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\\\ ABSTRACT

;5

An echosounder is used to probe various atmospheric
parameters. An acoustic wave is transmitted into the
atmosphere and information deduced from the backscattered
energy.

This thesis seeks to understand the range limitations of
the echosounder and to explore methods to quantify
atmospheric turbulence parameters at a given range. The
propagation of the acoustic energy, including the effects of
excess attenuation, are modeled to predict the performance

of an echosounder when various parameters are changed. The

electronics of an existing echosounder are investigated to

understand inherent or design limitations. ég%jgwwa> .
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I. INTRODUCTION

Many atmospheric turbulence-dependent processes take
place in the troposphere, the lowest ten to twenty

kilometers above the earth's surface. Acoustic energy

Lrare  SAPROReLl Mtiily P

interacts with irreqularities in the atmosphere more

strongly than electromagnetic waves and is potentially a
better probe for these irregularities. Acoustic echoes have
been used to detect:

1) wind speed and direction profiles,

2) humidity profiles, ‘

3) strength and location of temperature inversions,

4) temperature inhomogeneities,

5) mechanical turbulence.

The acoustic sounder, also known by the names
echosounder, echosonde, sodar, and acoustic radar, transmits
a pulse of acoustic energy into the atmosphere. The various
atmospheric parameters can be determined based on the
intensity and frequency of the scattered energy. The range
to the scattering center is determined from the elapsed time
between fransmission and return of the scattered energy.

In this thesis we are attempting to improve our

.’

understanding of the fundamental range limitations of the

acoustic sounder. 1In general, the acoustic sounder suffers

6




ot
from multiple scattering. Turbulence at shorter ranges 3}2
alters the phase front of the propagating pulse and reduces ?;ﬁi
the magnitude of the return from longer ranges. R
We are also exploring the use of return from shorter Eﬁ?
ranges, along with theory for the degradation of the energy ig;
along the path, to compensate for short range degradation in o
a boot-strap fashion and quantify the return from longer iz;
ranges. Acoustic sounders at present indicate the presence Zf
of inhomogeneities at a specific altitude but the magnitude ;\f,
of the inhomogeneities may have errors of a factor of four ﬁf
or more. 7%5
The following factors affect the range of the ;?i
echosounder: .‘:'_
1) Atmospheric: 55;2
a) Pressure, —
b) Temperature, f
c) Temperature Structure Parameter CTZ, -
d) Velocity Structure Parameter cv? , 3$'
e) Water-vapor Pressure, and ;gﬁf
f) Ambient Noise. S
2) Echosounder: Ej}f
a) Antenna Aperture Factoi, Egg:
b) Antenna Diameter, :?;

c) Efficiency,

S
l'l
'l'".

d) Frequency,
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e) Power Transmitted, and

f) Pulse Length.
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II. BACKGROUND

Acoustic energy propagates in the atmosphere as a
longitudinal wave of pPressure variations. The energy is
scattered, attenuated, and refracted. Energy which is
scattered constitutes the returned signal. The attenuation
decreases the energy ensonifying a given volume and
decreases the returned signal. Energy that is scattered
through small angles or that is refracted results in further

degradation or excess attenuation of th. signal.

A. SCATTERING

The echosounder transmits a pulse of acoustic energy
that is scattered by temperature and velocity
inhomogeneities. Information about the inhomogeneities is
then based on elapsed time between transmission and receipt
of the return signal, the strength of the returned signal,
the equations for scattering, and the Doppler shift.
Variations in the propagation velocity of the wave, which
are a function of the temperature and velocity variations in
the air mass, produce the scattering. 1In addition to
scattering, the temperature variations cause refraction
while the velocity turbulence causes both a shift in phase

and direction of propagation [Ref. l:p. 60].
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Random temperature or wind structure caused by

turbulence and uniform gradients of temperature or velocity

contribute to the scattering. The gradient must change in

a scale size that is comparable to or smaller than the
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acoustic wavelength in order to contribute to the
scattering. It appears that the effects of uniform
gradients are limited to beam bending and possible specular
reflection for the acoustic frequencies of interest here,
This refractive structure of the troposphere and
stratosphere would be better probed with what has come to be
called infrasound, sound of frequencies below twenty Hertz.
[Ref. l:p. 52}

The turbulent atmospheric temperature and velocity

fluctuations, at high wave number, follow the Kolmogorov

K-5/3

power spectral density law (in one dimension). The
fluctuations are correlated spatially on the order of one
centimeter to tens of meters. The nonzero correlation
lengths and the declining power spectral density imply a
different scattering process than for random point
scatterers, even though the turbulence is a stochastic
process [Ref. l:p 61].

An expression for the power scattered from a unit volume

per unit incident flux into a unit solid angle is ([Ref. 2:p

84]

Cr =.055 cosZe (Cyg cosz(%) + .13 CL%)(sin(%))-ll/3 '
c

N

T
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where
is the wavelength of the transmitted sound,
T is the average atmospheric temperature,
O is the angle of scattering from the direction of
propagation,

cv? is the velocity structure parameter,

CV2= <UUx) -] m>2 ’

r

and ct? is the temperature structure parameter,

Ct2= <ux)_f7;u_+_u>2 .
r

This scattering equation indicates that backscatter
(&=7m) is only a function of the temperature structure. The
velocity at any point is the vector sum of the phase
velocity of the sound and the particle velocity of the
turbulence. This vector sum is always in the forward
direction because the particle velocity is always less than
the speed of sound c¢. Therefore the backscatter is only a
function of the temperature structure [Ref. l:p 60]. The
vertical turbulent velocity does cause a Doppler shift of
the frequency of the backscattered radiation.

Scattering over a region with correlated scattering
centers produces constructive and destructive interference.
The backscattered waves are partially coherent. This

results in much greater intensities than would be received

from incoherent scattering such as Rayleigh scattering [Ref.

.:_:.P.;(l
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l:p 61]. Also the scattering with the interference, over

AP A

the nonzero coherence length, acts like an array of

scattering centers in a regular crystal lattice of spacing

L. The Bragg condition
L= %‘ /sin(®/2),
is satisfied. The dominant scattering is for scale sizes of

)/2. [Ref. 1l:p 61]

B. ATTENUATION
The atmosphere absorbs some acoustic energy that

propagates through the atmosphere and reradiates this energy

- at different frequencies. Quantitatively the power lost

(P;) over a path length 1 is given by

. Pl= e ’
where is the attenuation coefficient in Nepers per meter.
Historically the attenuation coefficient has been considered
to be the sum of several terms;

- K 1= classical viscous losses,

X = Molecular rotation losses,

X ¢ib> molecular vibrational losses, N2 and 0q-

Classical and rotational loses are negligible below
about three kilohertz, the region of interest for
. echosounder operation [Ref. 1:p 54 and Ref. 3:p. 18-2],

consequently vibration of N2 and 0, produce most of the

N attenuation.

74
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Rotational and vibrational losses are referred to as
relaxation processes. The acoustic energy excites internal
’ energy modes of the N, and O, molecules. The rate of

collisions with water vapor determines the rate and
: efficiency of conversion of the energy into translational
energy (heat).
The phase is shifted due to the relaxation processes.
This is one of the reasons some of the microwave radar pulse
compression techniques cannot be used in echosounders. A

number of the pulse compression techniques rely on the phase

T T Y T Y W ey

not changing during propagation.
The dependence of the attenuation on the water vapor
; pressure is believed to be due to a resonance process

between the lowest vibrational states of the 0, and Nj

L molecules with the water molecules. Henderson and Hertfeld

in Reference 4 [p.986] state that the lowest vibrational

states of O, and water vapor are only thirty-nine
wavenumbers (56°K) apart at 1600 cm'l. For this reason
oxygen was thought to be primarily responsible for the
humidity dependent absorption of sound. Henderson and
Herzfeld [Ref. 4], and many others, assumed nitrogen was an
inactive dilutent having no effect on the relaxation
processes [Ref. 4:p. 987]. Unfortunately the theory did not
agree with the data for low frequencies and high

humidities,

W e e JTe gt DS SRR .\ P RGN GER S I TS S AN A Y A \‘\.\
SN \"&“.s (UL RN PN P9 .\\.'fs_.\. !.' - \1‘\." d Y



Theory incorporating the relaxation processes involving

nitrogen and water at low frequencies and relative
humidities greater than twenty-five percent bring the theory
into agreement with the data. At high frequencies and low
relative humidities, theory and data match well with oxygen
making the main contribution and nitrogen acting as an inert
dilutent. At low frequencies and high humidities, nitrogen
seems to make the main contribution and oxygen acts as an
inert dilutent. For the range of relative humidities in
which many people live and over a good part of the audible
frequency range it appears nitrogen is the major contributer
to the relaxation processes [Ref. 5:p. 165]. This is in
contrast to the previous assumption that oxygen was
responsible [Ref. 6:p. 604].

An expression for attenuation due to the molecular

absorption is given by [Ref. 7:p. 34],

o = “max EOI8*£|$2 +(2*gf£fm)22> 2] 1/2 '
304.8 f 1 +(£/£fm)

in 4B/m,
where
f is the frequency of the transmitted pulse,

fm is the Napier frequency,

£ =(10+6600 h+4400 h?2) ( P \ 519 ) 0.8
m 1014 ) \1.8T+492

X =.0078 fm(l.8 T+492T2'5 exp(7.77(1- S13__ >
« 1.8T+492

Yo Ve e " te %
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where
T is temperature in degrees Celcius,
h is the percent mole ratio of water vapor,
h= 100 (e/p),
e= water vapor pressure in mb,

P

atmospheric pressure in mb,
To convert from dB/m to Nepers/m note that
10 1og(I(x)/I(0))= 10 log(exp(~<x),
==> 4,34 X(Nepers/m)= X (dB/m).

The Napier frequency is the frequency of maximum
absorption per wavelength and “Xp,, 1S the attenuation at
the Napier frequency. The Napier frequency is shifted to
higher frequencies by even small amounts of water vapor.
Plots of attenuation versus water-vapor pressure in
millibars (Figure 1) and versus relative humidity (Figure 2)
are shown for a range of frequencies.

For a given temperature, the attenuation has a maximum
and decreases for higher or lower humidities. With higher
temperatures, the maximum attenuation increases and the
relative humidity at which that maximum occurs decreases.
Plots of attenuation versus water-vapor pressure in
millibars (Figure 3) and versus relative humidity (Figure 4)

are shown for a range of temperatures.
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Fig. 1. Attenuation versus Water-vapor Pressure (mb.)
for Frequencies around 1.6 KHz.
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Fig. 2. Attenuation versus
Relative Humidity (%)
for Frequencies around 1.6 KHz.
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Pig. 3. Attenuation versus Water-vapor Pressure (mb.)
for Temperatures Around 20 Celsius.
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Fig. 4. Attenuation versus Relative Humidity (%)
for Temperatures around 20 Celsius.
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C. EXCESS ATTENUATION

The atmosphere scatters and attenuates the acoustic
energy. In the previous section on scattering, we were only
concerned with the energy scattered from a given volume.
Excess attenuation accounts for scattering and energy loss
& for the round trip in the atmosphere to and from a given
: volume of interest. Excess attenuation arises because the
' atmosphere degrades the mutual coherence of the acoustic
wave. The divergent solid angle of the acoustic wave is
E larger than would occur for a coherent, diffraction limited
wave.

The excess attenuation, Ze2, accounts for this energy

lost due to small-angle scattering. This turbulent beam

broadening reduces the on axis intensity. Clifford and

Brown in Reference 8 [p. 1972] develop the equation '
Ze = 1/(1+N) for N<1,
Ze =1.5/(1+N) for W1,

where

N

2
(Do//0e)”

antenna diameter,

Do
//be is the atmospheric acoustic coherence length

= 1.46*k?2 *oijO ds*Cn 2(5)*((1-5)5/3+ s )5/3)-3/5
e —_— =

The term varies from a value of one for no excess

| 8
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attenuation to an asymptote of zero, implying the energy
would be spread over a 2 Msolid angle.

There is a step in the functional dependence of the
excess attenuation when N=1 that can be seen in the
equations above and in the plots. There clearly is no
physical discontinuity but rather a transition between the
theoretical dependence between two asymptotic regions.

Figures 5,6, and 7 are plots of excess attenuation
versus range for antenna sizes of .5, 1, and 1.5 meters,
respectively, for several frequencies. As can be seen from
these plots or the equations above, the relationship of the
antenna size to the coherence length has a significant
effect on the excess attenuation. A larger antenna will
not, by itself, produce greater range. The antenna size
must be matched to the transmission frequency in terms of

antenna design guidelines and effects upon the excess

attenuation.
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Fig. 5. Range versus Excess Attenuation
for an Antenna Diameter of .5 m.
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IIT EXPERIMENT

The acoustic sounder is an excellent tool for probing
the lower troposphere. It suffers from several
shortcomings:

1) The range has typicallyv been limited to a few hundred
meters.

2) It has proven difficult to quantify the measurements
accurately for a given range.

In this thesis, we approached the problem from several
directions. We looked at the hardware to understand the
signal to noise limitations and to understand how the
magnitude of the returned signal could be calibrated. We
developed a software model which would allow one to estimate
the power backscattered from the atmosphere at a given
range, based on profiles of atmospheric characteristics and

input parameters for the acoustic radar.

A. HARDWARE

The acoustic sounder we were working with was the
Aerovironment Model 300, It consists of an electronic
module which generates a 1600 Hertz electrical pulse. The
pulse is converted to acoustic energy by a transducer which

feeds a 1.25 meter parabolic reflector. Energy

N
PO
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backscattered by the atmosphere is then received by the
reflector and transducer. The electrical signal is then
filtered and amplified. 1In addition, a ramp amplifier
compensates for the 1/r decreasing signal amplitude with
range to decrease the dynamic range requirements of the
present data display, a strip chart recorder.

We replaced the various integrated circuit amplifiers
and filters with more current designs with lower noise. We
replaced the pre-amplifier with an OPA 111 and the rest with
LF 356 BN devices.

We traced the amplifier and filters of the receiver
board to understand the undocumented choices the
manufacturer had made. Figures 8 and 9 show a pre-
amplifier, high and low pass filters and two stage
amplification. The filters are bi-quad configured with
notched outputs. Figure 10 shows the notching. Figure 10
represents the frequency spectrum output of the receiver
board as measured with the HP 3561A Frequency Spectrum
Analyser with random noise from the HP 3561A providing the
input signal before the filters. Figure 11 represents

frequency spectrum of the receiver board with the random

noise across the transducer. A 105 ohm resistor was used to

match impedences as shown in Figure 12.




‘qFﬁ"T\
—F
2

4|F_1_J

Fig. 8. _Schematic of the Receiver Board
of the Aerovironment Model 300.
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HP 3561A %
noise sourcel <§ransducer Fchosounder
J

Fig. 12. Connection of Noise Source to Transducer
The manufacturer had a filter-oscillator board after the
receiver board with a switch for three pass bands; narrow,
medium, and wide. With the same input as in Figure 10 we
measured the frequency output for the three settings of the
filter-oscillator board (Figure 13). As can be seen, there
is little difference between the three settings.

From previous measurements, the resistor labeled st in
the schematic (Figure 8) of the receiver board was found to
load down the input. The resistor was initially 25 kilo-
ohms. Figures 14, 15, and 16 represent the signal from the

input transformer with R =25K, 100K, and <€ ohms

25
respectively. Random noise from the HP 3561A was input
across the transducer as shown in Figure 12. The Q of the
input transformer was improved by increasing the resistance.
The lower curve in each Figure is with no noise signal input
from the HP 3561A.

it appeared the Q of the filters could also be increased
by adding the resistors labeled R, in Figure 17. The upper

curves in Figures 18, 19, and 20 are the output of the

receiver board with each Ry=2, 750, and 560 ohms
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Fig. 13. Frequency Spectrum of the Pilter Oscillator Board

of the Aerovironment Model 300.
(Input before the filters of the receiver board)
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Fig. 16. Frequency Spectrum of the Input Transformer
(input across transducer with R35a o¢)
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. respectively. The input was random noise from the HP 3561A

after the pre-amplifier but before the filters of the
receiver board. The effect of decreasing the resistance
was an increase in gain but the pass-band was no longer flat
on top. However, for the range of vertical wind velocities,
about two or three meters per second, a pass-band of fifty
or sixty Hertz is adequate to allow for the Doppler shift.
As can be seen, the filters could be tuned for a narrow
pass-band which would have better shape. We would gain
amplificatioh and still have a pass-band that is wide enough
to meet our needs.

The lower curves in Figures 18, 19, and 20 are with
notching, the upper without. The effect of the notching was

a sharper cut off near the bandpass frequency (1600 Hz) but

a loss at higher and lower frequencies.

e

B. SOFTWARE

7

The signal received by an acoustic sounder from a given

range tells us that scattering centers exist but we can say

little about the size and magnitude of the scattering
centers. We don't know how much energy was incident on the
scattering volume nor how much the signal was degraded on
the return path. If, on the other hand, previous signals

. are used to determine the atmospheric characteristics then




-
T a

an estimate éf the degradation of the incident power and the
degradation of the return signal can be made.

The software programs I have written here go in the
opposite direction. Given certain atmospheric
characteristics, the power returned is estimated. With the
modules tested, it would then be a matter of turning it
around to take actual data and estimate atmospheric
conditions. 1In the present form they serve our purposes in
allowing us to explore the effects of parameter changes.

All the programs are fundamentally built around the
echosonde equation, also sometimes referred to as the radar
equation in meteorology [Ref. 9 and Ref. 7:p. 3].

Pr = Er*(Pt*Et)*(exp(-2XR))* Jy(R,£)* (2T ) *(a%g) *ze?,
2 R

where
Pr is the power returned from a range R,
Pt is the power transmitted at frequency £,
Er is the efficiency of conversion of acoustic power
to electrical power by the transducer ,
Et is the efficiency of conversion of electrical power
to acoustic by the transducer,

¢ 1is the speed of sound in m/sec,

T is the pulse length,

A is the area of the antenna,

R 1is the range, and

G 1is the effective-aperture factor of the antenna.
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Transducer efficiencies must be measured for each driver

and typically range from a few percent [Ref. 7:p. 3] to
twenty five percent [Ref. 10:p. II-10].

The scattering cross section per unit volume (6}ﬂ is
the fraction of incident power backscattered per unit
distance into a unit solid angle at a given frequency. From
Reference 7 [p. 4] and Reference 2,

§ o = -0039 * kl/3 « g;% ,
T
0

where

k is the wavenumber = 2 ﬂ/wavelength,

T is the local mean temperature in Relvin,

Ct? is the temperature structure parameter,

The power scattered from a scattering volume is

Pb(I)=(Pt*Et-Pb(I-1))*exp(-2<XR)*(c7/2)*ze’* J, ,

The power returned to the antenna is

Pr=Pb*A*G*Er/R2,
where the return path attenuation was already included in
PS. The excess attenuation Ze? was discussed in the
background section.

The dependence with height of the velocity structure

parameter cv? was needed for the calculation of the excess

attenuation. Reference 2 and Reference 11 ([p.149] give
cvz = 2 *é2/3'

o

where € is the dissipation rate of turbulent kinetic energy.

‘N




Reference 11 [p. 154] and Reference (p 194) give

€ = (.33m/s)3 * (1 + .07 * rR3/5)3/2,
k * R

for a stable surface layer. Figure 21 is a plot of range
versus this Cv2,

The programs have four temperature structure parameter
(cTz) profiles. The operator must choose one. The first is
based on data as presented in Reference 13 [p. 398] for
midday clear weather above the Tularosa Basin desert in New
Mexico. The second choice is for the same data multiplied
by a factor two to approximate looking up a convective
plume. The third case for a nocturnal atmosphere assumes a
dependence proportional to the negative exponential of the
range as presented in Reference 13 [p. 399] with tower data
from the same reference used for the first sixty-five
meters. The fourth case assumes a dependence proportional
to height to the -4/3 and a surface vertical heat flux of
.095 [Ref. 7:p. 7]. Also case four allows for the operator
to input the height of an inversion layer with CT2 being
proportional to height to the -4/3 above the inversion

layer. Figures 22, 23, 24, and 25 are plots of these four

profiles,

2

Cv4 and Ct?2 were then used to calculate the acoustic

refractive index factor [Ref. l14:p. 119]
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cne? = g;z + Cv2
2 -2
4Ty Co

Figure 26 is a plot of Cne? using the third profile for ct2.

Figure 27 represents an input flow chart. It summarizes
the effect of each variable or atmospheric parameter.
Figures 28 and 29 are plots of the range versus the power
returned to the echosounder for profiles 3 and 4.

The segments of the programs were tested against
existing data to verify proper operation. Based on input
temperature, atmospheric pressure, water-vapor pressure, and
the frequency of operation of the acoustic sounder the
programs calculate the attenuation. TIf the operator
desires, the first program will plot the attenuation as a
function of absolute water-vapor pressure and/or relative
hamidity for frequencies at one-third octaves around the
input frequency and then again for temperatures at ten
degree Celcius intervals around the input temperature.

These plots were used to check the attenuation against data
[Ref. 15] and [Ref. S].

Ambient noise levels of acoustic sounders are found to
be about ten to forty dB above the theoretical Johnson noise
limit (Ref. 16:p. 19-4]. This noise level determines the
maximum range. This maximum range is comparable to range
capabilities of the Aerovironment System 300 when the
operating parameters of the Aerovironment are used in the

program,

40O
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Trends, as input parémeters where changed, were also
used to check the program output. As the frequency
increased, the backscatter of the turbulence in the
atmosphere decreased slowly and the absorption of the
atmosphere increased rapidly in agreement with Reference 17
[p. I-10].

The calculation for excess attenuation was difficult to
check. At ranges of about 400 to 500 meters the excess
attenuation of a typical acoustic radar has been found to be
about .25, in agréement with the program calculation.
PROGRAM 1

The first program takes atmospheric parameters and the
echosounder parameters as input and outputs nine plots. The
inputs, by the operator at the keyboard, are:

Atmospheric parameters;

Atmospheric pressure in millibars,

The profile of ct? Erom four options,

Temperature in degrees Celsius,

Water-vapor pressure in millibars,

Echosounder data;

Antenna diameter in meters,

Frequency of the echosounder in Hertz,

Power transmitted by the echosounder in Watts, and

Pulse length of the transmitted acoustic energy.
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The program outputs the following plots:

1. Attenuation (1/m) versus water-vapor pressure (mb) for
five frequencies at one-third octaves around the input
frequency.

2, Attenuation (1/m) versus relative humidity (%) for five
frequencies at one-~third octaves around the input
frequency.

3. Attenuation (1/m) versus water-vapor pressure (mb) for
five temperatures at ten degree intervals around the
input temperature.

4. Attenuation (1/m) versus relative humidity (%) for five
temperatures at ten degree intervals around the input
temperature.

5. Range (m) versus excess attenuation.

6. Range (m) versus the temperature structure factor ce2,
7. Range (m) versus the velocity structure factor Cvz.
Range (m) versus the acoustic refractive index

structure factor Cnez.

LT T T T T
[o ]

9. Range (m) versus the power backscatiered to the
echosounder.
All of the programs prompt the operator for inputs and
with a series of yes/no questions allows the operator to re-
run with the same inputs or change the inputs. Figure 30 is

a flow chart of program one and appendix 1 is a copy.
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Figures 1, 2, 3, 4, 21, 22, 23, 24, 25, 26, 28, and 29 are

output plots of program one.

The second program takes the same atmospheric parameters
used in the first program. With the exception of the
frequency, it takes the same echosounder parameters also.
This program outputs a plot of range versus frequency and a
plot of range versus excess attenuation for various
frequencies. Figure 31 is a flow chart of the program and
appendix 2 is a copy. Some output plots of the program are
included in the conclusions section.

The third program t~kes the same atmospheric and
echosounder parameters as the first. The program outputs a
plot of range as a function of efficiency of the transducer,
assuming the same efficiency for transmit and receive. All
the other programs and plots in this thesis assume
2fficiencies of 25%, which is on the high side of typical
performance. Appendix 3 is a copy and an output plot is
presented in the conclusions section.

The fourth program has the same inputs as the first with
the exception of antenna area, which is the dependent
variable for the output plot. It plots the range as a
function of antenna area for several frequencies and is
presented and discussed in the conclusions. The model does
not include different efficiencies based on optimum antenna

design for different frequencies. The output reflects the
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Fig. 31. Flowchart of Computer Model Two.
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effect of different antenna diameters on the excess
attenuation and the echosonde equation. I am uncertain how
- much these drive the considerations for optimum antenna

design. Appendix 4 is a copy of the program.

The fifth program has the power to the transducer as the
dependent variable plotted against range for several
frequencies. Appendix S5 is a copy and ihe output plot is
presented and discussed in the conclusions section.

g The sixth program has the ambient, atmospheric
background noise as the dependent variable. Appendix 6
contains a copy of the program and the output plot is
presented and discussed in the conclusions section.

These programs, taken together, allow a parametric

analysis of the effect of different parameter changes.
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IV CONCLUSIONS

Reference 10 [p. II-1) indicates that as the frequency
increases:

1) Background and wind noises decrease except for marked
peaks due to fans, etc. Tﬁis relationship between
noise and frequency is not included in the this model.

2) The reflectivity of the turbulence in the atmosphere
decreases slowly and the absorption of the atmosphere
increases rapidly. The model agrees with this for low
values of the water-vapor pressure. The effects of
water-vapor pressure on the attenuation are shown in
Figures 1 to 4.

3) Wildlife sounds tend to increase with increasiang
frequency and dominate the background noise at about
3000 Hertz. This effect is not included in the model.

4) The Doppler shift requires the receiver bandwidth to be
increased. The model doesn't take this into
account. The bandwidth is used to calculate the
Johnson noise but Johnson noise is not significant.

The noise really should be scaled with frequency to

depict the gain in range accurately for lower

frequencies.
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Transducer efficiencies vary with frequency. This is
not included in the model. An increase in efficiency will
have a much greater impact on the potential range than

increases in, say, power. An increase in efficiency will

help both with transmission and return, increasing the

transmitted power and the returned electrical signal
ﬁ strength. Fiqgures 32 is a plot of the maximum range for
f

efficiencies of .05 to .5. This figure is the output of

program 3. The range increases quickly with improvements in

efficiency. The efficiency could be improved by using

better designed horns, such as catenoidal or exponential.
3 Optimum antenna diameters vary with frequency. The
- output of program 4, Figure 33, demonstrates this effect.

