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ABSTRACT

The total average acoustice pPower radiation from one
side of a baffled rectangular flat plate,vibrating in its natural
modes under certain mixed boundary conditions,has been
investigéted. The mixed boundary conditioné which have been
investigated are :(1l)two opposing ends free and the other two
ends éimply supported ; (2) éne end simply supported while the
otheri three ends clamped. The radiation efficiencies of these
plates have also been found for verifying the method of the
present investigation by comparing the efficiencies with thosge
available in the literature. Numerjical results on the acoustic
power radiation by the plate have been obtained for various mode
orders, aspect ratios, and-thickness ratios.

Expressions for the acoustic power radiation by plates
‘under specific edge- restrains have been derived in terms of
the farfield acoustic pressure distribution . The characteristic
beam functions developed by Warburton have been used in these
derivations for répresenting ﬁhe vibration modes of the
rectangular flat plates.

At low mode orders, the power radiation from the plates
undér investigation are observed to increase with the increase of
moae orders . But at higher mode orders , the acoustic poﬁer
radiation is observed to fluctuaté, maintaining nearly the same
average magnitude. With further increase of mode érders, the;

¥
waviness is. observed to reduce gradually .

- iii -



The effects of aspect ratio ana thickness
rgtio on the average acoustic power radiation have also been
studied. It has been found that the variation of power radiation
with the change of these plate parameters is similar for both the
boundary conditions. The Qariation of acoustic power radiation
for two different materials have also been studied.

It is observed that at low mode ordérs, power radiation
from a steel plate is 'higher than that from a plastic plate. But
at high mode orders,a plastic plate radiaies more power.

The power radiations from plates of different.boundary
conditions are also compared with that obtained by Ahmed(53) ‘and
Mandal(54) over - identical randge of mode orders. Power radiations
are observed to vary with boundary conditions but the difference
from one another is not signifidantly high and the naturé of

variation for individual plate is more or less similar.
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Ry Thickness ratic of the plate, h/a
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CHAPTER -1

INTRODUCTION

1.1.GENERAL:
With the growth of mechanization in modern life,the problem
of noise is also growing steadily. The mechanical and electrical

equipment which are an integral part of modern living are also

‘the sources of many acoustical problems.Nearly every Ppiece of

mechanical equipment in a buildiﬁg'is a source of sound and
vibration.The size and complexity of machines , increasing road
traffic,etc.,are contributing to the ever increasing level of
noise, The quality of life is being degraded by these noise
sources .Thg problem is already recognized as one of primary
imporfance and demands immediate a;tention.

Engineers and scientists are incfeasingly
concentrating on the acoustic design of thegter'and concert
hglls, quieter mechanical equipﬁen; , reduction of aircraft noise
and on such specialized fields as under water-sound and medical
application of ultrasonic.One of the most important and extensive
application of acoustics and noise control relates'to mechanical‘
éystems of building.Here attention is foéused on ensuring such
things as adequate speech privacy ,provision for acceptable
sleeping habits and little or no annoyance from equipment
noise.The cost of insﬁlating against noise must also be
considered. Thereforé ,the control of noise is important for

providing acceptable acoustic environment as well as for economic

¢

reasons.



e

1.2 MECHANISM OF PRODUCTION AND PROPAGATION OF SOUND: v

0
An understanding of the theory of acoustics is very
important and necessary to identify the sources of sound and{ﬁp

realize the mechanism by which it is produced. Noise is caused by
the vibratijon of solid, liquid or gaseous medium.When this

vibration is within the range of audible frequency of the human

beings, a human ear can perceive the noise ; otherwise ,they go
unnoticed . When a solid body vibrates at a frequency within the
audible frequency range , a part of the energyAdissipated is

transmitted to the surrounding environment as perceivable
sound.Energy is transferred from one vibrating particle to the
next and the acoustic energy travels through the surroundyﬁg

~

medium as longitudinal waves. In this study , our interest is to

find the amount of acoustic energy dissipated as noise due to the
natural vibration of rectangular plates with certain mixed

boundary conditions.

1.3 MOTIVATION TO SELECT THE PROBLEM: ) (*

|
Sound produced due to mechanical vibration of solid

structures is transferred to the surrounding medium in the form

of acoustic energy.

The noise generated by a.machine has considerablel
influence on its salability.Machines which vibrate excessively
and generate an unwarranted amount of.noise are no longer
éccepted by either the industrial concern or the honme
owner.Everyday ,many problems are encountered with unwdﬁted

L

sound.Many of these noise sources are in the form of flat pfatﬁ%.

- 2 - f f.!'r



The familiar flat plate noise sources are windows, walls,floors
and roofs of buildings, many enclosed surfaces and integrated-

parts of machine,the walls of air-conditioning ducts,the air

F
plane wings, etc. Numerous attempts were made in the past poc
es

evaluate the noise characteristics of different vibrating sources

o
by direct measurement. Continued efforts in this dinection.ﬁgs

. -
led to the development of very sophisticated sound measuri@g_

devices., Engineers always endeavor té elimingte acoustical noisé
lfromlthe mechanical systems and buildings. In order to determine
the noise dissipation from the rectangular flat plates under
various mixed boundary conditions,vibrating in one of their
natural modes, knowledge of acoustics of these plates is very

essential.

1,4 OBJECTIVES OF THE STUDY:

In this analysis, attempt is made to study the noise
generating characteristics of a rectangular flat plate in an
infinite baffle. The plate is subjected to two mixed boundaﬁy

: ' £
conditions.These are : (a) two opposing ends free and other\qu

i
ends simply supported ,(b) one end simply supported and otﬁér

three ends fixed.The objectives of the study can be outlined as

follows.

(1) The development of appropriate displacement functions that
satisfy the boundary conditions of the rectangular flat

plates vibrating in flexure.

(2) Derivation of expressions for the natural frequenciefﬁﬁf

vibrating plates for different mode shapes.

- 3 - ) . !
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(3) Evaluation of the frequency of vibration for a particular
case and study its variation with the mode shape.

(4) Derivation of an expression for the power radiation due to
natural vibration of the plate under consideration. ’

§
(5} Evaluation of the magnitude of the average powver radiate?f

nif
n

e
i

from one side of the baffledlplates by the method 0%;
numerical integration‘of the expressian for the powe%!
radiation.,

(6) To study the variation in the radiated power from the plate
with various'mode_qfders,éspect ratios ,and thickness ratios
under different boundary conditions.

(7) Determination of the radiation efficiencies of the pla£es
under ‘different boundary conditions and plotting the same
againgt the wave number ratio for comparing the results-of
the current investigations with those of the previous
works(51,53,54)in grder to verify the reliability of the
present-aqalysis and to ascertain the absence of any error

in the numerical procedure employed. %
1.5.DEFINITION OF TERMS:

Some of the terms used in this thesis are defined in

order to remove ambiguity in their use and to attach precise

meaning to them.

{a)Acoustic Pressure:

Sound is a disturbance that propagates through an

elastic medium at a speed characteristics of that medium. Séﬁnd

travels as a wave of alternate compression and rarefaction with

5

- 4 - o

T

f‘.-__ : l. ; 1



an associated pressure variation. The pressure variation during’
sound traveling is of great importance in mqst.practical
problems. The acoustic at any point is the difference between the

actual pressure at that point in the presence of the sound and3

o

the pressure that would exist at that point, under identicaﬁ

conditions, in the absence of sound. This is often called excess

pressure or instantaneous sound pressure.It varies sinusoidally

with time.

{b)Effective Sound Pressure:

Sound consists of a rapid irregular series of positive
pressure disturbances(compression) and negative pressure
disturbances(rarefaction) measured from the equilibrium préssufe
value, Therefore ,the mean value of sound pressure disturbance is
zero,because there are as many posit{ve compressions as negative
rarefactions. An attempt at using the mean value conveys no
useful information. Thus , when dealing with pressure , it is
convenient to use the root mean square , or r.m.s. ,value.This is

defined as the square root of the average of the squares of the
instantaneous sound pressure. In mathematical notation,
Prms = P, /Jﬁ,where P, is the peak value of sound

wave.The rms value of sound pressure is often called effective

sound pressure.

{ec)Acoustic Intensity:

Acoustic power is transferred to the surrounding medium

£y

. i . . { .
in the form of sound due to the vibration of a body. The most
oL

basic guantity in understanding the sound power is acoustic

- 5 -



inténsity. For defining it, a point at Some distance from a
source of sound and a.small area perpendicular to the line.
Joining the point to the source has to be considered. Some oflthe
bower generated by the source will be transmitted through the
area.The exact amount of power transmitted depends not only on
the séund power of the source but also on its directional
properties, the distance of the area from the source and the
presence of sound absorbing or sound reflecting materials.If the
power passing,through‘an area A is W, then the acoustic intensity
1 is given by

I=W/A.

e
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CHAPTER - 2

LITERATURE REVIEW

2.1. Introduction :

Work on the study of the vibration characteristics of
rectangular plates began in the last part of 19th century when it
was realized that a large numbér of structural systems in civil,
mechanical and aerospace engineering are composed of these plate
components.The dynamical behabiour of £hese structures was first
studied by Rayleigh.He developed the fundamental equations
governing .the vibration of plates. Since the middle of the 20th
centﬁry, noise has been recognized as a scurce of environmental
pollution which ultimately affects human comfort.From that time,
research in this field ;tﬁrécted the attention of investigators.

The study of acoustic radiation characteristics of flat plates

has not yet ascended to a level of satisfaction.

2,2. VIBRATION OF PLATES:

The vibration of plates was studied by many
investigators in the past: Most of the,inifiators confined their
study teo the deLermination éf the frequency of vibrating plates.'

In 1954 ,Warburton (1} derived approximate -expreésions
for the frequenciés of all the modes of vibration of isotropic
plates subjected to any combination of free, simply supported or
clamped edges.He applied the Rayleigh method, assuming that the

déflections of the plates could be represented by suitable

Ers

¢
!
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characteristic functions satisfying the boundary conditions{(2).1In

his analysis , Warburton first developed a set of beam functions
_satisfying the edge conditions of beams and used those functions
to the vibration of plates.He expressed the frequency in terms of
a dimensionless frequency factor which in its turn is a functlon
of the mode shapes of the vibrating plates.:

In 1959,Hearm0n(3) applied the Rayleigh.method to
derive closed formulas for the frequency of vibration of
orthotropic plates undep any combination of clamped or supporfed
edges. He used the characteristic beam functions y developed by
Warburton(l1) , appropriate to the boundary éonditions.In 1962,
Claassen and Thorne(4) studied éhe vibration of.thin rectangular
isotropic plaées and presented four graphs giving the first ten
vibration frequencies of a clamped rectangular plate asg a
function of the ratio of'sides, and one graph of nodal lines to
~illustrate the transition from oné.mode of vibration to another.

Approximate values of the natural frequency of an
isotropic rectangular plate with thickness varying 1in ocone
direction were feported bylApple and Byers(5). They calculated
-the upper and lower bounds for the fundamental natural frequency
of the simply supported rlates. Ueng(6) derived the natural
frequencies of vibration of an all-clamped rectangular sandwich
panei in 1966. Dickinson(7) extended the 51ne serles solutlon,

_prev1ously used for the study of the flexural vibration of

rectangular isotropic plates y to freely vibrating orthotropic\

plates. He presented the application of the method to threélv-;"'g:,

-8 -



particular plates with different support conditions and .also the

numerical results of two of these examples. Vibration 6f rib-
gtiffened elliptical and circular plates were‘ analyzed by
Desiderati and Laura(8) in 1970. They dealt with the
determination of the fundamental frequéncy‘of vibrqtion of
simply-supported and clamped rib-stiffened plates of elliptical
boundary. They presented calculations of the f;ndamental
frequency of vibration of circular and elliptical plates with
stiffeners in one direction , for both the.plamped and simply
supported cases. | |
Hoppmann(9)in a comprehensive experimental study
measured the resonant frequencies and mode shapes of both
circular and elliptical plates Qith.and without stiffeners for
the clamped case and calculated the fundamental frequency for the
stiffened circular plate using the forthotrdpic_plate"
approximatioﬁ and the Rayleigh-Ritz(10) method.Leissa(11) studied

the vibration -of an unstiffened simply supported elliptical rlate

using the Rayleigh-Ritz method with a three-term deflection

function and McNitt{12)obtained results for an unstiffened

clamped élliptical plate using Galerkin'’s method and a two-term
deflection functiop. An analytical_study of the natural
frequencies and mode shapes of anisotropic thin plates was
presented by Mohan and Kingsbury(13)in 1971. They conéidered

certain mixed and unmixed boundary conditions.

Toshiyuki Sakata(l14) derived an approximate

formula for the estimation of the fundamental frequency of théﬁ

i
.
]
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simply supported orthotropic rectangular plate with thickngss
varying linearly in one direction. The accuracy of the formula
and the influence of the flexural rigidity on the natural
frequency was also discussed. Gorman{(15) conducted free vibration
analysis of plates with all combinations of clamped-simply
supported edges,except those plates with two opposite edges
simply supported. In 1979, Leissa ,Laura and Gutierrez(iﬁ)
presented a general method for dealing wifh supports having
trahslational and rotational flexibilities which vary in an
arbitrary manner around the boundarf. Ivengar and Raman{17)
investigated the free vibration of circﬁlar plates of arbitrary
 thiCkne$s usiﬁg the method qf initial fuﬁctions. Numerical
results were obtained for flexural vibrgtion of circular plates .
These authors (18) also studied the axisymmetric free vibration
of thick annular plates by the same method of initial functions
and determined nhmerically the natural frequencies for two
typical support conditions.
| Chuh Mei,N;rayanaswaﬁi and Rao(19) developed
a finite element formulation for analyzing large amplitude free
flexural vibration of elastic plates of arbitrary shape.
Nonlinear frequenciqs for ﬁquare, rectangular, circular,rhombic
and isosceles triangular plétes , with edges simply supported or
'élamped, were obtained. A triangular plate element was developed
to investigate large amplitude free flexural vibrations of thin
elastic plﬁtes of arbitrary shape. Mizusawa, Kajita and

Naruoka{20) presented a general procedure for calculating the%

- 10 -



fréé vibration of stiffened skew plates by Rayleigh-Ritz method
with B-spline functions as coordinate functions.

In 1980, Ali and Atwal(21) studied thé simply
supported square plates with square and rectangular cutouts. They
followed the Rayleigh’s principle and predicted ;he natural
fregquencies and mode shapes with the help of finite_element
technique.A finite strip.analysis of the vibration of rectangular
Mindlin plages with general boundary conditions was described by
Roufaeil and Dawg(22) in 1980. They used the normal modes of
vibration of Timoshenko beams to representrthe spatial vapiation
along a strip of the'deflection and two cross-sectional
relations. The accuracy-of the approach was demonstrated by the
results of a number of applications to sgquare plates with
combinations of simply supported, clamped'and free edges.

In 1981, Toshihirollrie, Yamada and Yoda(23)
derived the frequency eéuations- of membranes and plates under
free vibration by the Ritz method . The natural frequencies and
mode shapes were calculated numerically upto modes for the
membranes aﬁd plates symmetrical with respect to the center
lines. Lin and ghiang(24) analyzed the steady state vibration of
plates by Laser speckle method and determined the frequencies ,
Gelos and co-authors(25) , in 1981, conducted the analysis_of

vibration of circular pPlates with variable profile. They took
rinto account some complicating factors like concentrated masses ,

in-plane forces, anisotropic characteristics of the rlate

material, etc. Basci, Toridis and Khozeimeh(26) developed an

- 11 +



improved method to study the free vibration of thin rectangular
prlates. The natural frequencies of stiffened clamped plates were
obtained for plates with different sector aﬁgles by Srinivasan
and Thiruvenkatachari'i27) with the help of integral equation
technique. Ovunc (28) obtained a general soclution for the
Helmholtz differential equations in the complex domain and
applied to‘the non-linear , frée. bending vibration of plates.
The effect of stretching on the natural circﬁlar frequencies was
illustrated. The non-linear, free vibration of circular platés
‘was investigated by the dynamic deflection function.

In 1985, Mirza and Bizlani(29)_solved the
rroblem of the natural frequenqies and mode shapes of
cantilevered triangular plates with variable thickness using the
finite element technique., K. Ohtomi(30)studied analytically the
free vibrgtion of a simply supported rectangular plate, stiffened
with viscoelastic beam. The effects of the volume and number of
stiffening beam on the plate were clarified. M. B. Rubin(31)
studied the free vibration of a rectangular rarallelopiped
composed of a homogeneous linear elastic isotropic material using
" the theory of a Cosserat point. In 1986, Ganesan and Rao{(32)
derived the mass and stiffness matrices of an annular element
consisting of base plate and unconstrained.damping layer assuming
a modal solution to the equation of motion of the plate., The
complex eigen equations were solved for frequencies by an
extension of the simultaneous iteration technigue., Free vibration

characteristics of a damped stiffened panel with applied

- 12 -



viséoelastic damping on the flanges of the stiffeners were
studied using finite element method: by Gﬁpta and co-workers{(33).
In 1987 , Craig and Dawe(34) considered the free
vibration of prismatic plate struétures of laminated composite
material and having diaphragm end supports using the finite strip

method. Natural frequencies were calculated by these authors.

_Srinivason and Babu(35) investigated the free vibration of

laminated quadrilateral plates with clamped edges. phe behgviqur
of trapezoidal plates with different number of layers were
studied. Chen and Juans(36) obtained thé fundamental natural
frequencies of axisymmetric circular and annular plates subjected
to a combination of a pure bending stress and extensional streés
in'the'plane of the plate. Y. C. Zhang ana Xianyuong He(37)used
a technique for using disérete leagst-squares methods to

calculate the natural frequency of thin plates. The éingle or

double fifth B-spline functions were used as trial functions and

2nd order eigen equation was established. The results for’

calculating simply supported or clamped.isotropic plates and
particularly orthotropic laminated plates were in good agreement

with the analytical solutions.

2.3. Acoustic Radiation from plates:

Although vibration analysis of solid structures 1like
rgctangular plates is gquite numerocous , the study of acoustic
radiation due to vibration of flat plates is rather lacking.

In 1954, Skﬁdrzyk(38,39) obtained the
solution to the radiation of power from an elastic ﬁlate for a

- 13 -
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time harmonic point force. He used the classical plate theory .
The solutions for the acoustic radiated pressure from a point-

excited plate using the classical theory was given by Feit(40)

and Skudrzyk{39). The radiatibn impedance of membranes and plates
of finite width , carrying a traveling wave, was calculated by
- Lowenthal and Tournois(41). The method used led to & relating

simple analytic expression. The problem of acoustic coupling of
these strips with the fluid propagating medium was then examined.
An expression was aerived for the acoustic power
radiated by an infinite uniform isotropic plate excited By a
time-harmonic moment acting at a point on the plate by Thompson
and Rattayya(42)in 1964. The effect of ‘radiation loading was
included. Results were obtained that were valid below the
coincidénce frequency. Tsakonas, Chen and Jacobs{43) determined
the acoustic radiation of an infinite plate excited by the field
of a ship propeller both by theoretical and numerical methods. In
1967, Maidanik(44) cémputed the far-field acoustic pressure
generated ‘by an infinite plate driven by a point anq a line
force. The plate considered here was backed by a fluid medium
that was terminated by a parallel infinite baffle. He also
appiied the same methodélogy to a coated infinite plate. Magrab
and Reader (45)obtained an expression for the far-field pressure
radiated by a thin elastic plate bounded on one side by a fluid
medium when the plate was excited by a time-varying point load.
In order to discuss the sound radiatioﬁ' from a

direct-radiator loudspeaker in the high frequency region, an

- 14 -
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elastically supported circular plate in an infinite baffle was
used by Suzuki and Tichf(46). The normal modes of this plate was
consiétently treated from the free boundary to the simply
supported boundary, which were the limiting cases of the
elastically suppérted boundary , by defining a dimensionléss
parameter representing the ratio of the edge stiffness to the
bending stiffness of the plate.To improve the high frequency
prediction of elastic plates,'Feit(47) employed the Timoshenko-
Miudlin theory for such a prediction. This theory adds shear
deformation and.rotary inertia to the-classicél flexural theory.
There are two dispersion curves for this plate; The flexural
branch(acoustié) has phésé and group velocities apprdaching the
Rayleigh velocity of the plate matérial as the frequency
increases.

Sound radiation from beam reinforced'plate ’
excited by point or line forces, has been infestigated by a few
authors, Feit and Saurenman(48) analyzed the acoustic radiation
of a point excited plate reinforced with a beam, but confined
their interests to high frequencies. Gorman(49).obtained the
solution for a plate reinforced by many beéms and excited by a
line force parallel to tﬁe beam.His solﬁtion thus makes the
beams’' reaction on the plate purely as rotary and transverse
impedances without flexural wave traveling'in the beams.

Wallace{50) found the radiation resistance from the
far-field pressure distribution prqduced'by a baffled Beam,

vibrating with simple harmonic motion in one of its natural

- 15 -



modes. He considered beams hinged at each end and clamped at each
end. The author derived expressions for thé radiation resistance
which are asymptotic to the exact solution as the frequency
approaches zero, In addition , numerical integration of . the
farfield acoustic intensity was used to obtain graphs co@ering
the entire frequency range for the first ten modes of the beam.
In another paper (51}Wallace determined the radiation reéistance
corresponding to the natufal modes of a finite rectangulér panel
supported in an infinite baffle. He used'the appropriate beam
functions given by Warburton{1l) . But his analysis was confined
to simply supported plates oﬂly .

In 1987, Wallace(52) determined theoretically
the acoustic damping for single modes of a finite rectangular
panel ,simply supported in an iﬁfinite baffle from the ratio of
the acoustic energy radiated per cycle to the vibratory energy of
the panel. Ahmed(53)and Mandal{54)studied the acoustic power
radiatiog from one side of a baffled reétangular isotropic plate
for different thickness ratio, aspect ratio and mode orders.
Ahmed(53) found the radiation efficiency of the piate with all
edges simply supported.Mandal(54)also found the radiation
efficiency of rectangular plates for two opposing ends fixed and
éther two ends free. The .problem of acoustic rédiation from
baffled finite elastic plates driven by multiﬁle random point
forces was analyzed by Peng and Keltie(55}. Expressions for the
surface acoustic intensity and radiated sound power were derived

:

neglecting the fluid loading. By assuming the plates ﬁo be

- 16 -
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lighﬁly damped and neglecting the modal coupling effecté,

approximate solutions for the acoustic intensity and sound pow

m__ O__ . o

L
were obtained. An experimental study was also carried out l
measure the surfacé acoustic intensity patterns and to compai
them with the analytic;l results.

As appears from the foregoing survey,
the majority of the research works in the’ field of noise of
vibration are for the natural frequency of rectangular platesL‘
Not much work has been aone to analyze the acoustic radiation
characteristics of rectangular flat plates vibrating in its
natural modes. Works on natural frequency and acoustic radlatlon

of rectangular plates are continuing and have to go a long w%y

before full comprehension is achieved.
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characteristics of the source.Qur Kkeen

" simply-supported, clamped or Treely

CHAPTER 3

FORHULATION OF THE PROBLEM

3.1. Introduction

Sound is usually produced by some vibrating object which

is in contact with a fluid. In this analysis ,. the vibrating

object is a rectangular plate of uniform thickness. It is assumed

that the plate is confined in an infinite baffle. The baffle
prevents the ﬁoyement of air around the edges of the plate and

permits radiation into the spaces in front of either of the

surfaces of the plate. Since air is an elastic medium sthe

disturbed portion transmits its motion to the surrounding air so

that the disturbance is propagated in all directions from the

source.Energy is transferred from the plate to the fluid due to

vibration of the plate.

The properties of sound wave depend on speed’

characteristics' of the medium which in turn depend on the

interest here is to
determine the generated sound energy and radiation efficiency,

Fluid medium outside the source is assumed to be ipitially

uniform and at rest. The physical quantity that is Benerally of

interest is sound pressure. We assume that the acoustic pressure

generated outside the source is small enough so that the first

order equations of sound are valid in the region ocutside the

Source. The plate considered here may have any combination of

i

suspended condition at ‘the

- 18 -
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edges. The present analysis is centered to certain mixed boundary

conditions. They are (1) two opposing ends simply-supported and

‘the other two opposing ends freely suspended, (2) one end simply

supported and the other three ends clamped. The plate, along with
the coordinate system used in the analysis is shown'in fig.~1.
Each of the boundary conditions is considered in separate

sections later. But only a general mathematical model is

presented in this chapter,

3.2. ASSUMPTIONS :

The maéhematical analysis of vibrating plates is
extremely complex. Due to this, it is neceséary to make certain
gssumptions which will simplify the problem. These are
(1) The thickness of the plate is small compared with other

dimensions and the thickness is uniform.
(2) The plate is free from applied load.

(3) No strain is suffered by the middle plane of the plate. this

plane remains neutral during bending.

{4d) cross-sectional plane - before strain remains plane after ;
strain. }
(5} - The plate is isotropic y elastic and homogéneous.

(6) Deflections are small in comparison with the thickness of

the plate.

(7) The normal stresses in the direction transverse to the piate

can be neglected. These stresses must be zero at the free
Yoo
surfaces and, provided that the plate is thin, it ESE

i
:ll
reasonable to assume thal it is zero at any section, 3

I
1
L

- 19 -
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must satisfy th

satisfy the plate equation of dynamical equilibrium.

excitation ,

of its natural modes.

(8) The influence of shear and rotating inertia is neglected.
{(9) Only transverse displacement is considered.

3.3,MATHEMATICAL MODELING: :

The vibrating form of a rectangular plate of dimension 2a Z2b

e boundary conditions at the edges and also

Due to
the plate vibrates in simple harmonic moetion in one
The transverse displacement at a point

(x,y} on the surface of the plate at any time t corresponding to

the (m,n)th mode of vibration is given by (53)

woo =Wgn ©(x) 8(y) QI e (30
where, |
Wmn=amplitude of transverse displacement. .
W=natural angular frequency of vibration of the
plate'éofresponding to the {(m,n)th mode.
t= time
8(x),8(y}) = displacement functions déscribing the wave form

e

egges.

The motion of the plate surface which generates the

_acoustic radiation is given by the normal velocity distribution,

U = =m—-——= lll["l"‘—" =ibjmnwmne(x)e{ ) 1wt -.-.---.o--..‘|-.-(3-2)

.

faa

Due to the vibration of the plate ,a disturbance is created 1n

the fluid surrounding the plate. This dlsturbance propagates

- 20 -
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through out the fluid if the fluid is compressible. It is desired
to study the characteristics of this propagation . Some relevant

necessary notations are needed to be included here for the

aforementioned purpose.
The notations are -

X3V 2 coordinates of a particle of the medium.

U, VW component velocities of a particle in the medium,
P’ instantaneous density of the medium.
c velocity of propagation qf the disturbance,
s’ the condensation of the medium at any point due to the

passage of sound wave and is defined as the ratio of the change

in density to the original density,

l1.€e. 5 =2 —wmem-
f
p’ instantaneous sound pressure of the medium at any point,
Q undisturbed density of the surrounding medium,
@ the velocity potential.
¢ - the velocity of propagation of the disturbance, independent

o

of x,y,2 aﬁd t.Al11 the other guantities are functions of x,y{z
and t. Now, we have to define the velocity potential which is the

most important single gqguantity in the study of the irrotational

motion of fluids.

Velocity potential(@) is defined as a scalar

function of space and time i.e.,<P=f(x,y,z,t), such that its

PN
negative derivative with respect to any direction is the fluid
N

velocity in that direction, i. e.,

- 21 -
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where u ,v, w are the velocity components albng X, ¥,2
directions ,respectively. The negative sign in the above
equations for @ has no physical significance. Jt 1is a
conventional adoption here which means the fluid moves in the

direction in which the velocity potential decreases and agrees

~with the convention adopted for the direction of other guantities

for the potential function in mathematical physics.

Consideriﬁg a small volume element of the fluid,

the difference between the efflux and influx of the medidﬁ.in

this element is equal , by the pfinciple of continuity, to the

" time rate of growth of mass in the element.

For developing the mathematical expression
of this principle , the mass flow through the faces of a small
paralellopiped with edges parallel to a x,¥v,2 co-ordinate system
have to be considered. Let the center of the body be at {x,y,z)
and the eenter is fixed in space{Fig.3.1).

Now, the mass flow fate through the pafalellopiped

in the x—direction'=PJu Dy »z

The in-flow rate of mass through the left "x- face of the
paralellopiped = Ph--gj{Ph5%?'5y Dz,

Similarly, the.out—flow rate through the right x-~face =

O'u+ g,._m,b; >y Dz,

Therefore s the net mass inflow ;ate to the paralellopiped

- 22 -
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’
- through the two x-faces= [Ju - 5;(fu

D (n bybz - Pu +§{Pu) £ Dy Bz-

= —%—;(PJU) 2x Qv dz.
Similarly, the net mass flow rate through the two y-face
= —%(Pf\') >x »y dz and
thrdugh-z—facés =—%%(ﬁw)bx dy Dz.
Thefefore, total mass inflow through x;y,z
directions = - [g%{Ph)+;%ﬂ{v)+§éjP;i} dx Dy dz.

