
« 023457
« 023967
2024477
+ 024987
« 025497

«001020. 36104084

CHANNEL 10

SPK SPN
7145,887 91,163
129,968
46,055
769,331 9.815
3764707 4,806
307,733 34926
292,440 3.731
303,363 34870
201306 2+568
107.051 1.366
120159 1533
109,236 14394
514497 0657
29.650 378
39,637 «506
52.121 e665
49,935 e637
39,013 0498
34,33) 2438
33.395 0426
264529 «338
16,854 o215
15,293 2195
18,726 239
28,713 366
35,268 2450
10924 139
10611 «135
17.478 0223
214847 279
18.102 23]
17478 2223
194350 2647
21.8‘7 0279
21535 0278
14098 0191
19,662 «25)
27777 ¢354
244968 319
22783 291
264217 ¢ 334
25280 «323
14.981 .191
9.051 el1l15
11548 0147
17,166 0219
19,038 0243
154605 «199
19.350 e 247
124484 159