Not included are the effects on the antenna effective

- aperture factor G, except to the extent it may be effected

by the excess attenuation. The discontinuities in the
curves are due to the discontinuities in the equations for
the excess attenuation. For a given frequency, the range
increases and then, as antenna diameters increase beyond an
optimum, the range decreases. The decrease for larger
antenna diamneters is the result of the excess attenuation.

One other consideration as to choice of frequency is
that the resolution is increased with increasing frequency.
A specific need for the echosounder may drive this

constraint and is not considered in this model.
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Figure 34 is a plot of range as a function of frequency
for an antenna size of 1.5 meters. The water-vapor pressure
input was ten millibars. Figure 35 is for the same antenna
size but with a water-vapor pressure of 2 millibars. The
step in each curve is not a physical effect but rather due
to the step of 1.5 in the theoretical equation for the
excesé attenuation. Figure 1 showed the greater value of
the attenuation at around 2 mb. water-vapor pressure for the
range of frequencies we are dealing with. These previous
two plots demonstrate the effect. Figures 34 and 35 are
some of the output plots of program 2. Both figures
demonstrate the greater attenuation of the acoustic wave as
the frequency increases.

Significant increases in range can be achieved by
judicious choice of frequency. <Considerations are the
water-vapor pressure (Figures 1 to 4), the excess
attenuation (Figures 5 to 7), which depends on the antenna
diameter (Figure 33), the frequency (Figure 33 to 35), and
the anticipated frequency spectrum of the backyround noise.

Figure 35 models the effect of increasing the
transnitted power to increase the range. This is the output
plot of program 5. The slope of the curve is not very steep
and becomes less so for higher frequencies. A considerable
increase in power is required to double the range. Also the

model does not include nonlinear transducer effects which

D3
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arise when the power is increased. Reference 1 [p. 57]
points out that at some point the acoustic wave becomes
distorted, which implies, from Fourier analysis, there is a
flow of energy out of the fundamental frequency into the
higher harmonics. Since the higher frequencies are
attenuated more quickly we will soon reacﬁ a point of
saturétion, which Brown [Ref. 1 :p 57) called nonlinear

saturation to distinguish it from another saturation effect

he discusses.

Figure 37 is the output of program 6. This shows the
effect of decreasing the ambient background noise level.
This decrease in noise might be achieved by using digital
processing and fast Fourier transforms to achieve a narrower

bandwidth. The bandwidth, and therefore the noise, can be

much smaller.

These plots demonstrate which parameter changes might
best improve the range of an echosounder, which was one of
our goals in this thesis. The modeled performance changes
should allow for intelligent decisions of the necessary
parameters for the expected uses of the echosoundec.

We also sought to explore the ability to use the
return=1 signal to quantify atmospheric parameters
accurately at a given range. As can be seen from Figure 27
(the input flow chart), for a single acoustic radar return

you c¢ould calculate CT2 based on an assumed profile of cv2.

(n
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However this need to assume a Cv?2 profile could be
eliminated with the use of two or more echosounders.
Reference 11 and many others describe techniques.

Another approach would be to measure the Doppler width.
The Doppler width is the spread of frequency around the
Doppler shifted frequency. Epsilon and therefore cv2 can He
related to the Doppler width. With the use of fast Fourier

2 2 could be

transforms and digital processing Cv*® and Cop
measured simultaneously with one echosounder.

iIsing the returned signal from lesser ranges the enerqy
incident on a given volume could be estimated and the
degradation of the return signal could be estimated. 1In
this way the computer program would allow one to essentially
boot-strap up to a given range and more accurately depict

the atmospheric parameters based on the returned signal.
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APPENDIX A

COMPUTER PROGRAM 1
PROG !

{FULLER, ROBERT
|
110 SEP 85
|
!
|asssasasPURPOSE*ssss2s
|
| THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND
IESTIMATE THE RANGE. THE FOLLOWING INPUTS ARE REQUIRED: .
§ .
ATMOSPHERIC DATA
1 )ATOMOSPHERIC PRESSURE in millibars
2)SELECT ONE OF FOUR ATMOSPHERIC PROFILES FOR THE TEMPERATURE
STRUCTURE PROFILE. ‘
a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT
3)TEMPERATURE IN DEGREES CELSIUS
4)WATER VAPOR PRESSURE IN millibars

ECHOSOUNDER DRTA

S)ANTENNA DIAMETER IN METERS

6)FREQUENCY OF ECHOSOUNDER IN Hz

7)POWER TRANSMITTED BY ECHOSOUNDER IN WATTS
8)PULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY

PROGRAM OQUTPUTS THE FOLLOWING PLOTS:

1)ATTENUATIONC 1/m. ) VERSUS WATER-VAPOR PRESSURE(mb) FOR FIVE |
FREQUENCIES AT ONE-THIRD OCTIVES AROUND THE INPUT FREQUENCY.

Z)ATTENUATIONC 1/m.) VERSUS RELATIVE HUMIDITY(Z) FOR FIVE FREQUENCIES -
AT ONE-THIRD OCTIVES AROGUND THE INPUT FREQUENCY.

TEMPERATURES AT TEN DEGREE INTERVALS AROUND THE INPUT TEMPERATURE.
4)ATTENUATION(1/m.) VERSUS RELATIVE HUMIDITY(X) FOR FIVE TEMPERATURES
AT TEN DEGREE INTERVALS AROUND THE INPUT TEMPERATURE.

S)RANGE(m. )
B)RANGE(m.)
7IRANGE(m.)
8)RANGE(m. )
9)RANGE(m. )

.,

VERSUS EXCESS ATTENUATION

VERSUS TEMPERATURE STRUCTURE FACTOR.
VERSUS VELOCITY STRUCTURE FACTOR.
VERSUS ACOUSTIC STRUCTURE FACTOR.
VERSUS BACKSCATTERED TO ECHOSOUNDER.

-
BN

N NS N S W T T ST T T T T

s2222VARIABLES#»asas

Again TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MAKE ANOUTHER RUN.
Ano_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN. -

!
!
|
!
!
!
|
|
|
!
|
!
I
!
!
!
!
!
(
| 3)ATTENUATION( 1/m.) VERSUS WATER-VAPOR PRCSSURE(mb) FOR FIVE
|
!
1
!
!
t
!
!
!
|
!
!
!
!
{
!
|
i
!
| ECHOSOUNDER ANTENNA AREA CALCULATED FROM INPUT OF

Ant_area

60

b
»




Ant_diam
Atom_pres
Atten

Att_freq

Att_max

Att_temp

Bn

c
C1 8 C2

C3
Cne2(s)

Cte2(+)

CveZ(s)

Ox
Dy
Epsilon
Et
Er

Es
Exc_att(s)
F

Fmax

Freq
Freq_con

¢]

ANTENNA DIAMETER.

INPUT OF ECHOSOUNDER ANTENNA DIAMETER IN METERS.

INPUT OF ATMOSPHERIC PRESSURE IN mb.

ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.

VARIABLE USED TO DETERMINE IF OPERATOR
WANTS TO PLOT ATTENUATION VERSUS WATER_VAPOR
PRESSURE FOR VARIOUS FREQUENCIES AROUND THE INPUT
FREQUENCY. IF SO THEN PLOT IS DONE IN SUBPROGRAM
Att_freq.

VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE
ATTENUARTION AT THE FREQUENCY OF THE MAX1MUM
ATTENUATION FOR THE INPUT CONDITIONS.

VARIABLE USED TO DETERMINE IF OPERATOR WANTS
TO PLOT ATTENUATION VERSUS WATER_VAPOR PRESSURE
FOR VARIOUS TEMPERATURE AROUND THE INPUT TEMPERATURE.
THE PLOT IS DONE IN THE SUBPROGRAM Att_temp.

BANDWIDTH OF RECEIVER NEEDED TO RECEIVE SIGNALS
DOPPLER SHIFFED BY THREE METER PER SECOND
VERTICAL VELOCITIES.

VELOCITY OF SOUND CALCULATION AT ZERO CELSIUS.

VARIABLES USED TO SCALE INVERSION HEIGHT IN
TEMPERATURE STRUCTURE PROFILE THREE.

CONSTANT USED IN CALCULATION FOR CteZ PROFILE 4.

ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX
PARAMETER. CALCULATED BASED ON SELECTION OF
PROFILE FOR TEMPERATURE STRUCTURE PARAMETER
AND ASSUMED PROFILE FOR THE VELOCITY STRUCTURE
PARAMETER.

ARRAY OF VALUES OF THE TEMPERATURE STRUCTURE PARAMETER.
THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.

ARRAY OF VALUES OF THE VELOCITY STRUCTURE PARAMETER.
VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
RATE.

STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.

STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.

DISSAPATION RATE USED IN CALCULATION OF CveZ.

TRANSMISSION EFFICIENCY OF ECHOSOUNDER.

EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
BACKSCATTER.

SATURATION VAPOR PRESSURE AT GIVEN TEMPERATURE.

EXCESS "ATTENUATION" AT GIVEN RANGE.

VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.

FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.

INPUT FREQUENCY OF ECHOSOUNDER.

USED TO INSURE VALUE OF FREQUENCY PASSED TO SUBPROGRAM
Att_freg WAS NOT CHANGED.

ANTENNA EFFECTIVE APERATURE FACTOR.
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EI H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
A 1 MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL
o POWER WAS LESS THAN MINIMUM OETECTABLE SIGNAL.
F- Interval  MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.
N Inver | HEIGHT OF INVERSION LAYER.
- J FIRST ORDER INDEX FOR ASSORTED LOOPS. '
K WAVENUMBER
L SECOND ORDER INDEX FOR ASSORTED LOOPS.
Mess_up TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
RESPONSES.
N TEST VALUE IN CALCULATION OF COHERENCE LENTH IN CALCULATION
OF EXCESS ATTENUATION.
New_va TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE
A VARIABLE BEFORE A NEW RUN.
Noise ASSUMED MINIMUM DETECTABLE SIGNAL.

Pow_back(+) POWER BACKSCATTERED FROM GIVEN RANGE.

Pow_ret(#) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.
Pou_trans INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
Profile OPERATOR INPUT OF CteZ PROFILE FROM AVAILABLE PROFILES.

Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.
Pulse TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.
R RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.
R1 VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE. -

Range(#) ARRAY OF RANGE VALUES.
Remainder REMAINDER OF MODULO FUNCTION USED TO DECREES THE
NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS

ATTENUATION.
Rge VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
Rho CORRELATION LENGTH USED IN CALCULATION OF EXCESS
ATTENUATION.

Sigma(+) FRACTION OF ENERGY BACKSCATTERED FROM GIVEN RANGE.
Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
Sumpow_back SUM OF THE BACKSCATTERED ENERGY

- e T e P e oW cmm G smms CHE cmm SR et Mt R SEm R ceAm R i B N (GwR e T R caim e e tme e MR Sve M tmm M mm Em M MR e S cam e g e e e

T INPUT TEMPERATURE IN DEGREES KELVIN.
Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
Temp_con  USED TO INSURE VALUE OF TEMPERATURE PASSED TO SUBPROGRAM
Att_temp WAS NOT CHANGED.
Temps VARIABLE STRING USED IN FUNCTION YES.
Titles$ STRING PASSED TO SUBPROGRAM PT FOR TITLE OF PLOT.
Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
IN SUBPROGRAM ATTENUATION.
Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO
CHANGE BEFORE MAKING ANOTHER RUN. :
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
OPERATOR.
X THIRD ORDER INDEX USED IN VARIOUS LOOPS. .
X8 STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
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RESPONSE TO YES OR NO QUESTION.
Xlabel$ LABEL ON X AXIS PASSED TO SUBPROGRAM Pt FOR PLOTTING.

Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.
Xmin VALUE OF SMALLEST VALUE OF X FOR VARIOUS PLOTS.
Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.

Xvar(s) VALUE OF ARRAY OF X VALUES TO BE PLOTTED IN SUBPROGRAM Pt.
Ylabel$ LABEL ON Y AXIS PASSED TO SUBPROGRAM Pt FOR PLOTTING.

Ymax LARBGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS.
b le INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.

-'- ‘
. IDECLARE VARIABLES

. INTEGER 1
DIM Pouw_back( 1500) ,Pou_ret( 1500) ,Range( 1500) ,Cte2( 150@),Sigma( 1500)

ﬂ DIM Cve2(1500),Cne2( 1500) ,Exc_att(1500),Xvar( 1500)
o DIM Title$(50) ,X1labelS(5@],Ylabels( 161

- !

¢ PLOTTER IS 705,"HPGL"

LINE TYPE 1

!

INPUT ATMOSPHERIC DATA

INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS",Temp

INPUT “ENTER ATMOSPHERIC PRESSURE IN MILLIBARS" ,Atom_pres
INPUT “ENTER WATER VAPOR PRESSURE IN MILLIBARS",UWat_pres

|

{

I INPUT ECHOSOUNDER DATA

INPUT "ENTER FREQUENCY OF ECHOSOUNDER IN HERTZ",Freg

INPUT "ENTER ANTENNAR DIAM IN METERS",Ant_diam

INPUT "ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=",Pulse
INPUT "ENTER POWER TO TRANSMITTER IN WATTS" .Pou_treas

Et=.25 I TRANSMIT EFFICIENCY
Er=.25 I'RECEIVER EFFICIENCY
6=.40 VANTENNA EFFECTIVE APERATURE FACTOR

!

!

ISELECT THE PROFILE FOR THE TEMPERATURE STRUCTURE

PRINT "YOU HAVE A CHOICE OF TEMPERATURE STRUCTURE PROFILES"
PRINT "PROFILE TO BE USED.”

PRINT “YOUR SELECTIONS ARE"

PRINT * 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA AS
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 338 WHICH "
PRINT * GIVES A HEIGHT TO THE -1.16 PROFILE"

PRINT " "

PRINT * 2 THE TEMPERATURE STRUCTURE PROFILE ABOVE BUT"
PRINT " WITH A FACTOR OF TWO TO APPROXIMATE LOOKING"
PRINT * UP A CONVECTIVE PLUME"

PRINT * *
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PRINT * 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS“
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"
PRINT * NIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT *
PRINT * IS EXP(-.Q001+HEIGHT ABOVE 65 METERS AND HEIGHT"
PRINT * TO THE -1.46 BELOW 65 METERS"
S PRINT * * )
- PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
S PRINT " HEIGHT TO THE -4/3 *
., ! .
. PRINT * * '
- PRINT * *
: Mess_up=1

WHILE Mess_up=1
INPUT "ENTER THE DESIRED PROFILE (1 OR Z OR 3 OR 4)",Profile
IF Profile=4 THEN

FI INPUT "ENTER THE HEIGHT OF THE INVERSION IN METERS",Inver |
: END IF
1 IF Profile=1 THEN
Mess_up=0 J
ELSE
IF Profile=2 THEN
Mess_up=0
ELSE
IF Profile=3 THEN
Mess_up=@
ELSE
IF Profile=4 THEN
Mess_up=0 .
ELSE
PRINT Profile,” WAS NOT ONE OF THE OPTIONS!!!!"
Mess_up=1
END IF ‘
END IF i
END IF !
END IF
END WHILE

QUTPUT KBD;“K";
]
!
Again=1
IINITIALIZE ARRAYS FOR SUCCESSIVE RUNS
WHILE Again=1
FOR J=1 TO 1
Pouw_back(J)=0
Pou_ret(J)=0

Range(J)=0

Cte2(J)=0

Sigma(J)=0 {

Cve2(J)=0 .

Cne2(J)=0 |
|

v Y—'va v .
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Exc_att(J)=0

NEXT J
FOR J=1 TO 15

PRINT * *
NEXT J
PRINT "DO YOU WISH TO SEE A PLOT OF ATTENUATION VERSUS HUMIOITY"
PRINT "FOR VARIOUS FREQUENCIES ARQUND THE FREQUENCY YOU INPUT?"
LINPUT "IF YES ENTER Y , IF NO ENTER N”,X8$
Att_freqg=FNYes(X$)
IF Att_freg=! THEN

OUTPUT KBD;"K"3

CALL Att_freq(Atom_pres, Freq,Temp)
END IF
OUTPUT KBD;"K";
|
|
FOR J=1 TO 15

PRINT " “
NEXT J
PRINT “DO YOU WISH TO SEE A PLOT OF ATTENUATION VERSUS HUMIDITY"
PRINT "FOR VARIOUS TEMPERATURES AROUND THE TEMPERATURE YOU INPUT?"
LINPUT "IF YES ENTER Y , IF NO ENTER N",X$
Att_temp=FNYes(X$)
IF Att_temp=1 THEN

OUTPUT KBD;"K™:

CALL Att_temp(Atom_pres, Freq, Temp)
END IF
OUTPUT KBD;"K":
|
ICONVERT TEMPERATURE TO KELVIN
T=Temp+273
|

ICALCULATE SPEED OF SOUND BASED ON INPUT TEMPERATURE(CELCIUS)
Speed_sound=20.05«(T)".5

{CALCULATE THE SPEED OF SOUND AT @ DEGREES CELCIUS
C=20.052273~.5

I

CALCULATE THE ATTENUATION COEFFICIENT BASED ON ATMOSPHERIC DATA
{EQUATION IS FROM NEFF 1975

CALL Attenuation(Atom_pres,Atten,Freq,Temp,Wat_pres)

I=1 {INDEX FOR LOOP
Pou_back(0)=0 PINITIALIZE VARIABLE FOR POWER BACKSCATERRED
K=Z+Pl+fFreq/Speed_sound | WAVENUMBER

Ant_area=Pls(Ant_diam/2)"2 IANTENNA AREA

Interval =(Speed_sound*Pulses! . E-3)/2
Bn=2+Freq#(1-1/(6/Speed_sound+1)) IBANDWIDTH FOR 3M/S VERTICAL VELOCITIES
Noise=1,.38E-23+Bn*(T)+2.E~- 14! MINIMUM DETECTABLE SIGNAL AS

! JOHNSON NOISE(NEGLIGABLE)+ ESTIMATED BACKGROUND

|

ICALCULATE RETURNED SIGNAL POWER UNTIL IT IS LESS THAN BACKGROUND.
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- e o = -

Range(@)=0
Sumpow_back =@

REPEAT

Range(I)=Range(I-1)+2
SELECT Profile

CASE 1
ITHIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
1AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 3398.
1WAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
I TULAROSA BASIN, NEW MEXICO. .
!AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
'AVERAGING TIME.
CteZ2(1)=2.1Z2+Range(I)*(-1.1B)
CASE 2
}THIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
tAS PRESENTED IN WALTERS/KUNDEL 13881 PAGE 398.
1WAS FOR MIDOAY AND CLEAR WEATHER ABOVE THE
I TULAROSA BASIN, NEW MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
IAVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS
{ INCLUDED TO APPROXIMATE LOOKING UP A CONVECTIVE PLUME
CteZ(1)=242.12#Range(I)"(-1.16)
CASE 3
' THIS TEMPERATURE STRUCTURE PROFILE BARSED ON DATA AS"
IPRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"
INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT "
IS EXP(-.0Q1+HEIGHT ABOVE 65 METERS AND HEIGHT"
170 THE -1.46 BELOW 65 METERS™

IF Range(I)<B5 THEN .
Cte2(I1)=75.5+Range(I)"(-1.46)
ELSE
Cte2(I1)=3.66E-2+EXP(-.001=Range(1))
END IF ‘
CASE 4

ICALCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
] THAT IT'S PROPORTIONAL TO HEIGHT TO THE -4/3 POWER
| THAT THE SURFACE VERTICAL HEAT FLUX IS .995 C.m./sec
I THE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM
tMY LEFT EAR
EQUATION FROM NEFF, 1975
SELECT Range(I)/Inver
CASE <.9
C3=((.024)+(T)"(.667))
Cte2(I)=C3#(Range(1))"(-1.33)
CASE .9 TO 1
CteZ(I)=Cte2(I-1)
Ri=Range(I)
Ci=Cte2(I)
CASE 1 TO 1.3
Cte2(I)=10"((LGT(C3*Range(1))-L6T(C3«R1))I+LBT(C1)) .
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R2=Range( 1)
C2=Cte2(I)
CASE ELSE
Cte2(I)=C3=*(Range(I)*(-1.33)-R2~(~1.33))+C2
END SELECT

END SELECT
'CALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77
IAND TETARSKI
Epsilon=(.2B866/Range(1))#(1+.07#(Range(1))*(.6))*(1.5)
Cve2(I)=2+Epsilon*(.B67)
ICALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR.
|FORMULA FROM TETARSKI 1961
Cne2(I)=(Cte2(I)/(2.98E+5))+(CveZ(1)/(C*C))
ICALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
YEQUATION FROM NEFF, 1875
Sigma(I)=( . @0383+(K"(1/3))+Cte2(I1))/(T)"2
{

ICALCULATE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 1980
ITHE EXCESS ATTENUATION IS Exc_att(I)
ITHE MODULO STRUCTURE IS TO SKIP SOME OF THE INTEGRALS ONCE THE
'RESOLUTION IS LESS IMPORTANT.
IF 1<5@ THEN ’
Remainder=0
ELSE
IF 1<150 THEN
Remainder=Range(I) MODULO 10
ELSE
Remainder=Range(I) MOOULO Z@
END IF
END IF
IF Remainder=@ THEN
Rho=@
L=0
H=0
Rge=Range(I) ICONSTANT IN INTEGRAL
R=0
FOR J=@ TO 2+I1
F=Cne2( INT(J/2+1))
F=Fs(1-R/(Rge)*(1.67)+(R/(Rge))*(1.67))
IF J>@ THEN
IF J<Z+I THEN
IF INT(J/2)=J/2 THEN
L=L+F
F=0
ELSE
H=H+F
F=0
END IF
END IF
END IF
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Rho=Rho+F
R=R+1
NEXT J
Rho=Rho+4#L +Z+H
Rho=( ({ Rho#.33)*K+K#1.46)"(-.8))
N=(Ant_diam/Rho)*2
IF N<=1 THEN
Ze=1/(14N) *
ELSE
Ze=1,.5/(14N)
ISTEP OF 1.5==>SEE CLIFFORD 1980
END IF
Exc_att(l)=Ze+Ze
ELSE
Exc_att(I)=Exc_att(I-1)
END IF
]
ICALCULATE THE POWER BACKSCATTERED
Pow_back(1)=(Pow_trans#*Et-Sumpouw_back )*EXP(-Atten*Range(I))
Pow_back(I)=Pow_back(I)#Interval+Exc_att(I)*Sigmal(I)
Sumpow_back=Sumpow_back+Pou_back(1)
ICALCULATE- THE POWER BACKSCATTERED TO THE ANTENNA
ITWO WAY PATH ATTENUATION ACCOUNTED FOR ABOVE.
Pouw_ret(I)=Pouw_back(I)+*EXP(~-Atten*Range(I))*Ant_area*G+Er/Range(I)*2
PRINT "RANGE=",Range(I)
3 PRINT "POWER RETURNED=" ,Pouw_ret(I)

v
0

AR

v

v
¢

I=I+1 *
F UNTIL Pou_ret(I-1)>@ AND Pou_ret(I-1)<{=Noise
- |

!

- OUTPUT KBD;"K":

- |

PRINT "INPUT CONDITIONS®
}

PRI NT " on

PRINT USING "K";"TEMPERATURE= *,Temp,"CELCIUS"
PRINT USING “K";"ATMOSPHERIC PRESSURE= ",Atom_pres,"mb"
PRINT USING "K";"“WATER VAPOR PRESSURE= " Wat_pres,“mb"
PRINT USING "K";"PULSE LENGTH= ",Pulse,"ms"

PRINT USING "K";"TRANSMITTED FREQUENCY= " Freq," Hz"

PRINT USING "K";"ANTENNA DIAMETER= ",Ant_diam," m."
PRINT USING “K";"POWER TRANSMITTED= *,Pow_trans,” WATTS"

PRINT "TEMPERATURE STRUCTURE PROFILE USED " ,Profile
IF Profile=4 THEN
PRINT "INVERSION HEIGHT ", Inver

END IF
SELECT Profile .
CASE 1
PRINT " 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT * AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 "
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PRINT

WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"

CASE 2
PRINT “ A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 13981 PAGE 338 *
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT * BUT WITH A FACTOR OF TWO TO APPROXIMATE"
PRINT * LOOKING UP A CONVECTIVE PLUME"
: CASE 3
PRINT * A TEMPERATURE STRUCTURE PROFILE BASED ON DATA"
PRINT * AS PRESENTED IN WALTERS/KUNDEL 1881 PAGE 398"
PRINT * FOR NIGHT CONDITIONS. THE DEPENDENCE WITH"
PRINT * HEIGHT IS EXP(-.001HEIGHT ABOVE B5 METERS"
~ PRINT * AND HEIGHT TO THE -1.46 BELOW 65 METERS"
CASE 4
PRINT * A TEMPERATURE STRUCTURE PROFILE BASED ON A"
% PRINT * HEIGHT TO THE -4/3 "
2 END SELECT
i 1
- PRINT USING “K"i"THE MINIMUM DETECTABLE SIGNAL WAS SET AT" Noise,“WATTS"
. |
PRINT * *
X PRINT “OUTPUT CONDITIONS"
- !
: PRINT USING "K";"RANGE=",Range(I-2)," m."
- '
: PRINT "HIT CONTINUE TO CONTINUE"
PAUSE
OUTPUT KBD;"K"3
- PRINT “THE FOLLOWING GRAPHS WILL NOW BE PLOTTED WITH RANGE VERSUS"
SO PRINT “EXCESS ATTENUATION"
- PRINT "CTEZ (TEMPERATURE STRUCTURE PARAMETER)"
- PRINT “CVE2 (VELOCITY STRUCTURE PARAMETER)"
PRINT “CNEZ (ACOUSTIC REFRACTIVE INDEX STRUCTURE PARAMETER)"

PRINT
PRINT

“POWER RETURNED"
“"WHEN YOU ARE READY FOR THE FIRST GRAPH HIT CONTINUE"

PAUSE

- OUTPUT KBD:“K"3

|
GRAPHICS ON

VIEWPORT 15,120,10,70

Xmin=Q
Xmax=1
Ymin=0

IF Range(1-2)<=1000 THEN

*i ) Ymax=3
ELSE
~ Ymax=4

IPLOT RANGE VERSUS EXCESS ATTENUATION
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END IF
Dx=.1
Dy=1
Xrange=Xmax-Xmin
Yrange=Ymax-Ymin
WINDOUW Xmin, Xmax,Ymin, Ymax
- AXES Dx ,Dy.Xmin,Ymin,!1,1 :
' CLIP OFF : . |
] |
ILABEL PLOT |
CSIZE 4,.6
LDIR @
LORG 5
MOVE .5,Ymaxsl .t
LABEL "RANGE VERSUS EXCESS ATTENUATION"
{LABEL HORIZONTAL AXES
LDIR @
LORG S
FOR J=0@ TO Xmax STEP Dx
MOVE J,-.1+Dy
LABEL J
NEXT J
MOVE .S5#Xrange,-.3#Dy
CSIZE 4,.6
LABEL "EXCESS ATTENUATION
{LABEL VERTICAL AXES
LORG 8 .
FOR J=@ TO Ymax STEP Dy
CSIZE 4,.6
MOVE -.3+Dx,J
LABEL "10" .
CSIZE 2
MOVE -.1#Dx,J+.05+Dy
LABEL USING "K";J
NEXT J
LDIR PI/2 !
LORG & ‘
MOVE -Dx,.S*#Yrange
CSIZE 4,.6
LABEL "RANGE (METERS)"
CLIP ON
FOR J=1 TO I-1
PLOT Exc_att(J),LGT(Range(J))
NEXT J
PRINT "HIT CONTINUE FOR NEXT PLOT"
!
!