Net'increase in mass in the paralellopiped per unit of time =

> :
——-- =2 (P x 2y dz)
?’t S—- X Y zZ

But »x,?dy, 22z are independent of time.

So we can write,

But the net increase in mass =mass inflow ~mass outflow.

Therefore, —L%%(Oh)+§%(dv)+§éfphi]bx'BY Dz

—%f 2X Dy dz.
[;EWPUH?FPVH 5P w)] L%Q
or,jﬁz BI(CU)+%%HJV)+ S(OW) = 0 eeiiieiieeiieniaennae. (3.3)

Substltutlng P= P(1+¢,)-1n the above equation s
/ a_L_g 2L, o R as -
@51+ B 1+s’) (35 + 39t 5s +!3(u——i+v 53 £5) =0 il (3.4)
Compared with unity the condensation is a very small quant}ty in

acoustics. Moreover, acoustical wave 1lengths are so long that .

/ .
u,v,w,and s change very little with x,y,z. Hence QU bS‘ ,setc.,

oL B

are very small quantities. Therefore, we can neglect terms like

e! AU 235’ . . bu . R e s

VEE?: ndlkb?tln comparison to .= and to this approximation the
- 23 —
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continuity egquation becomes

______ + e b s b e —— = O l--ln-'loollcoc-n(315)

Substituting the values of u,v,w in terms of the potential

function,

To replace - (3.3} by an equation in which @ is the only
independent variable,the hydrodynamical equations of motion{(65)
have to be considered.

these are,

du du du du - 1 bp/
—-== #U m=== VY e W mme= 2 - —-— -
Ot Ox DY dz P dx
>v >V >v v 1 pf
—=== U -—-== VvV ——-= W —-—= =T - ——= ————
Dt Dx DY Dz 7 Dy
W D w hyw AW 1 dp’
———— U mmm= 4V mmem py mmmm = = eme wee-
Dt Dx Dy Dz A, P

The left-hand sides of the above equations represent the total
acceleration {(summation of convective and local acceleration )
arid the right- hand sides, the force per unit mass. There are no

body forces acting here,

Reasoning that the change of u, v, and w with (x, y,z)

is very small, equations of motion take the simple form : f\

Du - 1 bpf

Ot P Dx | S

S



DV 1 e’

Dt P’ oy
A w 1 Ap’
Dt ) 20w

. . . QT w2 . .
Substitution of u= 3y v= bi{ W= s into these equations

gives
Y, M L
Ot Dx P’ A X
o _2an, o
Dt Dy P oy

1 e’
220, .

Dt Dz (D, Dz

Multiplying these three equations by dx, dy ,dz, respectively and

adding ,
1
Ko} _ ’
LT d‘P = "";‘ dp
ot ‘

or integrating

P o

~
PR .

29 =f_?£{_ PRSP oS
Dt P ‘
Since the density changes very little , the mean density ,MEF> ’
may be ﬁsed. Then‘Jdp’ reduces simply to the excess prg?sure,
80,

0P . py e T PP
¢ P

——
Ty

Where P is the excess pressure.

The next property of a gas which is used to

- 26 -



derive the wave equation depends upon the thermodynamic
properties of gases. The compressi;ﬁs and rarefagtions in & sound
wéve are too rapid for the temperature of thé gas to remain
constanf . The changes in pressure and density are so raﬁid that
practically no heat energy has time‘to flﬁw away from the
compreséed paft of the gas before this part is no longer
compressed. when the gas temperature changes, but its heat

energy ddes not, the compression is termed adiabatic.

rff/rfgﬂ\ In case of an adiabatic process,
Lo g~

-~

_&gvfconstant,
Whthé;' v/ = volume at pressure P}
Vo, = volume at pressure P, .
P, = static pressure . The static pressure is the pressure that

would exist in the medium with no sound waves present,

T = ratio of specific heat at constant pressure to that at

constant volume.

/ m ' m
Now , v =‘-‘F;--- and V, = ___P —————
/
Therefore, _-f____ ) -j?i-_ P
_{ P ’ ..-..--‘..--....‘..‘...‘..(3.9)
P
o

Again. , POV;P=constant,

or’POK,V'O{‘:-[dVO+VP£dP°=0 l.l.l.l.lll‘lI.....‘.........I..Ol'.(a‘lo)
'dPo
or , PPy = - et —— =E , bulk modulus .
dv,
Vo

Therefore, velocity of propagation ,

Cc= \ ————ar T V] e ———



Al

or C = e —— “ e

- Neglecting the higher~- order terms since s’/is very small,

_____ =1+ s or,‘P/= P+ Y’POS/

P

or, S/Z ______ -..--o-.-.,o----.-o'o-ono.--.o-ooo---on--c(3o]_2)
TP,

Substitution of equation {3.12) and u =—%%) v=-Jg§ y W =-%£§into

.équation (3.5) gives

O e - (22,230,090,
dt  vp OXT . dYT 3z
>p 5 )
P X 2P '
or, —=-—- =~ 'EP ("-'"V_"‘—"'_ "v+-_-.‘i-” =0 -.'.-co.-on.culo.uaoo.l(a'ola)
Mt o Y3 Y™ oz .

Again , substituting equation (3.8) into equation (3.13.),

2 (p2® 20,80 9%
At (Pbt SRRECI Y < 557 e =0

Using equation (3.11) the above expression can be written as,

3 2 v,
531 c*v P =0

~ 28 -
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or,.a{h c :7(P _ (3.14)
Which is the familiar equation of wave motion . The general
solution of (3.14) shows that the influence of any value of is=s

propagated with velocity ¢ .

The spherical wave which originates at a point and
spread qut in all directions from a source , is considered to be
centrally symmetric. Thus ; all the properties of the wave at a
point in space depend only on time and on the distance to the
origin of a system of coordinates. in spherical polar
coordinates, the wave.equation can be written as (GO),
5P _ et 2 29,0 2. o XA
: RZsimg 08 20 R%sine 0%~

tareesresssasararsnas(3.15)

Where, x R s3in® cos

y R sin® sing

z R cos®©

The angles © dnd ¢ are the peclar and the azimuthal angles

-respectively . For the centrally symmetric case , the velocity

potential is only a function of R and t , so that equation(3.15)

reduces to

(Ve

i "‘. 2 a o
~_b__?_2__=c2 ('a—?:""'-__ ;b"}")"')o--o.--ooct.----o--.oolo(acls)
Mt £ R AR |

However , since

N(R?) N 2w
———-5— = R(~———§+—-- ————— )

DR SR R >R



equation (3.16) may be written as’

oy
(9R) 3 (PR)
______ =c2 _———— ..........--...........-......‘.-..-.(3.17)
D2 D r2
This is the general wave eguation for spherical wave
propagation .,
1 .
Let @ = (--=- ) F(ct+R), where F is any arbitrary function .
R
Clearly ,.  satisfies the genéral wave equation (3.17) , so it is

the solution of the above equation .

Now, postulating a harmonic wave and, for convenience |,

employing the comblex notation for of the plate problem ,

,
" A ,
@:_—--—-—— elk(Ct+r) -.....----........-....---...(3.18)
.r .
where r is the distance from the source dA to the receiving
point ,

/

X’ is the amplitude of the velocity potential produced per unit

area of the vibrating surface,
A is the area of the rectangular plate on which disturbances are -
created and propagated into the surrounding medium ,

ko= 24/ 02 Waf = W/ y acoustic wave number.

W is the angular frequency of vibration,

C is the velocity of sound in air,
f is the frequency of harmonic vibration , and
A is the wave length of sound wave.

Equation (3.18) can be written in differential form

as ~(FW



’ , .
de=oigé— eik(Ct+r), where dA =dxdy.
r
The total velocity potential at the receiving point (R, &, & )
will be obtained byrihtegrafion of-the contributions from over
the whole plane surface of the rectangular flat plate and so

o’ . ‘
@Yz J = e lktCt+r) dA LN N I N NN DY B R T I D I D R D RN RN TN RN BN NN N IR ...(3.183)
r _ .

’ .
=J'ji_ L1 (Ot+kr) 4.
i .

In order to evaluate ﬁj, the source of hemispherical waves at dA
i8 considered to be a pulsating hemisphere of radius ry o which
is finally to be made wvanishingly small. Hence area = dxdy, and
the velocity potential at the receiving point 1is

- LY ] \ .
T : Z‘KYOM eli(J)t+kr) O-..‘.Il.'l.....IQ‘..l.........(3.719,

The particle velocity at the surface of the hemisphere will be

given by
o9
U, = - (-S5L-
- -bY r=r1,
X ( { : .
_ 2 s dtWtekn) o ___ Y !
- 2ﬁr00’. e © i__ ,Yo -;O'V ...---...--.-..-.-..-(3.20)

where U is the linear surface velocity which follows the harmonic

variation . According to equation(s.zf

u=u, et il I & I3

where Uo is the amplitude of velocity distribution.

From egquations (3.20) and (3.21) it is evident that if rs>0 ,
L it o /it
= === = ek
Uy e (-337),3, 27 e
Us

6r,°(’= - !!!l'ollclcotn!l.ll.‘ll..Ooti.-0..'.---.-'...(3'18b)
2" :



_Ho_ LitWtekr)
o R
= -4 elkr_dA

2Ry

From the expression (3.8) we have the acoustic excess pressure

Therefore, d? dA

ettt e et {3.22)

P = F3%§§ for area dA =dxdy,
Then, frém equation (3.18a) & (3.18b)
| ap = W0PUs _ _itn)t+kr) g,
or, dP =ikfc dD ....i..... e (3.23)
Substituting d@ from equation (3.22) into equation {3.23) we

have,

I < XD
If the receiving point (R, ©, ¢ ) is located in.the'farfield.
then the distance r of the receiving point from the elemental
area can be exbresSed with the first'drder approximatioﬁ as (53),

r < R- (xcosa+ysinﬂl§in9 ..,..............;......,(3.25)

The second term {xcosm™+yaine) 8in@ in equation (3.25) is

very small compared to the first and its effect can be neglected

in the amplitude factor of equ;tion {3.24), However,rboth terms
are equally significant as far as the phase facto£ of equation
(3.5) is concerned.

Substituting equation (3.2) and (3.25) in equation
-{3.24) and neglecting the second'term in the expression of r in

the amplitude factor of equation (3.24), it can be showh that,

i v D \ - .
dp = - ’:.-‘.Q__?EL!L-LYQG(X)G(Y) el( tAt+kr) dA
_kjﬁ]@rwjdwﬂ__e(x,e{v)'eiéGm+kR—k{xcosm+ysind)sin8§ dA
97 F -

i
Thus the net acoustic pressure at 'the point (R,0, ) due to

(m,n)th mode of vibration of the plate is given by
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PckW ] i '
P = - ~--c-oomo el t+kR) 5 \ e(x)ely)
2RT 2 s
e-ik(xcos%+ysin«)sine dxdy.
P Kk O) W O.E
c . T
S K el () t+kR) jj 0(x)0(y) e ~ilix/2a+sy/2b) 4 4.
27R . '
* & ‘.0-?-.-! 4 & 8 8 8 & l.ll.l'..l..'....(la‘zs)
where 1 = 2akcosysin®
and s = 2bksinxsing.

Acoustic inteﬁsity of a sound wave is defined as the
average rate of flow of energyv through a unit area normal to the'
direction of wave propagation.

Instantaneous power per unit area is equal to thé product of
instantaneous pressure (P) and instantaneous particle velocity

(V). Average power per unit area measures the acoustic intensity.

Therefore, acoustic intensity,

T
1
I = -——= JP v dt.
T
Y
Now , let us consider a longitudinal compression wave traveling

in the x-direction through an infinitesimal element having
dimensions 3ad?dz, If the center of gravity is displaced in, the
+ve x-direction by a distance w, then the boundaries will be

¥4 .“ ‘. ' .
displaced by {(w —%?%'ki: } and (w +E%7-3%5 ) respectively. The

volume therefore decreases by

(W = === —=== ) = (W 4 —=m- —-~—-}j Y Dz
DX 2 ?}X 2 (‘\I
) |
7w |
= = —==-=~ Vv Nz Ax. .
~
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The volumetric strain is defined as the ratio of the decrease

in volume to the original volume, so we have

DWW OX DY Dz DW
strain = - -—--» se-o-—---- 2 - mme—-
DX DX DY dZ dx

1f the increase in pfesSufe which brings'about this

strain, or which is associated with it, is P, then by definition

stress P
the bulk modulus of elasticity is E = —-—-—-—=—--- T mmm———
strain . bw/bx
DW '
or , P = - E -=—-—=- A D

We know that c=d%%
Therefore, E= Pc* ., Substituting this value into equation (C), we

have,

P = —Pc"/(%%{-) s S 0] |

If w = W coé(b)t—kx}, where W is the amplitude of displacement w,

dw

V s==————- = - WWsin(Wt-kx)
dt :

dw

me—= = -~ Wksin{W t-kx)

dx

If T is the time period,

aﬁd kc = () then,

Pz -~ PcW Wsin()t -kx)

Therefore, I= (l/T)E[; Pchin(UJt—kx)J,EﬂOWsin(y)t—kx[] dt
=01/2) e WWE e (3027)

Since P = -PcWDsin(W) t-kx),

'Pmax = - {PcWw). Therefore, P =P . sin{a)t-kx).

The root mean square value of sound pressure is defined as the
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square root of the average of the square of the instantaneous

pressure. In mathematical notation,

2
- - -
Py o —(1/T)£ P dt.
= (1/T)fp;;x sin™ (W t-kx) dt = P)7 /2.
. ; .
Therefore, P o = Pp.. /2

From equation (3.27),
Pl wra”

I = mmmmmee o = (Pgay )/2 Pc
2PC max

Where!Prvls the square of the root mean square value of the net
' \ - . - . N

acoustic pressure.

The total average power radiated from one side of the baffled

plate, found by integrating the farfield acoustic intensity over

the hemispherical surface is

_!_é'lc‘:‘ Rq‘/sj.ne de dq’.............-...........--...(3.28&)

B

P, =

O
Qg_._\ja

(B) Deterhination-of natural frequency

Natural frequency is that frequency at which the plate
will continue to vibrate if left undisturbed after being given an
excitement. A number of authors have determined the naéural
frequenc& of the plate Won corresponding to the transverse mode
of vibration (m,n) in terms of .boundary conditions y the nodal
patterns, the dimensions of the plate'and the constant of the

plate material. Warburton (1) derived the expression for the

' . . . _ g
natural frequency from energy equation considering a rectangular
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plate of sides of length a and b . The vibration form must
satisfy the boundary éonditions at the edges as well as the

governing plate equation(54),

bl'w bqw bt’w 12 £(1 -6) bvw
[ mm——— + 2 ———==- + ————m-- 4 ———msmem——— ——————— =0 se0es.(3.29)
> x7 ox" dy™ Ayt Egh"™ X vkl
'Here, w, the displacement at a point (x,y) at time t , is given
by
W o= nysinwt = A 6{x) ©(y)sinwt I < < 11 B

Where ny is the amplitude of the wave form.
o({x) and 6(y) are space functions and w is
the natural ffequency.

In general , it is not possible to find a form for w to
satisfy equ;tion {3.29) together with the boundary condition;.
For these cases, an infinite series can be assumed for'wxy , each
term of which satisfies equation (3.29) and some of the boundafy
conditiong. By taking suitaﬁle values of the coefficient A,the
remaining conditions are satisfied.

Frequency can also be obtained- accurately by
considering energy. For a rectangular plate, the potential energy

of bending U is given (54) by

) " J Eh® > " S -
U = (1/2) =~===-=- R S R L | il
50 12) 1 -6%)  ax> DY” 2x™ Dy
S o
2(1—’6, (a____ ) dedy ----.o.--loo-n-.-n-cn-----.-t-.olo“(3o31)
XDy '

7and the kinetic energy T by



AW a-
j(l/Z) —-“-( ————— ) AXAY  +erennvessrectaanoassssesss(3.32)
00O : .

Natural frequency may be obtained from maximum values of

potential and kinetic energy as
S mmmemmmm=5"F a7 ....--......--....-..-.-......-..(3.33)

Substituting the expressions for space functions ©(x), @(y) into
equation (3.30) and (3.33) for the required boundary condition,
the exfression for natural frequency can be obtained.
Warburton(l} expressed the natural frequency in terms of a
diménsionless frequency factor y given by

2= 6'+ G (asb) + 2(a/b)[6H, Hy + (= 6)3n 3] e eeeenen-(3.34)

£ 4

He obtained the relationship between w_ . and)?'as
] I f
L a2 (1 -6 ) ,
)\{= _______________ ....-........-........-.......--.'-(3.35)
The frequency factor 24 can be obtained for any ratio a/b. from

equation (3.35} the frequency is given by ,

n _,.—.......--........‘-.........-..-(3.36)
a¥ 48 [H{1-¢"

Where, . ﬁ“=density of the plate material ,
O = Poisson's ratio,
E=‘ modulus of elasticity of the plate material,
h = thickness of the plate , and

g= acceleratibn due to gravity.
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The cqefficignts Gx’ Gy, Hx'Hy’Jx and Jy depend on the boundary
conditions and mode shapes. The values *of this quantities were
giﬁen By Warburton(l) in the form of a table. For ready

reference, those values are presented here for the boundary

conditions under consideration.

Table giving valugs of thg parameters Hx'.Hy'Gx'Gy’Jx and Jy of

dimensionless frequency factor.’

Boundary m Gx Hy Jx

condition ’

Three ends 2,3,4,- m-0.75 (m-0.75)%x {m-0.75)"x

clamped and one : 1 1

end simply-supported [1— —————— 7 {} - m————— d]
} A{m-0.75)

Two ends free
and two ends 2 1.506 1.248 5.017

simply supported

3,4,5,--- m-0.5 (m-0.5"x  (m-0.5)"x
2 6
[}_ ______ I}+ —————
{m-0.5)~ {m-0.5)F
n Gy . ' Hy Jy
Three ends .
clamped and = 2 1.506 . 1.248 1.248
one end simply .
supported '
. n~ ' %
3,4,5, --- n-0.5 {n-0.5) % ) (n-0.5) x
. o E_ 2 [ 2
1- —=-—- 1- =——=—-
(n-0 S)Kil (n—O.S);]
Two ends free & .
LAV rV

two ends simply- 2,3,4, -- (n-1) {n-1) {n-1)
supported.

(C) Determination of radiation efficiency

The concept of radiation resistance is useful in calculating
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1 II
the radiation (acoustic) efficiency of a source . The efficienby

‘ .
of a source of sound is defined as the ratio of the energy

|
radiated as sound to the whole of the V1brat10nal energy applled

1
to the source. nglace(Sl) studied theoretically the radiation!
registance cofresponding to the natural modes of a finite
rectangular pahel by considering the fotal energy radiated to the
farfield. He , in his papers (50,51) introduced a new term
radiation efficiency for simplifying the matters and to eliminate
the dependence on the impedence of.the acoustic medium and plate
size during.calculation of acoustic radiation from vibrating
~plates. The radiation efficiency is defined by Wallace (50,51) a%ﬁ

|
Lo
S ;---51--- Rf;""""'""'"'"‘"'""""""""(3'37; |
P cab afuy|™> \
Here'Pw is the total averagé power radiation from one side of

the baffled plate and dlUb””>is the average of the temporal and

spatial factor of the square of the surface velocity, given by

a_

<u,f>= (1/42b) | J (1/2) W2 dxdy oiviinninvnninninnnn....(3.38)
—a -1, :
The expression for u, can be obtained from equation (3.2) as {1

u, :iwmn Won @(x)e(y)

y

3.4. Displacement functi&ns : . .
In transverse vibration, points ifl the plate undergo
small displacements in the direction perpendicular to the,plane‘
of the plate.- Warburton(1l) found a number of beam functions for
describing the displacement of a v1brat1ng beam under different
comblnatlons of end conditions. He also used these functions to

represent the vibration of rectangular flat plate by assuming

~ 40-
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that the wave forms of vibrating plates and beams are similar.

The slightly modified beam functions, which are hereby'referred

to as displacement functions, for different boundary conditions

are presented here.

(1) Displacement function for the three ends fixed and one end

simply supported plate

If one of the edges perpendiculér to x-direction is fixed and the

others are simply supported,then the corresponding beam function

is
: : x-a x-a
o9(x) =sin‘Q§ ----- )+ wasinhf;( ——————— } for m= 2,3,4, ...
4a 4a :
—afx <a.
, sin /2 ,
Here, Ry = ---~—----~—- and (., are the roots of the equation
sinh ¥},/2

tan ( "/2) - tanh (0 /2) =0
If both the edges of the plate perpendicular to y-axis

fixed s the corresponding begms functions are

8(y) = cos (y/2b} + RhcoshT;(y/Zb),for n = 2,4,6, .... and

e(y) = sinT (y/2b) + R%sinhzﬂ(y/Zb),for n= 3,57, ..... and

-b< y«b
sinfy), /2
where, R = ~—--——--- and are the roots of the equation
sinh1,/2

tan(?/2) + tanh (7 /2) =0,

sinY#/Z

and R% = = mm————— and are the roots of the equation

- 41 -
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tan ('/2) - tanh (V/2) =0.
{2) Displacement function ny for the two opposite ends free
and othér two ends simply Qupported plate :
If the two opposing edges perpendicular to x-direction are

free, the corresponding beam functions are given by Warburton as

6(x) = cos (Thx/Za) +Rhcosh(ﬂﬁx/2a), m=2,4,6, .... and -a & x4 a.

8(x) = sin (Tﬂx/Za) + R;Finh(ﬂ;x/Za), m=3,5,7, .... and ~a<£x &8
sin (7,/2) -

where, Rm= - e ———— and are the roots of the equation,

-g8inh( ./ 2)
tan (17/2) +tanh(}7/2} =0,
Ré\= sin(TA/Z) /sinh(Tu/Z) ahd are the roots of the equation

tan("/2) -tanh( y?/2) =0,

If both the edges of the plate perpendicular to y-axis are

_simply supported , the corresponding beam function is

(n-1) K {(y+b)
6({y) = sin —————————==- , n=2,3,4,..... -b <& y <4 b,

- 42 -

TS

2



P .

——

CHAPTER 4
SOLUTION OF THE PROBLEM

4.1, "INTRODUCTION
Analytical solutions for the total average pover radiation from
one side of the baffled plate are obtained here for various

boundary conditions. The expressions for radiation efficiencies

~e=

for both the free-simply supported and clemped simply supported’

plates are also derived and presented in this chapter . In the
subsequent sections, the method of integration of the expression
for acoustic power and radiation efficiencf for various boundary
conditions are treated.
4.2. Plate with two opposing énds free and the other two ends
simply suppﬁrted
{a) Péwer radiation

From equation (3.26) the acoustic pressure distribution at

e point in the farfield is given by

a. b ,
~kpPcwW .

p o KPowk 10 t+kR) SS o(x)ely) e-i(1X/2a+sy/2b) 4y 4y
27R ca b ' .

The dispiacement functions ©(x) and ©(y) for this plate with free
edgés perpendicular to x-axis and the simply supported edges

perpendicular to y—axis are

@(x) = cosl(y,x/2a) +R, coshiv,x/2a) for m=2,4,6, ... and -a<x<a,
0(x) =sin(7x/2a) +R!sinh(¢ x/2a) for m=3,5,7, ... and —acxza.
Where, sz - sin(Y./2)/sinh("./2) and are the roots of thérﬁﬁ
- 43_
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eguation, tan(‘ﬁ/2)7+tanh(77/2) =0,
R;= sin(ﬂi/Z)/sinh(TAlz) and are the roots of the equation,
tan( P /2)-tanh(71°/2) =0.
(n-1) A (y+b) ;
6{y) = sin -~——-ocm__ yn=2,3,4, .... and -bcy <b.’
As the displacement functioné are dependent on the odd-even

character of m ,it is now required to consider the even and odd

values of m separately.
Case - 1 Even values of m
Substituting the appropriate displacement functions 0{x) and

©(y), the acoustic pressure distribution P becomes,

-pck WW . o- ¢ .
P = —mmm—o el(_'ﬁt"' R) [[ [;cos!'ﬁ,‘x/Za) +R cosh(f’hxlza)}x
2 7R AR oo
] {n-1) = (y+b) ) '
e_llx/zadx‘}( lsin -----022102 e_l‘qY/Zbdy:J Cieeeriieenaeiaa(4.1)

2b

Integration of equation (4.1) gives,

p = JPCkOWAL ¢y t+kR)[S fmsinl ¥/2)cos(l/2)-

T e e e e o ——— i — ———— i —

lcos{Twm/2)8in(1/2)4 Q'ﬂmsinh(T%/Z)cos(1/2)+lcosh(TL/2)sin(l/Z)WJ

___________________ -olulo-l.ool-olnnqou_l.lolou.-0000-10(402)

Where cos(s/2) is used when n is even integer and isin(s/2) is
used when n is an odd integer.
The férfield acoustic intensity is given by

1 = le?fjc

Substituting P from equation (4.2) , it is found that, L
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32pP ek W a¥ b |:Y’w_sin('f‘m/mcos(l/2)-lcos( "/2)sin(1/2)
] = weemm—mm—mmmme— | mmmmm e s s —m——e— oo oSS —o oSS T Em T +
AR (n-1)" ) -17)
cos
Ry 1 ~ Bln -
—-;——q—/——)f‘h31nh(f'~/2)cos(l/Z)+lcash(f’w/2)91n( l/Zj] —————————————— ]
(1ea1) ¥/ (n- 1)]

P NI £ < D

s= 2bksin® 8in® = (2byysine, sinB) /c
= mm—mo o sS T TIIISERT T sinot 3inB

From equation (_3.35} the dimensionless frequency factor ), is given

J.

by
ty ~ 4
£ a'twlz(l- 0) ~ e EnVg h_f; A
= "-—q'-—"q-/-"-‘ ———————————— . SO, 0-3 e m et ——— S e ———
AME hg 912(1-6){7,.,4

A Y b 4 o7
where, 7= Gy+(a/b) Gf + 2(a/b) [ Hy+(1- €)3, 3],
The total average power radiated from one gside of the baffled

eft

plate is then given by .

P, =5 I R sino dedy = ( | IRZ sine dedx .
J Pc J .
6 o . 2.5 2 HHITFIa.
128 Pck W a g g ﬁM51n(‘fL/2)cos(l/2) -lcos(™/2)sin(1/2)
or, P, me=—-m——s--=e—— | | [z-=m--rooo—msmo oo mmmmm T mEmm T +
Al(n-1)2 =12 )

Sinededf"'\- .;........-.........."{:l‘(Z)
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! 7
B{DWZ)rEgz R, R%KQ ( Vf 51n€f/2!cos(l/2)—lcos(ﬁ¢2)31n(l/2)
T 9 cf(n-1)2 (1- )2, (1212
cos
RYJ" (7 sin L—i) . 1
tom e m51nh(&/2}cos{l/2)+lcos(ﬂJ2)31n{l/2J][;~---~———q;— ]x
(m+1™)t s/ A (n-1{j—1

sineded « . S I T I IO - R B
It is clear from equation (4.4) that the total average. power
radiated from one side of the Plate does not depend on the
distance , R’ of the receiving point from the center of the
Plate. Only the acoustic intensity varies inversely as the square

of R as seen in equation (4.3),

(b) Radiatiqn efficiency

T6 compare the résult of this study with those by the pfevious
workers(51,53,54) » the expression for the radiation efficiency
is derived here The radlatlon efficiency of a vibrating plate

is deflned by the equation (3. 37) as

4 Pcab du v

From equation (Z),
Tﬂ -

Bys —=p----- Pl B I SoToTT e T +
A {n-1)" 6 0 (- 17)

cos
s]_n(_‘f_) 1~
b ”51nh{m/2)coq(l/2)+lcosh(m/2)51n{l/2hJ [ ——————————— -]
(7, +1 ) , s gs”'/n (n-~ 1)
sinBdedgx .

Letting T T T T T o



cos

8in C—L
%ﬁﬂhsinh(ﬂJZ)cos(l/2)+lcosh(¢/2)31n(l/2)] E—------—-a;r—- = A,
}s“’/n {n- l)j

the expression of total average acoustic power becomes
rv F) A
128|Dckmw/ a® b N )
ﬁd= ———————————— ;f--—f K Af51ne doe de .
' o 0

The average of the temporal and spatial factor of the square of

the surface velg?iﬁy, y is given by.

(\uNlN>=(l/4ab)SJ (UN’V/Z) dde --c--oo_oao--on--noa_ooo-n‘-onn(4.5)
' o~k . : '
But u, = iwW a8(x)e(y)

a {n-1) A ({y+b)
= i WW Zcos(? ~x/28) 4R, cosh(/ XIZa[?-’51n —————————————

Substituting in equation (4.4) and carrying out the integraﬁion,

. W - sinT,, 4R,,’<;
u s —---- I+ =-2-e}d —ox-- Tr/2)8inh 2)+
Augt> " - ( i 7y~ | cos( Ym/2)sinh( Yi/2)
sinh Y},
sin(M./2)cosh("/2}7 +R,. (1 "---Wifﬁ_{]
WY
I =~ B,
8

Where By = 1+sinTL/T;+(4Rw1/TM}; cos{"M./2)sinh{"./2)+

31n(ﬂ/2)cosh(T /2{} +Rw {1+ ———P;:——). P

SubstltutlngL\ \vln the expression of radiation efficiency,

256 k“ab - hIT

S=——’_ ______ '{'; "\&A\Sine de do(- 'l-llll.l.u.ll;ltttﬁnll..!(4.6)
A7 (n-1) Bl’oo i .