" IPLOT RANGE VERSUS TEMPERATURE STRUCTURE PARAMETER .

RADENARME M 2 5 RO
!
4
1

PAUSE
GCLEAR
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t
IF Range(1-2)<=1000 THEN
Xmin=-4
Ymax=3
ELSE
Xmin=-5
Ymax=4
END IF
Xmax=0
Ymin=0
Title$="RANGE vs TEMPERATURE STRUCTURE PARAMETER"
Xlabel$="TEMPERATURE STRUCTURE PARAMETER"
Ylabel$="RANGE (METERS)"
CALL Log_log{Xmin,Xmax,Ymin, Ymax,Cte2(+#) I-1 Range(s),I-1,Titles, K Xlabel$
11%)
!
|
IPLOT RANGE VERSUS VELOCITY STRUCTURE PARAMETER
PAUSE
GCLEAR
|
Xmin=-2
Xmax=0
Ymin=0
IF Range(I-2)<{=1000 THEN
Ymax=3
ELSE
Ymax=4
END IF
Title$="RANGE VERSUS VELOCITY STRUCTURE PARAMETER"
Xlabel$="VELOCITY STRUCTURE PARAMETER"
CALL Log_log(Xmin,Xmax,Ymin, Ymax ,CveZ(+) I-1 Range(#),I-1,Title$ Xlabel$
318)
|
!
IPLOT RANGE VERSUS ACOUSTIC REFRACTIVE INDEX STRUCTURE PARAMETER
PAUSE
GCLEAR
Xmin=-7
Xmax=-5
Ymin=0
IF Range(1-2)<=100@ THEN
Ymax=3
ELSE
Ymax=4
END IF
Title$="RANGE vs ACOUSTIC INDEX STRUCTURE PARAMETER"
Xlabel $="ACOUSTIC REFRACTIVE INDEX STRUCTURE PARAMETER"
CALL Log_log{Xmin, Xmax,Ymin, K Ymax ,CneZ(+),I-1 Range(s), I-1 Title$, Xlabel$
els)
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|
|
IPLOT RANGE VERSUS POWER RETURNED TO ANTENNA
PAUSE
GCLEAR
IF Range(1-Z2)<=1000 THEN
Xmin=-15
Xmax=-5
Ymax=3
ELSE
Xmin=-17
Xmax=-4
Ymax=4
END IF
Ymin=Q
Title$="RANGE VERSUS POWER RETURNED TO ANTENNA"
Xlabel$="POWER RETURNED TO ANTENNA"
Ylabel$="RANGE (METERS)"
CALL Log_log(Xmin, Xmax,Ymin,Ymax ,Pou_ret(e) I-1 Range(*},I-1,Title$, 6 Xlab

Ylabel$)

PAUSE
GCLEAR
!
|
1
LINPUT "WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)?" X8&
Again=FNYes(X$)
Mess_up=1
WHILE Mess_up=1
SELECT Again
CASE |
LINPUT "WOULD YOU LIKE TO CHANGE A VARIABLE (ENTER Y OR N)?" XS$
Neu_va=FNYes(X$)
Ano_change=1
WHILE Ano_change=1
SELECT New_va

CASE 1
PRINT VARIABLE CURRENT VALUE"
PRINT USING “K"3"1 TEMPERATURE *,Temp,"CELSIUS"

PRINT USING “K“";"2 ATOMOSPHERIC PRESSURE “,Atom_pres,“"mb"
PRINT USING "K"3"3 WATER VAPOR PRESSURE ", Wat_pres,"mb"

PRINT " *

PRINT USING "K“;"4 FREQUENCY OF ECHOSOUNDER “,Freq," Hz"
PRINT USING "K“:"5 ANTENNA DIAMETER ",Ant_diam," n."
PRINT USING “K":"6 PULSE LENGTH ",Pulse,” ms"

PRINT USING “K";"7 POWER TRANSMITTED ",Pow_trans," WATTS"
PRINT USING “K";"8 ATMOSPHERIC PROFILE " ,Profile

PRINT * *

PRINT "ENTER THE NUMBER OF THE VARIABLE YOU WISH TO"

PRINT “CHANGE"

/2
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INPUT Var

SELECT Var
CASE 1
INPUT "TEMPERATURE="  Temp
CASE 2
INPUT “ATMOSPHERIC PRESSURE IN mb=" Atom_pres
CASE 3
INPUT “WATER VAPOR PRESSURE IN mb=" Wat_pres
CASE 4
INPUT "FREQUENCY IN Hz=",Freq
CASE S
INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
CASE 6
INPUT “PULSE LENGTH IN ms=" Pulse
CASE 7
INPUT “POWER TRANSMITTED IN WATTS=" ,Pou_trans
CASE 8
PRINT “ 1t == Ct"Z PROFILE OF Z°(-1.16)"
PRINT * FROM WALTERS/KUNDEL 1981"
PRINT * 2 ==> SAME AS ONE BUT WITH FACTOR"
PRINT " OF TWO TO APPROXIMATE LOOKING"
PRINT * UP A CONVECTIVE PLUME"
PRINT * 3 ==> Ct"“Z PROFILE OF EXP(-.001+2)"
PRINT * FROM WALTERS/KUNDEL 1981."

PRINT " 4 ==)> CT~2 PROFILE OF Z2"~(~-4/3)"
INPUT "ENTER NUMBER OF DESIRED PROFILE" ,Profile
IF Profile=4 THEN
INPUT "HEIGHT OF INVERSION IN METERS=",K Inver
END IF
CRSE ELSE
PRINT Var,"”IS NOT ONE OF THE OPTIONS"
END SELECT
LINPUT "MADE ANOTHER CHANGE(ENTER Y OR N)?7" X8
Neuw_va=FNYes( X$)
Mess_up=2
CASE 2
Mess_up=2
Ano_change=2
CASE ELSE
PRINT "YOUR CHOICES WHERE Y OR N 11t
Ano_change=1
LINPUT “CHANGE A VARIABLE (ENTER Y OR N)?".XS
New_va=FNYes{ X$)
END SELECT
END WHILE

CASE 2

Mess_up=2

CASE ELSE

PRINT “YOUR CHOICES WHERE Y OR N Itrite®
Mess_up=1
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" LINPUT "MAKE ANOTHER RUN (ENTER Y OR N)?" X8
- Again=FNYes{ X$)
END SELECT
END WHILE

o END WHILE
) PRINT "THAT'S ALL, FOLKS"
- end
. |
{
ICALCULTE THE ATTENUATION
sub Attenuation{Atom_pres,Atten,Freq, Temp,Uat_pres)
I THIS SUBPROGRAM CALCULATES THE ATTENUATION OF SOUND
IIN AIR BASED UPON EQUATIONS IN NEFF 1875
!
! INPUT  ATMOSPHERIC PRESSURE IN MILLIBARS

FREQUENCY OF SOUND WAVE IN HERTZ
! TEMPERATURE IN DEGREES CELCIUS

WATER-VAPOR PRESSURE IN MILLIBARS
i
| OUTPUT ATTENUATION IN 1/METERS

- :

VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN

! SUBPROGRAM ATTENUATION.
Att_max VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE

ATTENUATION AT THE FREQUENCY OF THE MAXIMUM
ATTENUATION FOR THE INPUT CONDITIONS. )

. F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE

X Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM

- ATTENUATION.

- Freq INPUT FREQUENCY OF ECHOSOUNDER.

. H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.

| Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
- CALCULATION.

. Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

: Tetar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION

IN SUBPROGRAM ATTENUATION.
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
! OPERATOR.
H=100+Uat_pres/Atom_pres
B Tstar=(1.8+Temp+492)/519
- Pstar=Atom_pres/1014
- Fmax=( 10+66QQ0+H+44400+*H+H)+*Pstar/Tstar".8
v Att_max=.0078+Fmax+*Tstar*(-Z2.5)#EXP(7.77*(1~1/Tstar))
F=Freq/Fmax
Atten=(Att_max/304.8)2((.18#F)"2+4(2%F+F/(14F2F))*2)".5
., Atten=(Attent!.74E-10*Freq+Freq)/4.35
S SUBEND

!
|
|
!
!
!
|
!
|
!
!
! RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
!
!
]
|
|
|
!
{
}
|
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!

def FNYes(X$)

ITHIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
|

! INPUT Xs

!

| OUTPUT FNYes

I VARIABLES

| Temp$ VARIABLE STRING USED IN FUNCTION YES.

I X8 STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR

1 RESPONSE TO YES OR NO QUESTION.
DIM TempS$!t]
TempS(1,1)=TRIMS(XS)
SELECT Temp$
CASE "y","y"
RETURN 1
CASE "N","n"
RETURN 2
CRSE " "
RETURN 1
CASE ELSE
RETURN -2
END SELECT
FNEND
{
sub Att_freq(Atom_pres, Freq,Temp)
'
t THIS SUBPROGRAM PLOTS THE ATTENUATION OF SOUND VERSUS WATER-
IVAPOR PRESSURE FOR FIVE DIFFERENT FREQUENCIES AT 1/3 OCTIVE
' INTERVALS AROUND THE INPUT FREQUENCY.
!
INPUT ATOMOSPHERIC PRESSURE IN MILLIBARS
FREQUENCY IN HERTZ
TEMPERATURE IN CELCIUS

OUTPUT PLOT OF ATTENUATION VERSUS WATER-VAPOR PRESSURE

VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN

Att_freq VARIABLE USED TO DETERMINE IF OPERATOR
WANTS TO PLOT ATTENUATION VERSUS WATER_VAPOR
PRESSURE FOR VARIOUS FREQUENCIES AROUND THE INPUT
FREQUENCY. IF SO THEN PLOT IS DONE IN SUBPROGRAM

Att_freq.
Es SATURATION VAPOR PRESSURE AT GIVEN TEMPERATURE.
Freq INPUT FREQUENCY OF ECHOSOUNDER.

Freq _con USED TO INSURE VALUE OF FREQUENCY PASSED TO SUBPROGRAM

!
!
!
!
!
!
!
!
t
! SUBPROGRAM ATTENUATION.
!
!
!
[
!
!
!
!
! Att_freqg WAS NOT CHANGED.
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J FIRST ORDER INDEX FOR RSSORTED LOOPS.
L SECOND ORDER INDEX FOR ASSORTED LOOPS.
Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

|

!

!

| Temp_con USED TO INSURE VALUE OF TEMPERATURE PASSED TO SUBPROGRAM
| UWat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
!
!
|
!
!

OPERATOR.
X THIRD ORDER INDEX USED IN VARIOUS LOOPS.
Xs STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
RESPONSE TO YES OR NO QUESTION.
Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
1
Freq_con=Freq
Temp_con=Temp
Ymax=0

Freq=DROUND(Freq#z~(2/3),3)
FOR J=0 TO 4 STEP .1
Vat_pres=J
CALL Attenuation(Atom_pres, Atten,Freq,Temp, Wat_pres)
IF Atten>Ymax THEN
Ymax=Atten
END IF
NEXT J
Ymax=PROUND( Ymax+.205,-2)
GRAPHICS ON
VIEWPORT 15,120,10,70
WINDOW @,15,0, Ymax
AXES .5,.005,0,0,2.2
CLIP OFF
{LABEL PLOT
CSIZE 4,.6
LDIR @
MOVE 7.5,Ymax+#1!.1
LORG 5§
LABEL "ATTENUATION VERSUS WATER-VAPOR PRESSURE"
CSIZE 4,.6
LABEL HORIZONTAL AXES
LDIR @
LORG 6
FOR J=0 TO 15
MOVE J,0
LABEL J
NEXT J
MOVE 7.5,-Ymaxe.!
CSIZE 4,.8
LABEL "WATER-VAPOR PRESSURE mb"
ILABEL VERTICAL AXES
LORG 8
CSIZE 4,.6
FOR J=@ TO Ymax STEP .01
MOVE .25.,J
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LABEL J
NEXT J
LDIR PI/2
LORE 6
MOVE -2,Ymax#.5
CSIZE 4,.6
LABEL "ATTENUATION 1/m"
{PRINT INPUT CONDITIONS
LDIR @
LORG 1
MOVE 5.5, Ymax
CSIZE 4,.6
LABEL USING "K";"ATMOSPHERIC PRESSURE=" Atam_pres," mb"
MOVE 5.5,Ymax+.85

CSIZE 4,.6
LABEL USING "K";"TEMPERATURE=" ,fTemp," CELSIUS"
J=0
FOR L=1 TO 5
FOR X=@. TO 6.5+4J STEP .@5
Wat_pres=X

CALL Attenuation(Atom_pres, Atten,Freq,Temp,Uat_pres)
IF INT(L/Z)=L/2 THEN
LINE TYPE 2
ELSE
LINE TYPE 1
END IF
PLOT X,Atten
NEXT X
LDIR @
LORG 2
CSIZE 3,.6
MOVE X,Atten
LINE TYPE 1t
LABEL USING "K";Freq,"Hz"
Freq=DROUND(Freq#«2(~-1/3),3)
J=J+1.5
NEXT _
!
PRIN™ “HIT CONTINUE TO CONTINUE"
PAUCE
GCLEAR
FOR J=@ TO 1S
PRINT " "
NEXT J :
PRINT "WOULD YOU LIKE TO SEE THE SAME PLOT ONLY"
PRINT "“WITH ATTENUATION VERSUS RELATIVE HUMIDITY?"
LINPUT "IF YES ENTER Y, ELSE ENTER N",X$
Att_freq=FNYes(XS$)
IF Att_freq=1 THEN
OUTPUT KBD;3"K"3

‘l‘v'v

RO ROt

-
.

RAMANAN BOSAIINE  (A
.
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WINDOW ©,100,0, Ymax
CLIP ON
AXES 5,.005,0,0,2,2
CLIP OFF
I{LABEL PLOT
CSIZE 4,.6
LDIR @
MOVE SO, Ymaxs1.1
LORG S
LABEL "ATTENUATION VERSUS RELATIVE HUMIDITY"
CSIZE 4,.6
'LABEL HORIZONTAL AXES
LDIR ©
LORG 6
FOR J=0 TO 100 STEP 10
MOVE J,0
LABEL J
NEXT J
MOVE 50,-Ymaxs.!
CSIZE 4,.8
LABEL "RELATIVE HUMIDITY z"
ILABEL VERTICAL AXES
LORG 8
CSIZE 4,.86
FOR J=@ TO Ymax STEP .01
MOVE 1,J
LABEL J -
NEXT J
LDIR PI/2
LORG 6
MOVE -15,Ymax+.5
CSIZE 4,.6
LABEL "ATTENUATION 1/m"
IPRINT INPUT CONDITIONS
LDIR O
LORG 1
MOVE 40, Ymax
CSIZE 4,.6
LABEL USING "K";"ATMOSPHERIC PRESSURE=" Atom_pres," mb"
MOVE 40, Ymaxs, K95
CSIZE 4,.6
LABEL USING "K";"TEMPERATURE=" Temp," CELSIUS"
CLIP ON
TuTemp+273
Es=107(9.4-2353/T)
J=0
Freq=DROUND(Freq con#2°(-2/3),3)
FOR L=1 TO S -
FOR X=@. TO 4@+J STEP .5
Wat_pres=Es*Atom_pres+*X/((Atom_pres-Es+(1+X/100))+10Q)
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CALL Attenuation(Atom_pres Atten,Freq,Temp,Wat_pres)
IF INT(L/2)=L/2Z THEN
LINE TYPE 2

ELSE
LINE TYPE 1
END IF
PLOT X,Atten
NEXT X
LDIR @
LORG 2
CSIZE 3,.6
MOVE X,Atten
LINE TYPE 1 _
LABEL USING "“K":Freq,"Hz"
i Freq=DROUND(Freg#2°(1/3),3)
Ju=J+11
NEXT L
" PRINT "HIT CONTINUE TO CONTINUE"
3 PAUSE
3 GCLEAR
OUTPUT KBD;"K";
ELSE
GCLEAR
OUTPUT KBD; "K";
END IF
Temp=Temp_con
Freg=Freq_con
SUBEND
!
1
sub Att_temp(Atom_pres Freq,Temp)
!
|
! THIS SUBPROGRAM PLOTS THE ATTENUATION OF SOUND VERSUS WATER-
K 'VAPOR PRESSURE FOR FIVE DIFFERENT TEMPERATURES AT 1@ DEGREE
. I INTERVALS AROUND THE INPUT TEMPERATURE.
. !

INPUT  ATOMOSPHERIC PRESSURE IN MILLIBARS
FREQUENCY OF ACOUSTIC ENERGY IN HERTZ
TEMPERATURE IN CELSIUS

OUTPUT PLOTS OF ATTENUATION VERSUS WATER-VAPOR PRESSURE
VARIABLES

Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.

|
|
!
!
!
|
|
)
!
|
|
y
! Att_temp VARIABLE USED TO DETERMINE IF OPERATOR WANTS
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TO PLOT ATTENUATION VERSUS WATER_VAPOR PRESSURE
FOR VARIQUS TEMPERATURE AROUND THE INPUT TEMPERATURE.
THE PLOT IS DONE IN THE SUBPROGRAM Att_temp.

Es SATURATION VAPOR PRESSURE AT GIVEN TEMPERATURE.
Freq INPUT FREQUENCY OF ECHOSQUNDER.

I MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL
J FIRST OROER INDEX FOR ASSORTED LOOPS.

L SECOND ORDER INDEX FOR ASSORTED LOOPS.

Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

Temp_con  USED TO INSURE VALUE OF TEMPERATURE PASSED TO SUBPROGRAM
Att_temp WAS NOT CHANGED.
Wat_pres  ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT 8Y

OPERATOR.
X THIRD ORDER INDEX USED IN VARIOUS LOOPS.
X$ STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
RESPONSE TO YES OR NO QUESTION.
Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
!
Ymax=0
Temp_con=Temp
Temp=Temp+20
FOR J=@ TO-4 STEP .1
Vat_pres=J

CALL Rttenuation(ﬁton*pres,ﬁtten,Freq,Tenp,Uat_pres)
IF Atten>Ymax THEN
Ymax=Atten
END IF
NEXT J
Ymax=PROUND( Ymax+.00S5,-2)
GRAPHICS ON
VIEWPORT 15,120,10,70
WINDOW @,15,0, Ymax
AXES .5,.005,0,0,2,2
CLIP OFF
ILABEL PLOT
CSIZE 4,.6
LDIR @
MOVE 7.5,Ymax*1.1}
LORG 5
LABEL "ATTENUATION VERSUS WATER-VAPOR PRESSURE"
CSIZE 4,.6
'LABEL HORIZONTAL AXES
LDIR @
LORG 6
FOR J=0 TO 15
MOVE J,0
LABEL J
NEXT J
MOVE 7.5,-Ymaxs.1
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CSIZE 4,.6
LABEL "WATER-VAPOR PRESSURE mb"
{LABEL VERTICAL AXES
LORG 8
CSIZE 4,.6
FOR J=0 TO Ymax STEP .01
MOVE .25,J
LABEL J
NEXT J
LDIR P1/2
LORG 6
MOVE -2,Ymax+¢.5S
CSIZE 4,.6
LABEL "ATTENUATION 1/m"
IPRINT INPUT CONDITIONS

LDIR @
LORG 1
MOVE &, Ymax
CSIZE 4,.86

LABEL USING "K";"ATMOSPHERIC PRESSURE=", Atom_pres," mb"
MOVE E,Ymax+.95
CSIZE 4,.6
LABEL USING "K";"FREQUENCY=" Freq," HZ"
CLIP ON
J=0
FOR L=1 TO 5§
FOR X=@. TO 6+4J STEP .05
Wat_pres=X
IF INT{(L/Z)=L/2Z THEN
LINE TYPE 3
ELSE
LINE TYPE 1
END IF
CALL Attenuation(Atom_pres,Atten,Freq,Temp,Wat_pres)
PLOT X,Atten
NEXT X
LDIR @
LORG 2
CSIZE 3,.6
MOVE X,Atten
LINE TYPE 1
LABEL USING "K";Temp,"C"
Temp=Temp-10
J=J+1.56
NEXT L
PRINT "HIT CONTINUE TO CONTINUE"™
PAUSE
GCLEAR
OUTPUT KBD;"K";
FOR J=0 TO 15
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PRINT * *
NEXT J
]
PRINT "WOULD YOU ARE LIKE TO SEE THE SAME PLOT ONLY"
PRINT "WITH ATTENUATION VERSUS RELATIVE HUMIDITY®
LINPUT "IF SO ENTER Y, IF NOT ENTER N",X$
Att_temp=FNYes(X$)
IF Att_temp=1 THEN
OUTPUT KBD;"K";
Temp=Temp_con
WINDOW @, 100,92, Ymax
AXES 10,.005,0,0,2,2
CLIP OFF
ILABEL PLOT
CSIZE 4,.5
LOIR @
MOVE 5@,Ymax#t.1
LORG S
LABEL "ATTENUATION VERSUS RELATIVE HUMIDITY"
ILABEL HORIZONTAL AXIS
LDIR @
LORG &
FOR J=@ TO 102 STEP 1@
MOVE J,@
LABEL J
NEXT J
MOVE 50,-Ymax+,1
CSIZE 4,.6 -
LABEL “RELATIVE HUMIDITY"
ILABEL VERTICAL AXES
LORG 8
CSIZE 4,.6
FOR J=@ TO Ymax STEP .0t
MOVE 2,J
LABEL J
NEXT J |
LDIR P1/2 i
LORG B j
MOVE -1Q,Ymax+.5
CSIZE 4,.6
LABEL “ATTENUATION 1!/m"
{PRINT INPUT CONDITIONS
LDIR @
LORG 6
MOVE 50, Ymax
CSIZE 4,.6
LABEL USING "K™;"ATMOSPHERIC PRESSURE=" Atom_pres," mb"
MOVE 5@, Ymax+.95
CSIZF 4,.6
LABEL USING "K";"FREQUENCY=" , Freg," Hz"
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CLIP ON
J=0
Temp=Temp-20
FORL=1 TO 5
T=Temp+273
Es=10°(9.4-2353/T)
FOR X=@ TO 90-J STEP .5
Wat_pres=Es+*Atom_pres+X/((Atom_pres-Es+*(1+X/100))*100)
IF INT(L/2)=L/2 THEN
LINE TYPE 3
ELSE
LINE TYPE 1
END IF
CALL Attenuation(Atom_pres, Atten,Freq,Temp,Wat_pres)
PLOT X,Atten
NEXT X
. LDIR @
- LORG 2
. . CSIZE 3,.6
) MOVE X,Atten
LINE TYPE
LABEL USING "K";Temp," C"
Temp=Temp+10
J=J+15
NEXT L
PRINT “HIT CONTINUE TO CONTINUE"
PAUSE
GCLEAR
OUTPUT KBD;"K"3
ELSE
OUTPUT KBD:"K";
END IF
Temp=Temp_con
SUBEND
]
! :
! 1
sub Log_log(Xmin, Xmax K Ymin, Ymax ,Xvar(+) J Range(+),L,Title$, Xlabel$,K Ylabel

THIS SUBROUTINE MAKES A LOG-LOG PLOT OF DATA PASSED FROM THE
IMAIN PROGRAM.

!
|
|
1
! INPUT  MINIMUM VALUES OF X AND Y FOR PLOT
! MAXIMUM VALUES OF X AND Y FOR PLOT
! X AND Y VALUES TO BE PLOTTED
! TITLE OF PLOT

! LABELS FOR X AND Y AXIS

! OUTPUT LOG-LOG PLOT

|
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IVARIABLES
Dx

Dy

J

L
Titles
Xlabel$
Xmax
Xmin
Xrange
Xvar(+)
Ylabel$
Ymax
Ymin
Yrange

|
Dx=1
Dy=1

STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.
STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.
FIRST ORDER INDEX FOR ASSORTED LOOPS.
SECOND ORDER INDEX FOR ASSORTED LOOPS.

STRING PASSED TO SUBPROGRAM PT FOR TITLE OF PLOT.
X AXIS PASSED TO SUBPROGRAM Pt FOR PLOTTING.

LABEL ON
VALUE OF
VALUE OF
VALUE OF
VALUE OF
LABEL ON

LARGEST VALUE OF X FOR VARIOUS PLOTS.
SMALLEST VALUE OF X FOR VARIOUS PLOTS.
RANGE OF X VALUES FOR VARIOUS PLOTS.

ARRAY OF X VALUES TO BE PLOTTED IN SUBPROGRAM Pt.
Y AXIS PASSED TO SUBPROGRAM Pt FOR PLOTTING.

LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

SMALLEST

VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

RANBGE OF Y VARIABLES FOR VARIOUS PLOTS.

Xrange=ABS{ Xmax-Xmin)
Yrange=ABS( Ymax-Ymin)
WINDOU Xmin, Xmax,Ymin, Ymax
AXES Dx,Dy,Xmin,Ymin, 1,1

CLIP OFF
]

{LABEL PLOT

CSIZE 4.,.6
LDIR @
LORG 5

MOVE Xmin+.S«Xrange,!.1*Yrange
Title$=TRIMS$(Title$)

LABEL Title$

tLABEL HORIZONTAL AXES

LDIR @
LORG 5

FOR J=Xmin TO Xmax STEP Dx
CSIZE 4,.6

LN " .
.

-

[

{

NEXT J

LORG 5
CS1Zk 4,.6

LORG 8

STt

i A
-

&

-

‘
s Yt te ]

o~

MOVE J-.013#Xrange,-.087+Yrange
LABEL "t1@"

MOVE J+.013#Xrange,-.033¢#+Yrange
CSIZE 2

LABEL J

MOVE Xmin+.5#Xrange,-.12%*Yrange
Xlabel $=TRIM$( Xl1abel$)

LABE! Xlabels

ILABEL VERTICAL AXES

FOR J=@ TO Ymax STEP Dy

g4
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CSIZE 4,.6
MOVE Xmin-.@25+Xrange,J
LABEL "1@"
CSIZE 2
MOVE Xmin-.0025¢#Xrange,J+.03*Yrange
LABEL J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-.1#Xrange,.S5*Yrange
CSIZE 4,.6
Ylabel$=TRIMS(Ylahel$)
LABEL Ylabel$
CLIP ON
FOR J=1 TO L
PLOT LGT{Xvar(J)),LGT(Range(J))
NEXT J
SUBEND
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APPENDIX B
COMPUTER PROGRAM 2
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t
! THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND
I{ESTIMATE THE RANGE AS A FUNCTION OF FREQUENCY. THE FOLLOWING INPUTS
{ARE REQUIRED:
1 ATMOSPHERIC DATA
1)ATOMOSPHERIC PRESSURE in millibars
2)SELECT ONE OF FOUR ATMOSPHERIC PROFILES FOR THE TEMPERATURE
STRUCTURE PROFILE.
a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT
3)TEMPERATURE IN DEGREES CELSIUS
4)WATER VAPOR PRESSURE IN millibars

vat
‘

tad
4

ECHOSOUNDER DATA

5)ANTENNAR DIAMETER IN METERS

6)POWER TRANSMITTED BY ECHOSOUNDER IN WATTS
7)PULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY

THE PROGRAM QUTPUTS THE FOLLOWING GRAPHS TO AN EXTERNAL PLOTTER:
1)RANGE(m.) VERSUS FREQUENCY OF ECHOSOUNDER
Z2)RANGE(m.) VERSUS EXCESS ATTENUATION FOR VARIOUS FREQUENCUIES

+»23222VARIABLESs s ans

Again TEST VALUE IN JHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MAKE ANOUTHER RUN.

Ano_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN.

Ant_area  ECHOSOUNDER ANTENNA AREA CALCULATED FROM INPUT OF
ANTENNA DIAMETER.

Ant_diam INPUT OF ECHOSOUNDER ANTENNA DIAMETER IN METERS.

Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.

Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.
Bn BANDWIDTH OF RECEIVER NEEDED TO RECEIVE SIGNALS
DOPPLER SHIFFED BY THREE METER PER SECOND
VERTICAL VELOCITIES.
C VELOCITY OF SOUND CALCULATION AT ZERO CELSIUS.
Ct VARIABLE USED TO SCALE INVERSION HEIGHT IN
TEMPERATURE STRUCTURE PROFILE THREE. )
C3 VARIABLE USED IN CALCULATING THE FOURTH Cte2 PROFILE.

cmm tmm e e v imm e e e e M e MR e B e SR e G e et AW tam tem tmw e W e A e e e e e s e

CneZ(+) ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX
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Cte2

CveZ

DOx
Dy
Epsilon
Et
Er

F
Fmax

Freq
6
H
I

IND
Interval
Inver

Neuw_va

Noise

Pow_trans
Profile
Pstar

Pulse

R

Rt
Range( +)
Remainder

e iER e lmm MR s EB e S ceAe CEE e e s e M rmm Gme e R e wm e bR cwae MRt M mi e M YR tmm S tme e dm M dma  MEe s VMR em TER mm e e e

PARAMETER. CALCULATED BASED ON SELECTION OF
PROFILE FOR TEMPERATURE STRUCTURE PARAMETER
AND ASSUMED PROFILE FOR THE VELOCITY STRUCTURE
PARAMETER.
VALUE OF THE TEMPERATURE STRUCTURE PARAMETER.
THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.
VALUE OF THE VELOCITY STRUCTURE PARAMETER.
VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
RATE.
STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.
STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.
DISSAPATION RATE USED IN CALCULATION OF CvelZ.
TRANSMISSION EFFICIENCY OF ECHOSOUNDER.
EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
BACKSCATTER.

Exc_att(+ «) EXCESS “ATTENUATION" AT G6IVEN RANGE.

VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE

RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.

INPUT FREQUENCY OF ECHOSOUNDER.
ANTENNA EFFECTIVE APERATURE FACTOR.
VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL

POWER WAS LESS THAN MINIMUM DETECTABLE SIGNAL.

INDEX USED FOR LOOP FOR DIFFERENT FREQUENCIES
MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.
HEIGHT OF INVERSIDN LAYER.
FIRST ORDER INDEX FOR ASSORTED LOOPS.
WAVENUMBER
SECOND ORDER INDEX FOR ASSORTED LOOPS.
TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
RESPONSES.
TEST VALUE IN CALCULATION OF COHERENCE LENTH IN CALCULATION
OF EXCESS ATTENUATION.
TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE

A VARIABLE BEFORE A NEW RUN.
ASSUMED MINIMUM DETECTABLE SIGNAL.

Pow_back(*) POWER BACKSCATTERED FROM GIVEN RANGE.
Pou_ret{#) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.

INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
OPERATOR INPUT OF CteZ PROFILE FROM AVAILABLE PROFILES.
VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION. :

TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.

RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.

VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE.

ARRAY OF RANGE VALUES.
REMAINDER OF MODULO FUNCTION USED TO DECREES THE
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NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS

ATTENUATION.
Rge VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
Rho CORRELATION LENGTH USED IN CALCULATION OF EXCESS
ATTENUATION.
Sigma FRACTION OF ENERGY BACKSCATTERED FROM GIVEN RANGE.

Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
Sumpow_back SUM OF BACKSCATTERED ENERGY

T INPUT TEMPERATURE IN DEGREES KELVIN.

Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

Temp$ VARIABLE STRING USED IN FUNCTION YES.

Title$ STRING PASSED TO SUBPROGRAM Semi_log FOR TITLE OF PLOT.

Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
IN SUBPROGRAM ATTENUATION.

Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO

CHANGE BEFORE MAKING ANOTHER RUN.
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

OPERATOR.
X THIRD ORDER INDEX USED IN VARIOUS LOOPS.
Xs STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR

RESPONSE TO YES OR NO QUESTION.
Xlabel$ LABEL ON X AXIS PASSED TO SUBPROGRAM Semi_log FOR PLOTTING.

Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.
Xmin VALUE OF SMALLEST VALUE OF X FOR VARIOUS PLOTS.
Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.
Xvar(s) VALUE OF ARRAY OF X VALUES TO BE PLOTTED IN SUBPROGRAt. Semi_
! Ylabel# LABEL ON Y AXIS PASSED TO SUBPROGRAM Semi_log FOR PLOTTING.
! Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
! Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
! Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS.
1 Ze INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.
]

IDECLARE VARIABLES

INTEGER 1

DIM Pow_back( 15@@) ,Pou_ret( 150@) ,Range( 1500)

DIM CneZ(1500) ,Exc_att(1500,30) , Xvar( 1500) ,Ran( 30)

DIM TitleS[S01 Xlabel$(5@],Ylabel${16]

|

PLOTTER IS 7@5,"HPGL"

LINE TYPE 1

|

INPUT ATMOSPHERIC DATA

INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS",Temp

INPUT “ENTER ATMOSPHERIC PRESSURE IN MILLIBARS",Atom_pres
INPUT "ENTER WATER VAPOR PRESSURE IN MILLIBARS" . Wat_pres
!

|
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I INPUT ECHOSOUNDER DATA

INPUT “ENTER ANTENNA DIAM IN METERS”,Ant_diam

INPUT “ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=", Pulse
INPUT “ENTER POWER TO TRANSMITTER IN WATTS",Pow_trans

Et=.25 I TRANSMIT EFFICIENCY
Er=.28 YRECEIVER EFFICIENCY
G=.40 JANTENNA EFFECTIVE APERATURE FACTOR

!

t

ISELECT THE PROFILE FOR THE TEMPERATURE STRUCTURE

PRINT "YOU HAVE A CHOICE OF TEMPERATURE STRUCTURE PROFILES”
PRINT "PROFILE TO BE USED.”

PRINT "YOUR SELECTIONS ARE™

PRINT " 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA AS *
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 WHICH *
PRINT " GIVES A HEIGHT TG THE -1.16 PROFILE"

PRINT " *

PRINT * 2 THE TEMPERATURE STRUCTURE PROFILE ABOVE BUT"
PRINT WITH A FACTOR OF TWO TO APPROXIMATE LOOKING"
PRINT * -UP A THERMAL PLOOM"

PRINT * *

PRINT 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS"
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 388 FOR"
PRINT “ NIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT °
PRINT " IS EXP(-.001+HEIGHT ABOVE 65 METERS AND HEIGHT"
PRINT * TO THE -1.46 BELOW B5 METERS"

PRINT " *

PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT * HEIGHT TO THE -4/3 "

{

PRINT * *

PRINT " *

Mess_up=1

WHILE Mess_up=1
INPUT "“ENTER THE DESIRED PROFILE (1 OR 2 OR 3 OR 4)",Profile
IF Profile=4 THEN
INPUT “ENTER THE HEIGHT OF THE INVERSION IN METERS",Inver
END IF
IF Profile~=1 THEN
Mess_up=0
ELSE
IF Profile=Z THEN
Mess_up=Q
ELSE
IF Profile=3 THEN
Mess_up=0
ELSE
IF Profile=4 THEN
Mess_up=0
ELSE
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PRINT Profile,” WAS NOT ONE OF THE OPTIONS!!I ™
Mess_up=1
END IF
END IF
END IF
END IF
END WHILE
OUTPUT KBD;"K"; -
!
)
Again=1
WHILE Again=1
FOR J=t TO I
Pow_back(J)=@
Pow_ret(J)=0
Range(J)=0
Cne2(J)=0
FOR L=t TO Ind
Exc_att(J,L)=0
NEXT L
NEXT J
!
{ CONVERT TEMPERATURE TO KELVIN
T=Temp+273
]

ICALCULATE SPEED OF SOUND BASED ON INPUT TEMPERATURE(CELCIUS)
Speed_sound=20.05#(T)".5 .
ICALCULATE THE SPEED OF SOUND AT @ OEGREES CELCIUS

C=20.05+#273".5

!

I=1 IINDEX FOR LOOP
Ind=1
Pow_back(@)=0 {INITIALIZE VARIABLE FOR POWER BACKSCATERRED

Ant_area=PI+(Ant_diam/2)"2 IANTENNA ARER

Interval=( Speed_sound#Pulses1.E-3)/2

|

'INITIALIZE PLOTTING PARAMETERS SO CAN COMPARE DURING RUN TO SCALE
IPLOTS

Ymin=1000

Ymax=0

ICALCULATE RETURNED SIGNAL POWER UNTIL IT IS LESS THAN BACKGROUND

IFOR EACH FREQUENCY.

Range(2)=0

FOR Freq=100 TO 3000 STEP 100
Bn=2+Freq+*(1-1/(6/Speed_sound+1)) ! BANDWIDTH FOR 3M/S VERTICAL VELOCITY
Noise=1, 3B8E-23#8n+(T)+2.E-14IMINIMUM DETECTABLE SIGNAL AS

! JOHNSON NOISE(NEGLIGABLE)+ ESTIMATED BACKGROUND

ICALCULATE THE ATTENUATION COEFFICIENT BASED ON ATMOSPHERIC DATA -
CALL Attenuation(Atom_pres,Atten,Freq,Temp, Wat_pres)
K=2#P]l+Freq/Speed_sound | WAVENUMBER

SO
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I=1

Sumpow_back =0

REPEAT

Range(I)=Range(I-1)+2
SELECT Profile

CASE 1
ITHIS TEMPERATURE STRUCTURE PROFILE 1S BASED UPON DATA
IAS PRESENTED IN WALTERS/KUNDEL 1381 PAGE 398.
IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
| TULAROSA BASIN, NEU MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
{AVERAGING TIME,
Cte2=2.12+Range(I)"(-1.16)
CASE 2
ITHIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
tAS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398.
IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
I TULAROSA BASIN, NEW MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
{AVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS
IINCLUDED TO APPROXIMATE LOOKING UP A THERMAL PLOOM
Cte2=2+2.12+Range(I)"(-1.186)
CASE 3
I THIS TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS"
IPRESENTED IN WALTERS/KUNDEL 1381 PAGE 398 FOR"
INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT "
1IS EXP(-.001+HEIGHT ABOVE B5 METERS AND HEIGHT"
ITO THE -1.46 BELOW BS METERS"
IF Range(I)<B5 THEN
CteZ=75.5+Range(I)*(-1.46)
ELSE
CteZ=3.6BE-2+EXP(-.001+Range(I))
END IF
CASE 4
ICALCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
! THAT IT'S PROPORTIONAL TO HEIGHT TO THE -4/3 POWER
[ THAT THE SURFACE VERTICAL HEAT FLUX IS .095 C.m./sec
ITHE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM
IMY LEFT EAR
'EQUATION FROM NEFF, 1387S
SELECT Range(I)/Inver
CASE <.9
C3=((.024)*(T)~(.B67))
Ctez=C3+(Range(I))"(-1.33)
CASE .9 TO 1
CteZ=Cte2
Ci=Cte2
Ri=Range(I)
CASE 1 TO 1.3
CteZ=10"((LGT(C3+*Range( I))-LGT(C3+R1))4LGT(CI))




R2=Range(I)
C2=Cte2
CASE ELSE
Cte2=C3+*(Range(I)*(~-1.33)~-R2*(-1.33))+(2
END SELECT

END SELECT
{ CALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77
Epsilon=(.2866/Range(I))*(1+.@7«(Range(I))*(.6))"(1.5)
CveZ2=23Epsilon*(.6B7)
ICALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR.
IFORMULA FROM TETARSKI
CneZ(I)=(Cte2/(2.9BE15))+(Cve2/(C*C))
ICALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
IEQUATION FROM NEFF, 1875
Sigma=( ,0039+(K*(1/3))+Cte2)/(T)"2
i

iCﬁLCULﬂTE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 1980
ITHE EXCESS ATTENUATION IS Exc_att(I,L,X)
IF I<50 THEN

b
3
hé' Remainder=0
- ELSE
: IF I<150 THEN
s

Remainder=Range(I1) MODULO 1@
ELSE

. Remainder=Range(I) MODULO 2@
. END IF
- END IF
IF Remainder=0 THEN
" Rho=0@ i
- L=@
. H=0 -
Rge=Range(1) ICONSTANT IN INTEGRAL
R=9Q
FOR J=0 TO 2+1
i F=CneZ( INT(J/2+41))
. F=F=(1-R/(Rge)*(1.687)+(R/(Rge))~(1.67))
A IF J>@ THEN
IF J<Z2+«] THEN
IF INT(J/2)=J/2 THEN
L=L+F
F=0
ELSE
H=H+F
F=0
END IF
- END IF
i END IF
- - Rho=Rho+F
. R=R+1
< NEXT J
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Rho=Rho+4#L+2¢H
Rho=(({Rho#.33)#K+K#1.46)(-.6))
N=(Ant_diam/Rho)*2
IF N<=1 THEN
Ze=1/(1+N)
ELSE
Ze=1.5/(1+4N)
ISTEP OF 1.5==>SEE CLIFFORD 1980
END IF
Exc_att(l,Ind)=2e+2e
ELSE
Exc_att(I,Ind)=Exc_att(I-1,Ind)
END IF
!
{CALCULATE THE POWER BACKSCATTERED
Pou_back(I)=(Pow_trans+Et-Sumpouw_back )*EXP{-Atten*Range(I})
Pow_back(I)=Pow_back(I)*IntervalsExc_att(I,Ind)*Sigma
Sumpouw_back=Sumpow_back+Pouw_back(1)
ICALCULATE THE POWER BACKSCATTERED TO THE ANTENNA
Pouw_ret(I)=Pow_back(I)#EXP({-AttentRange(I))*Ant_area+*G+Er/Range(I)"2
PRINT "RANGE=" , Range(I)
PRINT “POWER RETURNED=" ,Pou_ret(I)
I=141
UNTIL Pow_ret(I-1)>0 AND Pow_ret(I-1)<{=Noise
Ran(Ind)=Range{I-2)
IF Range(I-2)>Ymax THEN
Ymax=Range(I-2)
END IF
IF Range(I-2)<Ymin THEN
Ymin=Range(I-2)
END IF
Ind=Ind+!
Again=1
FOR J=1 TO I
Pow_back(J)=0
Pouw_ret(J)=0
Range( J)=0
Cne2(J)=0
NEXT J
PRINT "FREQUENCY=" Freq
NEXT Freq
|
{
OUTPUT KBD;"K";
PRINT "INPUT CONDITIONS"
]

PRINT *

PRINT USING "K";"TEMPERATURE= ", Temp,"CELCIUS™
PRINT USING "K":;"ATMOSPHERIC PRESSURE= " ,Atom_pres,"mb"
PRINT USING "K";"WATER VAPOR PRESSURE= ", Wat_pres, K "mb"
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PRINT USING "K";“"PULSE LENGTH= *,Pulse,“ms"
PRINT USING “K";"ANTENNA DIAMETER= *,Ant_diam," m."
PRINT USING "K";"POWER TRANSMITTED= *,Pou_trans,” WATTS"
PRINT "TEMPERATURE STRUCTURE PROFILE USED " ,Profile
IF Profile=4 THEN

PRINT “INVERSION HEIGHT “,Inver

END IF
SELECT Profile -
CASE 1
PRINT * 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 *
PRINT WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
CASE 2
PRINT " 2 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 "
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT * BUT WITH A FACTOR OF TWO TO APPROXIMATE"
PRINT *“ LOOKING UP A THERMAL PLOOM"
CASE 3
PRINT * 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398"
PRINT " FOR NIGHT CONDITIONS. THE DEPENDENCE WITH"
PRINT " HEIGHT IS EXP(-.0Q01+HEIGHT ABOVE B5 METERS"
PRINT * AND HEIGHT TO THE -1.46 BELOW 65 METERS"
CASE 4
PRINT " 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT HEIGHT TO THE -4/3 " -
END SELECT

PRINT USING "K";"THE MINIMUM DETECTABLE SIGNAL WAS SET AT" Noise,"WATTS"
1

PRINT " "

|

!

PRINT "HIT CONTINUE TO CONTINUE"
PAUSE

OQUTPUT KBD;"K"3s

t

GRAPHICS ON

VIEWPORT 15,120,10,70

{

|

IPLOT RANGE VERSUS FREQUENCY
Xmin=@

Xmax=3000
Ymin=PROUND(Ymin-50,2)
Ymax=PROUND( Ymax+5@,2)
Dx=500

Dy=100

Xrange=Xmax-Xmin
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Yrange=Ymax-Ymin
WINDOW Xmin,Xmax,Ymin, Ymax
AXES Dx,Dy,Xmin,Ymin,Z, k1
CLIP OFF
!
{LABEL PLOT
CSIZE 4,.6
- LDIR @
LORG 5
MOVE .S5#Xrange,Ymax#!.05
LABEL "RANGE VERSUS FREQUENCY"
'LABEL HORIZONTAL AXES
LDIR @
LORG 5
FOR J=@ TO Xmax STEP Dx
- CSIZE 4,.8
o MOVE J,Ymin-.@5#Yrange
LABEL J
NEXT J
MOVE .S#Xrange,Ymin-.!s#Yrange
CS8IZE 4,.56
LABEL “FREQUENCY"
{LABEL VERTICAL AXES
LORG 8
FOR J=Ymin TO Ymax STEP Dy
CSIZE 4,.8
. MOVE Xmin-.002S+Xrange,J
LABEL USING "K"3;J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-, 15#Xrange,.S5*Yrange+Ymin
CSIZE 4,.6
LABEL "RANGE (METERS)"
CLIP ON
Ind=1
FOR Freq=100 TO 3000 STEP 100
PLOT Freq,Ran(Ind)
Ind=Ind+!
NEXT Freq
|

PRINT “HIT CONTINUE TO CONTINUE"
PAUSE

GCLEAR

OQUTPUT KBD;"K";

|

!

IPLOT RANGE VERSUS EXCESS ATTENUATION
|

Xmin=0
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Y

Ymax=4
Xmax=1
Ymin=0
Range(2)=2
Title$="RANGE vs EXCESS ATTENUATION"
X1abel$="EXCESS ATTENUATION"
Ylabel$="RANGE (METERS)"
Dx=_1
Dy=1
Xrange=ABS( Xmax-Xmin)
Yrange=ABS( Ymax-Ymin)
WINDOW Xmin, Xmax,Ymin, Ymax
AXES Ox ,Dy,.Xmin,Ymin, k1,1
CLIP OFF
|
{LABEL PLOT
CSIZE 4,.6
LDIR @
LORG S
MOVE Xmint.5¢Xrange,!.l#*Yrange
Titles=TRIMS(Titles)
LABEL Title$
{LABEL HORIZONTAL AXES
LDIR ©
LORG 5
FOR J=Xmin TO Xmax STEP Dx
MOVE J,-.033*Yrange
CSIZE 4,.6
LABEL J
NEXT J
MOVE Xmin+.5#Xrange,-.12#Yrange
LORG 5
CSIZE 4,.6
X1abel$=TRIMS( X1 abhel$)
LABEL Xlabel$
(L ABEL VERTICAL AXES
LORG 8
FOR J=@ TO Ymax STEP Dy
CSIZE 4,.B
MOVE Xmin-.025sXrange,J
LABEL "1Q@"
CSIZE 2
MOVE Xmin-.0025+Xrange,J+.03*Yrange
LABEL J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-.1#Xrange,.5*Yrange
CSIZE 4,.6
Ylabel $=TRIMS( Yl abel$)
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LABEL Ylabels

FOR L=5 TO Ind-1 STEP 5

X=1

WHILE Exc_att(X,L)>0
Xvar(X)=Exc_att(X,L)
Range( X)=Range( X-1)+2

X=X+1
END WHILE

IF INT(L/2)=L/Z THEN

LINE TYPE
ELSE

LINE TYPE
END IF
Freq=L+*100

1

3

CALL Semi_log(Freq,Xvar({#),6X-1, Range(s) X-1)

NEXT L

PRINT “HIT CONTINUE
PAUSE

!

G6CLEAR

OUTPUT KBD;“K";

TO CONTINUE"

LINPUT “WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)7" XS

Again=FNYes(X§)

Mess_up=1

WHILE Mess_up=1

SELECT Again
CASE 1

LINPUT "WOULD YOU LIKE TO CHANGE A VARIABLE (ENTER Y OR N)?7" XS
Neuw_va=FNYes( X8)

Ano_change=1

WHILE Ano_change=1
SELECT New_va

CASE 1

PRINT " VARIABLE CURRENT VALUE"

PRINT USING “K":"1 TEMPERATURE *,Temp,"CELSIUS”
PRINT USING “K":"2 ATOMOSPHERIC PRESSURE " ,Atom_pres,k “mh"
PRINT USING “K":"3 UWATER VAPOR PRESSURE " ,Wat_pres,"mb"
PRINT " "

PRINT USING "K”";"4 ANTENNA DIAMETER ", Ant_diam," m."
PRINT USING “"K":"5 PULSE LENGTH *,Pulse,” ms"
PRINT USING “K"3:"6 POWER TRANSMITTED " ,Pou_trans,” WATTS"
PRINT USING "K"3:"7 ATMOSPHERIC PROFILE " ,Profile

PRINT " *

PRINT "ENTER THE NUMBER OF THE VARIABLE YOU WISH TO"

PRINT “CHANGE"

INPUT Var

SELECT Var

CASE 1

INPUT "TEMPERATURE=",Temp
CASE 2




CASE

CASE

END WHILE
CASE 2

Mess_up=2
CASE ELSE

Mess_up=1
END SELECT
END WHILE
END WHILE

end

Mt Al G GBI S e S e S s SN h

INPUT “ATMOSPHERIC PRESSURE IN mb=" Atom_pres

CASE 3
INPUT "WATER VAPOR PRESSURE IN mb=" Wat_pres
CASE 4 .
INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
CASE 5
INPUT "PULSE LENGTH IN ms=" Pulse
CASE 6 -
INPUT “POWER TRANSMITTED IN WATTS=" Pouw_trans
CASE 7
PRINT " 1 ==> Ct*“2 PROFILE OF Z~(-1.16)"
PRINT * FROM WALTERS/KUNDEL 1981"
PRINT " 2 ==> SAME AS ONE BUT WITH FACTOR"
PRINT * OF TUWO TO APPROXIMATE LOOKING"
PRINT * UP A THERMAL PLOOM”
PRINT " 3 ==)> Ct*“2 PROFILE OF EXP(-.001+2Z)"
PRINT * FROM WALTERS/KUNDEL t9s1."