The plate wave number., kp is now defined as

A ) Va :
kh =[§(m—1)ﬂ'/2§} + %(n-l)fTIZb}_]f% and the wave number ratio
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‘V=k/kg Thus kzxykb or k2 =ﬂfk;’

Substituting ™ in equation (4.6}, the expression for the

radiation efficiency is obtained as

S

n o L v ;‘7
64 r(m-l)RgJ+(n—1}/R,,] = :
- - g( A’Sine ded*---.a--. o-uo(4o7)

o O

Making the same substitution, the expression for 1 and 8 becone

L
.
1l = [(m—lfv4 z(n—l)”'/ﬂg;1%¥cosx sin® and
4V A 7 e B
s =['Ra {m-1) +(n-1) jﬂ%sine sin
Case 2 : . 0dd values of m

(a) Power radiation H

2
- PCk WW . , )
. el “k"\’j f {7sin(%.x/2a) +R, sinh (T').,./x/ZaE} Y
2rR o b ‘
. . -1) +b .
e—11x/2adx]’1§in ET___EEEZ__)e-lSY/Zbdij .
' 2b
‘Integrating this expression , we get,
. , '
8 W | i Pr'cosi(t, i ~1sin (Y
el ellwenmyl 2 {2202 Ezln(l/2) teinins2)
KB (=) (7, -1 )
-COS(‘]./Z?: R‘ri ia ; . ' .
-__——__t)+ Sttt lsinh(ﬁ/Z)cos(1/2)-ﬂwcosh(ﬂ/Z)sin(l/zg]*
(n. +1™) )_\
cos(s/2)
isin(s/2)
T r——-

where cos(s/2) is used when n is an even integer and isin(s/2) is

used when n is an cdd integer,



Proceeding the same way as in the case of even values
of m , the total average power radiated from one side of free-
simply supported plate vibrating with odd values of m and even or

odd values of n comes out to be

Ar M,

8P WA E g R R rlcos(h/2)sin(1/2)-1sin{%/2)cos(1/2)
f - ( j[é»

S memmmsnoee- TS L [ v it +
9 cf(1-6 )y(n-1), 5 (r.-1"™)
. o~ co8 5 o
,Sllsinh(rﬁ/z)cos(l/z)— cosh("‘»/Z)sin(l/Z)’l]'L sin \ % -
‘ + R """""—_____"—"""'"_'_'\’__:"_"‘""_____"—"-""’"—_ T mm—_————— -
" | (T, +1 ) s is"'/n"’tn—lf’} -1

Sinededx. ooocooo.o..-.--o(4-7&n)

Where 1 and s are the same as in case 1.

{b) Radiation Efficiency :
The expression for total average power radiation from the

plate iS,

£

",

. e .
128 P ck™n W a bf’l{r_r;coslfw/2)sin(l/2)—lsin(7"»!/2)cos(l/2)’|
P = - e e }'_f:"'—'“*-“"-——-—'—"""-T,L—,—-———"'“-" ““““““““ +
" (7.-1") p

) ' cos,CF:)
f%‘lsinhFQ/Z)cos(l/Z}— cosh(RVZ)sin(l/2)FfL sin W% ]”"-
R _ ¥

sin® do dx .,
The average of the temporal and spatial factor of the square of

the surface velocity is given by
a

L\u"ﬂ,‘}= (1/4ab) (’ [{u-.;,/Z) dxdy R N R I A A N R R R l(M)
—a -~b . )
where yu, = iwW B(x)6(y)

= i Wolsin(tx/2a)+R sinh(nx/2a)]. [sin ==---mmm-namx .

(n-l)ﬂ‘(y+b)]
2b

Ly

Substituting the value of u, in equation (M) and integrating

w ]

- 49 -



tr !.DW - SlnY" - Sinhf""rr) 4 4Ry,
quw]‘/-— ——-;*— i (1- ”_';‘.j—)"'ny, "'-“,'T":';-— -1 4+ *--:,--% (sin("./2)
oW
cosh(%//2)-cos (1 /2)31nhm/2)/_] ------ B..
8
r siny/ ~ sinh(7.) r 4Rbf ! n
where B, = [ (1- TET) R, vl 1// * gy gsin(Te/2)

-

, .
cosh(f./2)~cos("/2)sinh(n/2 )]
Substituting Py, and/h&”?into equation (3.37), the radiation
efficiency of the plate is obtained as

F.n
256 k ab Tt -

S = ——wmemoo o j} A,sin® de d« ,
ren 'KL’ (n_ll'\/BL o )

Yol €OS(Tm/2) sin(1/2) -1 sin(1)/2) cos(1/2) 4
where Ay = [& +

1 % 1 sinh(‘?”m'/ZI cos(1/2) - cosh{?m/2) sintl/z)}:”"

] Ay
____________ 5 ( A 51n8 de de« .
o n

From this equation, the radiation efficiency may be evaluated by

nhmerical integration after the substitution for 1 and s as in

case 1,

4.3. Thfee ends clamped and one end simply supported plate

(_\-'.

The acoustic pressure distribution , given by equatioq Ef

(3.26) , has to be analytically integrated for a clamped simply

- /0 -



supportéd plate in order to get the total average power radiation
from one side of the Plate . Radiation efficiency of this rPlate
is also required to be calculated to compare it with the
Previous works (561,53,54),

The displacement functions satisfying the conditions .

at the edges of the plate in this case are

X—-a X—a
O(x) = 51n‘P{———— J+R 31nhf(-———), for m=2,3,4,... and -ad X¢ a
4a . 4a

where R. = -sin(ﬂ/2)/sinh(7%/2) and 7, are the roots of the

equation, tan{ ¢ /2}~tanh( " /2) =0.

e{y) cos(Fny/Zb}+R“cosh(T;y/2b), for n=2,4,6, crieeey “b eyl b

e(y)

sin('r;.‘y/2b)+n;nsinhtrvh'/2b), for n=3,5,7, ....... -bsysb
where Rﬁf sin(T%/Z)/sinh(f%/Z) and'&are the roots of the equation
tan('¢ /2)+tanh(7 /2) =0, |

_R;¥ -sin(Yﬂ/ZJ/sinh(V¥72) and ﬂ;are the roots of the equation
tan(¥/2)-tanh( v /2) =0.

It is observed here that the displacement of this plate is
dependent on the odd-even nature of. the mode order,n.

Case 1 . Even values of n

(a) Power Radiation :

From equation (3.26), the net acoustic pressure P at the p01nt

(R,8, ) due to (m n)th mode of vibration of the Plate is given
by

3 a L

- Pckw ) ol

P = e ____ el(w t"'kR,!' G(X)e(v) e lflx/za"‘SY/Zb)dxdy.
_‘27‘R f“_b

Where 1= 2akcos s sin®



and sz 2bksin« sine.

Substituting the appropriate displacement function for the

vibrating plate with even values of m and both odd-even values
of n,

a b
. - Xx-a
‘P = Qi t+kR)[ 2

31n‘n4 ————— )+R 31nh75(-~-—)
2 7R ~o-b 4a 4a

| cos(,y/2b) +R, cosh(Ty/2b)| e~ (1Xx/2a+5¥/2b) gyqy,

Integrating the above expression of pressure distribution ,

~PpckW | 1,
P = fokmn el(Wt+kR) e [ - { Mmeos(1/2)- rcos(wz)
27R ' (41 =T )
) n RQ g
cos(l/z)—lein(ﬂ/Z)sin(l/2)v] +(-1;—1v Twcos(l/2)- h.‘cosh(
. 41 +7,.
w/2)cos(l/2) -21 SinhF»/Z)sin(l/Zi} + t____%‘Zl sin(™/2)cos(l/2)-
41 ﬂ:)
A iR,
Y, cos("/2}sin(1/2) =~ 7,sin(1/2) + —————- 21 31nhﬁ%v2)cos(l/2)-
" ’} r41+r’1
. : 1
yhsin(l/Z)-'mposh(myz)sinll/2j>3_[}{1;gjﬂsinUVZ)cos(s/Z)—scos
‘ . M-8

R ' .
(WJZ)Sln(s/ZJ} —jl——g/hsinh(hJZ)cos(s/2)+scosh(MI2}sin(S/21}]

- Pck @Wrl6ab |
= "___._ ______ 1(fl]t+kR)[A +1A‘]A5 ---}.........-.-(4.8)

)

, Where, A= -(---}g?"r-cosfl/Z)— T,cos (Tw/2)cos{1/2) -21sin(Tw/2)
417 -7



sin(l/2{} +———?L—f”cos(l/2)—ﬂ cosh(m/Z)cos(l/z)—2131nh
(’f‘~/2)sin(l/29 ,

—==~-——-%21sin{"/2)cos{1/2)- ﬂcos(nJ2)31n(l/2) » 31n(l/?j}

&l & =

—————— %?l 31nh(ﬂJ2)cos(l/2)- 8in(1/2) -n,cosh(M/2)sin(1/2)
Ql +V‘) b}

A =—~;—~%'h31nh%/2)cos{s/2) scos(ﬂ/2)31n(s/2)
")

K:——-—tnglnh(W/Z)cos(s/z) +scosh(ﬂ/2)31n(s/%?
-r’h

The farfield acoustic intensity is given by
I =\p\"/Pc
If we substitute P fronm equation (4.8), we have

p MK BN 256a™ b

Total average power radiated from one side of the baffled plate

is now given by
at Rl
(\PY"/ ¢ c )R sinededs .
] Qﬂ‘—qq,
= 4 j { IRV sinededm .
P

Therefore, acoustlc power radiation for both odd-even values of m

and even values of n becomes,

E)e
BPW)\{J\!’EgRR, R f“["—ﬂ -
Poz m—mmdeoo o 2 C 1Ay +a ]A“sine de d« .
A gcfii- 60 2 aTs

E Y Y " :
Here, 3G +(a/b) G.‘}+Zla/b},[6 Ho Hy+(1- 6)J, JJ]



€ all2 tl-s“’)
R{ ?\{J-g S
——msi-—zr==—-—- 0S8 % S5ind
c fb{)(l— 6)
R Ry 7y JEg 7~

g = ____-—--—-e7——sino{sin9.
¢ /3P (1-¢)

{b) Radiation Efficiency

The radiation efficiency of a vibrating plate is defined by the

equation (3.37) as

Pw
8 = ——eemmm -
hn 4 Pcab 2 Yuyul™
Ghere the expression of total acoustic power P without

w y

substituting the value of k , is
f\/n‘, . -
128 Pck™w W a” ey
EETA +A 1A sine de._d«x ,
Ly 45
P " &0
Letting (AT+A )A7= A, ,

s e [V e
128 Pckb)w a. b
P, = ———---mpmmm fﬂTA sin® dO d« .

The average of the temporal and spatial factor of the square of

the surface velocit} . u”ﬁ, is given by
a

2\u,p= (1/4ab) f( u/2 )dx dy.
. Tk

But u, = iWW 9(x)e(y)

X—a ’ X—a

= iUJW[;sinVL( ————— ) +Rw§1nhﬂ(—~——)l [Fos(vny/db)+ R cosh(myfzbi]
4a

: iy ‘u;ww'? C X-a x-a

Therefore, 4uwp= Pebiaint ( sin'f,(----)}+R,sinhV}{---- )]'[FOS(WY/Eb)
' e ? c 2l 4a , 4a
n

+vaosh(hY/2bﬂ dx dy.



Carrying out the integration , we get,

" N W 4R,
¢|UNl?— ----L}l- 31nfL/f»)+-——-’51nUV2)coshfﬂ42) ~cos{Nv/2) sinh

XS o€ g - a |
(ﬁJzi} + Rw‘isinhﬁ{YL—{J:]¥E1+sinn/ﬂd +—1ﬁ—--) cos(n/2)ainh(n/2)

N - W
+sin(h/2} cosh(W/%i} + Rh§}+ sinh“n/Y%}]z Bp -----
" . 8
Where,
4R v, 1
33=T(1— sint/v.) + -?:—-( sin (%/2) cosh{7W2) - cos(ﬂ/Z)sinh(ﬂ/Zl}
] . _

lelnh( fm) ’\ 4R7’\ S ' .
+R, \~~—=—- ][}+ 31nP/ﬂ)+ —————— lhcos(m/Z) sinh(M/2)+ Bin(n/2)

: NS sinh (Tw)
: coshifn/2y+ R, 11+ ---------- ]

Substituting LJuNf}in the expression of radiation efficiency

256 K¥ab TIF v

5 = ——-———ee ( SASine ded“- --i'on-oo;c---o--onlonconna(P)
[ '
: ﬂBP}D ; o 6 '

Now , the plate wave number

i} e
KP~[ﬁﬁm-1)f7/2aj + %(n l)ﬁ‘/ZEf] and the wave number ratio
Therefore, V= YR

Substituting the values of Kwin equation (P) , we have

64 [(m-1)"R,+ (n- 1)7 /Ra
Sppys TTTTTm oo mm e g’gA sin6 de dex.
NN
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Cése 2 : 0dd values‘of n

{a) Power Radiation : -



For thi§ case of even-odd values of m and odd values of n ,
the expression for the farfield acoustic pressure distribution
after substituting th;‘displacement functions , becomes,
. “a L

SR Qi t+knj( Hsm r'(f_f-, +R smhw)_(_?_)_”

2% R A b 4a 4a
[éin(dy/2b) +R; sinh(?ﬁy/Zb[] e 1lx/2a e—isy/2b dx dy.
Where 1 and s are the.same as in case 1 for even values of n and

odd-evgn values of m .,

Integrating the above expression, we get,

-ck W
P = f? ______ "16ab el“ﬂt+kR}[\ ————— ?ﬂcos(l/Z)—'ﬂFoa(nJZ)
2 KR (41=ny
. ) Ry, 5
cos(1/2)-21sin(h/2)8in(1l/2) ) + --—-=- Ync08(1l/2)-Ycosh
_ a1V L

v

' i
(“/2)cos(1/2) —leinhCWJZ)sintl/?i} + E-——ﬂ L2131n(ﬂJ2)cos(l/2)
417 -1~

-'f,cos(T/2) sin(1/2)- 7 51n(l/2)( o 2lsinh{Bn/2)

cos(1l/2) -7, sin(1/2) -Y, cosh{7/2) sin(l/Z)] [7— cos(ﬂ/2}31n(s/2)—
. 1 o)

s sinrﬂ721003{3/28+ —————— '—S ssinh(ﬁ/Z}cbs(s/Z) ~-dcosh(n//2)

sin(s/2)} ]

Following the same procedure as in case 1 sy the final form of

acoustic power radiation becomes,

8 P Yt E g RIRM AT Y '
P = il —5 JLAJ + AEJA?Sine de d’ﬂ .

o ©° ' o
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Where, A_= -~-—-=-- incos(l/z}—ﬁcos(ﬂJZ)cos(l/2) -21 sin(rn/2)
7 Qu" v

\sin(l/2)3+ —————— E%cos(l/Z)-)°cosh(r/2) cos(1/2) -21 sinh(n,/2)

Ql +7'
sin(1/2)}])

1
P <t21s,1nm/z) cos(1/2) -vcosm/z) sin(1/2) - 51n(l/2)(
B ;._41

Ry o . ’
t -=;~-- 7121 sinh(%/2) cos (1/2)-vsin(1/2) - v cosh{f/2) sin(1/2)
(41/+T1n¢\k " e “-!
1 H 4
and A_= —1;—iﬂcos(m/2) sin(s/2) -s sin(ﬂ/Z)cos{s/2§-+
A s

' '
T %"~ )8 sinh(4,/2) cos{(s/2) -T%cosh(ﬂ&Z) sin(s/Z)r
! v

Above equation gives the total average power radiated from one
side of the baffled plate with three ends fixed and the other one

simply supported, vibrating in its (m,n)th mode with evén -odd

values of m and odd values of n.

(b) Radiation Efficiency

Radiation efficiency of a vibrating plate is given by the

equation (3.37),

S—- ____________
mn 4Pcab <\ uyy )

e e R N I ST U P 63|

Where, P, + the total average power radiated from one side of

‘the plate in terms of plate parameter, is
Q-
128 Pekpu”a¥p” A+ A%
P = e ; -‘—V————-—-—J I'EJ;} +A8]-A'1 sin8 de deg .
_ 5 o .
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Substituting A = [K; +A;}A;} we have,

128 Pck'ww a"b™ M1y

P:———-———: _______ JA Slne de d“: o--.---o.--.oanoa-oo-loono.{Q)
z/
o o0
Now , as in the bPrevious cases, the average of the temporal and

spatial factor of the square of the surface ve1001ty,
a

efu,p= (1/4ab)| | f (U72) dX Y iiieii e (R
b . .

"o,

Where u, =iwW 6(x)e(y)

X-a

= 1DWI-51nrh(———-) 4R, 51nhi (———-{J [51n hﬂy/2b) +R 31nh (ry/Zb)J .
: 4a

Substituting U, in equation (R) and carrying out the integration,

[y ~r

v W 4R ,. .
d!u ———- L}l— sinn/V,.) + -3;-1/51n0w/2) cosh (fn/2) - coa(ﬂJz)
mo
A ”’sinhY; n - 8iny 4R; S ’
sinh(B./2) p + R J-os =™ 1] ﬁ— -¢~—’—-) + -=--¢ sin(1/2) cosh(
j S J o il h
©jeinhy 4 W
/2)- cos(h/2) 51nh(7‘a/2)f‘+ R \==<zm= -1f | = B ———-
| Loy 1 g
) sin’r, 4R ..
Where, B = [;(1— —————— ) +—f———-31n{n/2)cosh(uJ2) ~cos{/2) sinh
4 T)m '}'Jm z .
sinhF,. . siny) ( 4Rh g i
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Substituting P, andduwﬁinto equation (S), the radiation

efficiency is found to be .
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Now , substituting k = vk
. "™ . vV
where k_ = [y(m—liﬂ'/zﬁl+2(n—1}?'/Zp} ], the radiation efficiency
P L A .
is obtained as

- N
64 ¥ [(m-1)"Ro_ + (n-11/R )M '
§ = mmmmmmmcm e ”A'osine de d« .

™ -
" Bq e
This is the expression of radiation efficiency of the baffled

plate with three ends fixed and one end simplyiaupported,

vibrating in its (m,n)th mode with odd values of n and even-odd

values of m,

4.4, Numerical Solution

The numerical method is a modern tool to solve any linear or
nonlinear eéuations successfully which are otherwise very
difficult: The analytical solutions of the equations for
calculating the total average power radiation could not be

obtained. The numerical method of solhtion has thus been

~developed to solve equation {3.26) with the help of a computer.

The equations tan(¥/}) + tanh(Y/L)=0 are sblved by the method of
bisection and the integrations of equation (3.26) are performed
by applying Simpsonfs Rule. The results of integration are
presented in tabﬁlar as well és in graphical forms.
The Method of Bisection

The method of bisection is very efficient but simple. 1t méy be
used to solve the roots of continuous non-linear as well as
complicated linear equations. The greatest vi;tue of the

bisection method is that it is virtually assured to converge to a.



root. In this method, the equation to be solved 1s expressed in

the form, f(x) =0. Then an approximate root is determined either
by observation or by graphical method. The values of the-function
f(x) are then determined for successive regular intervals. If X

is the approximate value of a root of the equation, f(x) =0 ,
then, f{xo), f(x°+h), f(x°+2h), ————— » are determined, where h
is the successive increment 6f x + If the product of any two
consecutive values of the function becomes negative, ‘it can be
concluded that at least one }oot of the equation lies in that
interval h of x.

Then a better approximate value of the reot is obtained
as the average (arithmetic.mean) of these two successive vﬁlues
of x. By taking smaller value of h, the accuracy of the result

can be increased to any degree. Also the process stated above can

be repeated until desired accuracy is obtained.

The Simpson’s Formula :
We now turn to one of the most widely known and used

techniques in numerical integration-the Simpson's Rule . It is

similar to the trapezoidal rule in dividing the total interval

into many smaller intervals and approximating the area under them
but different in that a parabola is passed through the three
ordinates of two adjoining intervals. We would expect that

whereas Lhe trapezoidal rule is exact for first degree

polynomials, Simpson’s rule would be exact'for second degree or

lower; actually , it turns out somewhat surprisingly to be‘exaﬁﬁ



for third-degree or lower. It is therefore a rather accurate
method for the effort required and the formula is not
significantly more complex than that for the tfapezoidal rule.
These characteristics account for the wide usage of the method .

It is a multisegment formula . The accuracy of the
results obtained is principally determined by the number of
segments taken in the calculation . The formula is obtained by
summing the areas underbthe-parabolic arcs. If the range (b-a) of.
ﬁhe integration ,I J flx)dx, is divided into n even equal
divisions, so ' that h = {b-a)/n, then by Simpson's formula, the

result of integration is given by

I=(h/3) [f(a)+4f(a+h)+2f(a+2h)+ ---------- +4f(a+(n-1)h)+f(b)ﬂ .

In the present solution , the range, 0 to7T/2'{
was divided into 36 equal intervals for applying the Simpson’é
formula . The ' number 36 was téken because of the fact that the
accuracy of the result with further increase in the number of
divisions increases only slightly , but the computer time
required increases proportioﬁately . The number of divisions may

be further increased or the method of Romberg integration can be

used for 1mprov1ng the accuracy of the results if highly accurate

result is desired . The detail procedures of evaluating different

quantities are shown in Appendix-C.
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CHAPTER-5
Reliability and limitations of the method

5.1, Reliabilitg of the method of solution:

The reliﬁbility and validity of any new technique
should be verified prior to its acceptance as a genuine tool.
This is achieved usually by comparing the results of the new
method ﬁith the results that_are?already available in the

literature. This approach generally helps to ascertain that no

error due to logic is committed in formulating the problem and no

-mistake is made in the computer programming. Keeping these

objectives in mind , a number of standard problems are solved
with the present method of sclution and the results are compared
with those of others, obtained analytically or by some other

technique. On the basis of this comparison, the reliability and

validity of the present method are verified .

Wallace{51) and a number of other authors(53,54) studied

[
-

the acoustics of a rectangular panel of uniform thickness. .For

defining the deformation modes of rectangular . panels,the beam

~functions developed by Warburton(1l), were ﬁsed by these authors.

The radiation resistance and radiation efficiency corresponding

to the natural modes of finite rectangular panels were

" theoretically determined from the total energy radiated'to_the

farfield.  Wallace(51) studied the case of a simply supported
plate in an infinite baffle. Asymptotic solutions for low
frequency region were derived and curves covering the entire
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‘formulation.Mandal(54) found the radiation

frequency range for various mode shapes and aspect ratios were

obtained through numerical integration.

Wallace(50) also found the radiation resistgnce
from the far-field pressure distribution produced by a baffled
beam, vibrating with simple harmonic motion in one of its natural
modes . He considered beams hinged at both ends and clamped at both
ends. He derived expressions for the radlatlon resistance which
‘are asymptotlc to the exact solution as the frequency approaches

Zzero. In addition, numerical integration of the far-field

acoustic intensity was used to obtain graphs covering the entire

frequency range for the first ten modes of the beam. Through

these investigations Wallace established that the nature of

radiation efficiency of beams is similar and independent of end-

fixity. This fact provides an opportunity for comparison of the

results of the present analysis with those of Wallace and others
towards Proving its credibility and souﬁdness.

Ahmed(53) also found the radiation efficiency of vibrating

plates with all edges simply supported with a different

efficiency of
rectangular plates with two opposing ends fixed and other two

ends free. When compared, it is observed that the graphs of

Wallace (51),Ahmed(53) and Mandal(54), presented  in Fig.54,55,56,

respectively, are identical to the radiation efficiency graphs of

the present study ,presented in Fig.18 to 2l,and 34 to 37

Earlier Ahmed(53) and Mandal(54) observed that although the

graphs of radlatlon efficiency of a rectangular plate at
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different combination of mode orders and of different end-fixity
but pf the same mode ordeg differ from one énother at tbe lower
ra;ge of mode o:deré,théy reach the same maximum value and the
same asymptotic value at increasing wave number ratios.This 1is
verified here by éomparing the present results{Fig.18 to 21 and
34 to 37) with those of Ahmed(Fig.55), Wallace(Fig.54) and
Mandal{Fig.56). Moreover; the power radiations from_ different
plateé of the Present analysis are compared with those obtained
by Ahmed(53) and Mandal(54) over the identical range of méde
orders. As expected,the graphs aiffer from one another, but they
maintain similar nature (Figs.46 and47). The above verification
proves that the methoa of solution employed here is accurate and
no error is committed either in formulating the problem or in the

computer programming.

5.2. Validity of the beam functions:

Warburton (1) developed a number of beamn
functions to satisfy the compatibility conditions at the ends of
a vibrating beam as imposed by physical.restrains. The functions
were des;gned to represeﬁt accurately the wave form of a bean
vibrating in its natural modes . Warburton’s.béam functions were
used by Wallace(50) in‘th analysis of acoustics of beams with
hinged and clamped ends. The results of the invegtigations b&
Wallace proved to be satisfactory as the expréssions for the
radiation resistance asymptdticaily approached the exact solution
as frequency decreased. Wallace also applied Warburton's beam

.

functions to define the mode of ‘vibration of a vibrating pl&-e.
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He derived the expression for the radiation resisténce of a
simply supported plate in an infinite baffle vibrating in its
natural modes. The expression for the radiation resistance was
asymptotic to the' exact solution at low frequency.

‘ In the present analysis Warburton's beam
functions have ‘been used to represent the motion of points on the
surfaces of vibrating plates. . The functions are combined to meet
fhe requirements of the different boundary conditions of
vibrating plates like two opposite ‘ends free while the other two
ends simply supported @nd one end siﬁply supported while the
other three ends fixed.The exact reprgsentations of these beam
functions, as used in the present analysis, are shown in figures
2,3.4 and 5. It is observed from these figures that the beam mode
shapes can satisfactorily represent the mode shgpes of a
vibrating plate under different boundary conditiqns considéred
here,

" The above discussions prove that the beam
functiong developed by Warburton are sufficiently wvalid and fha}
these functions can be applied to the vibrating plate with

different pure or mixed boundary conditions.

5.3. Limitations of the method:

There are a number of factors involved in the
analysis of any engineering problem. It islverf difficult to
solve these problems considering the influence of all the factors
simultaneously.Thus the end results of the solution of any "

complex engineering problem are always obtained under certain
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simplifying assumptions and approximations. The limitations
imposed on the results must be stated clearly and should be
Justified.

The present analysis of the acoustics of vibrating
rectangular plates with free-simply Qupported and clamped-simply
ﬁupported edge conditions have ghe following limitations:

1. The method of finding the fuﬁdamental frequency of the
vibrating plates includes certainr approximations as stated in

Ref.(1) and thus the present analysis is limited by those

approximations.

2. The governing-equation used in finding the fundamental
fregquency of the plates are based on certain assumptions as
stated in Ref.(i) and hence this analysis is also limited by |
those assumptions.
3. The displacement functions used in defining the ﬂefofmation
modes of the vibrating plates satis{y the governing equation only
approximately {l). Thus the actual deformation modes of the
vibrating plates may differ from what have been used in this
analysis.
4, The expressions for acoustic power radiation ﬁsed in this
analysis include certain assumptions as stated in Ref. {59,66)
and hence this analysis is limited by those assumptions.

But the nature of approximations and
assumptions incl;ded in this analysis had been tested in
different contexts by differenf authors and was found to be of

not much significance. The errors involved are within reasonable
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range and thus it can be concluded that the end results of this

analysis are good enough for engineering uses,



CHAPTER 6
.RESULTS AND DISCUSSIONS

6.1. Results and discussions:

The total average ﬁower radiation from one .side of a
rectangular flét'plate vibrating in its natural‘moﬁes is found
under clamped-simply supported and free- simply supported edge
conditions. The radiation efficiencies of these plates are also
obtained. The appropriate beam functions which define the
deformation mode in two perpéndicular directions and satisfy the
conditions at the edges of the vibrating plate under
consideration have been combined for defining the deformation
mode of the respebtive plate ‘under vibration. In this analyéis,
the boundary conditions considered are: {1) two opposing ends
free and the other two ends simply supported, (2) one end simply
supported and the other -three ends fixed. The beam functions in
fact satisfy the boundary conditions fof plates with fixed or
freely supported edges, but are only approximate for free edges.