PRINT " 4 ==> CT*2 PROFILE OF Z*(-4/3)"

INPUT “ENTER NUMBER OF DESIRED PROFILE"”,Profile

IF Profile=4 THEN

INPUT "HEIGHT OF INVERSION IN METERS=", Inver
END IF
CASE ELSE

PRINT Var,"IS NOT ONE OF THE OPTIONS"
END SELECT
LINPUT "MADE ANOTHER CHANGE(ENTER Y OR N)?" X$
New_va=FNYes(X$) -
Mess_up=2
z
Mess_up=2
Ano_change=2
ELSE
PRINT “"YOUR CHOICES WHERE Y OR N 11t111"
Ano_change=1
LINPUT “CHANGE A VARIABLE (ENTER Y OR N)?" X$
Neu_va=FNYes(XS$)

END SELECTY

PRINT "YOUR CHOICES WHERE Y OR N 111111"

LINPUT “MAKE ANOTHER RUN (ENTER Y OR N)?7" X$
Again=FNYes(X$)

PRINT "THAT'S ALL, FOLKS"
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{CALCULTE THE ATTENURTION

sub Attenuation(Atom_pres,Atten, Freq,Temp, Uat_pres)
I THIS SUBPROGRAM CALCULATES THE ATTENUATION OF SQUND
1IN AIR BASED UPON EQUATIONS IN NEFF 1975

|

-

INPUT  ATMOSPHERIC PRESSURE IN MILLIBARS
FREQUENCY OF SOUND WAVE IN HERTZ
TEMPERATURE IN DEGREES CELCIUS
WATER-VAPOR PRESSURE IN MILLIBARS

QUTPUT ATTENUATION IN 1/METERS

VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN

|
!
!
!
!
!
!
{
!
!
{ SUBPROGRAM ATTENUATION.
N I Att_max VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE
- ! ATTENUATION AT THE FREQUENCY OF THE MAXIMUM
X { ATTENUATION FOR THE INPUT CONDITIONS.
!
|
!
}
!
!
!
|
!
!
!
!

F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.
Freq INPUT FREQUENCY OF ECHOSOUNDER.
H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.
X Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
- Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION

IN SUBPROGRAM ATTENUATION.

Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
! OPERATOR.
H=100+Uat_pres/Atom_pres
Tstar=(1,8+*Temp+492)/519
Pstar=Atom_pres/ 1014
Fmax=( 10+6600+H+44400+H+H)*Pstar/Tstar".8
Att_max=.0078+*FmaxesTstar " (-2.5)eEXP(7.77#(1-1/Tstar))
F=Freq/Fmax
Attens(Att_max/304.8)s((.188F ) 24(28F¢F/(14F&F))*2)*.5
Atten=(Atten+1.74E-10+Freq*fFreq)/4.35
SUBEND
!
def FNYes(X$)

ITHIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
|

| INPUT Xs
|
I OUTPUT  FNYes
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{VARIABLES
| Temp$ VARIABLE STRING USED IN FUNCTION YES.
I Xs STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
| RESPONSE TO YES OR NO QUESTION.
DIM Temps$i i)
ToempS[ 1, 1)1=TRIMS(XS)
SELECT Temps$
CASE “Y","y"
RETURN 1
CASE "N".,"n"
RETURN 2
CASE " *
RETURN 1
CASE ELSE
RETURN -2
END SELECT
FNEND
|
!
sub Semi_log(Freq,Xvar(+) L Range(+), J)
t
| THIS SUBROUTINE MAKES A SEMI-LOG PLOT OF DATA PASSED FROM THE
IMAIN PROGRAM.
|
INPUT
X AND Y VALUES TO BE PLOTTED
OUTPUT SEMI-LOG PLOT

VﬂRIHBLES
J FIRST ORDER INDEX FOR ASSORTED LOOPS.
L SECOND ORDER INDEX FOR ASSORTED LOOPS.

Xvar(#) VALUE OF ARRAY OF X VALUES TO BE PLOTTED IN SUBPROGRAM

!
CLIP ON
FOR J=t TO L STEP 1
PLOT Xvar{(J),LGT(Range(J))
NEXT J
LDIR PI/4
LORG 2
CSIZE 3,.6
LINE TYPE 1
MOVE Xvar(J-1) ,L6T(Range(J-1))
LABEL USING “K";Freq,"Hz"
SUBEND

Nole)

- -.'\ \* v
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APPENDIX C
COMPUTER PRPOGRAM 3

IFULLER, ROBERT PROG_3 EFFICIENCY
{
110 SEP 85
1
{
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|
f THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND
VESTIMATE THE RANGE AS A FUNCTION OF EFFICIENCY OF THE THE TRANSDUCER.
ITHE FOLLOWING INPUTS ARE REQUIRED:
| ATMOSPHERIC DATA
1)ATOMOSPHERIC PRESSURE in millibars
2)SELECT ONE OF FOUR ATMOSPHERIC PROFILES FOR THE TEMPERATURE
STRUCTURE PROFILE. .
a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT
3)TEMPERATURE IN DEGREES CELSIUS
4)UATER VAPOR PRESSURE IN millibars

ECHOSOUNDER DATA

S)ANTENNA DIAMETER IN METERS

6)FREQUENCY

7)POUER TRANSMITTED BY ECHOSOUNDER IN WATTS
8)PULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY

THE PROGRAM OUTPUTS THE FOLLOWING GRAPH TO AN EXTERNAL PLOTTER:
1)RANGE(m.) VERSUS EFFICIENCY OF ECHOSOUNDER

000¢|VRR[ABLES'0|10

Again TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MARKE ANOUTHER RUN.

Ano_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN.

Ant_area ECHOSOUNDER ANTENNAR AREA CALCULATED FROM INPUT OF
ANTENNA DIAMETER.

Ant_diam  INPUT OF ECHOSOUNDER ANTENNA OIAMETER IN METERS.

Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.

[ AL S S

Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.
Bn BANDWIDTH OF RECEIVER NEEDED TO RECEIVE SIGNALS

DOPPLER SHIFFED BY THREE METER PER SECOND
VERTICAL VELOCITIES.

c VELOCITY OF SOUND CALCULATION AT ZERO CELSIUS.
Ct VARIABLE USED TO SCALE INVERSION HEIGHT IN
: TEMPERATURE STRUCTURE PROFILE THREE.
% c3 VARIABLE USED IN CALCULATING THE FOURTH CteZ PROFILE.

e v o e R mm e e cmm B e e MNP e sem e M e CER mm R e e R Em b e tew R am R e e D s s

Cne2(s) ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX

| O |
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PARAMETER. CALCULATED BASED ON SELECTION OF
PROFILE FOR TEMPERATURE STRUCTURE PARAMETER

OF EXCESS ATTENUATION.
New_va TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE

A VARIABLE BEFORE A NEW RUN.
Noise ASSUMED MINIMUM DETECTABLE SIGNAL.
Pow_back(+) POWER BACKSCATTERED FROM GIVEN RANGE.
Pow_ret(s) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.
Pow_trans INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
Profile OPERATOR INPUT OF Cte2 PROFILE FROM AVAILABLE PROFILES.

Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.
Pulse TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.
- R RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.
R1 VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE.

Range(®#) ARRAY OF RANGE VALUES.
Remainder REMAINDER OF MODULO FUNCTION USED TO DECREES THE

|
I
o ! AND ASSUMED PROFILE FOR THE VELOCITY STRUCTURE
d | PARAME TER.
N | Cte2 VALUE OF THE TEMPERATURE STRUCTURE PARAMETER.
N | THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.
s | Cve2 VALUE OF THE VELOCITY STRUCTURE PARAMETER.
! VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
! RATE.
2 { Dx STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.
2 { Dy STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.
. | Epsilon DISSAPATION RATE USED IN CALCULATION OF CveZ.
. | Eff TRANSMISSION EFFICIENCY OF ECHOSOUNDER.
» | Eff EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
! BACKSCATTER.
- | Exc_att EXCESS "ATTENUATION" AT GIVEN RANGE.
- I VARIABLE USED IN SUBPROGRAM ATTENUATION. 1S THE
- ] RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
. | Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
"~ ] ATTENUATION.
> | Freq INPUT FREQUENCY OF ECHOSOUNDER.
1 6 ANTENNA EFFECTIVE APERATURE FACTOR.
- | H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
[ ¢ MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL
] POWER WAS LESS THAN MINIMUM DETECTABLE SIGNAL.
' IND INDEX USED FOR LOOP FOR DIFFERENT EFFICIENCIES
! Interval MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.
) | Inver HEIGHT OF INVERSION LAYER.
g g FIRST ORDER INDEX FOR ASSORTED LOOPS.
. 1K WAVENUMBER
- I L SECOND ORDER INDEX FOR ASSORTED LOOPS.
- | Mess_up TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
3 ) RESPONSES.
I N TEST VALUE IN CALCULATION OF COMERENCE LENTH IN CALCULATION
t
!
]
|
i
!
}
|
|
!
!
!
!
]
!
[}
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NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS

ATTENUATION.
Rge VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
X Rho CORRELATION LENG6TH USED IN CALCULATION OF EXCESS
& ATTENUATION.
ﬁ Sigma FRACTION OF ENERGY BACKSCATTERED FROM GIVEN RANGE.
ﬁ Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
b Sumpouw_back
T INPUT TEMPERATURE IN DEGREES KELVIN.
F Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
.. TempS VARIABLE STRING USED IN FUNCTION YES.
[: Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
- IN SUBPROGRAM ATTENUATION.
' Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO

CHANGE BEFORE MAKING ANOTHER RUN. .
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

OPERATOR.

X THIRD ORDER INDEX USED IN VARIOUS LOOPS.

X8 STRING PASSED TO FUNCTION YES TO ODETERMINE OPERATOR
! RESPONSE TO YES OR NO QUESTION.
ol Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.
N Xmin VALUE OF SMALLEST VALUE OF X FOR VARIOUS PLOTS.
" Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.
- Ylabels$ LABEL ON Y AXIS PASSED TO SUBPROGRAM Semi_log FOR PLOTTING.
. Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS.

le INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.

|
|
|
{
]
|
1
|
|
|
{
|
)
|
|
|
|
|
|
!
!
{
|
)
]
{
t
t
t
!

1

{DECLARE VARIABLES

INTEGER 1

DIM Pow_back(1500) ,Pouw_ret(1500) ,Range( 1500)

DIM CneZ( 1500),Ran( 30)

1

PLOTTER IS 705,"HPGL"

LINE TYPE 1

]

LINPUT ATMOSPHERIC DATA

INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS", Temp

. INPUT “ENTER ATMOSPHERIC PRESSURE IN MILLIBARS” ,Atom_pres
- INPUT "ENTER WATER VAPOR PRESSURE IN MILLIBARS" ,Wat_pres
!

.. l

- 1 INPUT ECHOSOUNDER DATA

. INPUT "ENTER ANTENNA DIAM IN METERS" ,Ant_diam

INPUT “ENTER ECHOSOUNDER FREQUENCY IN HERTZ",freq

INPUT "ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=" Pulse
INPUT "ENTER POWER TO TRANSMITTER IN WATTS” ,Pow_trans
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6=.40
{
{
ISELECT THE PROFILE FOR THE TEMPERATURE STRUCTURE

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
!

PRINT
PRINT

IANTENNA EFFECTIVE APERATURE FACTOR

"YOU HAVE A CHOICE OF TEMPERATURE STRUCTURE PROFILES"
“PROFILE TO BE USED.”
“YOUR SELECTIONS ARE"

Mess_up=1
WHILE Mess_up=1

!

A TEMPERARURE STRUCTURE PROFILE BASED ON DATA AS *
PRESENTED IN WALTERS/KUNDEL 1881 PAGE 398 WHICH "
6IVES A HEIGHT TO THE -1.16 PROFILE"

THE TEMPERATURE STRUCTURE PROFILE ABOVE BUT"
WITH A FACTOR OF TWO TO APPROXIMATE LOOKING"
UP A THERMAL PLOOM"

A TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS"
PRESENTED IN WALTERS/KUNDEL 1381 PAGE 398 FOR"
NIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT “
IS EXP(-.001+HEIGHT ABOVE BS5 METERS AND HEIGHT"
TO THE -1.46 BELOW 65 METERS"

A TEMPERATURE STRUCTURE PROFILE BASED ON A"
HEIGHT TO THE -4/3 *

INPUT "ENTER THE DESIRED PROFILE ¢! OR 2 OR 3 OR 4)" ,Profile
IF Profile=4 THEN

INPUT "ENTER THE HEIGHT OF THE INVERSION IN METERS",Inver

END IF
IF Profile=1 THEN
Mess_up=0
ELSE
IF Profile=2 THEN
Mess_up=0
ELSE
IF Profile=3 THEN
Mess_up=0
ELSE
IF Profile=4 THEN
Mess_up=0
ELSE
PRINT Profile,” WAS NOT ONE OF THE OPTIONS!i!!"
Meses_up=1
END IF
END IF

END IF
END IF
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END WHILE
OUTPUT KBDs"K"s
l
|
Again=1
WHILE Again=|
FOR J=1 TO I
Pouw_back(J)=¢
Pouw_ret{(J)=0
Range(J)=0
Cnez2(J)=0
NEXT J
|
{CONVERT TEMPERATURE TO KELVIN
T=Tempt+273
1
I CALCULATE SPEED OF SOUND BASED ON INPUT TEMPERATURE(CELCIUS)
Speed_sound=20.05+(T)".5
|CALCULATE THE SPEED OF SOUND AT @ DEGREES CELCIUS
C=20.05+273~.5
}

I=] IINDEX FOR INNER LOOP (POWER RETURNED TO NOISE)
Ind=1 |INDEX FOR OUTER LOOP (EFFICIENCY)
Pow_back(2)=0 VINITIALIZE VARIABLE FOR POWER BACKSCATERRED

Ant_area=PIs«(Ant_diam/2)"2 iANTENNA AREA
Interval=(Speed_sound*Pulse+! E-3)/2
!
{INITIALIZE PLOTTING PARAMETERS SO CAN CCMPARE DURING RUM TO SCALE
IPLOTS
Ymin=1000
Ymax=0
ICALCULATE RETURNED SIGNAL POWER UNTIL IT IS LESS THAN BACKGROUND
IFOR EACH FREQUENCY.
Range(Q)=0
FOR Eff=.05 TO .5 STEP .@5
Bn=2#*Freqs(1-1/(6/5Speed_sound+1)) | BANDWIDTH FOR 3M/S VERTICAL VELICITY
Noise=1.38E-23+Bn+(T)+2.E-14IMINIMUM DETECTABLE SIGNAL AS
t JOHNSON NOISE(NEGLIGABLE )+ ESTIMATED BACKGROUND
'CALCULATE THE ATTENUATION COEFFICIENT BASED ON ATMOSPHERIC DATA
CALL Attenuation{Atom_pres,Atten,Freq,Temp,Uat_pres)
K=2+Pl*Freq/Speed_sound 1 WAVENUMBER
I=1
Sumpou_back =0
REPEAT
Range(I)=Range(I1-1)42
SELECT Profile
CASE !
1 THIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
'AS PRESENTED IN WALTERS/KUNDEL 198t PAGE 398.
1WAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
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ITULAROSA BASIN, NEW MEXICO.
. AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
{AVERAGING TIME.
» CteZ=2.12+Range(I)"(-1.16)
A CASE 2
ITHIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
IAS PRESENTED IN UWALTERS/KUNDEL 1981 PAGE 338.
- IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE i
I TULAROSA BASIN, NEW MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
|AVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS
IINCLUDED TO APPROXIMATE LOOKING UP A THERMAL PLOOM
Cte2=2+2.12+Range(I)"(-1.16)
CASE 3
ITHIS TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS"
IPRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"
INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT “
IS EXP(-.001«HEIGHT ABOVE B5 METERS AND HEIGHT"
ITO THE -1.46 BELOW 65 METERS"
IF Range(I)<BE5 THEN
- CteZ2=75.5+Range(I)~(-1.46)
- ELSE
- CteZ=3.66E-2+EXP(-.001+*Range(I))
END IF
CARSE 4
YCALCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
! THAT IT’S PROPORTIONAL TO HEIGHT TO THE -4/3 POMER
! THAT THE SURFACE VERTICAL HEAT FLUX IS .@95 C.m./sec
! THE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM
IMY LEFT EAR
IEQUATION FROM NEFF, 187%
SELECT Range(I1)/Inver

CASE <.9
C3=((.024)+(T)*(.B6B7))
Cte2=C3s(Range(I))~(~-1,33)

CASE .9 T0 1
CteZ2=CteZ
Ci=Cte2
Ri=Range(1I)

CASE 1 TO 1.3
Cte2=10"((LGT(C3*Range(I))-LGT(C3*R1)I+LBT(C1))
RZ=Range(1I)

C2=Ctel

CASE ELSE

Cte2=C3«(Range(1)"(-1.33)-R2°(-1.33))+4C2
- END SELECT
= END SELECT
F ICALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77
" Epsilon=(.2866/Range(I))*( 1+ ,07+*(Range(I))*(.6))*(1.5)
CveZ=2+Epsilon”(.667)

- | O 6
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ICALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR.
IFORMULA FROM TETARSKI
Cne2(I)=(Cte2/(2.98E+5))+(Cve2/(CsC))
ICALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
|EQUATION FROM NEFF, 1975
Sigma=( .0039+(K"(1/3))%Cte2)/(T)*2
]
ICALCULATE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 1980@
| THE EXCESS ATTENUATION IS Exc_att
IF I1<50 THEN
Remajinder=0
ELSE
IF I<15@ THEN
Remainder=Range(1) MODULO 1@
ELSE
Remainder=Range(I) MODULO 20
END IF
END IF
IF Remainder=0@ THEN
Rho=0
L=0
H=0
Rge=Range(I) ICONSTANT IN INTEGRAL
R=0Q
FOR J=@ TO 2+¢1
F=CneZ(INT(J/2+41))
F=F#(1-R/(Rge)*~(1.67)+(R/(Rge))*(1.67))
IF J>@ THEN
IF J<2+1 THEN
IF INT(J/2)=J/2 THEN

L=L+F
F=0
ELSE
HeH+F
F=0
END IF
END IF
END IF
Rho=Rho+F
R=R+1
NEXT J
Rho=Rho+4s +2+H

Rho=(((Rho#*.33)sK+K=1.46)(-.6))
N=(Ant_diam/Rho)"2
IF N<=1 THEN

Ze=1/(1+N)
ELSE

Ze=1.5/(1+N)

ISTEP OF 1.5«=>SEE CLIFFORD 1980Q
END IF
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Exc_att=Ze*Ze
ELSE

Exc_att=Exc_att
END IF
|
ICALCULATE THE POWER BACKSCATTERED
Pou_back(I)=(Pou_trans+*Eff-Sumpou_back )*EXP(-Atten*Range(I))
Pouw_back(I)=Pow_back(I)sIntervale*Exc_atte*Sigma
Sumpouw_back=Sumpou_back +Pow_back(I)
A {CALCULATE THE POWER BACKSCATTERED TO THE ANTENNA
- Pow_ret(I)=Pow_back(I)*EXP(-Atten*Range(I))*Ant_areasG+Eff/Range(1)*2

[ I

v
s 2 0

3 PRINT “RANGE=" ,Range(I)
" PRINT "POWER RETURNED=*,Pou_ret(I}
I=I+1

UNTIL Pouw_ret(I-1)>@ AND Pou_ret(I-t)<=Noise
Ran{ Ind)=Range(1-2)
IF Range(I-2)>Ymax THEN
. Ymax=Range(I-2)
- END IF
IF Range(I-2)<Ymin THEN
by Ymin=Range(I-2)
END IF
Ind=Ind+1
Again=1
FOR J=1 TO I
Pow_back(J)=@
Pow_ret(J)=0 ’ -
Range(J)=0
- Cnez(J)=0
) NEXT J
NEXT Eff .
t
!
OUTPUT KBD:"K"3
PRINT "INPUT CONDITIONS"
t

AN
. .

- PRINT ~ "

- PRINT USING "K";"TEMPERATURE= ", Temp,"CELCIUS"

. PRINT USING “K";"ATMOSPHERIC PRESSURE= ", Atom_pres,“mb"
PRINT USING “K";"WATER VAPOR PRESSURE= * Uat_pres,“mb"
PRINT USING "K";"PULSE LENGTH= *,Pulse,"ms"
PRINT USING "K";:"ANTENNA DIAMETER= " ,Ant_diam,” m., "
PRINT USING "K":“ECHOSOUNDER FREQUENCY= " Freq,"Hz"
PRINT USING “K";"POWER TRANSMITTED= *,Pou_trans," WATTS"

PRINT "TEMPERATURE STRUCTURE PROFILE USED ",Profile
IF Profile=4 THEN
PRINT “INVERSION HEIGHT “,Inver
: END IF
S SELECT Profile
CASE 1

|1 O8

s R

SO RLNTN) (Y s:\“\“ LS SRR

-

""" ¥ MR I Y AU LR B TR ST SR Yl Jai Yol T S ] L TN T e e T R T 2 g
RSOSSN ARSI R AL NS N CEA S S S SN,y



PRINT
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A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"

PRINT * AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 298 “
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"

CASE 2
PRINT " A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 198t PAGE 398 *
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT * BUT WITH A FACTOR OF TWO TO APPROXIMATE"
PRINT *“ LOOKING UP A THERMAL PLOOM"

CASE 3
PRINT * A TEMPERATURE STRUCTURE PROFILE BASED ON DATA®
PRINT * AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398"
PRINT * FOR NIGHT CONDITIONS. THE DEPENDENCE WITH"
PRINT * HEIGHT IS EXP(-.001+HEIGHT ABOVE 65 METERS"
PRINT * AND HEIGHT TO THE -1.46 BELOW 65 METERS"

CASE 4
PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT * HEIGHT TO THE -4/3 “

END SELECT

!

PRINT USING “K";"THE MINIMUM DETECTABLE SIGNAL WAS SET AT" ,Noise,“WATTS"
\

PRINT " “

|

!

PRINT “HIT CONTINUE TO CONTINUE"
PAUSE

OUTPUT KBD;"K";

1

GRAPHICS ON

VIEWPORT 15,120,10,70

1

|

IPLOT RANGE VERSUS FREQUENCY
Xmin=0

Xmax=.S
Ymin=PROUND(Ymin-50,2)
Ymax=PROUND( Ymax+50,2)
Dx=.05

Dy=100

Xrange=Xmax-Xmin
Yrange=Ymax-Ymin

WINDOW Xmin, Xmax,Ymin, Ymax
AXES Dx,Dy,Xmin,Ymin,Z,t
CLIP OFF

!

'LABEL PLOT

CSIZE 4,.6

LDIR @

LORG 5

|09
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MOVE .S5#Xrange,Ymax+1.,05

LABEL “RANGE VERSUS TRANSDUCER EFFICIENCY"

ILABEL HORIZONTAL AXES

LDIR @

LORG S5

FOR J=0 TO Xmax STEP Dx
CSIZE 4,.6
MOVE J,Ymin-.05#Yrange
LABEL J

NEXT J

MOVE .S5#Xrange,Ymin-.1#Yrange

CSIZE 4,.6

LABEL “EFFICIENCY"

ILABEL VERTICAL AXES

LORG €

FOR J=Ymin TO Ymax STEP Dy
CSIZE 4,.6 )
MOVE Xmin-.0025+Xrange,J
LABEL USING "K";J

NEXT J

LDIR PI1/2

LORG B

MOVE Xmin-.15#¢#Xrange,.S5+Yrange+Ymin

CSIZE 4,.6

LABEL "RANGE (METERS)"

CLIP ON

Ind=1

FOR Eff=.05 TO .5 STEP .05
PLOT Eff ,Ran(Ind)
Ind=Ind+t

NEXT Eff

!

PRINT "HIT CONTINUE TO CONTINUE"

PAUSE

GCLEAR

OUTPUT KBD;"K";

]

|

LINPUT “WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)?" XS

Again=FNYes(X$%)
Mess_up=)
WHILE Mess_up=1
SELECT Again
CASE f

LINPUT “WOULD YOU LIKE TO CHANGE A VARIABLE (ENTER Y OR N)7" X$

New_va=FNYes( X$)
Ano_change=1
WHILE Ano_change=1
SELECT Neuw_va
CASE 1
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N PRINT “ VARIABLE CURRENT VALUE"

PRINT USING “K"3;“1 TEMPERATURE *,Temp, “CELSIUS"
PRINT USING “K"3"2 ATOMOSPHERIC PRESSURE “,Atom_pres,"mb"
PRINT USING “K":"3 WATER VAPOR PRESSURE " ,Wat_pres,”mb"

- PRINT * *
- PRINT USING “K";“4 ANTENNA DIAMETER “,Ant_diam," m."
: PRINT USING “K“;"5 PULSE LENGTH " Pulse,” ms"

PRINT USING "K"3;"6 POWER TRANSMITTED " ,Pou_trans," WATTS"
PRINT USINE "K"3"7 ATMOSPHERIC PROFILE “,Profile

PRINT " "

PRINT "ENTER THE NUMBER OF THE VARIABLE YOU WISH TO"

PRINT "CHANGE"

: INPUT Var
- SELECT Var
. CASE 1
INPUT “TEMPERATURE=" A Temp
CASE 2
INPUT "ATMOSPHERIC PRESSURE IN mb=", Atom_pres
CASE 3
INPUT “WATER VAPOR PRESSURE IN mb=", Uat_pres
CASE 4
INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
CASE S
N INPUT "PULSE LENGTH IN me=",Pulse
-. CASE &
- INPUT "POWER TRANSMITTED IN WATTS=",Pouw_trans
. CASE 7
PRINT " 1 ==> Ct"2 PROFILE OF Z*(-1.16)"
& PRINT * FROM WALTERS/KUNDEL 1881"
- PRINT “ 2 ==> SAME AS ONE BUT WITH FACTOR"
. PRINT * OF TWO TO APPROXIMATE LOOKING"
- PRINT * UP A THERMAL PLOOM"
" PRINT * 3 ==} Ct*“2 PROFILE OF EXP(-.001s+2Z)"
PRINT * FROM WALTERS/KUNDEL 1981."

PRINT " 4 ==> CT*2 PROFILE OF 2*(~-4/3)"
g INPUT "ENTER NUMBER OF DESIRED PROFILE",Profile
IF Profile=4 THEN
INPUT “HEIGHT OF INVERSION IN METERS=", Inver
END IF
CASE ELSE
PRINT Var,"IS NOT ONE OF THE OPTIONS"
END SELECT
LINPUT “MADE ANOTHER CHANGE(ENTER Y OR N)?" XS
Neuw_va=FNYes( X$)
Mess_up=2
CASE 2
Mess_up=2
o , Ano_change=2
X CASE ELSE
. PRINT "YOUR CHOICES WHERE Y OR N 11111"
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Ano_change=1
LINPUT "CHANGE A VARIABLE (ENTER Y OR N)?“ XS
Neuw_va=FNYes(X$)
END SELECT
END WHILE
CASE 2
Mess_up=2
CASE ELSE
PRINT “YOUR CHOICES WHERE Y OR N
Mess_up=1
LINPUT "“MAKE ANOTHER RUN (ENTER Y OR N)?" XS
Again=FNYes( X8)
END SELECT
END WHILE
END WHILE
PRINT “THAT'S ALL, FOLKS"
end
!
1
{CALCULTE THE ATTENUATION
sub Attenuation(Atom_pres Atten,fFreq,Temp,Wat_pres)
I THIS SUBPROGRAM CALCULATES THE ATTENUATION OF SOUND
{IN AIR BASED UPON EQUATIONS IN NEFF 1975
!
! INPUT

ATMOSPHERIC PRESSURE IN MILLIBARS

FREQUENCY OF SOUND WAVE IN HERTZ

TEMPERATURE IN DEGREES CELCIUS -
WATER-VAPOR PRESSURE IN MILLIBARS

OUTPUT ATTENUATION IN 1/METERS

VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.
Att_max VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE

|

|

|

!

|

]

]

1

i

|

|

' ATTENUATION AT THE FREQUENCY OF THE MAXIMUM

| ATTENUATION FOR THE INPUT CONDITIONS.