The 1nput varjables for any rectangular flat plate with uniform

- thickness are the aspect ratios, (b/a), and the thickness ratios,

(h/a). The results are found for three values of the aspect
ratios and three valugs of the thickness ratios for each case of
the boundary conditions. The results are presented in both

tabular and graphical forms. Three values of each of the two
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plate parameters considered are 0.5, 1.0 and 2.0 for aspect ratio

and.U.OOI,0.00Z »0.004 for thickness ratio. The values of other

parameters as required in numerical calculations are : density of
the surrounding medium, F)=l.21 kg/rn3 ; velocity of sound in
surrounding medium, c= 341 m/sec ; density of the plate material,

R:??O0.0 kg/m3 and 1400.0 kg/m3 for steel and plastic(pve),

respectively; modulus of elasticity of the plate material, E =

we

206 GPa and 4.0 GPa for steel and plastic(pvc), respectively

amplitude of vibration, W :;.0‘0001 m ; and poison’s ratio,
‘6=0.4 for steel and 0.45 for plastic {pve). In the subseqguent
sections , the results of each of the two problems investigated

are discussed separately.

(1) Plates with two opposing ends free and the other two ends
simply- supported :
The values of acoustic power radiation are obtained for

various plate parameters and mode orders in x- and ¥v- directions.
Figures 6 , 7 and 10 to 13 show the total average _ acoustic
power radiated from cne side of the baffled plate, plotted
against the number of nodal lines in_the y—difection for a fixed
mode order in x- direction. In figures 8 and 9 ; the total
average acoustic power radiation are plotted -against the number
of nodal lines in x-direction for fixed mode orders in y-
difection . The influenpe of different aspect ratios, thickness
ratios and mode orders are also compared in these figures.

In order t6 offer a plausible explanation of
the nature of curves in Figs. 6,7,8 and 9 , it is necessary to
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refer to figures 14,15,16 and 17. In figures 14 and 15, it is

'seen that , with the increase of mode order, n, frequency factor

increases, Figs. 16 and 17 show the same trend of A{ with
increasing m, the mode order in x-direction . But from the
definition of frequency factor 34 by Warburton (53), it is

observed that the frequency of vibration is directly

"proportional to the frequency factor ); . So it can be concluded

that the nature of variation of frequency of the plates will be

the same as the frequency factor because they have the same

trend. Hence it can be concluded that , with the increase of the
values of m or n 'or both , the frequency of vibration would
increase. Figures 6 and 7 show the acoustic power radiation

plotted against nodal lines in v- direction while Figs. 8 and 9
show the same in x-direction for constant values of aspect ratio
and thickness ratio. In figure 6, it is seen that the acoustic
power. radiation increases somewhat monotonically at the lower
range of n and fluctuates at the higher values. of n: This is more
obvious from figure 7 . The variations of poﬁer radiation
follows £he same Lrend with .variation of m which is shown'in

figures B8 and 9. These can be explained by the fact that the

Ppovwer radiation should increase with the increase of the
frequency of vibration which, in its turn , increase with the
increase of the values of m, n . At lower values of m and n , the

rate of increase of frequency is higher. So the power radiation -
increases rapidly at the lower range of mode orders. But the

power radiation does not show significant rise with increasing
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values 5f m and n at the higher range . The graphs show a
waviness after certain values of m and n . At the higher range of
mode orders, the values of m and n have less influence over the
acoustic’ power radiation. The waviness of the graphs after scome
values. of ‘mode orders are dué to tﬁe interference af the waves
from x and vy - directions. At the high mode orders , the wave
form from the two directions interfere frequently. The acoustic
power radiation fluctuateg due to this interference. When the two
crests from the two directions superimpose, the total average
acoustic power radiation increases. On the other hand , when the
crests from one direction superimposes on the trough from
another , the total averége acoustic power radiation decreases
as depicted by the roots of the graphs. The frequency of this
waviness is dependent on the interferences of the waves. The
number of interferences increases with the increase in ﬁhe mode
orders. Thus the frequency of waviness has a lower value at the
low range of mode orders and increases with the rise of mode
orders.

It is observed in figures 7 and 9 that the
rate of increase in the acoustic ‘power radiation approaches =zero

at very high mode numbers. The variation of the acoustic power

‘"radiation can be explained with the help of the variation of

acoustic pressure in the surrounding medium due to the vibration
of the plate. There are various factors which affect the acoustic
power radiation. The frequency of vibration , the effective

radiating surface -of the plate, and the effective a00usti€
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pressure are the major three factors among them.

It is already known that the frequency of wvibration
increases significantly with the increase of mode orders at lowe;
range , but at high range , the rate of increase of frequency of
vibration falls. At low modé orders, the effective radiating
surface is larger because, in this case, the points of =zero
digplacement in the plate are less. But with increasing mode
orders , the regions of this_zero displacement increases sé that
effective fadiating surface decreases . Again, due to the
vibration of the plate , wave forms are generated in the
surroundiné medium, resulting in its alternate compression and
refraction ; At very high mode orders, the plate wave number
becomes very high. Therefore, alternate crests and roots of the
plate wave come closer to one another. At any iﬁstant of time, a
particular crest produces a compression in the surrounding medium
while the neighbouring root produces a rarefaction. These
alternate compression and rarefaction causes the acoustic energy
to travel through the surrounding medium. When the plate wave
number becomes very high, the neigﬂbouring roots and crests come
so close to each other that the rarefaction by tHe root partially
neutralizes the compression produced by the crest. The effectiig
pressure variation decreases. Thus the intensity of absoluté
pressure variation is high at the Jower mode orders and low at
the higher mode orders. Hence, in the low range of mode orders,
the acoustic power radiation from the p}ate-rapidly rises due to

the positive contributions of the frequency of vibration ,
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effective pressure variation and effective radiating surface of
the plate. But at the high mode oréers, the effective acoustic
pressure in fact has no role on power variation. The effect of
frequency of vibration becomes insignificant at high range of
mode orders. Also the effective radiating surface of the rPlate
implies negative effect on Power variation . Therefore, the
abéolute amount of acoustic power radiation does not show any
further increase with mode numbers., It rathgf attains a stable
magnitude in this case. Though the power radiation displays a
fluctuating characteristics at high modes, the radiation
efficiency converges to unity and does nol show any change with
further increase in the mode numbers, as shown in figures 18, 19,
20 and 21. This is because of the fact that , radiation
efficiency presents the power radiated from a plate due to its
vibratiéh at certain mode orders in comparison to the pbwer
radiated By the same plate vibrating as a solid without forming
waves, with a velocity equal to the root mean square value éf the
surface velocity distribution of the plate under consideratipn.
At high mode orders, the interferences of the compressions and
rarefactions produced by alternate crests and roots of the plate
waves tend to reduce fhe rate of increase in the £otal acoustic
power radiation. Above the criiical frequency of vibration of the
plate, Lhe acoustic radiation from the plate becomes stable and
does not increase with increasing mode orders. This stable

acoustic radiation is egquivalent to the acoustic radiation from

a plate vibrating as a solid body without forming waves, with.a
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velocity equal to the root mean square value of the surface
velocity distribution of the plate. The effect of this stable
magnitude of the acoustic radiation from a plate converges the
radiation efficiency to unity above the critical frequency, the
frequency at which the wave length of the standing wave of the
plate is equal to the wave length of the.radiated acoustic wave
of the plate.

Figures 18, 19 , 20 and 21 show the radiation
efficiency of the vibrating plate with two opposing ends free
and other two ends simply supported + As the wave number ratia
increases, the radiation efficiency also increases gradually.
When the wave number ratio is unity, the magﬁitude of radiafion
efficiency becomes maximum which is about 1.2. Iﬁ
Refs.(51,53}54} y maximum value of radiation éfficiency‘is i.Z
when the wave number ratio reaches unity. Wiph further increase
of wave number ratio , radiation efficiency converges to unity
and remains cohstant. It is also true in Figs. 54, 55 and 56.

Figures 1Q and 11 represent the variation of
acoustic power radiation with variation of thickness ratio of
the plafe. It is seen froﬁ these figures that the acoustic pbwer
radiation increases when thickness ratiog is increésed. This is
due to the fact that more power will be needed to excite a plate
if its thickness is increased. Figure 10 shows the variation of
power radiation with thicknesslratio for-low values of nodal

lines in x-direction and figure 11 for 'high values of the same

nodal line.



In figures 12 and 13, the effect of aséect-ratio of the
plate over the péwer radiation is shown. Figure 12 shows the
variation of average power with aspect ratio at a lower wvalue of
m and figure 13 for higher values of m » It caﬁ be seen from
figure 12 that the total average acoustic power radiation
increases with the decrease in the values of the aspect ratio.
But this is not true fdr higher values of m.It is found thag
the total acoustic Power radiation increases with the increaserof
""the aspect ratio at higher values of m at the lower range of n.
This is shown in figure 13. But the trend is gradually reversed
with the increase in the values of n,. The above variations of
acoustic power radiation can be explained with the help of
figures 14, 15 ,16 and 17. These figures show the variation of
dimensionless frequéncy factor }{_ with_the variation of aspect
ratio for different values of m and n . It is observed that, at
ail mode orders, the dimensionless .frequency factor,
yincreases with the decrease of aspect ratio. As dimensionless
frequency factor increases, frequ;ncy of vibration also
increases, which in turn increases the total acoustic power.
Therefore ,:aQeﬁhge acoustic power radiation increases as the
aspect ratio 1is decfeased. At lower mode orders, the amount of
power radiation mainly depends on the effective radiating surface
of the plate . The influence of frequency over the rPower

. radiation is less dominant in this case. Effective radiating

[

surface is more in the case of a plate with lower aspect ratiosﬂ

L

at low values of mode orders in the x-direction. For this reason,
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at low mode numbers in the Xx-direction, the plate with 15@?9
aspect ratio radiates more power. This is shown in figufe 7. At
high values of m.in the lower range of n , the plate‘with higher
aspect ratio radiates higher amount of power which is shown iT
figure 13. This is due to the fact that, at these mode ordersﬂ
the effective radiating surface is more in the case of a plate
with higher aspect ratio as the longer side of the plate is
divided into fewer waves. The effective radiating surface
decfeases_with increasiﬁg mode orders but the frequency . of
vibration increases. Here the increase in the frequency of
vibration fﬁr exceeds the reduction in the effective radiating
surface. Thus, the fréquency of vibration begins to play a
dominating role over fhe acpustic power radiation frém the plate.
From figure 15, it is seen that ’the increase in the frequency of
vibration with the increase in the mode numbers is more in_the
case of a plate with an aspect ratio of 0.50. The amount of
acoustic power radiation show a steeper rise in thislcase as
shown in figure 13. The amount of power radiation from the plates

with the other two aspect ratios is smaller.

(2) Plates with three ends fixed and éne end simply supported:

In figures 22 and 23, the variation of power 1is
plotted against the number of nodal lines in y—directi&n at a
particular value of ngdal line inrx~diregtion. Figures 24 and 25

show the variation of power radiation from the plate at a

- particular value of n and plotted against the number of nodal



lines in x—direcpion. From figure 22, it is observed that , the
power radiated from a plate increases rapidly with the increase
in the values of n upto a certain limit. after that , with
increasing n , power radiation increases slowly with moderate

fluctuation. The same trend is seen with increasing values of m

in figure 24. At high mode orders, the acoustic power radiation

- does not increase significantly. It rather attains a stable state

which is shown in figures 23 and 25. The power radiation due to

the vibration of the plate is largely dependent upon the

. frequency of vibration and the effective radiating surface. From

figures 30, 31,32 and 33, it is evident that dimensionless
frequency factor increases with the increase of mode orders. At
the lower range of mode ofders, increasing tendency is higher
than that at the higher mode orders. Again, the variation of
frequency of vibration follows the same trend as the
dimensionless frequency factor. Therefore, with the increase of
dimensionless frequency factor, frequency of vibration increases
in the same manner as there exists a linear relation between
frequency of vibration of the plate and.dimensionless frequency
factor. But acoustic power radiation increases if frequency of
vibration inqreases. Hence, from figures 30,31,32 and 33 it may
be - concluded that the rad;ation of power should 1ncrease with
increasing values‘of m_and n. With thg increase of mode oraers s
the effectiQe radiating surface decreases which is defined as the
surface of the plate from which acoustic radiation takes placef

But frequency of vibration increases with increasing mode orders.
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Thus, in the lower range of mode orders, due to the positive

effect of both the frequency of vibration of the plate and

effective radiating surface, the amount of acoustic power
radiation increases with the increase of mode orders. This 1is
shown in figures 22 and 24 . At the higher'mode orders, frequency

6f.vibration increases at a decreasing rate with the increase of
mode orders. On the other hand , the effective radiating surface
decreases significantly. Hence , in this range of mode Qrders,
the amount of power radiated increases.with arreduced rate and
shows a waviness after certain mode orders. With further
increase in mo&e orders, waviness will be asymptotically.zgfo. At
high mode orders, the waviness of the acoustic power radiation is
due torthe interference of the standing waves coming from x and
y-directions. When the two crests coming from the two directions
superimpose, net result will produce a sharp crest. On the other
hand, if the two crests oppose one ﬁnother, the total acoustic
power radiation decreases as depicted by the roots of the graphs.
This fluctuation in the acoustic power radiation constitutes the
waviness in the total'average acoustic power radiation. The
frequgncy and amplitude of interference increase with the
increase of mode orders. This is obvious from figures 23 and 25.
Though the average acoustic power radiated increases with
ihcreasing mgde numbers, the rate of increase graduélly decreases
and ultimately reaches a stable staté showing no further increase
in the absolute value. In the higher mode orders, neighbouring

compression and rarefaction made by the crest and root of
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standing waves in the plate partially neutralizes each other.
This neutralization , in its turn, reduces the acoustic power
radiation from the plate. Thoﬁgh ﬁhe absolute value 6f the amount
of acoustic power radiation doés not increase with increasing
mode numbers after a certain mode orders, the waviness of power
;adiation still remains. This is caused by the fact that the
interference of the standing waves from the two directions still
exists even if the mode numbers are verf high.

Figures 34, 35, 36 and 37 show the radiat;on
efficiency of the vibrating plate with one end simply suppqrted
and other three ends fixed. It is obser?ed from these figures
that the radiation efficiency converges to unity at high modes
and does not show any change with further increase in the mode

numbers. This is due to the same reason as discussed in the case

of the plate with two opposing ends simply supported and the

other two ends free. As the wave number ratio increases , the
radiation.efficiency also increases‘. When the wave number ratio
is unity, the ﬁagnitude of radiation efficiency becomes maximum.
With further increase of wave number ratio, radiation e}ficféncy

converges to unity and remains constant. This same trend is true

in Refs. (51,53,54).

]
£

Figures 26 and 27 presenf the nature of variation of
power radiation with the variation of thickness ratio for lower
and higher values of m, respectively. As in the other case
discussed earlier, acoustic radiation increases with the‘incgggse

. N . N Ll.
in the value 'of the thickness ratio of the plate. More power.is

- 79 -



et

LI R S

o osy

S

o

et e we e Ema

thus needed to excite a plate with higher thickness as the plates
radiates more energy.

In figures 28 and 29 , the amount of acoustic radiation
from the plate at different aspect ratios have beén compared.
Figure 28 presents the power variation with aspect ratio for
lower value of m and figure 29 for higher value of m. From figure
28 , it is seen that total acoustic power radiation increases
with the decrease of aspect ratio. This may be explained by
referring to figures 30,31 32 and 33. In these figures,
dimensionless frequency factor is plopted for various aspect
ratios against the number éf nodal lines. It is clear that, as
aspect ratio decreases, , dimensionless'frequencx factqr
increases. Frequency of vibration increases with the increase of
dimensionless frequency factor as their relationship is linear.
Thus in the lower range of mode orders, the plate with lower
values of aspect ratio radiates more power than those with
higher values of the asﬁect ratio. In this case , the effective
radiating surface of the rlate witﬁ lower aspect ratio is less
but the frequency of vibration is much higher. This makes the
acoustic radiation to be more with lower aspect ratio than that
with higher aspect ratio . As shown in figure 29, for high.values
of m in the lower range of n , the plate with an aspect ratio of
2.00 rediates more power than the plates with lower values of the
aspect ratio. With increasing values of m, the effective
radiating surface decreases. This decrease is more in the case of

) - [
a plate with an aspect ratio of 0.50, making the power radiaﬁién
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to be less than that at higher éspect ratios. With increaée in
the values of n', the increase in freguency of vibration takes
" care of the decrease in the.effective radiating surface., As-
such, at high mode orders, the frequency of vibration begins tou

play a dominant role over acoustic power radiation.

'6.2. COMPARISON OF POWER RADIATION FROM PLATES OF DIFFERENT

BOUNDARY CONDITIONS AND OF DIFFERENT MATERIALS:

{1) Comparison of the effect of boundary conditions:

In the present analysis, the pbwer.radiations from
a rectangular plate , vibréting in its natural modes, are s;ﬁdied
with two boundary conditions., Theée are : {a) two.opposing ends
simply supportéd and the other two ends free andl(b) one end
simply supported while the other three ends fixed. Figure 42 to
45 show the comparison of the average acoustic power radiation
from the plaée with above boundary conditions. It is evident from
figures 42 and 44 that , at lower range of mode opders, the
amount of power radiation from the plate for both the boundary
conditions are neérly equal in magnitude.It can be explained with
the help of figures 38, 39, 40 and 41, which shdw that the
‘dimensionless frequency factor for a particular mode shape 1is
almost the same for both the boundary conditions. This makes the
amounf of acoustic power radiation to be nearly equal for both
the cases. At high mode orders, the alternate compressiohs and
rarefactions of the surrounding medium of the vibrating platg!

L
produced by the neighbouring crests and roots of the plate waves,
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begin to partially neutralize each other. Thus , at these mode
orders, the effects of the edge conditions on the amount of
acoustic power radiation are virtually nullified. This is clear

from figures 43 and 45.

{2) comparison of the effect of materials:

Figures. 50 to 53 compare the average acoustic power
radiation from steel and plastic plates. At low'ﬁode.orders,
total acoustic power radiation from a steel plate is higher thn
that of a plastic plate . The reasons behind it are as‘follows
(a) the frequency of a steel plate is slightly higher than a
rlastic plate which is shown in figures 48 and 49 , (b) the steel
plate is more rigid than the plastié one for which naturally more
power will be needed to excite it., But at high mode orders ,

plastic plate is observed to radiate more power .



CHAPTER 17

CONCLUSIONS. AND RECOMMENDATIONS.

7.1., CONCLUSIONS :

In this thesis, the total average acoustic power radiated
from one side of a baffled plate , vibrating in its natural
modes, have been investigated with two different mixed boundary
conditions. The rgdiation efficiencies of the plates are dbtained
and compared with the results given by Wallace(51),Ahmed(53) and
Mandali54). The effect of material prppertigs on power radiation
has alsb been investigated.

The‘following conclusions are made from tLhe
investigations of the results and graphs for different boundary
conditions and for different values of various parameters.

(1) The average acéustic power_radiated from one side of a-
baffled plate vibrating in its natural.modes increases with the

increase of mode orders. In the lower range of mode orders, this

increasing tendency is high. At the high raﬁgelof mode orders,

the acoustic power radiation is in fact in a stable state with
the increase of mode numbers. After a certain mode orders, the
acoustic power radiation from the plates begin to show a wavy
nature.

{2) The averadge power radiated from a baffled plate increases

with the increase of thickness ratio.

(3) With the increase of aspect ratio, the average power radiated
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from a baffled plate decreases at low values of m. For high
values of m in the low range of n, the average power radiaeion
increases with increaeing aspect ratio. But this tendency
gradually reverses at the higher range of n and m.

(4) The total average acoustic power radiated from a baffled
plate with two opposite ends Simply supported and other two ends
free is nearly equal to the power radiated from the plate with
one end simply supported and other three ends fixed.

(5) The radiation effieiencies of the plates increase with the
increase of wave number ratio ‘V upto its value of unity. With
further increase in the values of wave number ratio, radiatiog‘

o
efficiency converges to unity and remains constant. '

(6) At low mode orders, power radiation from a steel plate is
higher than that‘from a plastic plate. But at high mode orders. a

plastic plate radiates more power,

7.2. RECOMMENDATIONS

From the knowledge end'experience of the-present
investigation, the following fields‘on plate vibration and
.acoustics are recommended as the scopelof future research.

(1) Accuracy of the present investigation may be enhanced by
adopting more appropriate displacement functions to define
correctly the motion of the surface of the vibrating plate.

(2) Plates ; reinforced with beams, may be studied and the
.effects of' reinforcement can be investigated.

i)
{3) Plates with variable thickness and other irregularities may

also be studied.

—
b



. Lo
{4} Plates having nonuniform edge constraints may be studied\byf:

¥

introducing the proper elastic constrains into the boundary:?
conditions. , ' Eﬁ
{5) Displaceﬁent functions may be evolved for the study of the
effect of holes and cracks in vibrgting plates.

(6) The wvibraticn of composite.plateé may be studied.

{7) The effects of various other mixed boundary conditions may
be studied by using Warburton's displacehent functions for
dealing yith practical problems.

(8) Methods should be evolved to investigate these problems

experimentally.
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Fig.2: Beam function 8(y) for the plate with two opposing
ends simply-supported for even and odd values of n.
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Fig.36. Radiation efficiency for three ends fixed and other one end
simply - supported plate at low-low mode orders.
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DIMENSIONLESS FREQUENCY FACTOR.
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Fig.38: Dimensionless frequency factor for plates with different
boundary conditions at low value of m.
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DIMENSIONLESS FREQUENCY FACTOR.
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Fig. 39: Dimensionless frequency factor for plates with different
boundary conditions at high value of m.
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DIMENSIONLESS FREQUENCY FACTOR.
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Fig.40: Dimensionless frequency factor for plates with different
boundary conditions at low value of n.
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Fig.41: Dimensionless frequency factor for plates with different
boundary conditions at high value of n.
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Fig.42: Power radiation from plates with different boundary conditions at low
value of m. :
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Fig.44: Power radiation from plates with different boundary
conditions at low value of n.
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Fig.45: Power radiation from plates with different boundary
conditions at high value of n.
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Fig.46: Power radiation from plates with different boundary
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Fig.47: Power radiation from plates with different boundary
conditions at high value of m.
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Table-1 : Dimensionless frequency factor for two oprosing ends free and other two ends simply supported plate for

different values of Ra .

APPEMDIX - B

TABLES

.

Ra m/n 2 4 6 - 8 10 12 14 16 18 20 22 24 26 28 30 3z

0.5 4 1.7E1 - 5.1E1 1.2E2 2.1E2 3.4E2 ©5.0E2 6.9E2 9.2E2 1,2E3 1.5E3 1.8E3 2.1E3 2.5E3 2.9E3 3.4E3 3.9E3
1.0 4 1.3E1 2.3E1 4.0E1 6.4E1 9.6E1 1.4E2 1.8E2 2.4E2 3.0E2 3.8E2 4.6E2 5.4E2 6.4E2 7,4E2 8.BE2 9.8EZ
2.0 4 i.3E1 1.51 2.0E1 2.6E1 3.4E1 4.5E1 5.7E1 7.1El B8.7El 1.1EZ 1.3EZ 1.5E2 1.7E2 2.0E2 2.3EZ 2.6E2
0.5 16 2.4E2 2.BE2 '3.4E2 4.4E2 5.7E2 T7.3E2 9.3E2 1.2E3 1.lE3 1.7E3 2.0E3 2.4E3 2.8E3 3.2E3 3.BE3 4.1E3
1.0 16 2.4E2 2.5E2 2.7E2 2.9E2 3.2E2 '3.7EZ 4.1E2 4.7EZ 5.4E2 6.1E2 6.982 7.8E2 8.8E2 9.8E2 1.l1E3 1.2E3
2.0 16 2.4Eé 2.4E2 2.5E2 2.5E2 2.6EZ 2.7E2 2.8E2 3.0E2 3.2E2 3.3E2 3.5E2 3.8E2 4.0EZ 4.3E2 4.6E2 4.9E2
1.0 3 7.6E0 1.7E1 3.3El 577E1 8.9F1 1.3E2 1.8E2 2.3E2 3.0E2 3.7E2 4.5E2 5.4E2 6.3EZ 7.4E2 8.5E2 9.7E2
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Table-2 : Dimensionless frequency factor for two opposing ends free and other two ends simply supported plate for

different values of Ra .
Ra n/m 2 4 8 8 10 12 14 16 is 20 22 24 26 28 30 32

0.5 6 1.0E2 1.2E2 1.,3E2 1.6E2 1.9E2 2.4E2 2.9E2 3.4E2 4.1E2 4.8E2 5.7E2 6.6E2 7.5E2 8.6E2 9.7E2Z 1.1E3

1.0 6 2.8E1 3.9E1 5.7E1 8.3El 1.2E2 1.6E2 2.1E2 2.7EZ 3.3E2 4.1E2 4.9E2 5.8EZ2 6.862 7.8E2 9.0E2 1.0E3
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2.0 6 9.4E0 2.0E1 3.7El 6.3El g.7E1 1.4E2 1,9E2 2.5E2 §.1E2 3.9E2 4.7E2 5.6E2 6.6E2 17.6E2 8.8E2Z 10.E2
0.5 20 1.4E3 1.5E3 1.5E3 1.5E3 '1.5E3 1.6E3 1.663 1.,7E3 1.8E3 1.8E3 1.983 2.0E3 2.1E3 2.2E3 2.3E3 2.5E3
1.0 20 3.8E2 3.8E2 4.0EZ2 4.2E2 4.86E2 5.0E2 5.5E2 6.1E2 6.8E2 7.5E2 B8.3EZ. 9.2E2 1.0E3 1.1E3 1.2E3 1.4E3

2.0 20 9.4E1 1.1E2 1.2E2 1.5E2 1.8E2 2.3E2 2.8EZ 3.3E2 4.0E2 4.7E2 5.6EZ2 6.5E2 7.4E2 8.5E2 9.6EZ 1.1E3




Table-3 : Power radiation

m{n 2 4 -6 8

2 'B.SE-{ 3.3E-1 2.2E1 8.4El
3 2.2E-1 3.1E0 4.3E1 9.5El
4 2.9E—1. 7.1E0 5.6E1 1.1E2
5 7.2E0 . 3.4E1 7.0E1 1.4E2
6 3.3E1 6.2E1 9.4E1 1.7E2
15 1.1E3 1.0E3 9.5E2 1,3E3
16 9.3E2 9.9E2 1.3E3 2.1E3
17 1.5E3 1.7E3 2.7E3 3.7E3
18 3.2E3 3.8E3 3.6E3 1.BE3

by two opposing ends

10
1.9E2
2.0E2
2.3E2
2.7E2
3.2E2
2.5E3
3.7E3

1.7E3

2.4E3

12

3.8E2

4.0E2

4.4E2

4.8BE2 -

5.1E2
2.9E3
1.3E3
3.1E3

4.7E3

14

6.6E2
7.5E2
8.5E2
9.9E2

1.1E3

2.3E3

 4.2E3

4.1E3

1.8E3

free and other two ends simply supported plate.

16
1.1E3
9.4E2
9.8E2
1..0E3
1.2E3
4,3E3
2.2E3
2,2E3

3.7E3

18
2.1E3
2.7E3
3.0E3
3.6E3

3.7E3
1.8E3
4.2E3
1.3E4

2.3E4

20
1.7E3
1.3E3
1.4E3
2.0E3
2.8E3
1.8E4
2.3E4
1.5E4

6.4E3

22

5.1E3
4.5E3
4.3E3
3.1E3
2.B6E3
7.5E3
4.5E3
3.3E3

3.4E3

24

1.9E3
3.2E3
4,1E3
7.4E3
9.9E3
2.6E3
3.3E3
3.1E3

6.5E3

26

2.1E4
2.3E4
2.0E4
1.5E4

1.3E4

4,.4E3 .

1.6E4

J.4E4

4.0E4

28

3.8E3
3.7E3
4.5E3
3.9E3
4.0E3
4.8E4
2.9E4
1.6E4

7.5E3

Ra =1.0, Rt=0.002

30
3.4E3
4.0E3
6.1E3
9.2E3

1.2E4

4.6E3

-

6.1E3
4.9E3

5.0E3

32

4.5E4
4.1E4
4.9E4
4.0E4

2.7E4
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Table-4 : Power radiation by two opposing ends free and other two ends simply'supported ﬁlate. Ra =1.0, Rt=0.002

n/m 2 4 € 8 10 .12 C14 16 18 20 | 22 24 26 28 30 32

4 3.3E-1 7.1E0 6.2E1 1.2EZ 2.5E2 4.8E2 9.8Eé 9.982 3.8E3 1,9E3 2.8E3 B8.6E3 1.4E4 3.2E3 1.1E4 2.6E4
5 3.0E0 2.9E1 17.1El 1;4E2 2.8E2 &5.2E2 1.1E3 1.1E3 3.9E3 2.7E3 2.1E3 1.2E4 1.0E4 2.7E3 1.9E4 3.1E4
6 2.2E1 5.6E1 9.4El 1.8E2 3,32 5.3E2 1.1E3 1.3E3 3.6E3 3.6E3 1.2E3 1.5E4 6.5E3 1.5E3 " 2.0E4 2.0E4
7 5.9E1 7.7E1 1.3E2 2.2E2 4.0E2 6.3E2Z 1.0E3 1.5E3 2.8E3 4.4E3 6.8E2 2.0E4 3.3E3 1.5E3 3.0E4 1.1E4
19 3.8E3 3,2E3 1.7E3 é.lES 4.5E3 3.0E3 2.2E3 1.4E4 1.7E4 3.8E3 2.9E3 2.0E4 é.9E4 5.1E3 6.2E3 7.9E3
20 1.7E3 1.4E3 2.BE3 4.6E3 '3.5683 1.8E3 - 6.7E3 2.3E4 6.4E3 2.BE3 4.4E3 3.8E4 1,5E4 6.0E3 5.6E3 7.9E3
21 3.2E3 4,2E3 4.9E3 3.4E3 1.4E3 4.2E3 2.0E4 1.5E4 -5.6E3 3,43 1.4E4 3.9E4 6.6E3 . 5.2E3 6.0E3 1.0E4

22 5.,1E3 4.3E3 2.6E3 1.1E3 3.9E3 1.7E4 2.2E4 4.5E3 3.4E3 5.5E3 3,2E4 '2.4E4 7T.4E3 5.0E3 6.2E3 1.7E4
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Table-5 : Power radiation by a two opposing ends free and other two ends simply supported plate.

Ra =1.00 and different values of Rt .

Rt m/n 2 4 ;6 8 10 12 14 16 18 20 22 . 24 26 28 30 32

0.001 4 6.5E-5 2.6E-3 3.3E-1 2.4E0 3.4E1 2.3E2 2.8E2 4.1E2 6.3E2 9.3E2 1.1E3 2,1E3 ?.2E3 4,3E3 2.5E3 '7.5E3

0.002 4 2.9E-1 7.lEO 5.6E1 1.1E2 2.3E2 4.4E2 8&.5E2 9.8E2 3.0E3 1.4E3 4.3E3 4.1E3 2.0E4 4.5E3 6.1E3 4.9E4
0.004 4 2.3E1 4.9E1 1.4E2 3.6E2 T7.3E2 1.9E3 1.7E3 6.1E3 2.5E3 1.8E4 4.2E4 8.2E3 5.7E3 1.3E4 5.0E4 3.5ES
0.001 18 6.3e2 6.6E2 7.0E2 7.5€2 1.1E3 1.1E3 1.3E3 2.3E3 1.5E3 1.%E3 5.3E3 2.8E3 4.8BE3 3.1E3 4.3E3 2,1E4
0.002 18 3.2E3 3.8E3 ' 3.6E3 1.,8E3 2.4E3 4.7E3 .1.8E3 3.7E3 2.3E4 6:4E3 3.4E3 6.5E3 4.0E4 7.3E3 5.0E3 6.2E3

0.004 18 1.5E3 1.6E3 1.7E3 7.6E3 3.6E4 6.1E4 1.1E4 5.7E3 4.0E3 5.8E3 9.9E3 5.4E4 3.0E5> 4.4E4 2.7E4 2.0E4
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Ra

Table-6
m/n 2
4 8.7E-1
4 2.9E-1
4 3.6E-1
18 1.7E3
18 3.ZE3
18 5.8E3

Power radiation by a two opposing ends free and cother two en

3.9E1
7.1Eq
9.3Ef1
1.4E3
3.8E3

5.4E3

Rt =0.002 and different values of Ra .

5.0E2
1.1EZ2
3.0E1
1.6E3
1.8E3

7.6E3

10

12

14

1.4E4
1.8E3

3.6E3

16

1.2E4
g.8E2
2.7EZ2
4.9E3
3.7E3

2.5E3

18

4.4E3
3.0E3
3.7E2
2.6E4
2,3E4

3.4E3

20

1.7E4
1.4E3
5.5E2
9.5E4
6.4E3

5.8E3

ds simply

22

8.1E4

4,3E3 -

7.8E2

1.3E4

3.4E3

9.1E3

supported plate..

24

2.0E4
4.1E3
8.8E2
1,3E4
6.5E3

1.2E4

26

9.1E3
2.0E4

B.9E2

]
-1
¢3]
w

4.0E4

4.2ZE3

28

1.9E4

30

3.1E4
6.1E3
1.4E3

9.4E5

5.0E3

3.2E3

32
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14

14

15

15

14

14

15

15

14
15
15

16

13
15
14

16

Table-7 :Radiation efficiency of

.02
1.8E-11
2.4E-10

1.6E-4
4.7E-5
6.1E-8
2.3E-9
2.1E-6
3.1E-5
1.9E-11
1.3E~13
1.9E-4
3.2E-6
3.4E~14
4.4E-14
1.9E-6

1.6E-6

.04

1.1E-9
1.5E-8
6.6E-4
1.9E-4
3.5E-6
5.2E-7
3.0E-5
1.0E-4 "
8.5E-10
2.4E-11
7.4E-4
4.9E-5
4.6E-12
5.4E-12
5.4E-6

4.4E-6

Ra = 1.06
.06 .08 .10
1.3E-8 7.1E-8 2.7E-7
1.7E~-7 9.6E-7 3.6E-6

1.5E-3 2.6E-3 4.1E-3

4.1E-4 7.1E-4 1.1E-3

3.2E-5 1.4E-4 3.9E-4
1.1E-5 B8.6E-5 3.7E-4
1.3E-4 -3.3E-4 6.6E-4

.GE-4

o

1.8E-4 3.0E-4
4.8E-9 B.1E-9 2.1E-8
3.6E-10 1.5E-9 4.0E-9
1.6E-3 2.6E-3 3.7E-3
2.3E~4 6.5E~4 1.4E-3
3.4E-11 1.4E-10 2.4E-9
3.1E-11 2.6E-10 4.2E-9
8.4E-6 1.4E-5 2.6E-5

6.9E-6 1.2E-5 2.4E-5

.20

1.7E-5
1.9E-4
1.6E-2
3.3E-3
6.2E-3
5.8E-3
5.4E-3
6.2E-3

1.2E-5

. 5.6E-6

8.5E-3
8.1E-é
1.3E-17
2.2E-1
1.1E-4

1.0E-4

.40

1.0E-3
6.5E-3
6.2E-2
1.3E-2
1.9E-2
2.1E-2
2,1E-2

1.7E-2

2.3E-4.

2.6E-4

1.9E-2

2.9E-2

9.1E-5

9.1E-5

8.6E-4

9.0E-4

two opposing ends free and other

two simply supported plate for different mode orders .

.80

4.8E-2
1.8E-1
3.6E-1
3.8E-1
1.2E~1
1.1E-1
1.2E-1
1.1E-1
3.7E-2
3.5E-2
1.4E-2
8.1E-2
6.2E-2
6.6E-2
1.7E-2

1.8E-2

1.0
1.5E-1
6.6E-1
6.8E-1
1.0E0Q
1.9E0
2.0EO
2.3E0
2.3E0
1.3E0
1.3E0.
1.5E0
1.6E0
1.8E0
1.9E0
2. 1E0

2.2E0

2.0 3.0

1.4E0 10.E-1
1.2E0 1.1E0
1.2E0 1.1E0Q
1.2E0 1.1E0Q
1.1E0 8.6E-1
1.1E0Q 8.4E-1
1.1E0 8.3E-1
1.1E0 7.9E-1
1.5E0 8.4E-1

1.2E0 8.4E-1

1.1E0 7.9E-1.

1.1EQ 7.9E-1
1.1E0 9.9E-1
1,0E0 1.0E0
1.0E0 1.0E0

9.8E-1 1.0E0

4.0
1.0E0
1.0E0
1.0E0
1.0E0
8.4E-1
8.8E-1
8.4E-1
8.6E-1
7.7E-1
8.2E-1
9.3E-1
9.5E-1
1.1EQ
1.1E0
1.1EQ

1.1E0
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Table-8
Ra m/n 2
0.5 4 1.7E1
1.0 4 1,2E1
2.0 4 1.1El
0.5 16 2.4EZ2
1.0 16 2.3E2
2.0 16 2.3EZ2

3’ 6.5E0

4

5.7E1
2.1El
1.3E1
2,7E2
2.4E2
2.4E2

1.6E1

1.3E2

3.59E1
1.7E1
3.4E2
2,6E2
2.4E2

3.4E1

Dimensionleés frequency factor for thre

different values of Ra .

2.3E2

6.5E1

2.4E1

4.5E2,

2,8BE2
2.5E2

6.0E1

10

3.7E2
5.89E1
3.2E1
5.8E2

3.2E2

2.5E2

9.4El

12

5.4'1-*.2
1.4E2
4.2E1
7.5E2
3.6E2
2.6E2

1.4E2

14

7.4E2

1.9E2
5.5E1
9.5E2
4.1E2
2.8E2

1.9E2

16

9.7E2
2.5E2
6.9E1
1.2E3
4.7E2
2.8E2

2.4E2

18

1.2E3
3.2E2
B.6E1l

1.4E3

5.3E2

3.1E2

3.1E2

20

1.5E3
4.0E2
1.0E2
1.7E3
6.1E2
3.2E2

3.8E2

22

1.9E3
4.7E2
1.2E2
2.1E3
6.9E2
3.4E2

4.7E2

e ends fixed and other one end simply

24

2.2E3
5.6E2
1.5E2

2.4E3

.7.8E2

3.7E2

5.6E2

_supported plate for

26

28

3.0E3
7.7E2
2.0E2
3.2E3
9.8E2
4,.2E2

7.6E2

30

3.5E3
8.8E2
2.3E2
3.7E3
1.1E3
4.5E2

B.7E2

32

4.0E3
1.0E3
2.6E2
4.2E3
1.2E3
4.8E2

10.E2
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Ra

Table-9 :
n/m 2

6 1.2E2
6 3.1E1
6 B.7ED
20 1.5E3
20 3.8E2
20- 9.6E1l

Dimensionless

1.3E2
3.9E1
1.7E1
1.5E3
3.9E2

1.0E2

1.4E2
5.5E1
3.4E1
1.5E3
4.1E2

1.2E2

frequency factor for three

1.7E2
8.0E1
5.9E1
1.6E3
4.3E2

1.5E2

10

2.0E2
1.1E2
9.2E1
1.6E3
4.6E2

1.8E2

12

1.5E2
1.3E2

1.6E3

5.0E2

2.2E2

4

~different values of Ra .

14

16

3.4E2
2.6E2
2.4E2

1.7E3

6.1E2

3,2E2

18

4.1E2

3.2E2

3.0E2

1.8E3

7.0E2

3.9E2

20

4.8E2
4,0E2
3.8EZ
1.9E3
7.4E2

4.B6E2

22

5.6E2
4.8E2
4.6E2
2.0E3
8.2E2

5.4E2

24

6.5E2

5.7E2

5.,5E2

2.0E3
9.1E2

6.3E2

26

6.6E2
6.4E2
2.1E3
1.0E3

7.3E2

28

8.5E2

7.7E2

7.5E2

2,2E3

“1.1E3

8.3E2

—

ends fixed and other one end simply supported plate

30

for

32
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m/n

16
17

18

Table-10 : Power radiation by three ends fixed and other one

1.0E-2
1.3E-1
2.6E-1
5.0E0
2.9E1

1.1E3

9.6E2

1.2E3

2.7E3

4
1.4E0
2.6E0
6.9E0
2.6E1
6.4E1
1.1E3
9.5E2
1.4E3

3.4E3

6

4.7E1

4.4E1

6.6E1

6.9E1

9.7E1

9.9E2

1.2E3

2.1E3

4,0E3

8

1.3E2

9.4E1

1.3E2

1.3E2

1.8E2

1.2E3

1.6E3

3.5E3

2.8E3

10

2.8E2
2.0E2
2.6E2
2.6E2
3.3E2
1.6E3
3.7E3
2.7TE3

1.4E3

12

5,5E2
3.9E2
5.0E2

4.7E2

3.8E3
2.1E3
1.9E3

4.6E3

14

16
1.2E3
8.2E2
1.0E3

1.0E3

1.2E3

5.0E3

3.6E3

2.1E3

2.5E3

18

4.

3.

3.

3.

3

1.

3E3
2E3
9E3

6E3

.9E3

.7E3

LAE3

.2E3

8E4

end simply supported plate.

20
2.0E3

1.4E3

22

A.SES
2.9E3
3.3E3
2.1E3
1.8E3
1.5E4
4.9E3
3.6E3

3.4E3

24

8.9E3
6.8E3
9.6E3
1.1E4
1.6E4
3.1E3

2.5E3

r

26
2.6E4
1.4E4
1.7E4
9.1E3
9.3E3
3.6E3
7.9E3
2.7E4

3.9E4

Ra =1.

28

6.5E3

3.5E3

4.4E3

2.9E3

3.1E3

5.2E4

4.2E4

2.1E4

1.2E4

0, Rt=0.002

30
1.5E4
1.0E4
" 1.4E4
1.8E4
1.8E4
4.1E3
4.5E3
5.2E3

4,3E3

32

6.1E4

3.1E4

3.2E4

2.9E4

2.0E4

2.3E3

4.7E3

3.3E3

6.3E3

- 156 -



n/m
2
4
6
8

16

" 18

20

22

Table-11 : Power radiation by three ends fixed and other

2

1.0E-2

1.4E0 .

4.7E1
1.3E2
1.2E3
4.3E3
2.0E3

4.8E3

2.6E-1

6.9E0

6.6E1

1.3E2

1.0E3

3.9E3
2.1E3

3.3E3

6
2.9el
6.4E1
9.7E1
1.8E2
1.2E3
3.9E3
3.5E3

1.8E3

9.4E1
1.1E2
1.7E2
2.8E2
1.9E3
2.3E3
4.9E3

1.1E3

10

2.0E2
2.3E2
3.2E2
4.8e2
3.9E3
1.9E3

4.1E3

3.8E3

12

4,1E2
4.6E2
5.4E2
7.3E2
1.9E3
4.8E3
1.7E3

1.6E4

14

7.4E2
9.0E2
1:1E3

1.1E3

3.4E3 -

3.1E3

16
9.6E2
9.5E2
1.2E3
1.6E3
3.6E3
2.4E3
2.4E4

4.9E3

one end simply supported-plate. Ra =1.0, Rt=0,002

18

2.7E3
3.4E3
4.0E3
2.8E3
2.5E3
1.8E4
1.2E4

3.4E3

20

1.1E3
2:3E3
2.8E4
9.8E4

.2E5

w1

2.3E5

9.8E5

1.8E4

22

7.5E2

1.6E5
2.4E3
2.1E3
4.0E4
3.9E3
7.4E4

3.8E4

24

5.2E2
7.5E2
8.8E3
1.1E5
6.2E3
1.3E4
3.9E4

2.9E4

26

7.4E3

9.7E3

8.1E4

2.5E4

1.2E4

6.1E4

28 -
1.6E2
6.4E2
2.0E3
2.9E3
4.,8E5
1.1E4
1.7E4

1.9E4

30
2.2E3

1.6E3
7.3E3
2.3E5
5.6E3
4,.6E3
1.3E5

2.3E4

32

3.0E4

4,2E5

'5.5E3
l.2e4
4.1E3
1.8E4
2.4Eb

6.1E4
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Table-12

Rt m/n 2

0.001 4 8.BE-3
- 0.002 4 2.6E-1
0.004 4 2.2E1
0.001"' 18 6.3E2
0.002 18 Z2.7E3

0.004 18 1.5E3

Power radiation by a three ends fixed and other cne end simply supported plate.

1.2E-2
6.9E0
5.0E1
6.5E2
3.4E3

1.7E3

Ra =1.00 and different values of Rt .

§.6E-1

6.6E1

1.5E2

7T.1E2

4,0E3

1.8E3

4.5E0
1,3E2
4,0E2
7.3E2
2.,8E3

4.5E3

10

5.1E1

2.6E2

' 7.8E2

10.E2

1.4E3

2.0E4

12

2.8E2

5.0E2.

2.4E3 -

1.2E3

4.6E3

6.5E4

14

3.2E2
1.0E3
1.4E3
1.2E3

3.2E3

16

4.7E2
1.0E3
6.BE3
2,2E3
2.5E3

7.7E3

18

7.1E2
3.9E3
2.2E3
1.4E3
1.B8E4

4.1E3

20

1,1E3
2.1E3
3.4E4
2.4E3
1.2E4

5.2E3

22

1.1E3

3.3E3

2.3E4

4,1E3

3.4E3

8.5E3

24

2.4E3
9.6E3
4.9E3
4.1E3
3.7E3

2.3E4

26

2.5E3
1.7E4
4,1E3
4.0E3
3.9E4

3.2E5

28

'7.2E3
4.4E3
1.5E4
4.8E3
1.2E4

6.4E4

30

3z

6.8E3

3.2E4

2.0E3%

2.8E4

6.3E3

1.4E4

- 158 -



- Rt

Table-13 : Power radiatidn by a three ends

m/n 2

4 2.0E0
4 2.6E-1
4 2.8BE-1
18 1.5E3
18 2.7E3

18 5.2E3

5.2E1
6.9E0
5.6E-1
1.6E3
3.4E3

4.7E3

Rt =0.002 and different

2.1E2
6.6E1
2.7E0
1.5E3
4.0E3

6.2E3

6.6E2
1.3E2
1.7E1
1.6E3
2.8E3

8.5E3

10

1.6E3
2.6E2

9.9E1

12

4.1E3

‘5.0EZ2

1.4E2
2.8E3
4.6E3

9,.5E3

fixed and other one end simply supported plate.

values of Ra

14

3.3E3
1.0E3
2.0E2
1.5E4
3.2E3

5.9E3

16

1.3E4
1.0E3
2.8E2
5.0E3
2.5E3

4;:8E3

18

4.0E3
3.9E3
3.9E2
4.1E4
1.8E4

1.9E3

20

4.1E4
2.1E3
6.2E2
1.2E5
1.2E4

2.,9E3

22

5.2E4

3.3E3
7.9E2

1.4E4

'3.4E3

9.2E3

24

26

5.6E3

. 1.7E4

9.8BE2

1.1E4

3.9E4

7.6E3

28

2.6E4
4.4E3
3.6E3
1.7E4
1.2E4

3.5E3

30

2.1E5
1.4E4
1.2E3
4.4E5

4.3E3

3.0E3

32

7.9E5
3.2E4
3.0E3
2.1E4
6.3E3

4.0E3
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Table-14

.02 .04
1.8E-T 2.9E-6
8.8E-7 1.4E-5
4.1E~7 6.5E-6
5.3E-7 B.4E-6
1.6E-5 2.3E-4
6.8E-7 3.9E-5
2.6E~7 1.5E-5
8.0E-6 1.1E-4
3.3E~6 4.7E-5
2.4E-8 1.4E-6
1.8E-5. 2.5E-4
1.5E-7 8.7E-6
8.8E-9 4.3E-7
1.0E-8 4.8E-7
7.2E-7 7.6E-6
7.1E-7 7.0E-6

.06
1.5E-5
7.0E-5
3.3E-5
4,2E-5
9.0E-4
3.6E-4
1.4E-4
4.3E-4
1.8E-4
1.3E-5
1.0E-3
8.3E-5
3.0E-6
3.0E-6
2.0E-5

1.6E-5

Ra = 1.00

.08
4.7E-5
2.2E-4
1.0E-4

1.3E-4

1.0E-3

4.2E-4

5.7E-5

2.4E-3
3.6E-4
B.1E-6
7.2E-6

2.7E-5

2,2E-5

.10
1.1E~-4
5.2E-4
2.5E-4
3.1E-4
3.5E-3
3.9E-3
1.8E;3
1.9E-3
6.6E~-4
1.6E-4
3.8E-3
9.9E-4
1.2E-5
8.5E-6
3.9E-5

J.6E-5

Radiation efficiency of three ends

. 20
1.8E-3
7T.0E-3
3.9E-3
4.2E-3
1.9E-2
1.3E-2
1.3E-2
1.5E-2
1.5E-3

1.1E-3

7.1E~3

6.0E-3
4.5E-5
3.5E-5
2,0E-4

1.7E-4

fixed and other one'simply supported plate for

.40
2.6E-2
5.6E~2
5.6E-2
3.7E-2
3.6E-2
4.1E-2
4.0E-2
3.0E-2
5.2E-3
5.2E-3
2.2E-2
2.1E-2
3.4E-4
2.BE-4
1.0E-3

9.3E-4

b

.60
1.2E~1

1.2E-1

2.4E~-1

1.2E-1
5.5E-2
5.6E-2
6.0E-2
6.8E-2
1.0E-2
1.0E-2
2.9E-2
3.0E-2
2.7E-3
2.7E-3
5.6E-3

4.9E-3

.80
3.0E-1
3.3E-1
5.7E-1
4.2E-1
1.5E-1
1.2E-1
1.3E~1
1.0E-1

.6E-2

-1

1.2E-1
1.1E-1
1.3E-1
1.2E-1

1.7E-1

5,8E-1
8.7E~-1
9.7E-1
1.1E0

1.5E0

1.7E0
1.7E0
1.9E0Q
1.9E0
2.1E0
2.1E0
1.7E0 "
1.7E0Q
1.9EQ

1.9E0

1.2
8.8E-1
1.4E0
1.3E0
1.7E0
1.9E0
1.9E0
1.9E0
1.9E0
1.9E0
1.9E0
1.9E0
1.9E0
1.9E0
2.0E0
1.9E0

2.0E0

1.5E0Q
1.5E0

1.5E0

different mode orders

1.3EQ
1.4E0
1.5E0
1.4E0
1.3E0
1.3E0
1.3E0
1.3E0
1.3E0
1.3E0
1.3E0
1.3E0
1.3E0
1.2E0
1.2E0

1.2E0

1.3E0
1.3E0
1.3E0
1.3EQ
1.2E0
1.2E0
1.2E0
1.2E0
1.2E0
1.2E0
l.ZEO
1.2ED
1.1E0
1.1E0
1.1E0

1.1E0

1.3E0

1.2E0
1.2E0
1. 2E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.1E0
1.0E0

1.1E0

1.0EQ
1.0EO

1.0E0

8.9E-1

9.0E-1

1.1E0
1.2E0
1.2E0

1.2E0



R

Table-15 :

Dimensionless fregquency factor for a plastic plate under different boundary conditions.
Ra =1.00

Two opposing €énds free & other two ends simply supported

Ra

w/n 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
1.0 3 7.580 1.6E1 3.3E1 5.7E1 8.9E1 1.3E2 1.8E2 9.3E2 3.0E2 3.7E2 4.5E2 5.4E2 6.3E2 7.4E2 B8.5E2 9.7EZ \
L)
-]
- i
R ] |
Three ends fixed & other one end simply supported :
Ra m/n 2 4 6 8 10 12 14 16 18 20 22 .24 ‘26 28 30 32
1.0 3 6.50 1.6E1 3.4E1 6.0E1 9.4E1 1.4E2 1.9E2 2.4E2 3.1E2 3.8EZ 4.7E2 5.6E2 6.5E2 7.6E2 B8.7E2 10.E2



Table-16 :

Two opposing ends
n/n 2 4
4 1,3E-5 6.9E-6

16 2.2E2 3.3E2

Power radiation for a plastic plate under
Ra =1.00 . Rt= 0,002,

free & other two ends simplyusupported :
6 8 10 12 14 16
.5.2E-3 2.7E-1 1.1E0 3.3E0 1.0E1 2.1E2

5.1E2 5.6E2 5.1E2 5.5E2 6.3E2 7.7E2

Three ends fixed & other one end simply supported

mn/n 2 4
4 5.6E-3 1.2E-2

16 1.2E2 1.3E3

6 8 10 12 14 16
6.0E-2 1.BEZ2 8.5E1 3.8E3 3.8E3 2.7E4

1.5E5 7.2E4 2.7E4 1.1E4 1.6E5 4.9E4

different boundary conditions.

18
5.2E2

1.0E3

18
1.6E4

9.5E5

20
5.7E2

9.4E2

20
1.BEB

1.38E3

22
7.5E2

1.7E3

22
1.7E5

+2,2E4

24

9.5E2

1.3E3

24
6.8E6B

1.2E4

26

1.1E3

3.3E3

26
1.9E5

4.3E4

28
1.5E3

1.9E3

28
2.8E3

3.4E5

30
2.9E3

2.2E3

30
1.5E5

8.9E3

32
2.2E3

7.5E3

3z
6.3E3

5.3E4
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APPENDIX-C

PROGRAMMING FEATURES

C.1. General Featuresﬁ

The program listings presented in section C.5.have been

developed by the author for numerical calculation of total

average acoustic power radiation from the plates.The variables

used in the program are given in table C.2.

Table~ C, 2:

Definition of computer variables.

‘Density of the surrounding medium,

- 163 -

Variable Symbols used in Description of variables
the text
AR R, - Aspect ratio, b/a
TR - Ry g Thickness ratio, h/a
AH Divisions of the range of integrati;n,
AK Divisiohg of the range of integration,
AMP Amplitude factor of the power radiated,
AL 1
AS s
GR g Accéleration due to gravity,
RM Rp
RPM Ry
RN Rn
RPN Ré
ROA



RO
SLMB
TH
TK
WNR
GM
GPM
GN
GPN
SUM

FUNC

C.3. Procedures for calculating power radiation :

A2

e

<]

Y

Tm Roots
Tﬁ’ Roots
T Roots
T% Roots

The value'éf

The value of

Density of the plate material,

Dimensionless frequency factor,

Wave number ratio,

of the
of the
of the

of the

egquation tan( ¥/2)+tanh({ ¥ /2)=0,
eqﬁation tan{ 7*/2)-tanh{ 17 /2)=0, .
equation tan( ¥ /2)+tanh{ ¥/2)=0,

egquation tan(fP/2)~tanh(Y°/2)=0,

the inner integration of equation(4.4),

the phase factor of the equation(4.4).

The procedures for evaluating power radiation from a

free-simply supported plate have been described here.The program

is given in section C.5.1.Al11 other programs presented in section

C.5.2.,C.56.3.and C.5.4.are similar in nature.

The list of variables used in the program are given in

lines 8 to 20.Input variables c,w,g,7§,E,f3,f%ﬂ 6’Ra'Rt & HH are

read in lines 24 to 27 and output formats are given in lines 28

to 43.In lines 45 to 54,the roots of the equations tan(r/2)itanh(

7/2)=0 are calculated.Lines 55 to 62 contains the algorithm for

calculation of amplitude factor of equation{4.4).Power radiations

the equation(4.4)

- for even values of mode orders m & n are evaluated by integrating

in lines 63 to 88.Cos(s/2) of equation(4.4) is

used in this case.The output variables m,n,power &‘Vm are printed
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out in lines 89 and 90.The whole procedures are repéated
acqording to the statements shown in lines 91 to 93.In lines 95
to 143;the calculation of power radiations are performed for e#en
values of m & odd values of n by iﬁtegrating the equation{(4.4)
& taking sin(s/2) in place of cos(s/2). Lines 145 to 193 & 195 to
243 contain the algorithm for calculating power radiations for
odd-odd & odd-even combinations of mode orders m & n respectively
by integrating thé equation (4.7a}. The{dimensionless freéuendy
factor is evaluated in lines 248 to 264.Lines 266 to 294,321 to
349,378 to 406 and 434 to 462 are for the integration of acoustic
intensity for vérious combinations of mode orders.The phase
factor of the acoustic intensity for various mode orders are

evaluated ip lines 296 to 319,352 to 375,409 to 432 and 464 to
487.



er radiation from a free-simply suppported

C.4. Flow charts for pow
plate.

c.4.1. Flow chart for main program.

CTart)

Cinput c,¥W,8, 7 1B, 05 by ( \R Ry, BHS

et the value of mode order in x-direction,m|

Compute the root of the equation
tan((/2)+tanh( £/2)=0

" Compute Rm

ISet the value of mode order in y-direction,d

Call ASOLN which determines the dimensionless
frequency factor

laampute the amplitude factor of equation(4.4)

Call ONE which evaluates the acoustic intensity
for even values of m & n

J

lCarry out the integration of equation(4.4)

| Compute power ]

IWrite m,n,power,ThJ

[lncrease the value of mode order n by 2 ' U'
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Increase the root of the equation tan(r/2)+tanh( /2)=0
by 24/ to use.the next higher mode shapes for calculating
power radiation

lIncrease the value of mode order m by ZJ _

(CStopD

C.4.2. Flow chart for subroutine ASOLN.

Subroutine ASOLN(m,n, 7% , 6 ,Rg, »¢°)

[Compute the dimensionless frequency factor}

|Return |

C.4.3. Flow chart for subroutine ONE.