I F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE

! RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
|
|
!
|
|
!
|
!
1
|

Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.
Freq INPUT FREQUENCY OF ECHOSOUNDER.
H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.
Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION :
IN SUBPROGRAM ATTENUATION.
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
112
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t OPERATOR.
H=100+Wat_pres/Atom_pres
Tatar=(1.84Temp+432)/518
Pstar=Atom_pres/ 1014
Fmax=( 10+6600*H+44400%H*H)+*Pstar/Tstar*.8
Att_max=.0079+*Fmax+*Tstar*(-2.5)*EXP(7.77+(1- l/Tstar))
. F=Freq/Fmax
% Atten=(Att_max/304.8)e(( . 188F )" 24+(2¢FsF/( 14FeF))*2)*.5
Atten=(Atten+1.74E-10sFreqesFreq)/4.35
SUBEND
i
def FNYes(X$)
'THIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
1

| INPUT Xs
]
I OUTPUT  FNYes
- | VARTABLES
t  Temps$ VARIABLE STRING USED IN FUNCTION YES.
I xs STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR

! RESPONSE TO YES OR NO QUESTION.
DIM Temps( 1]
TempS(1,1]1=TRIMS(XS)
SELECT Temp$
CASE “y* “y"
RETURN 1
CASE “N”,"n"
RETURN 2
CASE =
. RETURN 1
y CASE ELSE
. RETURN -2
f END SELECT

FNEND
|

[ NN W

113

-_..‘.'._\-. _1 ’. ‘.‘p.'i,(l.\.-.. _-*' $;. .n -)'

. ‘A. N .u. : . ) e .(l:'.) .*-‘.":( .';.\'.. ‘,“.|'.'\."‘f_-‘:%\-‘.f$'



APPENDIX D

COMPUTER PROGRAM 4

IFULLER, ROBERT PROG_4 ANTENNA SIZE

|

110 SEP 85

|

!

|anssessPURPQSE*ss 300

|

| THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND

(ESTIMATE THE RANGE AS A FUNCTION OF ANTENNA SIZE OF THE THE ECHOSOUNDER.
ITHE FOLLOWING INPUTS ARE REQUIRED:

| ATMOSPHERIC DATA

1 1 )ATOMOSPHERIC PRESSURE in millibars

| 2)SELECT ONE OF FOUR ATMOSPHERIC PROFILES FOR THE TEMPERATURE

{ STRUCTURE PROFILE.

1 a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT
! 3)TEMPCRATURE IN DEGREES CELSIUS

! 4)WATER VAPOR PRESSURE IN millibars
I

!

|

|

|

1

ECHOSOUNDER DATA

5)FREQUENCY

6)POVER TRANSMITTED BY ECHOSOUNDER IN WATTS
7)PULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY

THE PROGRAM OUTPUTS THE FOLLOWING GRAPH TO AN EXTERNAL PLOTTER:
1)RANGE(m.) VERSUS ANTENNA DIAMETER FOR VARIQUS FREQUENCIES

»2252VARIABLES#s29#»

Again TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MAKE ANOUTHER RUN.

Ano_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN.

Ant_asrea  ECHOSOUNDER ANTENNA ARER CALCULATED FROM INPUT OF

Ant_diam INPUT OF ECHOSOUNDER ANTENNA DIAMETER IN METERS.
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.

Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.
Bn BANODWIDTH OF RECEIVER NEEDED TO RECEIVE SIGNALS

DOPPLER SHIFFED BY THREE METER PER SECOND
VERTICAL VELOCITIES.

o VELOCITY OF SOUND CALCULATION AT ZERO CELSIUS.

C1 VARIABLE USED TO SCALE INVERSION HEIGHT IN
TEMPERATURE STRUCTURE PROFILE THREE.

c3 VARIABLE USED IN CALCULATING THE FOURTH CteZ PROFILE.

Cne2(#) ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX .

}
|
!
{
]
|
!
|
|
|
!
!
1
! ANTENNA DIAMETER.
|
]
|
!
!
|
|
!
!
|
'
!
|

PARAMETER. CALCULATED BASED ON SELECTION OF

114
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PROFILE FOR TEMPERATURE STRUCTURE PARAMETER
AND ASSUMED PROFILE FOR THE VELOCITY STRUCTURE

PARAMETER.

Cte2 VALUE OF THE TEMPERATURE STRUCTURE PARAMETER.
THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.

Cvel? VALUE OF THE VELOCITY STRUCTURE PARAMETER.

’ VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
RATE.

Dx STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.

Dy STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.

Epsilon DISSAPATION RATE USED IN CALCULATION OF CveZ.

Eff TRANSMISSION EFFICIENCY OF ECHOSOUNDER.

Eff EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
BACKSCATTER.

Exc_att EXCESS “ATTENUATION" AT 6IVEN RANGE.

F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.

Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRﬁH
ATTENUATION.

Freq INPUT FREQUENCY OF ECHOSOUNDER.

6 ANTENNA EFFECTIVE APERATURE FACTOR.

H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.

1 MAIN INDEX FOR LOOP TO CHECK RETURNED POMER UNTIL
POWER WAS LESS THAN MINIMUM DETECTABLE SICNAL.

IND INDEX USED FOR LOOP FOR DIFFERENT EFFICIENCIES

Interval  MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.

Inver HEIGHT OF INVERSION LAYER.

J FIRST ORDER INDEX FOR ASSORTED LOOPS.

K WAVENUMBER

L SECOND ORDER INDEX FOR ASSORTED LOOPS.

Mess_up TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
RESPONSES.

N TEST VALUE IN CALCULATION OF COHERENCE LENTH IN CALCULATION

OF EXCESS ATTENUATION.
New_va TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE

A VARIABLE BEFORE A NEW RUN.
Noise ASSUMED MINIMUM DETECTABLE SIGNAL.
Pow_back(+) POWER BACKSCATTERED FROM GIVEN RANGE.
Pou_ret(+) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.
Pou_trans INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
Profile OPERATOR INPUT OF Ctez PROFILE FROM AVAILABLE PROFILES.

Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.

Pulse TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.

R RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.

R1 VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE.

Range(®#) ARRAY OF RANGE VALUES.
Remainder REMAINDER OF MODULO FUNCTION USED TO DECREES THE
NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS
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ATTENUATION.
Rge VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
Rho CORRELATION LENGTH USED IN CALCULATION OF EXCESS
x ATTENUATION.
g Sigma FRACTION OF ENERGY BACKSCATTERED FROM GIVEN RANGE.

Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
Sumpow_back

. T INPUT TEMPERATURE IN DEGREES KELVIN.
Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
Temp$ VARIABLE STRING6 USED IN FUNCTION YES.
g Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
IN SUBPROSRAM ARTTENUATION.
: Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO

CHANGE BEFORE MAKING ANOTHER RUN.
Wat_pres  ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

OPERATOR.
X THIRD ORDER INDEX USED IN VARIOQUS LOOPS.
Xs STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
RESPONSE TO YES OR NO QUESTION.
Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.
Xmin VALUE OF SMALLEST VALUE OF X FOR VARIQUS PLOTS.
N Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.
N Ylabel$ LABEL ON Y AXIS PASSED TO SUBPROGRAM Semi_log FOR PLOTTING.
Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.
. Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS. ;
) le INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.

t

IDECLARE VARIABLES

INTEGER I

DIM Pouw_back( 1500) ,Pouw_ret( 1500) , Range( 1500)

- DIM Cne2(150@),Ran{50,6)
!
PLOTTER IS 705,"HPGL"
LINE TYPE 1
]

- INPUT ATMOSPHERIC DATA

- INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS” ,Temp
INPUT "ENTER ATMOSPHERIC PRESSURE IN MILLIBARS" ,Atom_pres
INPUT "ENTER WATER VAPOR PRESSURE IN MILLIBARS" ,Wat_pres
t
]
! INPUT ECHOSOUNDER DATA
INPUT "ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=" ,Pulse
INPUT "ENTER POWER TO TRANSMITTER IN WATTS" ,Pou_trans

- G~.40 IANTENNA EFFECTIVE APERATURE FACTOR

. Eff=,25

X |
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I TULAROSA BASIN, NEW MEXICO.
1AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
IAVERAGING TIME.
CteZ2=2.12+Range(1)*(~1.1B6)
CASE 2
ITHIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
IAS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 388.
{WAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
| TULAROSA BASIN, NEW MEXICO.
'AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
|AVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS
IINCLUDED TO APPROXIMATE LOOKING UP A THERMAL PLOOM
CteZ=2+2.122Range(I)"*(-1.16)
CASE 3
ITHIS TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS"
IPRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"
INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT *
11S EXP(-.00tsHEIGHT ABOVE 65 METERS AND HEIGHT"
. 1TO THE -1.46 BELOW 65 METERS"
3 IF Range(I)<E5 THEN

E Cte2~75.5+Range(I)*(-1.46)

; ’ ELSE

. Cte2=3.66E-2+EXP(-.00) *Range( 1))
- END IF

g CASE 4

o ICRLCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
! THAT IT'S PROPORTIONAL TO HEIGHT TO THE -4/3 POUER
t THAT THE SURFACE VERTICAL HEAT FLUX IS .085 C.m./sec
! THE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM
IMY LEFT EAR
EQUATION FROM NEFF, 197%
- SELECT Range(I)/Inver
- CASE <.9
. C3=((.024)+(T)*(.667))
Cte2=C3+(Range(I))*(-1.33)
CASE .9 TO 1
Cte2=Cte?
Ci=Cte2
Ri=Range(I)
CASE 1 TO 1.3
Cte2=1@0*((LGT(C3»Range(I1))-LGT(C3*R1))+LGT(C1))
RZ2=Range(I)
- C2=Cte2
- CASE ELSE
CteZ=C3+(Range(I1)"(-1.33)-R2*(-1.33))+C2
END SELECT
END SELECT
{CALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77
Epsilon=(.2866/Range(I))*(1+.07+*(Range(1))*(.B6))*(1.5)
Cve2=2sEpsilon*(.687)




ICALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR.
IFORMULA FROM TETARSKI
Cne2(I)=(Cte2/(2.38E+5))+(Cve2/(CsC))
ICALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
tEQUATION FROM NEFF, 197S
Sigma=(.0039¢(K~(1/3))eCte2)/(T)"2 -
t
ICALCULATE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 198@
ITHE EXCESS ATTENUATION IS Exc_att
IF I1<S@ THEN

Remainder=0
ELSE

IF 1<150 THEN

Remainder=Range(I) MODULO 10
ELSE
Remainder=Range(1) MODULO 20

END IF
END IF
- IF Remainder=® THEN
) Rho=0@
. L=0
g H=0
* Rge=Range(I) ICONSTANT IN INTEGRAL
A R=Q
. FOR J=@ TO 2#1
F=CneZ( INT(J/2+41))
- FeFe(1-R/(Rge)*(1.87)+(R/(Rge))*{1.687))
- IF J>@ THEN
IF J<"»1 THEN

IF INT(J/Z)=J/2 THEN

MR AR

LaL+F
. F=0
. ELSE
: HaH4F
F=0
END IF
g END IF
g END IF
! Rho=Rho+F
ReR+ 1
NEXT J
Rho=Rho+4sL+2#H

Rho=( ((Rho#.33)sK#K#1.46)"(-.6))
N=(Ant_diam/Rho)"2
2 IF N<=1 THEN
- Ze=1/C14N)
? ELSE
Ze=1.5/( 1+N)
'STEP OF 1,5==>SEE CLIFFORD 1980
END IF
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Exc_att=ZerZe
ELSE
Exc_att=Exc_att
END IF
1
ICALCULATE THE POWER BACKSCATTERED
Pouw_back(I)=(Pow_trans+£ff-Sumpou_back )*EXP(-Atten*Range(I))
Pouw_back(I)=Pou_back(I)*Interval+*Exc_att*Sigma
Sumpow_back=Sumpow_back+Pow_back(1)
{CALCULATE THE POWER BACKSCATTERED TO THE ANTENNA
> Pow_ret(1)=Pouw_back(I)#*EXP(-AttensRange(I))*Ant_areatG+EFff/Range(1)"2
- PRINT "RANGE=" ,Range(I)}
PRINT "POWER RETURNED=" Pouw_ret(I)
PRINT “FREQUENCY=" Freq
I=1+41
UNTIL Pow_ret{I-1)>@ AND Pow_ret(I-1)<{=Noise
Ran{Ind,Ifreq)=Range(I-2)
IF Ran{Ind,Ifreq)>Ymax THEN
Ymax=Ran(Ind,Ifreq)
END IF
2 IF Ran(Ind,Ifreq)<Ymin THEN
Ymin=Ran(Ind,Ifreq)
y END IF
o Ind=Ind+1
. Aigain=1
- FOR J=0 TO I
¥ Pow_back(J)=0
Y Pou_ret(J)=0
Range(J)=0
Cne2(J)=0
NEXT J
NEXT Ant_diam
Ifreq=Ifreq+l
Ind=1
NEXT Freq
1

£

R

|
OUTPUT KBD;"K";

; PRINT "INPUT CONDITIONS"
B |

PRINT * *

PRINT USING “K";"TEMPERATURE= ", Temp,”CELCIUS"
PRINT USING “K";"ATMOSPHERIC PRESSURE= " Atom_pres,"mb"
PRINT USING “K";"WATER VAPOR PRESSURE= " Wat_pres,"mb"
PRINT USING “K";"PULSE LENGTH= *,Pulse,"ms”
PRINT USING "K";"TRANSDUCER EFFICIENCY= " Eff

p PRINT USING "K";“POWER TRANSMITTED= *,Pouw_trans,” WATTS"

PRINT "TEMPERATURE STRUCTURE PROFILE USED “,Profile
IF Profile=4 THEN
PRINT "INVERSION HEIGHT ", Inver

121

BT N N IS N N N T e LI N
- - ™

PRI AEIPRP A IS SPCRF SRR

- . - . » - - » . - Lt e T v T e .t et e T e o " e " . T et et - = -
T T T Bt TPt AUt St PR




END IF
SELECT Profile

CASE 1
PRINT * 1 fi TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 3398 “
PRINT * WHICH 6IVES A HEIGHT TO THE -1.16 PROFILE"

CASE 2
PRINT * 2 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 338 “
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT * BUT WITH A FACTOR OF TWO TO APPROXIMATE™
PRINT * LOOKING UP A THERMAL PLOOM"

CASE 3
PRINT *“ 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DATA™
PRINT * AS PRESENTED IN WALTERS/KUNDEL 198t PAGE 398"
PRINT " FOR NIGHT CONOITIONS. THE DEPENDENCE WITH"
PRINT " HEIGHT IS EXP(-.00!+HEIGHT ABOVE B5 METERS"
PRINT * AND HEIGHT TO THE -1.46 BELOW 65 METERS"

CASE 4
PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT " HEIGHT TO THE -4/3 "

END SELECT

!

PRINT USING "K";"THE MINIMUM DETECTABLE SIGNAL WAS SET AT",Noise,"WATTS"
{

PRINT * *

1

!

PRINT "HIT CONTINUE TO CONTINUE"
PAUSE

QUTPUT KBD:"K";

|

GRAPHICS ON

VIEWPORT 15,120,10,70

!

{

IPLOT RANGE VERSUS ANTENNA DIAMETER FOR VARIOUS FREQUENCIES
Xmin=0

Xmax=86

Ymin=PROUND(Ymin-50@,2)
Ymax=PROUND( Ymax+5@,2)

Dx=1

Dy=100

Xrange=Xmax-Xmin
Yrange=Ymax-Ymin

WINDOW Xmin, Xmax K Ymin,K Ymax

AXES Dx ,Dy,Xmin,Ymin,!,1

CLIP OFF

|

ILABEL PLOT
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CSIZE 4,.56
LDIR ©
LORG S
MOVE .S5#Xrange, Ymax+#1.05
LABEL "RANGE VERSUS ANTENNA DIAMETER"
ILABEL HORIZONTAL AXES
LDIR @
LORG 5
FOR J=@ TO Xmax STEP Dx
CSIZE 4,.6
MOVE J,Ymin-.05*Yrange
LABEL J
NEXT J
MOVE .5+#Xrange,Ymin-.1#*Yrange
CSIZE 4,.6
LABEL "ANTENNA OIAMETER (m.)"
ILABEL VERTICAL AXES
LORG 8
FOR J=Ymin TO Ymax STEP Dy
CSIZE 4,.5
MOVE Xmin-.0Q025¢Xrange,J
LABEL USING "K";J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-.15#Xrange,.S¢*Yrange+Ymin
CSI1ZE 4,.6
LABEL "RANGE (METERS)"
CLIP ON
Ind=1
Ifregq=1
FOR Freq=500 TO 1500 STEP 500
FOR Ant_diam=.5 TO 6.25-1freq STEP .25
IF INT(1freq/2)=Ifreq/2 THEN
LINE TYPE 3
ELSE
LINE TYPE 1
END IF
PLOT Ant_diam,Ran(Ind,Ifreq)
Ind=Ind+1
NEXT Ant_diam
LDIR @
LORG 2
CSIZE 3,.6
MOVE Ant_diam-.!,Ran(Ind-1,Ifren)
LINE TYPE 1
LABEL USING "K";Freq,“Hz"
I[freq=Ifreq+l
Ind=|
NEXT Freq
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|
PRINT "HIT CONTINUE TO CONTINUE"
PAUSE
GCLEAR
OUTPUT KBD;"K";:
!
!
LINPUT “WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)?7” XS
Again=FNYes(XS$)
Mess_up=1
WHILE Mass_up=t
SELECT Again
CASE
LINPUT “WOULD YOU LIKE TO CHANGE A VARIABLE (ENTER Y OR N)?" X&
New_va=FNYes(X$)
Ano_change=1
WHILE Ano_change=1
SELECT New_va

CASE 1
PRINT “ VARIABLE CURRENT VALUE"
PRINT USING "K";"1 TEMPERATURE ", Temp, "CELSIUS"

PRINT USING "K";"2 ATOMOSPHERIC PRESSURE " ,Atom_pres,“mb"
PRINT USING "K":"3 UWATER VAPOR PRESSURE ", Wat_pres, “mb"”

PRINT " "
PRINT USING "K";"4 ANTENNA DIAMETER ",Ant_diam," m."
PRINT USING "K"i;"5 PULSE LENGTH *,Pulse," ms"

PRINT USING "K":"6 POWER TRANSMITTED “,Pou_trans,” WATTS"
PRINT USING “K":"7 ATMOSPHERIC PROFILE ", Profile

PRINT *

PRINT “ENTER THE NUMBER OF THE VARIABLE YOU WISH TO"

PRINT "CHANGE"

INPUT Var
SELECT Var
CASE 1
INPUT “TEMPERATURE=", Temp
CASE 2
INPUT "ATMOSPHERIC PRESSURE IN mb=" Atom_pres
CASE 3
INPUT "WATER VAPOR PRESSURE IN mb=" Uat_pres
CASE 4
" INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
CASE S
INPUT "PULSE LENGTH IN ms=" Pulse
CASE 6
INPUT "POWER TRANSMITTED IN WATTS=" Pow_trans
CASE 7
PRINT " | ==> Ct"2 PROFILE OF Z~(-1.1B6)"
PRINT " FROM WALTERS/KUNDEL 1381"
PRINT " 2 ==> SAME AS ONE BUT WITH FACTOR"
PRINT * OF TW0 TO APPROXIMATE LOOKING"
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PRINT * UP A THERMAL PLOOM"
PRINT " 3 ==> Ct“2 PROFILE OF EXP(-.00@1+2)"
PRINT *“ FROM WALTERS/KUNDEL 1981."
PRINT " 4 =) CT~2 PROFILE OF 2~(-4/3)"
INPUT "ENTER NUMBER OF DESIRED PROFILE"” ,Profile
IF Profile=4 THEN
INPUT “HEIGHT OF INVERSION IN METERS=", Inver
END IF
CASE ELSE
PRINT Var,“IS NOT ONE QF THE OPTIONS®
END SELECT
LINPUT "MADE ANOTHER CHANGE(ENTER Y OR N)7", XS
New_va=FNYes(X$)
Mess_up=2
CASE 2
Mess_up=2
Ano_change=2
CASE ELSE
PRINT "YOUR CHOICES WHERE Y OR N 11t 1t"
Ano_change=1
LINPUT "CHANGE A VARIABLE (ENTER Y OR N)?" XS
New_va=FNYes(X$)
END SELECT
END WHILE
CASE 2
Mess_up=2
CASE ELSE
PRINT "YOUR CHOICES WHERE Y OR Nttt
Mess_up=!
LINPUT "MAKE ANOTHER RUN (ENTER Y OR N)?" X8
Again=FNYes(X$)
END SELECT
END WHILE
END WHILE
PRINT “THAT'S ALL, FOLKS"
end
{
!
tCALCULTE THE ATTENUATION
sub Attenuation(Atom_pres, Atten, Freq, Temp, Wat_pres)
ITHIS SUBPROGRAM CALCULATES THE ATTENUATION OF SOUND
IN AIR BASED UPON EQUATIONS IN NEFF 1975
!
! INPUT ATMOSPHERIC PRESSURE IN MILLIBARS
| FREQUENCY OF SOUND WAVE IN HERTZ
! TEMPERATURE IN DEGREES CELCIUS
! WATER-VAPOR PRESSURE IN MILLIBARS
{
|
t

OUTPUT ATTENUATION IN 1/METERS
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1VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN

SUBPROGRAM ATTENUATION.
Att_max VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE
ATTENUATION AT THE FREQUENCY OF THE MAXIMUM

IN SUBPROGRAM ATTENUATION,
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

1 OPERATOR.
H=100+UWat_pres/Atom_pres
Tstar=(1_.8¢Temp+492)/519
Pstar=Atom_pres/1014
Fmax=( 10+6600+H+4440Q¢*H*H)+Pstar/Tstar".8
Att_max=.0078+*FmaxeTstar (-2.5)+EXP(7.77+(1-1/Tstar))
F=Freq/Fmax
Atten=(Att_max/304.8B)»(( . 182F )" Z+(Z¢FesF/(14FesF))"2)".5
Atten=(Atten+1.74E-10¢FreqesFreq)/4.35
SUBEND
|
def FNYes(X$)

ITHIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
!

!

1

!

|

!

{ ATTENURTION FOR THE INPUT CONOITIONS.

! F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE

! RATID OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
| Fmax FREQUENCY OF MAXIMUM ATTENUARTION. USED IN SUBPROGRAM

¢ ATTENUATION.

! Freq INPUT FREQUENCY OF ECHOSOUNDER.

1 H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.

! Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
! CALCULATION.

f Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

! Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION

'

!

! INPUT Xs$

!

! OUTPUT FNYes

I VARTABLES

! Temp$ VARIABLE STRING USED IN FUNCTION YES.

bX$ STRING PASSED TO FUNCTION YES TD DETERMINE OPERATOR

' RESPONSE TO YES OR NO QUESTION.
OIM Temps( 1)
Temps$(1,11=TRIMS(XS)
SELECT Temp$
CASE "Y" ., "y"

RETURN 1
CASE "N", "n"

RETURN 2
CASE " "

RETURN 1
CASE ELSE
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RETURN -2
END SELECT
FNEND
|
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THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND

MATE THE RANGE AS A FUNCTION OF POWER TRANSMITTED BY THE ECHOSOUNDER

A RANGE OF FREQUIENCIES

FOLLOWING INPUTS ARE REQUIRED:

ATMOSPHERIC DATA

1)ATOMOSPHERIC PRESSURE in millibars

2)SELECT ONE OF FOUR ATMOSPHERIC PROFILES FOR THE TEMPERATURE
STRUCTURE PROFILE.
a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT

3)TEMPERATURE IN DEGREES CELSIUS

4)WATER VAPOR PRESSURE IN millibars

ECHOSOUNDER DATA

S)FREQUENCY

G)ANTENNR DIAMETER IN METERS

7)PULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY

PROGRAM OUTPUTS THE FOLLOWING GRAPH TO AN EXTERNAL PLOTTER:
1)RANGE(m. ) VERSUS POWER TRANSMITTED IN WATTS FOR VARIOUS FREQUENCIES

*VARIABLES#vs=2+

ain TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MAKE ANQUTHER RUN.
o_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN.
t_area  ECHOSOUNDER ANTENNA AREA CALCULATED FROM INPUT OF
ANTENNA DIAMETER.
t_diam  INPUT OF ECHOSOUNDER ANTENNA DIAMETER IN METERS.
om_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
ten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.
BANDWIDTH OF RECEIVER NEEDED TO RECEIVE SIGNALS
DOPPLER SHIFFED BY THREE METER PER SECOND
VERTICAL VELOCITIES.
VELOCITY OF SOUND CALCULATION AT ZERDO CELSIUS.
VARIABLE USED TO SCALE INVERSION HEIGHT IN
TEMPERATURE STRUCTURE PROFILE THREE.
VARIABLE USED IN CALCULATING THE FOURTH Cte2 PROFILE.
e2(+) ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX
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PARAMETER. CALCULATED BASED ON SELECTION OF
PROFILE FOR TEMPERATURE STRUCTURE PARAMETER
AND ASSUMED PROFILE FOR THE VELQCITY STRUCTURE

PARAMETER.

Cte2 VALUE OF THE TEMPERATURE STRUCTURE PARAMETER.
THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.

Cve2 VALUE OF THE VELOCITY STRUCTURE PARAMETER.
VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
RATE.