Subroutine ONElc, »¢“, ¥p+RpsRasRe Ein, 71, £, 6+2,TH,SUM)

. R .
Call TWO which evaluates the phase factor of the
acoustic intensity for even values of m & n

komput; SUM]

C.4.4. Flow chart for subroutine TWOQO,

Subroutine TWO(c, Afz, Th'Rm’Ra’Rt’E’n’7"l%¢ 6 8,TH, TK,FUNC)

E%mpute FUNé]

[Return )

Flow charts for subroutines THREE,F1VE and SEVEN are same as

subroutine ONE.Also the flow charts for subroutines FOUR,SIX and
EIGHT are identical to subroutine TWO,
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MPLY SUPPORTED PLATC(POMER RADTATION] . “mm#wu-Fspooo3oﬂ i
- FSP0O0040 Y

— - -

F_MVC-S-I-PRUSRAW FUR FREE-S5
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S ey e

; D% degeded: 4 dr e e e e e ez e e e g e e TRl ERerRnEhEaakk ke titsE&F SPONOSO,
2 2 2 LI T '_];: V,\P[,\F\L"" RO FIR R VY R R IR IS R 3 R 335 335 3 QKFSPOI',IOFJ(],”|
B Ltz R S A X . R R R ’i '1::::='.:=:==k=:=i=='.=-‘.=f;$#ﬁ##*kt&&#####t####&##f:SPOOUTO;(M
* A=LENGTH UFE rur PLATE I} "ETERS. FSPNROOBOD
% B=WIDTH TF THE PLATE IH METERG. FSPDOO90 : =
= C=VELUCITY OF 30UND IN AIR"UCTERS 2o SeCOND. FsPooloo '
% PI=a CONSTANT NUANTITY ENJIVALCHT TH VYal4lt FSPOOLLO
* GR=ACCELARATIUY DUE T GPAVITY,METERS PRER SECDOND SO v FSP0OOL120 .
% W=AYPLITUOE OF VINRATINIGWMLT RS, FSPND130
= HETHICKIESS O THL PLATS 7T 1S, F5P0J1540
% E=MIDULYS OF ELASTICLITY OF THT PLATE MATERIAL MHEHTON PER METER SQeFSPAQL50C -
* RU=SPECIFIC WEIUHT UF THE PLATE "ATRERIALWKG PER METER CUBE. FSPOO160
% RIFASDENSITY 7 alllyXG PER “UTE" U0, FSPOO1TN
% SIG=PULSIN'YS RATIN, . : Co C FSPOOLBO "
% AR=ASPELT RATIDWB/A - FSPQO190Q
% TR=THICKNESS PATTO.M/A FSPQOZ00
%, Tl dfornededsyefode de frcaln e e leale e e e e e sa e el e e e e e e e e e e e e skl e e ok 4:#m#*#ﬁ#ﬂﬂﬂ-*t##FSPf)oz[On N
JPENTUNMIT=3, FILE="0UT Yy STATUS= 118 ) : FSPon22o ..
C OPENIUNIT=3,FILT=" 11, STATUS= LNy 1 F5P0D2Z230
; . READU349961Ce W32 aPToE2RMA$2N 4 SIG,HH L wFSP00240 -~
: 996 FORMATIF 4.0/ 004/ Fa o2 /Foaat /0.3 /4 0 2/F5.0/F442/F6.4) " FSP0O0250
) 997 QEAD(3,778 VAR, TR T FSP00260"
: © 998 . FURMATIF4.2/°5.3) : ..;!J;c?stj FSPOD2TO -
WRITE{9,979) ' ‘ "iiﬁ ! FSPO0230
999 FORMAT{/ /20Xy *detigdis [IPYT AT 4 55y S ‘ )T FSPoo290
. WRITEL Iy LONO) ARy T2 3 Ca gy Gl e P9 o P IA$EMN 5T G0 . w; EFSPOO3ﬁO g
1000 FIRMAT(/20Xe AR=" yF3a /20X Tz FS5,3/20Xs 0=y F4.0/20Xe " HW="y F L FSPOO3IN
. *Fb-t;/Z()K,"‘,IH',!'fg.."_'/’(l)(,'PI*'u neh /20N (=" [(9, 3/20)’.'R0 =§. T FsPOn3zo
' CAFYL 2/ 20N R T e F 5.0/ 20K SIGT R G 2/ 20K T HHE 3y Fh G ./}. : j FSPOO330- ¢
. WRITE{7,100U1) ;FSPO0O340 @}
' 1001 FIORMATELOX,* " HUMIER NF DIVIZIVIS=30° /) } i' 'FSPOD350
T HRITE[2,1002) A%, TR . i FSPD0O360., .
1002 FORMATISX,*ASPELT RATIANS 470,445, ¢ THILK IESS nar[nzl'vFa.ﬁ,/i,jg'FspooaTo !
MRAITE{?,1023) FSPO0O3BO
1003  FORMATILX,L131('-")) ., © FS°00390 4
ARITE(7,1004) FSPO0400
1004 EORMATEIX, ' "0 20,55, 0% 1 f0g0y "0 LT QATATENY yOX, *GM/GPMY) FSPOO410
WRITE{ 2,1 05) £SPOOG420
1005 FORMAT(IX, 111(*~':./1 FSPOO430 .|
* oE S de e e e S R O VT B e % SRR e R EREERREXE SPONGLO |
124 x11~2.L  FSPO04S0, -}
o DD L M=2,32,7 "FSPOOGKO: o
12 XL2=K1L+H FSPOO04T0 |
- YLE=(SINIXLLY/ZC)S LI )« (ST ZLI} /005X ) FSP0048O - |
. YL2=AS5IN(XL2) /CISUNI2 M) e 05T XLI2}/0%HIX12)) FSPOO490 !
Ell=YLL%YLY F5P0QQ500 .
M IF(Z11leLTuDa) G T 10 FSPOQS10 -
e XIL=X12 FSPODS20 - |
Gy Ty 12 FSPp05S30
e 10 GHA=X11+X12 FSPONS40 .. .
- HGM=GM/ 2.0 FSPOOS50
LY ‘ ’ }
b i *i
o . e
.n‘_.: 1:
op 1'
o FILE: FSeR FORTRAM Al IUET CTMPUTEZ CFHTRE, DHAKA "YM/SP 14331- Loz}



TQ

200

-

52

5D

doie kg

RM=-FININGMI/ STNHIRGM) FSPUOUSHY
DO 2 M=2,12,0 FSPODSTO
CaLlL ASJLH:M,i,pr.,IJ,np,.iw;s FSP00SRY
AL =P USRI AS I I AR ARG (DI”‘ﬁ.UI‘[vrv(TR”*Q.D!“SLH1¢SLHB4GR¢GR FSPOD590
HN=FLUAT (1) FSPODG0O
AMZ= TR DA ([ La=SIGHSIG )22 4N E (HN=140) % [HN-1.0) - FSPOOALO -
AMP=AML /A2 . FSPOD620
k=35 FSPUO630
AH=({PL/2.0)/K » FSPO0A4D
Kk=K-1 FSPODGSD
GSUM= .0 FSPOO660
TH=D a0 cemte- FSPOOGTO
I=1 ".. FSPO06BO .
CALL UNE{C,50LM3,6M, M, AR,rn.L,J.n[.<n.31 Gl THy SUM) FSPBO0690
SSJM=GSUMeSUM . ESPODTOO0
TH=TH«AlH " sPooT10
I=[+1 .(:? FSPDDT20
CALL ONELCeSLIU Gy R AR o TR T 3Ny PLyANySIGGRy THy SUM) i ~--FSP03730
SUM=GSUM+ 40554 : FSPOOT740
TH=[H+AH F$SPODT50
[=1+1 _ ‘ FSPONT60
CALL ONECCySLMB Gy RM AR TRy P[40y S15+G2y THy SUM) FSPoo770
GSJ4=GSHU e 20551 _ . FSPOUTRO
[FUILT.KK) 30 TD 70 . 4~ FSPOOT?0
TH=TH+AH : 7 FSPO0OSND
CALL ONE(Cy oL g 3MyR Y yAR ¢ T, y.lvplv"ql‘;IGnQQTL'l;SUH’; . e 1 FSPOORL1O
GSUA=LSUS+ 44 0% SUM ¢4 Fspoonzo
TH=TH+AA . i .- 1! Fseonsip
CALL OUNEAC SL™M3 a0 1y 114 AR, TP, T haP L0 SIGeGReTHy SUM) ' .Y FsPO0D84&D
GIUN=GSUM 5S4 P . ., i FSPOOBSQ
GSUM= LA/ 34015650 P . . FSPDO86N
PUOHLR =4, 0555 41p ‘ : " FS%POOBTO
AR TTE(dgit) MeMad2IWEL 4 5H . : FSPODBRO
ARITEL745200) My )y POMEE,,GM ' ol FSPODR9D
FUR“AT(SXII%IFXI[1l1QXPEIq'4'l1X!r!?-Q) i ! K‘T; 1. FSPOD7D0
CUNTIHUE e L FSPOQ910
X1l=x11l+3.1 ) FSPODI20
CJJTIJJL ‘ FSPOO?30

R R

x11-2._ Pt Fspoovso
noya M=p,32,2 SPONI60
XL2=X11+11 FSPDOQ?O
YLL=(STPHXLLP/COSEXLI) Y e (S0 ¥ET ) /0050 { X1 1)) FSPODZ30
Yl?—(s!ﬂ{!l7l/CJ:lX12))'lJIII(Vl°}/L1)H(Xl“)I FSPOD970
Z11=YLl%YL2 v , FSPO100O
IF{211.LTL.040) GO T 50 T FSPOLOLO
X11=X12 FSPDID20
G T 52 FSPO1030
GM=X11+X12 FSPO1040
HGM=504/2.0 F5P01050
RA=-STHOHGME/STYHEALM) : . FSPOl060
O 4 N=3432,7 L FSPO1070
CaLl ASILHEM ey P T 4SIG, ARy SL 1) ' F5°01080
AML=2 e DSRUASWEUT ARSARSE (P TS5 4 0 ) EF%0 = (TREG%4 .0} 4GREGRESLMBESLMB . FSPNL1090
MN=FLOAT(} . AT FSPOLLDO
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6 TE A AL BUET COPUTER {CNTRE, NAAKA

AMZ =294 DuUFRIZANN ([ 1« 0-5I5G%SIG
AMP=AM1/AM2

K=3g

AH={PLl/2.0} /%

KK=9¢-1

GSJAH=0,.0

TH=0.0

1=1

CALL TIMEGICeSLIY 30 R s AR s T2, Ly Ma ] SR e ST 0 THy SUMY
GSUM=GSUM+ SUM

TH=TH+aAH

I=1+1

CALL THREE{CsSLMNyGHM,RMyAR, TRy eHePL+RNySISeGRy THy SUM)

- G3UM=GLSUM+ 4. DS

270
LA

400

4

3

&

3z

- ;

sl - ’
[N 30 -
rk
v
f‘..hr,_ .
P
.
L
gL’ .
;'E. '

THA=TH+AH

I=1+1

CALL THREE(C 25U yLMeRM AR t TR Ty NP TRy STy GR  THy SUMY
GSJM=GSUM+ 2 L3570

v4/SP. (4331-1_02)1

FSPOLL10O
FSPOL112D
FSPO1130
FSPOLL4D
FSPO1150
FSPQ1160
FSPO1170
FSPO118RO
F3P0117°0
FSP0O1200
FSPD1210
FSPDL1220
FSP0O1230
FSPO1240
FSPD1250
FSPD1260
FSPN1270
FSPOLZBO

TF(L.LT.KK) 30 TO 270 ; !7 .. FSPDL290 .
TH=THrAH : : , ‘""" FSPO1300 |
CALL THREE(Cy SEMIoOMaRY ARy TE 3 E y 4y PT 204510 e5R s THy SUMY 2 . FSPO13l0
SSUMEGSUMe G, 0 SUN it .11y, FSPO1320
TH=TH+AY , : « L ili}y Fspol3ao
CALL THRELICy SLUB G R g AR o T0 Mgty P 14PN, 5154 GRy THy SUM} B i L FSPOLAGO
GSUM=G3 U4+ SUA : P FSPD1350
GSUM={a4/3.0) 55U © )’ FSPO1360 |
PONER=4.0%55 ) 1 AMP o Ct F53P01370
WRITE(fg&) Myl PIWIR LG vt ; FSPOL3AQ
WRITE{7,40001 My, PIHER 4G s e FSPO1390 '
FOTATISX g 12y TXs 120100 sE10aay1 2%, 510,4) ' b : F5P0L400
CONTENUE C -, FSPOl410.
X11=X11l+34l 31 FSPDO1420 .
COMTINJC FSPOL430 - °
WAz AT AT Ntk frwr A daln dade fe s c danndr g i Al R e e R e R R NN A etk EEFSPO] 440
X11=3.9 : v FSPO145D
D) 5 M=3y32,42 ' ; FSPN1460
X1Z=X11¢HH FSPOL4TO
YLIL=USINIXLLY/CO50XLI ) = (STHUXLL) /CO5HEX11) ) FSPD1480
Y12=(SINIXLI2) /CyS00L2) ) - {SENL2) /20SHIXL2) } F5P01470
Zll=Y1l%Y12 ; .F5P015ooj~1
IF{Z11.LT.0,9) G0 TO 30 ! ‘espolsin! L
X11=X12 FSPO1520
.61 FD 32 FSPO1530
GPM=X11+¢X12 FSPO1540
HGPM=GP41/2,0 : FS5PO1550
RPM=S IN(HGP ) /STNITTHGPY) ‘ FSPO1560
DO 6 N=3,32,2 FSPO1S7TOD
CALL ASOLMI(Me My PT4S1G ARy SL AN "FSPOLS B0
AML=2 2 DHROAFHEWEARSARS (P L% o0 #E#T = (TRE%420) 2GREGRESLMBESLME + FSPD1590
HN=FLUAT{N) FSPO1600
AMZ =9 0500 R (IL=SEGESIOIEE2 (D)6 (HY=1 )= (UN-1.0} FSPDO1610
AMP=AML/AM? FSPOL1620
K=35 FSPO1630
AH=IPE/2,.0) /% FSPOl6&0
KK=<-1 FSPO1450
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FILE: F5P? FOTTIAN AL DUET LNHAPUTER CUNTRE. DHAKA o S VM/SP (48331-L02¢
_ 35UM=00 " ... .. FSPO1660 .
. TH=04.0 , s FSPO1ATO
1=1 : ’ FSPN16AD
CALL FIVELCeSLMA o OPMeRPMe ARy TRy Ly dePIsRI«3I59GReTHySUM) ..t . FSPUO1690O
GSIM=5SU+5U4 FSPN1700
170 TH=TH+ad , : FSPOLT10
1=1+1 .‘,.‘.,.,,,;',;".‘;F.S”017?0 .
CALL FIVE(C)SLMIsGPMoRPUAR, TRy eP Ly RI¢STIGeGRyTHeSUMY 0 ¥ °-, | . FSPOLT30 -
. SUM=SUA 5. DESUY , FSPD1740
v T4=TH*AH T i e -am. FSPOLTS0 .
. I=1+1 V. FSPOLT6O-
CALL FTVELC rql_$BV\JP1'RF"\'l\n'T-’oL_ HeP TR 1 :STGeGRyTHSUMY ‘ SPO1TTN
GSUM=GSUM+ 2, 055U ~ FSPO17%0
[F{L«LT.KK} 539 TO.L7D ' FSPO1790D
TH=TH*AN . FSPO01800
CallL FIVE|CpSL"1i'l|GPH,RP’11ARvT?’.'E!H'F'ItR'leIGQGQ|T"IQSUH|1 : FSPD181D
SIM=GSUM+ 4. 0%SUM \ : . FSPD1920
Ti=TH+A ] . . 1 FSPN1830
“ALL FIVE(CsSLNYsGPM RPN, aR TRy EstisPTIsRUsSTI3+GRyTHSSUME . - | | FSPO1R40O
GS5JIM=5G51e 53U , ; . FSPO1850
GSUMSLA4/3.0) 5650 "tii. FSPON1B6D
POWEA=A4 0G5 UMEAMP : o ~%.,ti FSPOLBTO
AALTE (&%) MyHyPIWER 46PN ettt FSPOLBRD
WRITE(7,5300) !y iy POUER,GMY oo ' Fspp1890
. 300 FURMAT(5X T2+ TXs12+0XsEL0e4ylDXsFlOat) RN ce ﬁzi_Fspol9oo
.6 CONTINUE por b uit FsPOL9LD
© XLl=X%iled.l A a\;‘:'{‘ FS°01920
L § CUNTINUE b FSPD1930
& vL“"?ﬁ##$$#t$#$#**$$$$$$#$#ﬁ$*#$*$$$$$t$$#¢#$t$###f&$$??f¢#ﬁ$f$ =FSPO194D
X1L=7.7 . '- it gL, FSPOD19SD
e 00 7T M=3,32,2 ‘ , Si i .. . FSPO1960
L 112 X1Z=X11+HH A %{_«-j;: FSPOL19T0 |
C¥LL=(SIUXLILIZCOS (X LI —(SIHHEX L) /2ISHEXLLYY - b, i i1 FSPOL198BO
Y12=(SIN(X12)ZCIUS{X121 - (SINHIX12) /7205HEX12Y) - . 7 i v FSP01990
Z1l=Y11%Y12 i ' FSPN2000
[F{Z11eLTa0a2) S0 TO 110 ' . _ .. FSPQ2010
XLL=X12 P FSPO2020
. GJ T 112 n FSP0O2030
110 GPM=X114X12 , FSPO2040
S HGPM=GPH/ 2.0 : : Co TS FSPO2050 1y
APU=SIN[HGPM) /STNH{HGPM) o b Y Espo2060 b
DD B M=24322 . £SPO2070
g CALL ASILNIMetiyPLy5L5yakySLMT) . . FSPOZ0BO
L C O OAMLE2 WY ERUAEWEWEAREARGAP [ £ %4 o) BE%E R { TREESL ,O)«GREGRESLMBESLMB . FSP0OZ2070 .
AN=FLUAT{H) FSPO2100
ceve . AMZE7.,0%CERUEADE(E1.0-SISESIN)EE240)E (HY=1.0)F(HN-1,0) . - FSPD2110
' AMP=AML/AM2 ' F5P02120
t=35 FSPD2130
AH=(PI/2.01/K4 FSPO” 140
KK=K-1 FSP02150
65Uz 060 FsepzLhd
. TH=0.0 ) ) FSPO2170
v =1 © FSP02180
CALL SCVE LG ySLYB 0PIty ANty AR T2 6, s P[40, STGpGRy THy SUM) FSPD2190
GSUM=GSUM eI © FSPD2200
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FILEG:

370

500

+#*+

3

FSP ForTmaty

AL BURT Cogyer CRNTRE, DHAKA VH/SP (4331-1L02)
TH=TH+4a FSPD2210
1=1+1 FSPO2220
Call SevESl0y Sy S g RN g A,y T8 P TaPy S1 04N TH,, SUM) F5P02230
GIUMTGSUNE 44 DRSS I FSPO2240
TH=THeaY FSPOZ250
I=I+1 _FSP02260
CALL SEVENIL s SL 1D P sRP ARy TR yE e s PL+20+51595R s THe SUM) FSPDZ2T0
SSJIMSGSUME 2. D%5 UM FSPO2230
IFlLleLTak¥%} 50 TQ 37D FSPD22720
TH=TH*+AA FSPNZ23INO
CALL SEVENLC s L Ny GP e PP AR TP T 1P T 43 09y SIG5R e THy SUIM) FSPO2310
GSUMEGSUM 4. 0% 5M F5202320
TH=TH+A FSPN2330
CALL SEVINICy G eGP P A,y T8 7, [y P14+ 20,515y GRy THy SUM) FSP02340
an‘i-bJan!*.U\‘. ) -5PO?350
GSJUS A4/ 3.0)=G5UM FSPO23560
PIAER=H. 0% GSIMEAMUP FSP02370
ARTTE (=, Uy e DIIHET 9GP M P & FSFO23R0
ARLTE(9,300) HedsPOWET 50 O . FSPD2390
FORUATISX o129 TX e IZ29 10X s E10aa,10XsF1Da%) Lo " FSP0O2400
CaMTINgE L ;iA% i FSPD24l0
Xlb=X1le3al i ., FSP0O2420
CONTINUE j;} ', ] FSP0O2430
5T2P , _ o i?:: |} FSP02440
END ' D B T FSPO2650
il edevofa g e det el Ak e ek kR R NG R EFSPR2460
de e fe e e e e g et e B dene dlrale e e e A RN R AR e Rt EFSPO2 4T
SUBJJJTI L A\HL“ld,H.PI.SIG,A(,?LWW} ' FSPO2430
THIS SUIRDUTINS SVALUATES THE DIMTYSTONLESS rRﬁQJcMcv FACTOR. FSPN?2490
FUM=FLOAT(N) : . ‘;; , FSPNZ2S00
SX=FM-0.5 ' 'sl; o ‘F5P02510
HX=GXH3XE{1a0-120/(GXSPLY)) ‘ : S " 'FSPD2520
XJ=GXE3X2{1ade {50/ (LXEPL YY) : | FSP02530
FH=FLUAT{N) FSPO2540
SYZFN-1.0 FSPN2550
HY=5Y:GY . FSPN2560
vJh=+4Y ; FSP0O25T0 -
STE=OXELXEGXESX _ FSPOZ2SR0
STZ2=(GYEGYE0Y+0Y )/ (AREARTAN:=AR) . FSPD25720
SI3=SIGEHXEHY ¢ 1 0-516) %K.y SRTERY FSP0Z2600.
STG={2.0%5T3}/1aAR%AR) D R A

SLYMB3=STL+5T2+¢5F4

RETURN -
END )
[ S R GRS P e S KL < i S TR R el 3t vt edr el &

i
vT2 rvvaI'QU'JIu;GQ'THgSUMl

s Useh T9 IIT GPATFE THE ACHUSTIC INTENSITY
VALJES OF M AMY i, ’

SUBRIUTIHE JHE(C SLlﬂrGHyPW
THLIS SUBRIUTLIHE
FIX EVEN
K=35

AK=(P1/2.0G)/¢ - L

Ke=X-1

SuUM=0.0

TX=0.0

I=1

CALL TWI{C+SLHM 3o CMaRIw AR TR Ty}

r Tl SIGsGRe TH TX s FUNC)

FSPDZRIN-'
FSPU2620

.FSPN2630

FSPO?2640
FSPJ2650
F5P026560
FSP0OZ670
FSP02680
FSP02690
FSP02700
FSPO2T10
F5P02T20
FSPO2730
FSP02740
FSPO2T50
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FILE:

90

i*

# 4

4

SUBIUUTLNE Tl’ri(C'aLHW"Hqﬂ“ AR TRy F 4, PI.?D,SIU'GR,TH’QUH
THE ACJUSTIC INTENSITY

F5PR FIRTRAM  al BIET COMPUTER CENTREs DMHAKA

SUM= SUMe FUNC
TK=F¥+ag

1=1+1

CALL TW)(Cy5 L11.uH.uM,AR9FP.F.H.PvaH'3IS'GIoTH,T(.FUNC]
SUM=SUMe 4, 0= UNE

Th=TX+A< .

[=1+1 . .
CALL TWI(Ly3LMBySMyRMy ARy TR FoMyPTRO,STGeGR s THTK o FUNC )
SUM=SUMe 2 L0 YL

IF{ILLT.KK} GO T 70
TK=TK+AK ' _ '
CaLL TS s M s M RN AN TP 3514 P oQ.‘-T'S]G,lﬁziqu'ltTK'FUNC,

SUM=SUMe 4, 0% =
TK=TK+ax

UNC

CALL T MLy LMy GMy R Iy A2, TR ¢ 1lo'1!*“,3[010R!TH1T(,FUNC]
SUM=SIMe FUNC

SUM={AK/3.0)=50M

RecTURN

END

Sl gk e e L AR R AR SR AR AR SRS AR R
SUBVIITING V(s ,SL 4,0 MDA, TR vr:iflrI)['anS[G'GRlTHvTKVFUN:)

THIS SUSRIUTTNE

IS USED T DETZRYINE THE PHASE FACTOR OF THE

ALIUSTIC [HTENSITY FUR §ves vnturs TE MoAND N, . ii:,
ALL= (5L 0o e Gr b/ 03050 LaN={ 31545100 ) ) o)
aL2z=502T(4aLl) S
AL=AL2%PTI2PI=T2ECOSETH)ESTMNITK ) /C U R
ASL=(SLADTEZGRI/ (34052205 (L= {HI0%SIG) ) - t :
a52= suartASLv oo
AS=aS2LPTHPIARSTRE: SIH(TK) SSIN(THY /D

AGM=54/ 20 _ . R
STH=5MESTNIHGM)SCUS(AL/2.0) : i{_éj
STb-AL*CD"(WSHlkSIU(AL/«-0} EEREEINEE
STT=04EST M5 0I5 (AL, B
STB=AL®COSHIHSM) = lN(AL/Z.Ol R

ST9=C05{A5/2.0)
AN=FLIAT ()

STLY=(ASEAST/ ({PIEPY ) (ity-]

STLL=G"34-AL%AL

STI2=GHES 904l HaAL

STL3=(ST5- STS)/JT11+HMr((ST?*JT&)/STI’J S -
ST14=5ST9/5T1D o B

FUNC=5TL38TU3%5TL655T L5 TY }

RET SR

END

A g oo

LeO)H(HN-140))-1aD

Mo e de g b e e, S fre e g Ao g ey e by A AT g
ERAI A A N R S R R A ] 023t frrimae e

- e Y T

THIS
FaR
=345

SUBRQUTTHN IS
cVEN VALIJES JF

USED T INTEGPATE

Hoatl 00 YALYDS OF o,

L AX=(PI/2.0)/¢

K<=k-1
SUv=90.0
TEK=2.D
I=1
caLL FUJ?ICqSLHJ'GW,RHrAR,TRpE,Hv”IpRJ,SISySR'THpTK.FUNCJ

- 173 -

VM/SP (4331-L0

Rl fkdidd

-FSPO2Ts0

FSPD2770
FSPN2Tan
FSPN2770
FSP0O2800
FSP0O2810
FSPO2R20
FSPD2830
FSP02840Q
FSPD2850
FSP02860
F5P02870
FSP02880
FSP02890
FSPD2900
FSPU2910

F5P029oz0n

Fs®02730
F5P027240

"F5P02950

F5FD2960
FSPGR237D
FSPO2780
F5Pn29o0p
F5P03000
FSPO3010
FS5P23020
£5P03030
FSPO304D
FSPNn3050
FSPD3060
FSPO20T70
FSPD3 080
FSP0O30730
F5P03100

“FSPOYL10

FSP0D3120
F5P03130
FSPO3l40
FSP0O31l50
FSPO21spD
F5PD3170
FSP0O3130
FSPO31l90
FSPp3200
F5P03210
F5PQ3220
FSP0O3¥230
FSPD3240
FSP0O3Zsn
FS®(3132460
FSP03270
FSPr0o3280
FSP03270

FSPO3300

P



FILE:

290

it 3

i+ 1

FlarrayN ALl BUET Z0IPYTER CLHTRE,

R DHAKA

SUM=SUM« FUNE

TK=TK+A<

1=[+1 '

SALL FUJRED, S0y Ry AP, T2 0k g Ha PTy RO ST5 0GRy THy TK e FUNC |

SUM=SUM+e s 0= FIIC

T{=TK+a<

I=1+1

CALL FOJRACsSLI Gy R AR s T2 4 F oty PI ¢ RI,5T5 rGaTHTKFUNC)
SUM=SUYe 2 (o= C

TF(I«LTaXK) 30 T2 290

Th=T<+4a4

CALL FOJIEC 5L 135"y R'Te AR
SUMESUM Y G .0 F0E
TK=TK«ax

T e P T v RS IG5 0GRy THY TK y FUNEC )

CALL -FOJSRIC L Yy Gy Ry ARy T 40 ,'hf‘lley)IJ.;R'TH TKe FUNLC)
SUM=SUM+FUNT ‘
SUM=LAK/3.0) =5U" )

RETJIRH

SUBRUUTLHE F-
THIS SUBROUTINDG EVALUATES THE DPHASE FACTOR
INTENSITY FOR EVEM VALJES 0F 4 ayn
ALT={SLMAEES3R) /{30 0%ROE{ L 40-{SIGHSIG
AL2=SQ3T1ALL)
AL:ALE*PI*PIkT”#EU?(THl*GIW(TVI/C
ASL={SLMB#EFSRI/(3.0%RI=( 1.0 (5
AS2=S0ITLASL)
AS=AS 25D [uR[+AR
A3M=3M/2 .0
ST25=53M¢SIHIHGY)#CIS(AL/2.0)
ST25=ALSCHUS(HG)ESTN{AL/240)
ST2T=GMESTNHIHGY SCIS(AL/
ST28=AL*CUSHIHGHY)
ST29=SEM{AS/2.0)
HH=FLUAT )
STID=(ASHAS) /{{PI#PI)I&(HN-1.0)%(H~120})~1.7
STAL=GMEGU-ALEAL

STAZ=GHUGeALEAL
ST33=(5T25-5T25)/ST3LeRMEL(5T2T 5
ST34=5T272/5T 30

109 VALUES OF v.., :
1)) oo

“2I5H))

ETRESTHOTE IS TH) /C

SIN(AL/2.0)

T28V /5732y . ;

FUNC=85T3345 0 3355T34%5TA445IN(T<)

RETURN

EMND

Setrtikis R T

Bk kbl I LTI i fe e e e Lt T T
SUBIJUT[WL Fth ;SL”WgGP1vQPWvA VTR Fy MaPTsPRDWSIGGR, THySUM)
THLIS SUBRUUTINEG IS USED TN [NTEGRATE THC ACJUSTIC. IN

FOR 10D VALUES OF
X=3%
AL={PI/2.0)/X
KK=¢~1

SUM=0.0

TK=0.,0

M AND N,
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[ -
IR0y SLMD g Gy Y AR, T2 F '”"’I p—lgSIG GReyTH,TK »
T F'

VM/SP (43311-102)

oo
2.0) ‘ SR

R d el g okl

e e e A
e

TENSITY»,vﬂ.“

FSP0O3310

FSMP03320°

F590131U

S703340
FSP03350
FSP03350
FS5P03370
FSP03380
FS5P03390
F3PD3400
FSPO3410
F5P203420
F5203430
FSPD34540
FSPJ23450
F5P03460
FSPD3470
FSPD3430
FSP03470
F5PD31500
FSPN3510
FS5P0O3520

FSPO3530

F5P03540
FS5P0D355)
FS5PD3560

"F3P0357T0

F5P03580
F5PD3590
F5P03600

- F3PO361D

FSPD3452D
FSPD3630
FSP03540
FSPD3650
FSPD3660
FSPO3670
FSPD3580
F5P03590

FSPO3TO0 -
‘FSpPoavinl!