Dx STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.

Dy STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.

Epsilon DISSAPATION RATE USED IN CALCULATION OF Cve2.

Eff TRANSMISSION EFFICIENCY OF ECHOSOUNDER.

Eff EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
BACKSCATTER.

Exc_att EXCESS “ATTENUATION" AT GIVEN RANGE.

F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.

Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.

Freq INPUT FREQUENCY OF ECHOSOUNDER.

6 ANTENNA EFFECTIVE APERATURE FACTOR.

H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.

1 MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL
POWER WAS LESS THAN MINIMUM DETECTABLE SIGNAL.

Ifreq INDEX FOR INCREMENTS OF FREQUENCY

IND INDEX USED FOR LOOP FOR DIFFERENT TRANSMITTED POUWER

Interval  MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.

Inver HEIGHT OF INVERSION LAYER.

J FIRST ORDER INDEX FOR ASSORTED LOOPS.

K WAVENUMBER

L SECOND ORDER INDEX FOR ASSORTED LOOPS.

Mess_up TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
RESPONSES.

N TEST VALUE IN CALCULATION OF COHERENCE LENTH IN CALCULATION
OF EXCESS ATTENUATION.

Neuw_va TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE
A VARIABLE BEFORE A NEW RUN.

Noise ASSUMED MINIMUM DETECTABLE SIGNAL.

Pow_back(+) POWER BACKSCATTERED FROM GIVEN RANGE.

Pow_ret(+) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.
Pow_trans INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
Profile OPERATOR INPUT OF Cte2 PROFILE FROM AVAILABLE PROFILES.

Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.

Pulse TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.

R RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.

R1 VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE.

Range( #) ARRAY OF RANGE VALUES.
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Remainder REMAINDER OF MODULO FUNCTION USED TO DECREES THE
NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS

ATTENUATION.
Rge VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
Rho CORRELATION LENGTH USED IN CALCULATION OF EXCESS
ATTENUATION.
Sigma FRACTION OF ENERGY BARCKSCATTERED FROM GIVEN RANGE.

Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
Sumpouw_back

T INPUT TEMPERATURE IN DEGREES KELVIN.

Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

Temp$ VARIABLE STRING USED IN FUNCTION YES.

Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO

CHANGE BEFORE MAKING ANOTHER RUN.
Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

OPERATOR.

X THIRD ORDER INDEX USED IN VARIOUS LOOPS.

Xs$ STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
RESPONSE TO YES OR NO QUESTION.

Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.

Xmin VALUE OF SMALLEST VALUE OF X FOR VARIOUS PLOTS.

Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.

Ylabel$ LABEL ON Y AXIS PASSED TD SUBPROGRAM Semi_log FOR PLOTTING.

Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS.

le INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.

}
i
|
|
I
{
|
'
]
|
{
|
1
|
! IN SUBPROGRAM ATTENUATION.
f
|
|
!
|
]
t
1
]
]
!
|
|
(
)
|

|

IDECLARE VARIABLES

INTEGER 1

DIM Pouw_back( 1500) ,Pou_ret( 1500) ,Range( 1500)

DIM Cne2(1500) ,Ran(50,86)

1

PLOTTER IS 7@S,"HPGL"

LINE TYPE 1

{

| INPUT ATMOSPHERIC DATA

INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS",Temp

INPUT "ENTER ATMOSPHERIC PRESSURE IN MILLIBARS" ,Atom_pres

INPUT "ENTER WATER VAPOR PRESSURE IN MILLIBARS" Wat_pres

!

!

1INPUT ECHQSOUNDER DATA

INPUT "ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=",Pulse A
INPUT "ENTER THE ECHOSOUNDER ANTENNA DIAMETER IN METERS",Ant_diam
6=.40 IANTENNA EFFECTIVE APERATURE FACTOR
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Eff=.25

!

{

{SELECT THE PROFILE FOR THE TEMPERATURE STRUCTURE

PRINT “YOU HAVE A CHOICE OF TEMPERATURE STRUCTURE PROFILES"
PRINT “PROFILE TO BE USED."

PRINT "YOUR SELECTIONS ARE"

PRINT * 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA AS "
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 388 WHICH “
PRINT GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT " *
PRINT * 2 THE TEMPERATURE STRUCTURE PROFILE ABOVE BUT"
PRINT * WITH A FACTOR OF TWO TO APPROXIMATE LOOKING"
PRINT * UP A THERMAL PLOOM"
PRINT ™ *
PRINT " 3 A TEMPERATURL STRUCTURE PROFILE BASED ON DATA ARS*"
PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 388 FOR"
PRINT " NIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT *
PRINT * IS EXP(-.001+HEIGHT ABOVE 65 METERS AND HEIGHT"
PRINT " TO THE -1.46 BELOW 65 METERS"
PRINT * *
PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"

_ PRINT ™ HEIGHT TO THE -4/3 "

3 !

; PRINT " *

h- PRINT "
Mess_up=1

WHILE Mess_up=1
INPUT "ENTER THE DESIRED PROFILE (1 OR 2 OR 3 OR 4)" ,Profile
IF Profile=4 THEN
INPUT “ENTER THE HEIGHT OF THE INVERSION IN METERS", Inver
END IF
IF Profile=1 THEN
Mess_up=0
ELSE
IF Profile=Z2 THEN
Mess_up=0
ELSE
IF Profile=3 THEN
Mess_up=0
ELSE
IF Profile=4 THEN
Mess_up=@
ELSE
PRINT Profile,” WAS NOT ONE OF THE OPTIONS!!III*
Mess_up=1
END IF
END IF
END IF
END IF
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: END WHILE
= QUTPUT KBD:"K";
!
N }
{ Again=1
W WHILE Again=f
- FOR J=1 TO I

Pow_back(J)=0
Pou_ret(J)=0

- Range( J)=0
- Cnez2(J)=0
NEXT J
!
I CONVERT TEMPERATURE TO KELVIN
TeTemp+273
|
ICALCULATE SPEED OF SOUND BASED ON INPUT TEMPERATURE(CELCIUS)
Speed_sound=20.05+(T)"~.5
ICALCULATE THE SPEED OF SOUND AT @ DEGREES CELCIUS
C=20.05+273".5
|
I=t IINDEX FOR INNER LOOP (POWER RETURNED TO NOISE)
Ind=1 {INDEX FOR SECOND LOOP (EFFICIENCY)
Ifreq=1 |INDEX FOR THIRD LOOP (FREQUENCY)
- Pouw_back(®)=0 IINITIALIZE VARIABLE FOR POWER BACKSCATERRED
- Interval=(Speed_sounds*Pulse+1.E-3)/2
" Ant_area=Pls(Ant_diam/2)"2 -

1

- IINITIALIZE PLOTTING PARAMETERS SO CAN COMPARE DURING RUN TO SCALE
- IPLOTS
Ymin=1000
Ymax=0
ICALCULATE RETURNED SIGNAL POWER UNTIL IT IS LESS THAN BACKGROUND
IFOR EACH FREQUENCY.
- Range(0)=0
. FOR Freq=500 TO 1500 STEP 500
FOR Pouw_trans=5@ TO 500 STEP 50
. Bn=2¢Freqe(1-1/(6/Speed_sound+1)) ! BANDWIDTH FOR 3M/S VERTICAL VELOCITY
. Noise=1.38E-23+Bne(T)+2.E-14IMINIMUM DETECTABLE SIGNAL AS
= t JOHNSON NOISE(NEGLIGABLE)+ ESTIMATED BACKGROUND
v ICALCULATE THE ATTENUATION COEFFICIENT BASED ON ATMOSPHERIC DATA
’ CALL Attenuation(Atom_pres,Atten,Freq,Temp,Uat_pres)
. K=2+PleFreq/Speed_sound | WAVENUMBER
-~ I=t
. Sumpouw_back =0
- REPEAT
Range(1)=Range(1-1)+2
SELECT Profile
CASE 1

tTHIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
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{AS PRESENTED IN UALTERS/XKUNDEL 198! PAGE 398.
IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
! TULAROSA BASIN, NEW MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
IAVERAGING TIME.
Cte2=2.12+Range(I)*(~-1.16)
. CASE 2
3 1 THIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATR
{AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398.
IUAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
] I TULAROSA BASIN, NEW MEXICO.
3 {AN ADDITONAL FACTOR Of 1.8 WAS INCLUDED AS PER DIFFERENT
- {AVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS
i 1INCLUDED TO APPROXIMATE LOOKING UP A THERMAL PLOOM
Cte2=2+2.12+«Range(I1)~{(-1.186)
CASE 3
I THIS TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS”
IPRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"
INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT *
11S EXP(-.001+HEIGHT ABOVE 65 METERS AND HEIGHT"
ITO THE -1.46 BELOW 65 METERS™
IF Range(1)<B5 THEN
Cte2=75.5+Range(1)*“(-1.486)
ELSE .
Cte2=3.66E-2+EXP(-.0@1+Range(]))
END IF
A CASE 4
- {CALCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
) THAT IT7°'S PROPORTIONAL TO HEIGHT TO THE -4/3 POUER
| THAT THE SURFACE VERTICAL HEAT FLUX IS .085 C.m./sec
I THE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM
IMY LEFT EAR
IEQUATION FROM NEFF, 1975
SELECT Range(I)/Inver
CASE <.%
C3=(( @24)+(T)*(.667))
CteZ2=C3+(Range(I))*(-1.33)
CASE .9 TO 1
CteZ=CteZ
Ci=Cte2
, Ri=Range(I)
ol CASE 1 TO 1.3
' CteZ=10*((LGT(C3*Range(I))-LGT(C3#R1))+LGT(CI1))
RZ=Range(1)
C2=Cte2
3 CASE ELSE
K Cte2=C3s(Range(I)*(-1.33)-R2°(~1.33))+4C2
END SELECT
END SELECT
ICALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77

e
TR R

Bl
state %y
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Epsilon=(.2866/Range(1))+(14.07=(Range(1))"~(.6))*(1.5)
Cve2=2s#Epsilon*(.667)

| CALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR,
IFORMULA FROM TETARSKI

Cne2(1)=(Cte2/(2.98E+5))+(Cve2/(C2C))

{CALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
IEQUATION FROM NEFF, 1375

Sigma=( .0039+(K"(1/3))«Cte2)/(T)"2

t

ICALCULATE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 1980
ITHE EXCESS ATTENURTION IS Exc_att
IF 1<5@ THEN
Remainder=0
ELSE
IF 1<150 THEN
Remainder=Range(I) MODULO 1@
ELSE
Remainder=Range(I) MODULO 20
END IF
END IF
IF Remainder=@ THEN
Rho=0
L=@
H=0
Rge=Range(I) ICONSTANT IN INTEGRAL
R=0
FOR J=@ TO 2+]
F=CneZ( INT(J/2+41)) -
F=Fs(1-R/(Rge)*{1.87)+(R/(Rge))*(1.67))
IF J>® THEN
IF J<2+1 THEN
IF INT(J/2)=J/2 THEN

L=L+F
F=0
ELSE
HaH+F
F=0
END IF
END IF
END IF
Rho=Rho+F
R=R+1
NEXT J
Rho=Rho+4#L +2eH

Rho={ ( {Rho#.33)eKeK*1.46)"(-.6))
N=(Ant_diam/Rho) "2
IF N<=1 THEN
Ze=1/(1+N)
ELSE
Ze=1.5/(14N)

134




AL ASTR e g At i Ak A 2 2l i H*T

_ ISTEP OF 1.S5==>SEE CLIFFORD 1980
END IF
Exc_att=ZeeZe
ELSE
Exc_att=Exc_att
END IF
!
ICALCULATE THE POWER BACKSCATTERED
Pouw_back(])=(Pow_trans+Eff-Sumpow_back )*EXP(-AttensRange(I))
Pow_back(I)=Pow_back(I)+Interval*Exc_att*Sigma
Sumpouw_back=Sumpouw_back+Pow_back(I)
ICALCULATE THE POWER BACKSCATTERED TO THE ANTENNA
Pou_ret(I)=Pouw_back{I)+EXP(-AttentRange(I))+*Ant_area+G+Eff/Range(1)"2
PRINT “RANGE=" ,Range(I)
PRINT "POWER RETURNED=" ,Pow_ret(I)
PRINT “FREQUENCY=" ,Freq
I=I+1
UNTIL Pouw_ret(I-1)>0 AND Pouw_ret(I-1)<=Noise
Ran(1Ind,Ifreq)=Range(I-2)
IF Ran(Ind,Ifreq)>Ymax THEN
Ymax=Ran(Ind,Ifreqg)
END IF
" IF Ran(Ind,Ifreq)<Ymin THEN
Ymin=Ran(Ind, Ifreq)
END IF
Ind=Ind+!
Again=1
FOR J=0 TO0 I
Pouw_back(J)=0
Pou_ret(J)=0
Range(J)=0
Cne2(J)=0
NEXT J
NEXT Pouw_trans
Ifreq=Ifreq+l
Ind=1
NEXT fFreq
}

!

OUTPUT KBD;"K";

PRINT "INPUT CONDITIONS"
|

PRINT * *

Qf PRINT USING "K";"TEMPERATURE= *,Temp,"CELCIUS"

- PRINT USING "K";“ATMOSPHERIC PRESSURE= " Atom_pres,"mb"

: PRINT USING "K";“WATER VAPOR PRESSURE= " Wat_pres,"mb"

- PRINT USING "K";"PULSE LENGTH= *,Pulse,"ms”
PRINT USING “K"; " TRANSOUCER EFFICIENCY= " Eff
PRINT USING “K";"POWER TRANSMITTED= *,Pow_trans,"” WATTS"
PRINT “TEMPERATURE STRUCTURE PROFILE USED " ,Profile
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IF Profile=4 THEN
PRINT “INVERSION HEIGHT “,Inver

END IF
SELECT Profile
CASE 1
PRINT * 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT " AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 "
#RINT ~ WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
CASE 2
PRINT * 2 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
PRINT *“ AS PRESENTED IN WA_TERS/KUNDEL 1981 PAGE 398
PRINT * WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"
PRINT " BUT WITH A FACTOR OF TWO TO APPROXIMATE"
PRINT * LOOKING UP A THERMAL PLOOM"
CASE 3
PRINT * 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DARTA"
PRINT “ AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398"
PRINT * FOR NIGHT CONDITIONS. THE DEPENDENCE WITH®
PRINT * HEIGHT IS EXP(-~.@01+HEIGHT ABOVE B5 METERS"
PRINT " AND HEIGHT TO THE -1.45 BELOW G5 METERS"
CASE 4
PRINT " 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT " HEIGHT TO THE -4/3
END SELECT

!

PRINT USING "K";"THE MINIMUM DETECTABLE SIGNAL WAS SET AT" ,Noise,"WATTS"
[

PRINT " ©

!

!

PRINT “HIT CONTINUE TO CONTINUE"
PARUSE

QUTPUT KBD;"K";3

|

GRAPHICS ON

VIEWPORT 15,120,10,70

]

!

'PLOT RANGE VERSUS POUWER TRANSMITTED FOR VARIOUS FREQUENCIES
Xmin=0

Amax=6G0Q

Ymin=PROUND(Ymin-50,2)
Ymax=PROUND( Ymax+50,2)

Dx=100

Dy=100

Xrange=Xmax-Xmin
Yrange=Ymax-Ymin

WINDOW Xmin, Xmax,Ymin, Ymax

AXES Dx ,Dy,Xmin,Ymin, 1,1

CLIP OFF
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!
ILABEL PLOT
CSIZE 4,.6
LDIR @
LORG 5
MOVE .Ss#Xrange,Ymax+i.@5
LABEL "RANGE VERSUS POWER TRANSMITTED"
ILABEL HORIZONTAL AXES
LDIR O
LORG 5
FOR J=@ TO Xmax STEP Dx
CSIZE 4,.6
MOVE J,Ymin-.05+*Yrange
LABEL J
NEXT J
MOVE .5#Xrange,Ymin-.!*Yrange
CSIZE 4,.8
LABEL “POWER TRANSMITTED (WATTS)"
ILABEL VERTICAL AXES

-LORG 8

FOR J=Ymin TO Ymax STEP Dy
CSIZE 4,.86
MOVE Xmin-.0@25#Xrange,J
LABEL USING "K";J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-.15#Xrange,.5*Yrange+Ymin
CSIZE 4,.6
LABEL "RANGE (METERS)"
CLIP ON
Ind=1
Ifreq=~!
FOR Freq=50Q@ TO 1500 STEP 500
FOR Pow_trans=50 TO 500 STEP 5@
IF INT(Ifreq/2)=Ifreq/2 THEN
LINE TYPE 3
ELSE
LINE TYPE 1t
END IF
PLOT Pow_trans,Ran{Ind,Ifreq)
Ind=Ind+1
NEXT Pow_trans
LDIR @
LORG 2
CSIZE 3,.6
MOVE Pouw_trans-5@,Ran(Ind-1,Ifreq)
LINE TYPE 1
LABEL USING "K"iFreq,"Hz"
Ifreq=Ifreq+!
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o Ind=1
.i NEXT Freq
- !
1 PRINT "HIT CONTINUE TO CONTINUE"
y PAUSE
GCLEAR
QUTPUT KBD;“K";
!
|
LINPUT "WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)?" X8
.- Again=FNYes(X$)
T Mess_up=1
- WHILE Mess_up=!
o SELECT Again
- CASE 1
LINPUT "WOULD YOU LIKE TO CHANSE A VARIABLE (ENTER Y OR N)?",X$
Neuw_va=FNYes(X$)
Ano_change=1
WHILE Ano_change=t1
. SELECT New_va
3 CASE 1
by PRINT * VARIABLE CURRENT VALUE"
> PRINT USING “K"3;"1 TEMPERATURE *, Temp, "CELSIUS"
- PRINT USING “K";“2 ATOMOSPHERIC PRESSURE " ,Atom_pres,"mb"
= PRINT USING "K";"3 WATER VAPOR PRESSURE ",Wat_pres,"mb"
~ PRINT * *
R PRINT USING "K"3;"4 ANTENNA DIAMETER " ,Ant_diam," m." .
PRINT USING "“K";"S PULSE LENGTH " ,Pulse,"” ms"
PRINT USINE "K";"6 POWER TRANSMITTED " ,Pow_trans," WATTS"
e PRINT USING “K":;"7 ATMOSPHERIC PROFILE " ,Profile
- .. PRINT " *
i PRINT "ENTER THE NUMBER OF THE VARIABLE YOU WISH TO*
. PRINT "CHANGE"
™ INPUT Var
SELECT Var
CASE 1t
INPUT "TEMPERATURE=" , Temp
CASE 2
INPUT "ATMOSPHERIC PRESSURE IN mb=" Atom_pres
. CASE 3
- INPUT "WATER VAPOR PRESSURE IN mb=" Wat_pres
: CASE 4
INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
CASE S
INPUT "PULSE LENGTH IN mse" Pulse
CASE 6
o INPUT "POUWER TRANSMITTED IN WATTS=" Pouw_trans
4 CASE 7
- PRINT " | ==)> Ct*2 PROFILE OF Z*(-1.16)"
- PRINT * FROM WALTERS/KUNDEL 1981"

T LN

.
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PRINT * 2 ==) SAME AS ONE BUT WITH FACTOR"

PRINT “ OF TWO TO APPROXIMATE LOOKING"
PRINT * UP A THERMAL PLOOM"

PRINT " 3 ==> Ct"2 PROFILE OF EXP(-.0012)"
PRINT " FROM WALTERS/KUNDEL 1981."

PRINT “ 4 ==) CT*2 PROFILE OF Z*(-4/3)"
INPUT “ENTER NUMBER OF DESIRED PROFILE" ,Profile
IF Profile=4 THEN
INPUT "HEIGHT OF INVERSION IN METERS=", Inver
END IF
CASE ELSE
PRINT Var,"IS NOT ONE OF THE OPTIONS"
END SELECT
LINPUT “MADE ANOTHER CHANGE(ENTER Y OR N)?7“ XS
Neuw_va=FNYes( X8)
Mess_up=2
CASE 2
Mess_up=2
Ano_change=2
CASE ELSE
PRINT "YOUR CHOICES WHERE Y OR N 111"
Ano_change=1
LINPUT "CHANGE A VARIABLE (ENTER Y OR N)?",X$
New_va=FNYes( X8)
END SELECT
END WHILE
CASE 2
Mess_up=2
CASE ELSE
PRINT “YOUR CHOICES WHERE Y OR N 11pp1”
Mess_up=1
LINPUT "MAKE ANOTHER RUN (ENTER Y OR N)?" ,X$
Again=FNYes(X$)
END SELECT
END WHILE
END WHILE
PRINT "THAT'S ALL, FOLKS"
end
|
!
ICALCULTE THE ATTENUATION
sub Attenuation(Atom_pres, Atten,fFreq,Temp, Wat_pres)
I THIS SUBPROGRAM CALCULATES THE ATTENUATION OF SOUND
IIN AIR BASED UPON EQUATIONS IN NEFF 1975
y
! INPUT ATMOSPHERIC PRESSURE IN MILLIBARS
| FREQUENCY OF SOUND WAVE IN HERTZ
! TEMPERATURE IN DEGREES CELCIUS
! WATER-VAPOR PRESSURE IN MILLIBARS
'
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QUTPUT ATTENUATION IN 1/METERS

> VARIABLES
Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.
Atten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN

SUBPROGRAM ATTENUATION.
Att_max VARIABLE IN SUBPROGRAM ATTENUATION. 1T IS THE

ATTENUATION AT THE FREQUENCY OF THE MAXIMUM
ATTENUATION FOR THE INPUT CONDITIONS.

F VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
ATTENUATION.

Freg INPUT FREQUENCY OF ECHOSOUNDER.

H VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.

Pstar VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.

Temp INPUT TEMPERATURE IN DEGREES CELSIUS.

Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION

|
'
!
!
|
!
!
!
'
| Fmax FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
]
!
!
!
l
!
!
! IN SUBPROGRAM ATTENUATION.

- ! Wat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

- ! OPERATOR.

& H=100+«Wat_pres/Atom_pres

Tstar=(1.8+Temp+492)/519

Pstar=Atom_pres/ 1014

Fmax=( 10+6600¢H+44400+H*H)*Pstar/Tstar".8
Att_max=.007B8*Fmax*Tstar " (-2.5)#EXP(7.77+(1-1/Tstar))

F=Freq/Fmax

Atten=(Att_max/304.8)¢( (. (B#F ) "Z+(2«F*F/(14FeF}))"2)".5

- Atten=(Atten+1.74E-10*Freq*Freq)/4.35

. SUBEND .
.. 1

def FNYes(X$)

ITHIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
|

! INPUT X$

|

! OUTPUT FNYes

IVARIABLES

! Temp$ VARIABLE STRING USED IN FUNCTION YES.

T ¢ STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
= ] RESPONSE TO YES OR NO QUESTION.
. DIM Temp$i|]

- TempSi 1, 1]1=TRIMS(XS$)
= SELECT Temp$
i CASE "Y" . "y"
. RETURN |
CASE "N","n"
RETURN 2
CASE " "
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FNEND
I

RETURN 1
CASE ELSE

RETURN -2
END SELECT
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APPENDIX F
COMPUTER PROGRAM 6

'FULLER, ROBERT PROG_& NOISE

|

11@ SEP 85

|

|

|ensssesPURPOSE#2sanss

!

! THIS PROGRAM WILL TAKE PARAMETERS OF AN ECHOSOUNDER AND

VESTIMATE THE RANGE AS A FUNCTION OF BACKG6ROUND NOISE

ITHE FOLLOWING INPUTS ARE REQUIRED:

! ATMOSPHERIC DATA

1)ATOMOSPHERIC PRESSURE in millibars

2)SELECT ONE OF FOUR ARTMOSPHERIC PROFILES FOR THE TEMPERATURE
STRUCTURE PROFILE.
a)FOR ONE PROFILE THE HEIGHT OF THE INVERSION LAYER IS ALSO INPUT

J)TEMPERATURE IN DEGREES CELSIUS

4)WATER VAPOR PRESSURE IN millibars

ECHOSOUNDER DATA

S)FREQUENCY

B)ANTENNAR DIAMETER IN METERS

TIPULSE LENGTH OF THE TRANSMITTED ACOUSTIC ENERGY
8)POUER TRANSMITTED

THE PROGRAM OUTPUTS THE FOLLOWING GRAPH TO AN EXTERNAL PLOTTER:
1)RANGE(m.) VERSUS BACKGROUND NOISE IN WATTS

*2522VARIABLES*»2s»

Again TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO MAKE ANOUTHER RUN.

Ano_change TEST VALUE IN WHILE LOOP TO DETERMINE IF OPERATOR
WISHES TO CHANGE THE VALUE OF INPUT DATA BEFORE MAKING
ANOUTHER RUN.

Ant_area  ECHOSOUNDER ANTENNA AREA CALCULATED FROM INPUT OF
ANTENNA DIAMETER.

Ant_diam  INPUT OF ECHOSOUNDER ANTENNA DIAMETER IN METERS.

Atom_pres INPUT OF ATMOSPHERIC PRESSURE IN mb.

Aitten ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.

C VELOCITY OF SOUND CALCULATION AT ZERO CELSIUS.

Ct VARIABLE USED TQ SCALE INVERSION HEIGHT IN
TEMPERATURE STRUCTURE PROFILE THREE.

c3 VARIABLE USED IN CALCULATING THE FOURTH Cte2 PROFILE.

Cne2(+) ARRAY OF VALUES OF THE ACOUSTIC REFRACTIVE INDEX
PARAMETER. CALCULATED BASED ON SELECTION OF
PROFILE FOR TEMPERATURE STRUCTURE PARAMETER
AND ASSUMED PROFILE FOR THE VELOCITY STRUCTURE

v e e e et e s e S ML e e e e ceme  Mem e s e e R tem G e e e e e e e e e e
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Ctez

Cve2

Dx

Dy
Epsilon

Eff
Eff

Exc_att
F

Fmax
Freq
6

H

1
IND

Interval
Inver

Neuw_va

Noise

PARAMETER.
VALUE OF THE TEMPERATURE STRUCTURE PARAMETER.
THE OPERATOR SELECTS A PROFILE FROM SEVERAL PROVIDED.
VALUE OF THE VELOCITY STRUCTURE PARAMETER.
VALUES BASED ON CALCULATION USING ASSUMED DISSAPATION
RATE.
STEP SIZE FOR X AXIS FOR VARIOUS PLOTS.
STEP SIZE FOR Y AXIS FOR VARIOUS PLOTS.
DISSAPATION RATE USED IN CALCULATION OF Cvel.
TRANSMISSION EFFICIENCY OF ECHOSOUNDER.
EFFICIENCY OF ECHOSOUNDER WHEN RECEIVING ACOUSTIC
BACKSCATTER.
EXCESS “ATTENUATION" AT GIVEN RANGE.
VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.
FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENURTION.
INPUT FREQUENCY OF ECHOSOUNDER.
ANTENNA EFFECTIVE APERATURE FACTOR.
VARIABLE USED IN INTEGRATION FOR EXCESS ATTENUATION.
MAIN INDEX FOR LOOP TO CHECK RETURNED POWER UNTIL
POWER WAS LESS THAN MINIMUM DETECTABLE SIGNAL.
INDEX USED FOR LOOP FOR DIFFERENT NOISE CUT OFF LEVELS
MAXIMUM EFFECTIVE-SCATTERING VOLUME THICKNESS.
HEIGHT OF INVERSION LAYER.
FIRST ORDER INDEX FOR ASSORTED LOOPS.
WAVENUMBER
SECOND ORDER INDEX FOR ASSORTED LOOPS.
TEST VALUE TO CHECK RESPONSES WHEN OPERATOR IS INPUTTING
RESPONSES.
TEST VALUE IN CALCULATION OF COHERENCE LENTH IN CALCULATION
OF EXCESS ATTENUATION.
TEST VALUE IN CHECKING IF OPERATOR WISHES TO CHANGE
A VARIABLE BEFORE A NEW RUN.
ASSUMED MINIMUM DETECTABLE SIGNAL.

Pow_back(#) POWER BACKSCATTERED FROM GIVEN RANGE.
Pou_ret(*) POWER BACKSCATTERED TO ECHOSOUNDER FROM GIVEN RANGE.

Pou_trans
Profile
Pstar

Pulse

R

R1
Range(*)
Remainder

Rge

INPUT OF POWER SUPPLIED TO TRANSDUCER OF ECHOSOUNDER.
OPERATOR INPUT OF CteZz PROFILE FROM AVAILABLE PROFILES.
VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.
TRANSMITTED PULSE LENGTH IN MILLISECONDS. INPUT BY
OPERATOR.
RANGE FOR INPUT TO INTEGRAL OF EXCESS ATTENUATION.
VARIABLE USED IN SCALING INVERSION HEIGHT FOR PROFILE THREE.
ARRAY OF RANGE VALUES.
REMAINDER OF MODULO FUNCTION USED TO DECREES THE
NUMBER OF PASSES THROUGH THE INTEGRATION FOR EXCESS
ATTENUATION.
VALUE OF RANGE IN INTEGRAL FOR EXCESS ATTENUATION.
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Rho CORRELATION LENGTH USED IN CALCULATION OF EXCESS

ATTENUATION.
Sigma FRACTION OF ENERGY BACKSCATTERED FROM GIVEN RANGE.
Speed_sound SPEED OF SOUND IN AIR AT INPUT TEMPERATURE.
) T INPUT TEMPERATURE IN DEGREES KELVIN.
- Temp INPUT TEMPERATURE IN DEGREES CELSIUS.
) Sumpow_back
g Temp$ VARIABLE STRING USED IN FUNCTION YES.
Tstar INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
- IN SUBPROGRAM ATTENUATION.
- Var USED TO SELECT THE VARIABLE THE OPERATOR WISHED TO

CHANGE BEFORE MAKING ANOTHER RUN.
Uat_pres ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY

OPERATOR.

X THIRD ORDER INDEX USED IN VARIOUS LOOPS.
X Xs$ STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR
. RESPONSE TO YES OR NO QUESTION.
g Xmax VALUE OF LARGEST VALUE OF X FOR VARIOUS PLOTS.
- Xmin VALUE OF SMALLEST VALUE OF X FOR VARIOUS PLOTS.
- Xrange VALUE OF RANGE OF X VALUES FOR VARIOUS PLOTS.
- Ylabel$ LABEL ON Y AXIS PASSED TO SUBPROGRAM Semi_log FOR PLOTTING.
= Ymax LARGEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Ymin SMALLEST VALUE OF Y VARIABLE FOR VARIOUS PLOTS.

Yrange RANGE OF Y VARIABLES FOR VARIOUS PLOTS.

e INTERMEDIATE VALUE IN CALCULATION OF EXCESS ATTENUATION.
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1
{DECLARE VARIABLES
o INTEGER I
- DIM Pow_back(500Q) ,Pou_ret(5000) ,Range. . 22Q)
DIM CneZ(5000),Ran(50)
. |
PLOTTER IS 705, "HPGL"
LINE TYPE 1
]
tINPUT ATMOSPHERIC DATA
INPUT "ENTER TEMPERATURE IN DEGREES CELCIUS",Temp
INPUT "ENTER ATMOSPHERIC PRESSURE IN MILLIBARS” ,Atom_pres
INPUT "ENTER WATER VAPOR PRESSURE IN MILLIBARS" ,Wat_pres
]
!
 INPUT ECHOSQUNDER DATA
INPUT "ENTER ECHOSOUNDER FREQUENCY IN HERTZ",Freq
- INPUT "ENTER ECHOSOUNDER PULSE LENGTH IN MILLISECONDS=" ,Pulse
- INPUT "ENTER THE ECHOSOUNDER ANTENNA DIAMETER IN METERS" ,Ant_diam
3 INPUT "ENTER THE POWER TRANSMITTED IN WATTS" ,Pouw_trans
6=.40 {ANTENNA EFFECTIVE APERATURE FACTOR

Eff=,25
]

T
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{SELECT THE PROFILE FOR THE TEMPERATURE STRUCTURE

PRINT “YOU HAVE A CHOICE OF TEMPERATURE STRUCTURE PROFILES®
PRINT “PROFILE TO BE USED."

PRINT "YOUR SELECTIONS ARE"

PRINT * 1 A TEMPERARURE STRUCTURE PROFILE BASED ON DATA AS *
- PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 388 WHICH *
3 PRINT * GIVES A HEIGHT YO THE -).1B PROFILE"
. : PRINT * *

PRINT * 2 THE TEMPERATURE STRUCTURE PROFILE ABOVE BUT"

PRINT * WITH A FACTOR OF TWO TO APPROXIMATE LOOKING"

PRINT ~ UP A THERMAL PLOOM"

PRINT " “

PRINT * 3 A TEMPERATURE STRUCTURE PROFILE BASED ON DATAR AS"

PRINT * PRESENTED IN WALTERS/KUNDEL 1981 PAGE 338 FOR"

PRINT * NIGHT CONDITIONS. THE OEPENDENCE WITH HEIGHT *

PRINT * 1S EXP(-.001+HEIGHT ABOVE 65 METERS AND HEIGHT"

PRINT " TO THE -1.46 BELOW BS5 METERS*®

PRINT * "

PRINT " 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"

PRINT * HEIGHT TO THE -4/3 "

!

PRINT " *

PRINT * "

Mess_up=1

WHILE Mess_up=1
INPUT "ENVER THE DESIRED PROFILE (1 OR 2 OR 3 OR 4)" ,Profile
IF Profile=4 THEN
INPUT “ENTER THE HEIGHT OF THE INVERSION IN METERS",Inver
. END IF
IF Profile=1 THEN
~ ’ Mess_up=0
o ELSE
L IF Profile=2 THEN
Mess_up=0
ELSE
IF Profile=3 THEN
Mess_up=@
.. ELSE
- IF Profile=4 THEN
Mess_up=0
ELSE
PRINT Profile,” WAS NOT ONE OF THE OPTIONS!ttt"
Mess_up=|
END IF
R END IF
[ - END IF
END IF
END WUHILE
OUTPUT KBD:"K":
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!

Again=1

WHILE Again=!

FOR J=1 TO I
Pow_back(J)=0
Pou_ret(J)=0
Range(J)=0
CneZ(J)=0

NEXT J

!

ICONVERT TEMPERATURE TO KELVIN

T=Temp+273

{

{CALCULATE SPEED OF SOUND BASED ON INPUT TEMPERATURE(CELCIUS)
Speed_sound=20.05+(7)".5

ICALCULATE THE SPEED OF SOUND AT @ DEGREES CELCIUS
C=20.05+273".5

!

I=1 IINDEX FOR INNER LOOP (POWER RETURNED TO NOISE)
Ind=1 [IINDEX FOR SECOND LOOP (NOISE)
Pouw_back(©)=0 IINITIALIZE VARIABLE FOR POWER BACKSCATERRED

Interval=(Speed_soundsPulses1.E-3)/2
Ant_area=PI+(Ant_diam/2)~2
]
{CALCULATE RETURNED SIGNAL POWER UNTIL IT IS LESS THAN BACKGROUND
FOR EACH FREQUENCY.
Range(@)=0
Noise=1,E-18
FOR Ind=1 TO §
CALL Attenuation(Atom_pres Atten,Freq,Temp, Uat_pres)
K=2+P]+fFreq/Speed_sound | WAVENUMBER
I=1
REPEAT
Range(1)=Range(1-1)+2
Sumpow_back=0
SELECT Profile
CASE 1
I THIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
IAS PRESENTED IN WALTERS/KUNDEL 198! PAGE 398.
IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
I TULAROSA BASIN, NEW MEXICO.
AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT
'AVERAGING TIME.
CteZ2=2.12#+Range(1)"(-1.16)
CASE 2
I THIS TEMPERATURE STRUCTURE PROFILE IS BASED UPON DATA
IAS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398.
IWAS FOR MIDDAY AND CLEAR WEATHER ABOVE THE
' TULAROSA BASIN, NEW MEXICO.
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AN ADDITONAL FACTOR OF 1.8 WAS INCLUDED AS PER DIFFERENT

JAVERAGING TIME AND AN ADDITIONAL FACTOR OF TWO WAS

IINCLUDED TO APPROXIMATE LOOKING UP A THERMAL PLOOM
Cte2=2+Z.12*Range(I)*(-1.16)

CASE 3

tTHIS TEMPERATURE STRUCTURE PROFILE BASED ON DATA AS*

{PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 FOR"

INIGHT CONDITIONS. THE DEPENDENCE WITH HEIGHT *

VIS EXP(-.@01+HEIGHT ABOVE 65 METERS AND HEIGHT"

ITO THE -1.46 BELOW 65 METERS"

¢ IF Range(I)<E5 THEN
: Cte2=75.5+Range(I)"(-1.46)
: ELSE
g Cte2=3.G6E-2+EXP(-.001+Range(1))
- END IF
! CASE 4
: ICALCULATE THE TEMPERATURE STRUCTURE FACTOR BASED ON ASSUMPTION
. ! THAT IT'S PROPORTIONAL TG HEIGHT TO THE -4/3 POWER
4 ! THAT THE SURFACE VERTICAL HEAT FLUX IS .035 C.m./sec
3 { THE DEPENDENCE WITH HEIGHT ABOVE THE INVERSION I PULLED FROM

MY LEFT EAR
IEQUATION FROM NEFF, 1975
SELECT Range(I)/Inver
CASE <.8
C3=((.024)+(T)*(.B67))
CteZ=C3+(Range(I))*(~1.33)
CASE .9 TO 1
Ctez=Cte2
Ci=Cte?
Ri=Range(I)
CASE 1 TO 1.3
CteZ2=10*((LGT(C3*Range({I))-LGT(C3sR1))+LET(C!))
RZ=Range(1)
C2=Ctez
CASE ELSE
CtezaC3+(Range(1)*(-1.33)-R2*(-1.33))+C2
END SELECT
END SELECT
ICALCULATE VELOCITY STRUCTURE FACTOR. FORMULA FROM GAYNOR 77
Epsilon=(.2866/Range(I))*(1+.07+*(Range(I})*(.6))*(1.5)
CveZ=24Epsilon~( .667)
{CALCULATE ACOUSTIC REFRACTIVE INDEX STRUCTURE FACTOR.
IFORMULA FROM TETARSKI
Cne2(I)=(Cte2/(2.98E+5))+(Cve2/(CsC))
ICALCULATE THE FRACTION OF POWER BACKSCATTERED FROM INTERVAL.
f{EQUATION FROM NEFF, 1975
Sigma=( .0039+(K"(1/3))+Cte2)/(T)"2
{

ICALCULATE THE EXCESS ATTENUATION. EQUATION FROM CLIFFORD, 1980@
ITHE EXCESS ATTENUATION IS Exc_att
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X IF 1<50 THEN
- Remainder=0
S ELSE
IF I<15@ THEN
Remainder=Range(1) MOOULO 1@
ELSE
Remainder=Range(I) MODULO 20
END IF
END IF .
IF Remainder=0 THEN
Rho=0
L=0
H=0
Rge=Range(1) ICONSTANT IN INTEGRAL
R=0
FOR J=0 TO Z+I
F=CneZ(INT(J/Z+1))
F=Fs(1-R/(Rge)~(1.687)+(R/(Rge))*(1.67))
IF J>@ THEN
IF J<Z=1 THEN
. IF INT(J/2)=J/2 THEN
;- L=L+F
F=0
. ELSE
T H=H+F
2 F=0
» END IF
- END IF :
END IF
Rho=Rho+F
R=R+1
NEXT J .
Rho=Rho+4#L +2+H
Rho=(({Rho#,33)#K#K»1.46)"(-.6))
N=(Ant_diam/Rho)"2
IF N<=1 THEN
Ze=1/C1+N)

.
o 80,000

= ELSE
-~ Ze=1.5/(14N)
= ISTEP OF 1.5e=>SEE CLIFFORD 1980
- END IF
Exc_att=ZerZe
ELSE
Exc_att=Exc_att
END IF
!
tCALCULATE THE POWER BACKSCATTERED
Pouw_back(I)=(Pow_trans+Eff-Sumpow_back)*EXP(-AttensRange(l))
- ' Pou_back(1)=Pow_back(I)*Interval*Exc_att*Sigma -
=" Sumpow_back =Sumpow_back +Pow_back(I)

voe
PR
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ICALCULATE THE POWER BACKSCATTERED TO THE ANTENNA
Pou_ret(I)=Pow_back(I)+#EXP(-Attent*Range(]))*Ant_area+G+Eff/Range(1)~2

PRINT "RANGE=" ,Range(I)

PRINT "POWER RETURNED=" ,Pou_ret(I)

! . PRINT "NOISE=",Noise

I=I+1

UNTIL Pow_ret(1-1)>0 AND Pow_ret(I-1)<{=Noise

Ran(Ind)=Range(I-2)

‘ Again=1
FOR J=0 TO

Pou_back(J)=0
Pow_ret(J)=0
Range(J)=0
Cne2(J)=

NEXT J

Noise=Noise+ (0

NEXT Ind
t
|

OUTPUT KBD;:"K"3
PRINT "INPUT CONDITIONS"

]

PRINT * *
PRINT USING
PRINT USING
PRINT USING
PRINT USING
PRINT USING
PRINT USING
PRINT USING

I

“K*;“TEMPERATURE= “ Temp,"CELCIUS"
“K“:"ATMOSPHERIC PRESSURE= “ Atom_pres,"mb"
“K*;"WATER VAPOR PRESSURE= " Wat_pres,"mb"

“K* 3 "FREQUENCY= “ Freg," Hz"
“K"3"PULSE LENGTH= * Pulse,"ms"
“K";“TRANSOUCER EFFICIENCY= " Eff

“K";“POMER TRANSMITTED= " Pow_trans,” WATTS"

PRINT “TEMPERATURE STRUCTURE PROFILE USED “,Profile

IF Profile=4 THEN

PRINT "INVERSION HEIGHT ", Inver

END IF

SELECT Profile

CASE 1
PRINT
PRINTY
PRINT

CASE 2
PRINT
PRINT
PRINT
PRINT
PRINT

CASE 3
PRINT
PRINT
PRINT
PRINT

IR SC IR S AT
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A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
AS PRESENTED IN WALTERS/KUNDEL 1981 PAGE 398 "
WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"

A TEMPERARURE STRUCTURE PROFILE BASED ON DATA"
AS PRESENTED IN WALTERS/KUNDEL 1898t PAGE 398 "
WHICH GIVES A HEIGHT TO THE -1.16 PROFILE"

BUT WITH A FACTOR OF TWO TO APPROXIMATE"
LOOKING UP A THERMAL PLOOM"

A TEMPERATURE STRUCTURE PROFILE BASED ON DATA"
AS PRESENTED IN WALTERS/KUNDEL 1881 PAGE 398"
FOR NIGHT CONDITIONS. THE DEPENDENCE WITH"
HETIGHT IS EXP(-.0@1+HEIGHT ABOVE 85 METERS"
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PRINT * AND HEIGHT TO THE -1.46 BELOW BS5 METERS"

CASE 4
PRINT * 4 A TEMPERATURE STRUCTURE PROFILE BASED ON A"
PRINT * HEIGHT TO THE -4/3 “
END SELECT
l »
!
PRINT * *

f
l L]
PRINT “HIT CONTINUE TO CONTINUE"
PAUSE
QUTPUT KBD;“K";
|
GRAPHICS ON
VIEWPORT 15,120,10,70
IPLOT RANGE VERSUS NOISE
]
Xmin=-18
Xmax=-13
Ymax=4
Ymin=2
Dx=1
Dy=1
Yrange=2
Xrange=5
WINDOW Xmin,Xmax,Ymin, Ymax
AXES Dx ,Dy,Xmin,Ymin,1,1
CLIP OFF
|
ILABEL PLOT
CSIZE 4,.6
LDIR @
LORG 4
MOVE Xmin+.5#Xrange,Ymin+i#Yrange
LABEL "RANGE vs NOISE"
ILABEL HORIZONTAL AXES
LDIR ©
LORG S
FOR J=Xmin TO Xmax STEP Dx
CSIZE 4,.6
MOVE J~-.0Q13#*Xrange,Ymin-.067¢Yrange
LABEL "10"
MOVE J+.013sXrange,Ymin-.033*Yrange
CSIZE 2
LABEL J
NEXT J
MOVE Xmin+.5«#Xrange,Ymin-.{Z+Yrange
LORG S
CSI1ZE 4.,.6
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> LABEL “NOISE (MATTS)"
: ILABEL VERTICAL AXES
LORG 8
FOR J=Ymin TO Ymax STEP Dy
CSIZE 4,.6
MOVE Xmin-.01#Xrange,J
LABEL 10
- CSIZE 2
MOVE Xmin-.0025#¢Xrange,J+.03*Yrange
LABEL J
NEXT J
LDIR PI/2
LORG 6
MOVE Xmin-.1#Xrange,Ymin+,S5*Yrange
CSIZE 4,.56
LABEL “"RANGE (METERS)"
CLIP ON
Ind=1
Noise=1.E-18
FOR Ind=1 TO0 5
PLOT LG6T(Noise) ,L6T(Ran(Ind))
Noise=Noise+*1Q
- NEXT Ind
i
PRINT "HIT CONTINUE TO CONTINUE"
PAUSE
GCLEAR
OUTPUT KBD;"K";
!
I
LINPUT "WOULD YOU LIKE TO MAKE ANOTHER RUN (ENTER Y OR N)?7" ., X$
Again=FNYes(X%$)
Mess_up=1
WHILE Mess_up=]
SELECT Again
2 CASE 1
" LINPUT "WOULD YOU LIKE TO CHANGE A VARIABLE (ENTER Y OR N)?" X$
- New_vas=FNYes(X$)
Ano_change=1
WHILE Ano_change=1
SELECT New_va

[ i S T )

CASE 1
PRINT * VARIABLE CURRENT VALUE"
PRINT USING "K"3;"1 TEMPERATURE ", Temp, “CELSIUS"

s PRINT USING “K"3:;"2Z ATOMOSPHERIC PRESSURE ", Atom_pres,"mb"
. PRINT USING "K":"3 WATER VAPOR PRESSURE " ,Wat_pres,"mb"

PRINT * *
PRINT USING "K":"4 ANTENNA DIAMETER ",Ant_diam " m."
PRINT USING “"K":"5 PULSE LENGTH *,Pulse,” ms”

? PRINT USING "K":"6& POWER TRANSMITTED " ,Pouw_trans,"” WATTS"
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PRINT USING "K“;"7 ATMOSPHERIC PROFILE “ ,Profile
PRINT " "

PRINT "ENTER THE NUMBER OF THE VARIABLE YOU WISH TO"
PRINT "CHANGE"

» INPUT Var .
] SELECT Var
~ CASE 1
» INPUT "TEMPERATURE=" Temp
8 CASE 2
INPUT "ATMOSPHERIC PRESSURE IN mb=", Atom_pres
% CASE 3
] INPUT "UWATER VAPOR PRESSURE IN mb=",Wat_pres
; CASE 4
- INPUT “ANTENNA DIAMETER IN m.=" Ant_diam
- CASE 5
INPUT "PULSE LENGTH IN ms=" Pulse
. CASE 6
» INPUT "POUWER TRANSMITTED IN WATTS=" ,Pouw_trans
. CASE 7.
- PRINT * 1 == Ct*Z PROFILE OF Z°(-1.18B)"
. PRINT " FROM WALTERS/KUNDEL 1981"
- PRINT " 2 ==> SAME AS ONE BUT WITH FACTOR"
. PRINT * OF TWO TO APPROXIMATE LOOKING"
- PRINT " UP A THERMAL PLOOM"
- PRINT " 3 ==) Ct"Z PROFILE OF EXP(-.001+2)"
' PRINT * FROM WALTERS/KUNDEL 188t."
N PRINT " 4 ==> CT*2 PROFILE OF Z~(-4/3)" <
INPUT “ENTER NUMBER OF DESIRED PROFILE",Profile
IF Profile=4 THEN
N INPUT "HEIGHT OF INVERSION IN METERS=", Inver
END IF ¢
- CASE ELSE
- PRINT Var ,"IS NOT ONE OF THE OPTIONS"
% END SELECT
LINPUT “MADE ANOTHER CHANGE(ENTER Y OR N)?".X$
Neuw_va=FNYes(X$)
. Mess_up=?
- CASE 2
. Mess_up=2
Ano_change=2
CASE ELSE
PRINT "YOUR CHOICES WHERE Y OR N !t ("
Ano_change=1
R LINPUT “CHANGE A VARIABLE (ENTER Y OR N)?",X$
. Neuw_va=FNYes(X$)
N END SELECT
' END WHILE
- CASE 2
. Mess_up=2
y CASE ELSE
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PRINT "YOUR CHOICES WHERE Y OR N tt11ii1*”
Mess_up=1

LINPUT "MAKE ANOTHER RUN (ENTER Y OR N)7" X$
Again=FNYes( X$)

ENO SELECT

END WHILE
END WHILE

PRINT “THAT'S ALL, FOLKS"

end
!
1

1CALCULTE THE ATTENUATION

sub ﬁttenuation(Hton_pres,ﬁtten,Freq,Temp,Uat_prcs)
I THIS SUBPROGRAM CALCULATES THE ATTENUATION OF SOUND
1IN AIR BASED UPON EQUATIONS IN NEFF 197S

1

! INPUT

1

1

|

1

]

|

{VARIABLES
Atom_pres
Atten

Att_max

F
Fmax

Freq
H
Pstar

1
|
1
\
(
|
f
1
i
i
1
\
!
!
{ Temp

! Tstar

t

! \Jat_pres
!

ATMOSPHERIC PRESSURE IN MILLIBARS
FREQUENCY OF SOUND WAVE IN HERTZ
TEMPERATURE IN DEGREES CELCIUS
WATER-VAPOR PRESSURE IN MILLIBARS

OUTPUT ATTENUARTION IN 1/METERS

INPUT OF ATMOSPHERIC PRESSURE IN mb.

ATTENUATION OF ACOUSTIC WAVE. CALCULATED IN
SUBPROGRAM ATTENUATION.

VARIABLE IN SUBPROGRAM ATTENUATION. IT IS THE
ATTENUATION AT THE FREQUENCY OF THE MAXIMUM
ATTENUATION FOR THE INPUT CONDITIONS.

VARIABLE USED IN SUBPROGRAM ATTENUATION. IS THE
RATIO OF FREQUENCY TO FREQUENCY AT MAXIMUM ATTENUATION.

FREQUENCY OF MAXIMUM ATTENUATION. USED IN SUBPROGRAM
ATTENUATION.

INPUT FREQUENCY OF ECHOSOUNDER.

VARIABLE USED IN INTECRATION FOR EXCESS ATTENUATION.

VARIABLE USED IN SUBPROGRAM ATTENUATION FOR INTERMEDIATE
CALCULATION.

INPUT TEMPERATURE IN DEGREES CELSIUS.

INTERMEDIATE VALUE USED IN CALCULATION OF ATTENUATION
IN SUBPROGRAM ATTENUATION.

ATMOSPHERIC WATER PRESSURE IN MILLIBARS. INPUT BY
OPERATOR.

H=100+Uat_pres/Atom_pres

Tstar={1.8+Temp+492)/519

Pstar=Atom_pres/ 1014

Fmax=( 10+5600+H+44400+H*H)*Pstar/Tstar".8
Att_max=.0078+Fmaxe Tstar*(~-2.5)2EXP(7.77¢(1-1/Tstar))

F=Freq/Fmax

Rtten-(ﬂtt_nax/304.8)'((.|80F)‘Z*(2'F0F/(I+F0F))‘2)‘.5

-----------
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Attean=(Atten+!1.74E-10+*Freq*Freq)/4.35
SUBEND

1

def FNYes(X$)

ITHIS FUNCTION INTERPRETS THE OPERATORS RESPONSES TO YES NO QUESTIONS
!

! INPUT s

I

! OUTPUT FNYes

{ VARIABLES '
! Temp$ VARIABLE STRING USED IN FUNCTION YES.

1 X8 STRING PASSED TO FUNCTION YES TO DETERMINE OPERATOR

! RESPONSE TO YES OR NO QUESTION.
DIM Temp${1]
Temp${1,1]=TRIMS(XS)
SELECT Temp$
CASE "Y","y"

RETURN 1
CASE "N","n"

RETURN 2
CASE " *

RETURN t
CASE ELSE

RETURN -2
END SELECT

FNEND
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