F3PO3T20
FSP0O3730
F5P03740
FSP0O3T50
FSPI3T60

FSPO3TTO

FSPD3780
F5P03730
FSP0O3800
FSP(O3310
FSP03320
FSPD3330

" FSPD334D

_FSPD3850



FILE:

190

*

# 3

el

- AS =

CSUBROUTLNE 50V filLv\L“W':”” P"1vﬁ°vT'yeryDIvR?.JI,'GR,TH.SUHJ

INTENSITY

523 TOATr A AL RUET COMPUTER CENTRE. DHAKA

I=1

CaLL SIX{Cy5LMB, cpw,npn,nﬂ TR+ Ey u'PI.Pn.SIG.GR.TH.TK,FUNC!“'

SUM=5UM+FUNC

TK=TK+4K : e
I=T1+1 . .
CALL SIX{Ty3LM1, 6P, AP, AR, TRy rEsHePLeROZSTGyGRy THy TK y FUNC)
SUM=SUMs 4, 0&=UNC 5 e
TK=TX+axg

[=1+1

SALL SIX(L, SLM3,CP'tyRIPM, AD,YRyr'H,PI,PD.SIG.GR.TH,TK.FUNC!

SUM=54e 2, D%F
IF(LLLT.KK)
TK=TK+ax
CALL SIX{C,5LMD,G
SUM=SUYe 4,05 F NS
TK=TK+AX .
SALL SIXILeSLYD, GPM, TRPUIAR TRy LaNePIyRDySTGyGRy THy TK 9 EUNC }
SUM=SUMs FINT : L
SUM={AK/3.0) =SU" : ook
RETURN

END .

TR
WA R AR
e oo

FUtiC o
0 T3 190 '

PH.RPWyARoTR'EvHvPI'RU'SIﬁvGR-THpTK.FUNC}

A%
A B oo LSRR
v W RIRTITRI Y

+u

°U313UTINF 51 xtL.Jlan.up".np
TH15 SUBROUTINE EVALUATES THE PuacE FACTOR JF THE
INTZNSITY FOU 02D VALUES OF 1 aNp N. '
ALL=(SLABRESGR)I/ (30RO (1.0~ (SIGES]S
ALZ=503T{aLl)
aL= M.Z"H*p[*f't*'nS(rHme{TK)/r
AS1={SLMBEERSR)I/{3,05205 (1 an—{ 5o : T
a52= SQR!(A;I) o
ASZEARETAEP L =P [# SIMN(TY } = oIl(THJ/f .
HGPH=SPM 2.0 o
STIS*GPW”CUQ(HGPW) SINCAL/Z .70)
5T1s Lv;[N(%FP'}fEJa(AL/c.O)
STUI=ALESTNAUSP ) 2CIS (AL 2 1)
STLH=GLMELDS A Y;P MP=SINIAL/2 .0}
ST19=3[HIAS/2-01
HN=2L0AT ()
ST?O"IAS—\‘)/((”I PI)slHN~1.0) ¢
ST21=GPMeGPyu-
ST’?"CP1«JPW+AL3AL
ST23=U{5TL5-5T16h}/5T21+qpus
5T2%=STL2/5T2)
FUNL=ST23u5T23%
RETURHN
END

pAPvT9 R

1)y <

i i

i

(44=140))-1 0

{{STLT=-5T12)/5T22)

ST2A%5T245ST71(TY)

[ R Bkl
P e

THIS sSU3uUrL.
FOR 20D varLurs
(=35
AK=(PI/240) /K
K=<-1

5UM=0.0

Is

JF 04

USED
YD)

rr, I SRS

EVEY

GRATE THE
VALULS

ACOUSTIC

l.’.
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SSI0))) R

AL® s

VM/sp

\{1'.‘

R e b A
SRR K ¥ e

ERERETEEEESRRLL |
fe g U e e e
“I'QD,SIG,Gﬂng TK FUNC"
ACJUST]Ci,

ik

(4331-102)

FS5P0O3RAD
FsSPO3870
5P33840

FSP0O3B90 - -

FSPD3909
FSPO3710
FSPD3920
FSP03913D
FS5P03940
FSPO395n
FSPD395D
FSPD397D
FSPDO398p
FSP039230D
FSP04000
FSPO%D10

FSP34020 .

FSPO4030
FSPD4040

. FSPO4US0

F5P04D60
FSPO40TO
FSP0O40D80O
FSPD4DZ0D
F5P04100
FSPO4110
FSPoal1zo

SP0%130
F5208140
FSPD&15S0
FS5PD4l160
FSPO4170
Fsro4a180
F5r04190
FSFO420D
FSeo421n
FsPotz20

FS5P04230

FS006240
FSP24250 .
FSPO4260
FSPn4az2T0

- FSPD4280

FSP04290
F5P234%300

o

F5¢04310 ..

F5P0&320
FSP24330
FSP04340
FSPO4350Q
FSP24350
FSPO0%370
FS5P0%433D
FSPN4330
FSPO4400



390

S T

I

FS212 FIATIAM Al BUET COMPUTER CENTRE,

TK=2.0

I=1

CaLl &IGH4T(C
SUM=SU4e EUC
TA=TK+AK

I=1+1

DHAKA

VM/SP (%331-L02)

,SLWR,GPH,?PH,AR,TRgF,U'PI-%HoSleGR.TH.TK.FUNC)

SALL E134T(C|ELWHvGPHnﬂpﬂsARyT?:Eo“v”[v?DoSleGRvTHqTKoFUNC|

SUM=SUMy 4 . D=7 NG
TK=TK+AX
I=1+]

caLe EIGHT(C,SLWB,SPHyQPWyAR,T”.5|WrP[vQUvSIG'GR'TH.TK'?UNC)

SUMNESUMsZ  0F
TF{1LT.KK} 30 T9 390
TK=TK+AX

CALL EISHT(OrSLWH;GPH,RPW,AR.TR,EvaPIu?UySleGR,TH'TK,FUNC)

SUMEZSUME4 L 0% FUNC
TK=TK+AK

=,

Yoo

catl EISJT(CgSL“ﬂpGPH.?PW;AR,TQvaﬂyPIrQG'SIG,GRvTH'TK'FUNF)3i

SUM=SUMsFUNC
SUM={AK/3,0) % 50U
RETYRN

END

A R R R R R R T L T R A I N
ER R S R A AR AT RINI R R e Nt e e s

G R e R A e G Bk

Gl bt g

F5P04410 .
" FSP04420

FSPD4430
F5P04440
FSPD4450
F5P0a4n0
FSPO44TO
FSPD4480
FSPD4499
FSPO4500
FS5204519
F5P234%4520
F5PD4530
FSPO&454D
FSPD4550

FSP04560 -

FSPO4570
FSP3458D
5P04530

- FSPD4600

FSPO%4610

FSPO4620 "

FSPO4630

SUBUTINE ETGHT(C;SLHGvﬁPWoRPWqA{vTR9EvHvP[vRJvSIG'GR,TH,TK'FUNC)FSPDQBQO

TH1S SUBROUTINE EVALUATES THE PHASF
INTENSITY FUR 0D VALUES 1F N
ALL= (SLASEESE) /03004205 1a0-(SI6551G) ) )
ALZ=SQIT(ALL)
AL=AL2ETREPIEPLECIS(THYSSINTH ) /2
ASL=(SLANGEER0R}/ (3, 06P IR Lu0-(SIG55T5) ) )
A32=S02T{AS1}
AS=AS2ZHARETREPISPL&SING T ) XS T I TH) /C
AGP=CPY/ 2.0

ST35=GPHECUSIHTP I ESTHI{AL/247)
STIS=ALES I AGF M) XTOS(AL/2.0)
STAT=ALESTUALHGP M2 COG AL/ 2, )
ST34=6PUXCOSHHGPM)SSINIAL/2.7)
ST4I=CUS(AS/Z 0}

AHZZLOAT () :
STAL=LASSAS) /LIP TSP Y= (HU=140) % (M- 1.0} ) =140
ST42=5PMEGPI-AL% AL
ST43=5P 0PI ALEAL
STH4=(ST35-5T15)/ST42+R Py ([
ST4525T43/5T41

FUNL =0T 4455405 STassST4545 (T ()
RETURN

END

FACTN®

ST3T-513%)/5T43)
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AF THE ACO

AMD EVEY VALUES OF N

USTIC

N T

{giAEr

F5PD4%650
FSPO4650
FSPD%ATO
FSPD44A80
FSpPO&690
FSp04700
FS5PD4TL1H
FSPO4T20
FSPD473n
FSPD4T740
F5PD4T50
FSPI4T589
F52047T70
FSPO&TRD
FSPO4T30

.FSPO48ND.
"FSP04B10

FSP24320
F5204830
F5PD4840
FSPD4ns50

. FSPo4Bs0O

FS5PO4BTO
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FILE:

[l
v

996,
937
98
3937

1000

1001

1002

1003

Pe
S

124

12

10

[

FSZ FILTRAYT AL DULY C*94TU® CLHTPEe DIAKA VM/SP (4331-L02)
r§200010
Frvooozo
« P25 FJR SFREC-SFUTLY SYPDPIIOTIN PLATEIRADIATINY EFFICIENCY) 530030
' ‘FSRDOOQD
h W dn Gl il ::1::‘.:::":4:#::::’.:#'-’;k*###*#t$#k$¢¢¢#t#’- FSRDODSD
fek s 2 LIST 12 var 05 m Barhhmbe aahéhakatt:  FSROD0S0
G s Sl il g i 2 b et shhiekicests  FSAOOQTO
A=L=MGTA OF THE PLATE IMN METHPS . N FS200080
B=d 10T OF THZ PLATE Iy °TTRS FS200090
AR=AS5PEZT AATIN, U/A . FS202100
C=VELUCITY 25 SJUND I'P METERS pER SFC?UD FS2Q0110
CRA=AEIGHT OF THD PLATS MATTRIAL nrf UINTT VIALIME I KGWPER CaMe FS20012n
ADA=ICASITY IF AT I GePLD C.H. FSapn13n
H=AMPILTUJUT OF "VIDRATION FSI00140
PL=A C3MNSITAMT €3. T2 22.0/7.0 FS$200150
SR=ACCELAZATION DUE TU GRAVITY [IM METERS PER SEC SQ-' : FS53200150
IN METERS ) FSR0O0170
E‘HJDULJ" OF ELASTICITY Y THT pPLATH MATUITAL IN MFYTOHN PEP 4.50. FS2001°0

Gre i el et Rt e e e e R AR R e e bkt k e kst FSRODILID -

OPEM{UNIT= By FILT=*1TUT Yy STATUS = "NEW®' ) . FS200200
APZN{UNET =3, T IL_ =141 ySTATUS=" L%} . FS200210
READ(3e 79500y 3ReP I pFa3NA+RN 310G 1Y o : . {° FS300220
EIRUAT (TG e )/ T 504/ Fa.2/Fo4/57.3/F4, Z/FG.D/FW.[/F6.4] ‘{4 FSa200230
TEAD( Ay 798) AR,y NR : t . .| ' FSRODZ40
FOIMAT(FGe2/70a2) FSRODZ2S0O
HRITE(8,9272] . FSR00260
FJ'{U!AT(//‘EJX"::::,‘:::::;::f:::: ‘JDUT AT A mrrdired '//, . FSQODZ?O
WRITE(IyL0D0)AR Lo sGRIPT 37T ¢RIA 3PNy 5T Gy dtHe HNR . : ! rS500280
T REJAMATI20X " AR=Y 4y F341/20%X4'C="+FG ., J/’OX,'N";FQ-&/ZOX,'GR 'F4-2 FS03290
+ /20X 'P = rERG /20 Dm0, 3/’”!.'”’A"-Fﬁ.Z/ZOX.'PD-‘.FS o ‘! FS2R02300
/20Ky SLGT T3 /20K T HHE Y s F B b/ 20% s WA= 465, 3) , ¢, i FsS200310
WALTE (8, LOOL) AR, S FSD0320
FAIRAATISK p "ALPELT RATID=S * yF A 0Ny W IN = yFauhhe /) ' ’ . i " FSROD3A30
ARLTE(B.10202) ' . il FSR092340
FJQWAT[IK,?St'*']./,[X,ZU('¢')'1X,'WHTPUT RCSIILTS *o35(*%"), FS1223350
O lKe T ")y /) : F53003K0
ARLTE{ByLOD3) g F5200370
FORMATL 22Xy "2 M 20,50 "% ) 20 3 T X s " /G0 Y 3%, *2ADIATION EFFICIENCY*FS200%80
+y/) . FS200330

Febkdnague ettty bt fu ki ki n TT,Lvrmta'=¢*¢k¢gt¢¢¢c#¢¢¢¢F5207600yf

X11=2,.2 by ‘F SR04 L0 [?
B 1 M=2415,¢ FS200420
XL1Z=X11+4 FSRO0430
YI1=ASINOXIL)/COSIXLLP)+ ST XLLY/ESHIX1T))Y FSRGD440
YLZ=AS1dUXIZ /0TS UXL2) ) e (S TIHIXL Y /oS H( XL 2)) £8200450
Z1l=Y[1l%vY12 . F5300460
LF(Z211.LT.0.20) GO T 10 FS202479
XLt=x12 FSI0M480
Gy T 12 T FS00430
SH‘KII*XIH FSR02500
LGH=511/2.0 FFS00519
RH=-SEQ(!;“l/alﬂHll”" FSRJ0520
D] 2 M=2+1b5y F3700530
MP=4-} FS2A023545%0
Np=y-1 FS00550
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FILE:

10

222

—

52

50

“CAaLL

. tJ-J.A-J R T T I T T T T
o3+ ¥ PO I

(%]
~
i

SUMNTIAN AL BURT ZvRgT e COHTRE, DHAKA

FT1=06408W R 2 {AREMPx FLTIDRTID ) S AR
FT2=Npeynapep]

AMPL=FT1 /1T,

X=34

AH={"I/2.0}/¢

KK=¢-1

35J4=0.0

TH=DOO

[=1
L‘NE(':.d\R,'.‘.H,R'hAR'TRvEv.‘h.’-hPI_,R[I.SISvSR,TH.SUHl
GSUM=55UM+ SU™ :

TH=THepdq

CI=El+l

CaLl D\]ElCQH\I?.!..-;H;RH;ARyTRvE,'h”vP[vR'JvSIGvSQ,THrSUH,
FSIM=GSUMe g DES YN

TH=TH+AH
[=1+1 \
CalLL UNE(C,HQ?,SHgRH.AQyTR'E'%.Hyﬂl'DW.QTG-ZR,THoSUH)

GSUMEGSUY 2 0851
TF{ILT.KK) 310 TN 70
TH=T4+a 4 :
Calt uuﬁ(t.Au%,;H,RH.Aa.IR.E.W.H,PI.RQ.:[G.iQ.rw.sunl
BSUM=GSUMe 4, 0650

TH=T4e4 .

Cale DVE(C.Hﬂl.GH,RH.AR.TR'E'WoN,PIvRﬂySJS.SR.TH.SUW)
GS5JM=55U4e 5y

SSUME A4/, 0 550

ATL=1 0« {5IN(5M) ) /5!

ATZ=COSCHGM) ES TG

HT3=SINTHGA) 2L 155 . :
AT4= (4 023M) /5y

ATS5=1.0+(SINA{GM) ) /5N

HTS =Ry

HTT=HT45 (HT 2+ 4T3}

HT3=4T5:4T¢

HT2=HTL+YT 7+ 4T3

SH=(35UMEaMPL) /T

WITTECSEe =) My Ny 3M, 54

ARLTE(R,222) %My Gy 5Y

FIAAT A T2+ TX 0T 296Xy F100GyT%4E17.4)

CONTINUE
X1l=%X11+3.1
CUNTINUE
X11=2.2

D1 3 M=2,y158,2

X12=X11+HH
YllztSlﬂ(XlLJ/CJS(XlllJ+(SIWW(x11)/c0§H(x11l)
v12=t51w1x12)/c05(x12})+lSINH(XLZ)/CUSH(XIZ))
Zll=Y11:Yv1?
IFUZL1.0T.0.3) 3D
Xl1=x12

51 T2 52
SMEXLL+x12
HOM=GY/2 .0

T3 5D
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VM/SP (%331-1L02)

1]

F5300550
r5209%70
F52103580
FS200590
FS$200500
FS290610
F$200520
FSRD2630

"5209440
FS03650
FSIDN650

FSaN0570

FS00680
FS200590
FS20n7nn0
F5200710
F5200720
FS392730
FSRO3740
FS1na750
FS203760
rsaoo07r7n
FSRODT80

FSR0O07%0°

FS200802
F5200810
FS200820
FS100830
FS200840
FSRO0BS0

F5R00860

. FSR0DJIRTO

F52008%2p
F5R0D830
F52909n0

F5320910 .

52100220
FSROD930
F5100740

FSRD2957 .

FSROD960 '

FSano71n

F5R029RD -

LEE%FSI00790

FSR01000
F501010
Fsip1020
F5201039
FS201040
£5301050
FS201N60
FsSRolo71o
F32010%0
F3331090

FSRO1100
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FSlc FORTRAM AL BUET COMPUTCR CONTRE, DHAK A ~VM/SP 14331-102)
RM==SINCHGMY /ST IH{ HGM] . FSROL1110
DT % N=3y4lb,y2 - FsioL120
Mp=yv-] FS201130
NP=y-1 FSRO1140
FT32{660%HNRFANR ) E(AREMPLMPy (NPEYP} /AR ) FSROL150
FTa=NPaNpPEprap] : T5101150
AMP2=FT3I/FE Ty FSRO1I70
(=35 , ' FS201180
AH=(PL1/2.01/¢ £5201170
KK=¢~1] FS:0l1200
53504=0.0 Fs2pl1210
TH= DO F531p1220
1=1 _ FS201230
CALL THzﬁfcc,wwR,GH,RH,An.rn.E.H.N.Pr,RD.SI;,GR.TH.SUMJ F5121249
53JM=05"Me SUn F520p1250
TH=TH+AH FS2ni12560
=1¢1l , FS0127D
TAaLL T41EE(C.dﬂ?vGW.RW,AR.TR;E.W,H,PI,RD,S[S,G?,T{.SUH} R FOROL2RD
GS5J4=5501e 4, 045101 ’ . FS201290
TH=T 4 ¢a TSR01300
1=[+1 . FS201310
CatL THREE(C,HV?,GH.RH.AR'TRgEsﬂguyP[.RW'SIZ'GR,TH.SUW] R t  FSRO1320
SEIMZ GBS 2 0850y ’ tv iy FSRO1330
[ELILLTW%X)Y 30 T1 270 7 FSRO134n
TH=Td+a 4 ) .} FsSp1350
CALL TH?LF(L'llﬁvﬁ1'PW.AP¢TQ't.” bt p).slu,r ,rf,sunj ‘Ef" ‘. + FS1013860
GIUM=SSU e 6, 05001 , SO F5R01370
TH=TH+A4 : ' A =5201330
CALL THREL(Z4'I12401,RM, AR, PTRe e N HaPT o P 1y ST596R T4y SUM) , FsSR013%0
GSIM=65u e 5 oy FSR0L600
GSIM={A4/3.,0) 506500 o I FSRO1410
ATL=1a0¢ [SINE3 ) ) /5 o T FS201420
AVZ=COSLHGNY ST HGY) o H FSaotka3g
HT3=SINCHGY) 2CHSH(HGM) ‘ . FS201440
AT4= (4. 0%aM) /5u : FS201450
AT =10+ {5145 ) ) /00 FS2n1n6D
AT H=R MY FS201470D
HTT=HT4% (HT 21T 3) SRO1430
AT3=4TSE 4TS FSRO1490

HTI=HTL+HT T+ 4T3 L,FSR01500

SH={ 35U AMP2 ) /yTo ! e Fsaptsinti
ARETE L%y 1My 0y 51 5301520
ARITE(By5UD) 4e'la0M,ySH : FS201539
FOAATLaX s 124 TX e L2904 X s F L0t s 7Y E104 % ‘F5231540
CONTINUE F5301550
XL1=X11#+3.] o FSROL560
CONTIRYE FSTI1570
B R R e A S S R G R R R R A h A A RSk e arEEEEFSRO1 S0
CXLI=3.7 . FS101590
D) 5 M=3,15,7 FSR01600
X12=X11+ 43 FSRO1510
Yll=(5[4(Xlll/'}Slelll—(>[IH(VLI}/’ BoHEXL)) F531015620
Z=USINIXL2) /005 IX12)) - 1STNH{X12) /TSI XL2}) FS201630
711-v11.v1( FSRO164D
LF{Z11.LT.0.2) 53 Tu 30 FSR01650



FILE: F5%& FORTRAN Al BUST COYPUTCY COHTRE, DHAKA . YM/SP (%33L-L02°

X11=x12 , : FSI01650
30 T 3z - : FS201570
30 SPM= XY 2 ' FSRPOL1AY0
HGP =GP/ 240 : F5301690
CPMESIHLAGP ) /SLIMELHGP ) Fs2nt700
DI 5 N=3glth,e? . FSanITl1n
MP=Y-] FSiol720
NP=y-1 . oo o FSAOLT730
FT5=(0%e 05X PIR )i ARSI IPE 20 (PP ) /40 FSI01740
FIa=\pPiypapap] ESROLTS50
AMP3=FT5/FTs . FSROLT5D
K=11 . FS221770
aA={PI/2.,0}/% , F$01780
KK=¢~1 . FSa01790
535J4%=0.1 . FS201800
Sror T THEIL0- . - Fsiol1s81o0
c I=1 ' FS201820
CALL FIVELC ) dNR GPMy PP g AR TR E o 4y DL e2 15 ST eGRyTHy SUN) - | F5101830
. - . GSJMEGSUN S T F5201840
170 TA=T-sAH - - FSRO1850 -
=1+1 o F5221860
CALL FIVE(C,A'12 3Gy RPYy AR v TR E oMy e PT 920, SIGeGRyTHaSUM) » 5 ' FS201870
GoUMSG5Ue 44 055N - ~ FSWILBARO
TH=TH+a4 © .. FSRO18%0
I=1+1 . b " FS101990
CalLL FIVE CrAdNR P RPM AR s TR oMy "1y 4Ny SIGyGRyTHy SUM) F w.'' 'y 1 FsS20191n .
5504050 20065 5 - U FSRO1920
IF{LaLTo<K) 53 T3 170 . o FSROL930 -
Ta=THe Al _ : ' . FSDL94N
LALL FIVECC, ' oGP RPMp AR e T 0™ 1y P 142, STG G2y FHySUM) FSROL9%0
SSIM=G5 e 4 DuGUY ' i FS221950
FiH=T4+ad I I FSROL?7D
~ALL FIVE(E!"I'.]D\'IBP.!IRPI!!L\RVTQQEl“'?,!plQQQ,SIG'GR’T}IQSIJH) d ; . FS01280
SSUMEGSUILe S o FS219%0
350M={a4/3,0) 535U . " Fs202000
AFL=La0-(SIN(LPY) ) /ey . FSRO201D
; AT2 = (RPMSRPYIS LI SINI(GP) ) /60U ) -1, 0) FSRO2020 -
g AT3={4,0%3p4) /5P FSRD32039
AT4=S5 TGP ) S COSHUIGP Y)Y =G5 MO 2 S L (LR ‘ 5202040 .
R AFS5=HTLl+HT2 . o FSR02050¥1-
O HT6=HT3x4T4 R 'Fsaazobo—i
: HTT=HTS5+Th FSR02070
Tee v SH={GSUME=AMP3 ) /4TT F5202080
‘ WALTE L, 2] My 5P, SH FSRo2090
. CARITELB 3001 1y eGPy S FS3202130
" ... 300 FOMMAT (X0 L2y TXo 12 44Xy FLlOa e 27X G100t} . . FSRO2110
e ZONTINGE - : ' ’ ;. FSRO2120 .
' CoOX1l=Xx1ledal Fsop2130
5. ZONTINJE FS02140 .
E-3 1:.*:::'-:C:t:::=1=a‘.:=!:-‘!=‘-‘.=-‘:=t=f:=<==:=='.=-“.==1:=‘.:f!=<:i=-‘2==7=:.“~1=-‘.==:=»‘.:t:¢:t-‘.:#'-

e R EE SRRk S R LR EREE SRS EESFSROZ2L50

; X11=3.9 -

FS5R02160-
DI T "M=3,16,2 FSRO217T0
112 X12=X11+HH ; B FSROZ2180
YLL=(ST XL /a5t = (5 e XUL/Z205H(X1 1)) . F5202190
YIZ=ISI\HX121/C]S(XIZl)—(SI"I"-HKlZ]/CDSH!XlZ]) . “ FS102200 - -
- 180 -



FILE:T =53 PORTAY Al RUET CORARUYTEY CUEITRE, DUHAKA VHM/sP {4331-L02
ZLl=Yll:Y1p F5In2210
IFEZ1LaTadad) 50 TO 11D F5302220
X11=X12 F5292230
521y 112 F5R202240

110 GOM=XLsXL2 FS202250
AGTA=LP Y/ e FS202260
IPA=SIN{AGPM) /SENHINGP ) FSR0O2270
3D 3 N=ZylGHe2 FS102280
Up=1-1 Fsa02290
NP=y-1 FS2023n0
FIT=(6a, DU IR )2 (AREIDE P e (MPE DY 220 FSRGZ310
FTgzNPEIPupfan] : FS102320
ANy =FTT/FTHY FsS202330
K=1g ' F5023%0
AH={PI/2.0) /< , FS1021350
KK=¢-1 : FSROZ360
55J4=0.0 FSRO2370
TH=D.0 FLR023°20
=1 : F5222390

JCALL SEVINICY AN GPHMaRPH AR TP EvHy My PT 4 R004SIGGR s THySUM) F5102400
GSJIM=3535 e Sy S FS202410
370 TH=Ti1eA d FSRD2420
) [=1+1 Coy FS02630
TALL SEVEH(C,qu,GPM,RPM.Av.TQ.E.W,H.DI,RD,SIG.GR.TH.SUMI;‘?1 FS20264)
CSIM=GSUM+ 4. 0% 504 N R FSRO2450
Tid=TH+a4 L L FSROZ460
I=1+1 . ( ‘} FSP02470
SALL SEVEN(CyWIR eGP aRPMy ARy T e sy e P [4RD9SIGGRyTHySUM) | FSiD2480
SSUM=GSUME2 L 0F 510 S P FS202490
[F(I«LT.KK} 33 1D 370 SR I FS02500
- TH=TYsaq : R FSRO2510
“ALL SE‘JE‘\HCWH".l')\vGi”M,RPMv/\'-'l'TDJEl-'h."wlv!-"lv|"".flv3[69[‘;.‘:{|TH|SUM)‘:'r i FSo252D
53504505 UMe 4, 05 SUM : ’ SR FSRD25130
TH=TH+A . . , FS202540
CALL SE LD IR Ry RPH, AD TR IAER AT N | 'an'Sx'GvGR']'Hq_SUM) ES?N?H50
GSJIH=03UM+ 50N : ) CFSAN254D
GSIN=(A1/3.0)5050UM » FSIN2570 -
HY1=1.0-{SIHIGP ) )00 FS202580
AT2={RPHERP ) = L USIHHIGPYY I /G0 1. 0) FS025%0
AT 3=048.052P%) /GPY : FS202600 ¢
AT =S5TNIHSPM) SCISHINGPMY -CNSIHEP) 2 SINH{ HGPM) : 'quozsloi»
HYS=H Tl 412 F5202620
HT5=2HT 54T 4 FSROZ2630
HI7=HTS+4Ts , FSR02640
SH= {5SUMEAMP4)/Z4TT FS20245)D

: ARITE (%) MyMHy 3P, 5H ‘F5202650

B ARITE(8+500) Mp eGP, 5Y FSROZ2670

500 FIAATCaX p T2 9 TXr I 294X a7 1004y X EL D e %) FSI02630

8 CUNTINJE - FS02650
X11=X11v3,1 - FSROZT700

7 TONTINIS £52102710
STaD -FS302720

F5202730

% RARELEECIN2THO -

% FEEREFSIN2T750



FILE: =51% FORATRAN Al QUET COoM4PuTHR CCNTREs DHAKA . . VM/5P (433]1-

SUZADJTING INELC e WNRy G yP M g ARy TRy Ty My HdaPT 4RO e ST Gy Ry TH ¢ SUM) FSRD274

B THLS S5J50UTTNE 135 USLY TN OINTEGRATE THE RADLATION EFFECIENCY 520277

% FUY LVEN YALJES OF 1 AYID Y. ' £5027%

K=35 - e . F520279
AC=(PI/2.0)/% F520280

KK=<-1 FSRDZ2A1

R SUY=0,.0 FSROZR?
TK=040 FSRD2A3

1=1 FS10234

CAL . THILC ANy GMy R My AR TR s E s My e P T 3PNy SIGGR y THy TK, FUNC) .- - FS20285

S SUM=SUM+ FUNT . FSi0286
9¢ TH=T{+AL Fs20237

: 1=[+1 : S FSRO288

o - CALL TH:]‘C"H\JR!GHyRHIARITF‘:Q_EV'1'-"IpI!RD!SIG!GR’TH'TK'FUNC’ FS:p028%3%
SUM=SUMe 4,05 UNE : F500290

e TK=T+ AL FSRO291
I=I+1 FS20292

SALL TA Lo 17 o Gy P AR g TRl o by PT o PNy 5 TG GRy TH TK, FuMC) . F520293

e SUM=5UM 2 L 3E=UNE Co g . FS2029%
- IF(1aLTWKX} S0 T2 90 R ' FS2nz95
TK=TK+a< oo F520275

e CALL TA MLy H\I{'.,Hy”‘?'f\pvTF‘!hvl‘irhplqu!)[qua'THvTK!FUNC’; i F30Z97
D SUM=SUMra,0:FUNT g ;;1:5,, " . FSRQ27R
TK=TX+AC z ‘E TN £oRpz9a

DALL THI(L s HYP e 5MyP1, AP, Tn,c.1,w.n1,pu SIquR'TH,TK-FUNE!f“"--' F520300
SUM=SUM+FUNC : ‘ C "o FS19301

SUM={aK/3 .07 35U 5 i TS F530302

¢ RETURN ) : Pl Y | FS30303
, ©£yn ‘ ' = A _ Fs:o0306

% SR A R e e e e e e e gy % ’.:".:‘.""""'**“i“'#c:“##**##tﬂt&tt&#‘**f;&- FSRO305

P SUBRIUTINE TAGICHUR G a2 g ARG TRAE My M, P T R0y SIG,G .TH.TK.FUNCI}I FS?0306
o = TH[) SUBRIUTING IS USEDY TN J_rrn”:u. THE PHASE FAC;UR OF THE ', FS0307
& SILATI N EFIQZLECICY [P L VG Yaldrs N M AND N : . Fsapineg

: ap=ga] . ~ F5201p9

NEIERTI . FS®031lp
J.L].=“.I“:=‘-11"11I‘I'Z=!"I+t'l¢‘=‘.::'!’-"-‘7=fll$=?"1J/(.‘W.*AQ.) } TS30311
AL2=350RT(4aLL) . ' L : FSa0312
AL=AL2*4%2*fJf(rH BS00TE FSRN113

ASL=AYEA2u DRI EPInD [ e Priesp [ sp] £5R031 4

_ QSZ:SQQTIAJII o _FS3D3[5
e AS=AS2EWNRESIMITK IES LI Tit) T L iy L YES1011 81
: AGU=54/2 .0 FS203171

- STS5=5M5S1LUCA5) =COS{AL/?.0) FS30318y
STH=ALEZISIHS AN STH{AL/2.1) FS1011 7

STT =515 AL O 20O AL/ 2 a0 ) FS30320¢
STI=ALEZ0%HAS ) =0 IHN(AL /2 .0) FSR0321¢
ST9=0715(45/2.0) FSR03221

H=TL0AT ) FS03231
STLI=(ASEAS)/ (P TP )4 = 1a 0} 0 44-120) ) =10 FSRO324%!
STLE=GMES—nL sl F519325¢

STLg=neG e al2al FSRO0325"
STL3=(ST5-5Ta) /ST sRYE ((STTe5T2)/5T12) , ; FS10327¢
STL4=STy/5T 0" ‘ FSRO3IZ23(

PN =STL3aSTI3eS5T 140 14551°0(T7) FSRD322!¢

RETUIIN FS0330¢C
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FILE:

i

B4

230

L1 1

4

1*+

- END

.FSQE FJRAT AN Al SUET COYPUITT 2 CiNrTe e DHAXA

M)

Sl et e e T A R T K O R K B A Rk AR A A
SUBRJUTT M iil“'!(_ EIRLAE I IR ML AL A A GBS SR DAL [+ ] 404, )l’:or‘v y T, SUM)
THES SUST I 15 UsiEn ™7 THTELEAT: TH 2AaDIATION EFFICIENCY
FIOR ZVEN VALJES IF M AT TID) VALIES OF L.

{=3%

A ={PI/2.0)/4

X =¢-1

SUM=D,D

T{=2,.0

I=1

CALL FOUJC ',J,]?,Gq,"! &\P\,TF:,E_".‘!,‘I'.“}.f-‘.ﬂ.SI'",."-D..TH.TK,FLNC)
SUM=SUeF gy

TK=T<+AL

I=[+1

CALL FUUR(C,HNQ|GM|R""!AR!erE'H,N'PIv?.U!S[GIGRtTH,TK'FUNCJ :
SUM=SUMe 4, 0%FUNC ’
FRK=TK+axX

t=I+1

CALL FOUR(CoWNE s GHy R My ARy TRy M g 'L a0 T4 51045

v THy T y FUNC)

SUM=SUMe o0 EFUNT _ P \ Eeoy
IFI1.LT.KK) GO T3 290 A
TK=TX+nZ o

[R

TALL FDURIC A IR Sy ARy TRy E g 'y '
SUH:_-.U»‘-M—E,.O-:::U!\J: ' : o
TK=FK+AK '
CALL FIURLTd Py Gie R g ANy TE 30 0 ' he P 1 420, STG eGPy THy TK y FUNC )

SUM= SU%e FUNE , :
SUM=[A</3.0) =504 , .
RETUZY A

PPEeAN e SEGAGReTHYTKGFUNCY .

2o by A

v
WA AW

o Ar Feopo A
<4 At
e e

A
g
-P-I-J-
s

n'

o] J»h‘-'
prg e ¥

o4 ferle ek
LT E
GR e THy T s FUNC }
OF THF RADLIATIUN

Aroae b bods g
L A T TR

SUBRDUTIME SIUR(T 4 [T,
FAI5 SUB20UTLIE
EFFICIENCY

-'\ J::.
W+ qr

” @

Ped Fod
. SRR

r”v“vpfv q!bIG!
"HALE FACTOR

Pl

HuR”fﬂnl TR yf
EVALYATES THE

EORODVIDY YALUES CIF 7 A'l) IO YALUES OF N
4p=-1]

NP=N-1

ALE=MPXMPED P T s (P PP 1ap] Y/ ATEATYY

ALZ=5Q2T(aLl)
AL=ALZ2EANRECOSITHI®SI{TY)
ASL=aAREAQEMUEYDEP LT £ P L DEP]
AS2=50T{ASL)
AS=ASZERNREST U F)ESINTIH)
ASM=G41/2.0)

5725=G
ST26=A
STZ7~:Hr
ST28=AL%*

Pl

A—r

N{ A5
UJI{ M)

Pl s 4] %
v051twcﬁl*

CIStAL /2 W10)
SINIAL/20)
CStAL/2.0)
SINLAL/2.0)

CST29=SIN(AS/2.0)

CANEFLOATENM]

ST3J3=(A5%AS)/((PL=PL}
ST =G4%3"-alxaL
STI2=5M%5Meal Al
ST33‘(STZb ST26)/5T3 12

SAAN-L ) E{HY- 1003 -1

(UST27+ST28)/ST32)

|
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5303310
£San3izo
FSRO1330
F5203340
FSR03350
FSIN33560
FS303370
FS203330
FS3n3i3ng
FS203400
FS203410
Fs2p3azo
FSr03430
FSRD3440
F52n3450
FS203450
FS203470
F5203480
FSRO3430
FS203500
FS2D3510
FSR03S52720
FSe03s3n
FS03540
FSRO3550
F5101550
FS133570

..Fs§03530
FSPED3AS9Q

FS3N3600
FS5103610
FSop3s?2o
FSR03530
FSINAAKLD
FSID34550
FSRD3550
FSROABTO
FS5323480
F50359)

F$S203709
‘FSRO3T10

F5223720

. F5203730

FS203740
FS201750
FSR33T60
FS203770
FSRO3T790
FSR23T790
FSRO3800
F5203810
FsS233820
£5323830
F5203840
FSR03852

VH/SP (4331-L02



FILE: F523R 203T2AY Al BUET COMPUTEYL CENTREs DHAKA VM/SP (%33]1-L02

$r234=5129/5030 , . FS03860
FINC=S5TA36ST3I50T3645STAAXSTHLITH) FSRO3IATO
RLTUA F5303880
L . _END " F5103B890
p * SRl R gt i i R e e e 2 e R AR g e e :-::#c*#tttau: #& FSR03900
-3 R N R Sl SrftdnAran gz drsrstfodononil R e R LG bkdtdkieyhii& FSINAIN0
R SURRDVUTINE FIVE{CD+WMR LGP 9RPM AR TR s oM, N'DI'RQ|SIG GR yTHySUM) FSR03920
b % © TAIS SUDBRDUTINE IS5 MUSEN TN INTEGRATE THE FADIATION EFFICIENCY FSRNAD3D
& FO 900D VALJES JF M ann N, : FS203940
‘ : K=35 . - : ' - % FsRr03950
AK=[PI/2.0}/K FSIN3940
r=¢-1 FS2D03770
‘ ; SU=0.0 Fsd039A80
o TK=0.0 FSRO3I970
' Co1=t } FS104002
e . CALL SIX[T oW P M aRPMeAR TRy E oMy igPLPR Iy SIGyGRyTHeTK+FUNC) - FS204010
SJM=SUN+FUNG F$106020
190 TE=TY AL FSROG0D30D
[=[+1 - F5204%040
CALL STXICsWNZ sl Mg RPHe AR o TR E oy Ny PI 4PNy SI595R T4y TKyFUNC) [ F5904050
o SUM25UMe 4. 0% FUNC -~ ., ,. FS5204060
Vo TX=TKe+ax . : .Yt 41 . Fsap407o0
: IR T :;!i' FS0%080
CALL SIX{C oW eGP PN e ARy TRy Uy Ma e PI 4R D9 5159 GRy T4,rK.FuNc)&,‘~.' FSRO%090
I SUM=5U1e 2,08 FUNT o § e, 1 FSRO%100
: ' IF(L.LT,XK) 532 T2 170 “f N4, FSRO&110
TR=TK+a¥X : o { FS04120
- : CAL. SIX({L WYy GPMeRP s ARy TR ¢S oMy My PT 4P D SIGe G+ THTKyFUNCY © FS105130
- ' SUM=5UMe 44 0% UNC . T FS20%140
TH=TKsa ¢ St £53204150
! , CALL SIX{L.dyR ,UP1,QP1-AR|TR,L9H'W,PI.P]'SI PGRy Ty TKHFUNCY " FS20%160
. SUM=SUMeFUNT . . . FSRO4170
SJ4={a¢/3.2)5501 . ' L« FS204180
RETJIN £ FS206190
END s F$S204200
& EEEpfe kBl it R R R e R R N R R ek kb ek iEReReER  FSA04210
i * Fwrsunt dedr s ] el B s Ghehunrdatanthetattrk  FS04220
b l SURIIJUTINE SIXIC ra“VRtGPH,RpH,AF’JT"‘.vrfv’ v2MNeSIGaGRyTHeTK » FSR0D4230
CoeEyNT) . F5°04240
Co® . CTALS SUBRNUTINE EVALUATES THD PHASE FACTNR IF THE RADIATION . F5R06250
i % EFFICIENCY FIR JDO .VALJES OF 1 aND M. R F5204260 L
Yp=y-] . FS204270
NP =Y-1 £5204280
CALLEMPEMNEPTEPT # (MPENPEPTPL) /(ARG A7) FSI05290
. aL2=500T(ALL) , F5206320
: AL=AL25ANRECISITHIESIH(TR) . . FS?04%310
ASL=ARTARIEMPEMPLEPIEP L+ IPENPRPIEPT ' FS04320

452:=5032T(A51}
AS=AS2HMWNRESIYI T ISSIN(TH)
HGPM=GPM/ 2.0 F5304350
STLS=0BPYRCISI AP MY aS T H AL/, FS2043560
STlo=AL:SIN{AGP “)’CUJIAL/X.UI FSI04%370

- STLT=aL4S1 U UTPMIZLISIAL/2.0)

FS20%330
FSR04340 .

FSI0L4380
STI3=5P1R005 I(‘DP"‘.)-’-“SI'-HAL/E." F304390
STL2=SIN{AS/2.M) FSRO4400
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FS27 FALTRAN AL WUET COMPUYTER CENTRE. DYAKA vA/SP

AN=FLUATINY

ST22=0ASEAS) /(P TEPy Pl -1.0) 240 -1.0))=1.0
ST2L=0P agto g eal

5122=6p e p e AL sal

)T’1“((5Tl)->Tl‘)/ale]*°"! {U3T1I7-5T1IR/5T22) ‘
ST24=5F13/5T21) .

JV-‘ST23wsT¢j¢3T74 STZ24STHITY)

R*FU«W

EMD P
EREE G ?k**$_?¢¢¢$fﬁ**"k*”‘*’¢#$t#’”w#$$?t¢¢$$¢t#¢¢
SUBIIUTINE VLI[C;N IR Gl e RP Ay TRy g0, 19PL220,451G, GReTH,ySUM)
FTHILS JUJIJJTI]r IS U536 T [reEGIaTce THE 2ADIATION EFFI IENCY
Fux JDd VﬂLJ 5 IF. M AND cyEY VALUES OF M.

{=35

BRK=IPL/2.D)/%

LK=<X~1

SUM=0,D :

TK=O.U

I=1 '
CaLL [["‘iT(L.HJ"ng"h:’F’1,:‘\PyT:’\.L|'¥yI ”fvpnvS[GvﬁR!THrTK!FUNC)
SUM=SUMsFUNC Coa
TR=TK+a<g ',' v :
'[:l*l ' B
At 'TfClNH-'L;“”va’“H\ s T e aitely P, R, SIG!x)p'TH!TK FUNE’
SJdv=s UWF » G FLUHC

FTK=TK+A¥

L=1+1

CaLL '-Iu'fT{..l"l"r[zr'”'?”-"-h‘\a T"yf-!'-vhr’f1P'-'15[G73R'THvTK1FUNC)
SUA=SUMe 2 o oxT N7 . Y .
IFIT-LTLXKEY U T 3,50 ’ i ”,__‘ f
TK=TK+A( . :
saLL EIGﬂT(E'WWQ,GPHvRPH'ARyTRvEpH,valinvSIGrGQvTHgTK,FUNCl S
SUM=SUMe x5l - :
TK=TK+a(

SALL ETGA4T(Z W4 tGPMyRPMy 0, TR eMyllyPp,r TSI eGPy THS TK, FUNC)
SUd=35UMs mytIC

SUM={aK/3, 2)=35U1

RET YR

RV ‘

B e e e i e e A S e B e T e B B 2 e R L P ET TP
SUBAQUT I HE EIFWF(C'NVRvaivPP1;Avaporr“'WvPI' OsSIGIRRTHYTK
FUNZ)

TALS SUBUIUTINE EVALUATES THE pHase FrCTNDR OF THE RADIATIDN
LFFICIENZY FIR J20 VALULS NIF M aND EVEN VALUES DFE N, - . ,
ME=M-1 .

ANP=y-—

ALl MPEMPHPLEP T+ (NPENP P 2 PI)/IA”*AP)
=SRTraLL)

AL ALZEANMREZISITHISSINITY)

ASl=aAR: FARCHUPEMPEP L &P+ NPEMAED ] apT

852= SQPTI\)I)

AS=AS2k Al s 3II(FV15311(TWI

G2 4= GP1/

51‘5‘"P1¥CJ’(T"”W]‘rlﬂln!/?.ﬂl

5T3s SINUALPYIRCUSIAL/2 W 0)
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ST43=5T40/5T%1 , : 5’05040
FUNC=5T64%5T46453T4555T745%S5IH(TY) _ Coocreare o =5 FSR0S0S0
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(S0

TES FORTEAY Al BUET LOUAPUIZY COLHTRE, DHAKA VM/SP (4331-L0Z
f
TEFDO0010
TEZNNNZ0
LORSAAY TR CLA'PED-SINNLY SUPTTITTTL PLATTER 043 AADTATION) TFFQonln
TEFQD040
ek Mednti sl fod g Aadedig d TEFDDOSD
Bk X LenT TESDOOS0
Bk ad = e e da o S dr v 02 g TEFDDOTO
a=LENGTA NF THE PLATL IM METE q: YernooB0
B=d10TH JF THE PLATE 14 "ETERS, TEFQDO90
CEVILOCLTY JF SOWIY IH AIRMETIRS PrR SECOM). TE=ZDJI100
Pl=A CINSTANT JJANTITY EQUILIVALENY TO 3.1416 TETDOL110
GREACCELARATLLYS DUE T GRAVITYITEPS PER SECOMD S, TESND120
W=AXPLITUOE 2F VIARATIONsMETECS. TEFOD130
H=TAICKNESS 1IF THE PLATE,"tETERS, TEF0D140
E=MINULJIS JIF ELASTICITY JF THT PLATE “IATERTAL,MEWTON PER METER SOL.TEFQD150
2)=SPECIFIC WEISHT NE THE PLATE “ATERIAL,KG PER METER CUBE. TEFOO160
RIA=DIFENSITY JF AIRWKG PLER “etE? CUne. TEEQI170
SIZ=PUISIN'S RAaTIja ' ; TEEQI1R0
AR=ASPEIZT RaTID«L/A , TEFODLZO
T2= ru:*«u&ss TEZQD200

°ATID-H/&

nht Akttt e aRkkd s ETEENDN210
rt*fa*t#**twctaﬂhtﬁttrFﬂOOZZO

‘UUT'y;TATUS"'WLA') .o

OPEN(UNIT=7,FILE=

—rh

j . TEF00230
IPINIUNIT= 3, = TLE=" TN s STATUT=2 L0 ) - . Pl TEFO00240
AEAD (399951 C s We s e PLaEsPIAIRMNySESe I o b TEFDI250
F AT F GO/ T 66/ FGe2/F 060/ 943/F6.2/F5.0/F3,1/Fh.4) i TEFQJI260
ALAD(349740A42,T72 ' : TESDNR270
TUVAAT (F4a2/°5.3) ' i TE=DO280
ARITE(?+9927) TEFDI290
TOXAATU/ /20X, wk PUIPUT O DATA Sairnavy /f/) TEF02300
dJlTEl9710001A=vTRvL-H-b7~Plv_vgq\vPWvo[u'Hq TEFQO310
TIUAAT L/ 20K AT =" 4 F e L/ 20y " TR =94 F5,3/20X " L="+yFhe0/20X, "H=", TE=ZD2320

A E L G/ 2Rt s B PN e P LT AL A2 Ty 9,3/ 20X TROA=", TEF0D0330

FEG 2/ 20K A=y F S 20X ' SIGE e R 1/ 2K S g PGty /) . TETNN240
ARITE{F,10D1) TEFD2350
FIAUMATILOR,y " IMEER OF JIYISIONGS=5 /) TEEDNI50
WAITEL9,1002) A TR . TEFDD370
FIITATISX+ "ASPETT RPATI{z *yFa. 445Xy THIZKHUNSS RATIO: * 4Fbaby /) TEFDD380
WRITEL9,1003) TEFDD3IFD
FIRMAT LYy LA3EL*-")) TEF02400
NRITE(741004) "TEFDD41D
FIXMATE 3, "% " 27 46Xe"% M &7, 5Xy D THEY QANTATEI 45X+ "GPM/GNY, TEFOD420

3Ky "GP/ SN TEFDJ430
WRITE(9,1005) TEFD0440
FORMATLLXY 130 =)y /) TEFD3450
Sk R r et e e e e e e e R ke R FE Rk EETEFD45)
X1l=3,9 ‘ TEF004T70
33 1 =232 TEFOD4BD .
X12=X11+4d TEF0J490
YLL=(SLMIXEL) ZCOSUXLLII—4ST X111 /COSHIX1I1)) TEF0I530
YL2=(STUdX 12 ZCaSIXLI2 I - (ST A1) /0SHEXL2}Y) TEFD2510

TZ1l=Y11%Y12 TEF313520
CIF(ZE1eLT.0.00) 30 T 10 TEFDI530
X1l=x%12 TEFDNS4%0
G T3 12 TEFDJ550.
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FILE:
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TE= FIRTweaAY Al BUET COMPUTEY CENTREs DHAKA

SFY=X1lex12

X2lzga2

DY 2 N=2.32.2°

X22=X21+Ht
YZl=|SIN(XEL)/CJS[XZ[Il'(SIVH(XEII/CnSH(XZIJi
YJ3=1SIU(XEE)/:JS(XZZjl*fSlNH(X22)/$WSHfX22ll
L21=Y21LxY22

IF(Z221.LT.0.00) G0 T3 20

X21l=%22
S0 T g2

GN=Xz2l+x22

GPM=GPM/ 2.0

A5N=GN/ 2.0 :
RPA==SINIHIP ) /51 NG PH)
ANESTIHAS) /S E M HS M)
:ALL-ASJLH(W;WrPlySIGuAQpSLHHI

aHl=2.3#23A*J$H?AR*AR*{PI**ﬁ.qltE*E*TQ*TR#TR#TR#GR*GR¢SLNB*SLMB

AMZ= P il MR (L am SIBESIGIE{La= 0[50 )
AP =AML/ AR

<=35

K =<-1

AHZ(PL/2) /K

35J4=0.0 -

LSRR

1=1

caLt (J\HilC,SL'H’-.GP‘-?-G‘I,RPu'lpR"lgn‘\P..T"-‘.'ErPI p?.ClySIGgGRyTH,SL{MI

S3UM=G5 e S
TH=TH+AA
I=I+1

. o
ZALL UWE{C,SLW1,3FWpG1rH”HvRWoAQ'T7rGrPIyqﬂpSIﬂgGlyTHoSUH]

aSJ=G53UM 4 DSy
TA=TH+a+
[=1+1

Calt U“F‘:15LHBfGPH!G“'HPHrRH’ﬂRrTQ'prI!Rq!SIG!GR'TH!SUH)

3SR 2 D SyY
TF{lalTuxk} 30 T2 70
TH=TH+ AN

ZALL ﬂ\lE(CvSLH'.‘rGP"1vG‘lle-‘”.tR“ivARv TA+EsPLeR Yy SIG+GRy THy SUM)

GS5IM=5504 4, 050
TH=TH+4

ALl U‘H—(CgSl."\fs;SP.‘hCHyRT"hR’IyAR. TPl eR 1y SITe6R,TH, SUM)

SSJIA=550+ 5 I
GSJYM=({A4/3,0)%55UM

POAER=4,D505 1 Aup

AT TE(R, %) Yyt e n 2SO ML G

ARTTE(74200) AelsPOHER 9GP, G
FJIWAY(5!.IE.QX,I2;TXr?1“-&17X,F]9.417X;F10-4’
X21=X21+3.1

CNTINUEC

R R e T R N T L R U P e he Ao et e b
YOS e AT RO SR g g rsle e el e v e A oy RS SR RN

X1L=X1Il+3.1

PRIy
Lk ST

e s dy Ao e g
e A MRS

CINTIL W

drte

XIl=3.3
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c T T TEFDO830
| TEFDI890
: TEFDD900
TEFOD?10
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FILE:

Tee FIONTRAN AL

QUET, LMPUTER CLITRE, DHAXA VM/SP (4331-L02
D7 3 M=2432 TEFOLL1D
32 XL12=X11+H04 TEFD1120
YR =(SEIUXIL /S N (BT ) - (S P /0 nid1y) TCrnpLn
YL2= 05T 40ALZY /0 35 CXED ) - (oD EXE2)N /LD XEaY) TEEoL140
‘ Zll=YLlleylz TEFDLIL5D
IFEZ11.LTaD.D) 372 TJ 3D TEFN1150
XLL=X12 TEFOLLT0
539 T 32 TEFO1180
30 3PMIXLLeX12 TEEDLLP0
g X21=3.9 TEFOL 200
DO & N=2,32,2 TEF01210
42 X22=%21eHd TEEQL220
Y21=(SINIX21) /CISEXZLY - LS T X210 /CTOSHEX2T ) ) TEFD1230
Y22=(50MIX22)/C550X22 1) ~(SINHIX221/CNSHIX2? )Y TE<D1240
221sY214Y22 TE=01253
IF{Z21.LT.0.0) 30 T3 40 TES0126D
X21=x22 TEFD1270
30 T 62 TEFD1289D
- 40 GPN=X21+X2D TEFNL2370
HG2M=5P4/ 2.0 TEFO11300
HGAU=GP AP WD ; TEF0131D
REM= = SINTHG? )/ SE A [HGP M) " i1 . TEFO1320
RPN=-STNEHGP ) /ST EIHHGP N ;. TEF2133n
TALL ASILH(Me Iy e515eAR,5L10) © ' TEFD13490
A\H.=Z.3—::RUA<=-H=%H=AR*AR<={vPI*i?h-G)-’FC—’FE*TR*TR*Tl*TR*GR*GR‘SSLHB%SLﬁB“;' TEFO1350
TAMZ 29, 0%CEROERA%(I L =SIGESIGYE{ 1e-ST5%ST0) ] ' { TEFO1350
AM2 =AML/ A2 : . TEZD13T0
=38 TEEDL380
AH=P1/{2.0%K) . L TEFD1330
KK=¢-1 ) ., ' TET01400
o 5SJ4=0.0 - " TEFD1&10
A " TH=0.0 . " " TEF01420
I=1 ) TEFO1432
- CALL THREZZ (L ySLMBeGPHaGP Yy RPHe RO AR e TR EoPL+R o SIGGR ¢ TH, SUM) TESN1440
. 35JU=G5UMe 5 : TEFD1450
170 TA=TH+AA TEEDL 460
e =1+ ’ ‘ TEEDLATD
: : TALL THREE(C 3L 18,00, GP AP e RP M AR s TRy E4PT 4R, STGGRy THySUM) TEFI1480 -
GSUM=GSIMe 40 055 UN ' TEFQL 4920
Yo TH=TH+AH .TEFD21500 -;
wl oo I[=1+1 TEFDI510
- CCALL THRLE (T e5L 1 0PMa AP Ly RP e RPN g A s TRy E 4P 421, SIG+GRyTHy SUM) TEFIL1520
: o 3542550 2, 085N TEFD1530
' © O IFUI.LT.XK) 33 7D LTO TEFDL540
' ©TH=THeAD : : TEFNLS50
e .. TALL THRED{THSULR,GPYGPHeRPHy RPN, A TR E4PT4RD9SICeGRyTHySUM) . - TES01550
a0 BSUMEGSIMe 4 DS UM TEF31570
L , TH=THeaH TEFN1580.
R . CALL THREE{CySLMDsGPHyGPHa Ry RPI AR ¢ TRy E9PI4RO9STGyGR 9 THeSUM) TETOL590
Ykt 3SJMEGSUM S TEFD1 600
i 3509 (A4/ 3. 055500 TEFJL510
R T PIAELI=4L0RGSUitEANR TEF01620
. WOLTE (% i) 'Ly, 0T3Py G0N TEFN15633
: ARTTE (753001 "4 e P TALR G50 TEFO1640
"ML 300 FORMATEAXN 10y X el 2e TXaE100h TX FIDat s TX4FLD. 6) TEFO165)
ey !
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FILE: TEF FIRTRAY Al BULT coumyree
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TONTI N
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END
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Tldodeox M
fadiadied AR R S A g 4 e 4

. SUBRIUTIMNE ASILNMMa NPT 4STNeAT 2 SLIUY)
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FH=SLOAT{ M)
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cu ' \ N EERY
STL=HXE0XE,XR0Y
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IR 5U420.0
' TOUIALL TWI(CeSL¥ 0P
SUM=SUMNeT T
TK=TKeAL
I=I+l
CALL TAMCoSLM3,GPYy Gty REOM R AR, TR
SUM=SIMe 4 0% = Me
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. I=]l+1
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SUM=SU%e 2 05 1)C
TFliLTaKK) TN
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e - SUM=5UMeq 0T UYL
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TelTe20s5T%5+0G2 3 THs TKWFUNT)
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TEFOZ2150
TEFD2150
TEF2?2170
TEFNZ2180
TEFOZLPN0
TEFD2200
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. FI1LE: TEF SAXTRAY Al BUET I2MPUTERY CEHTRG s DHAKA VH/SP {3331-L02)

ST35=5T32:5T32+5T35%5T35

)
b Pl Rl p e B gl e e S e e e fr e e e dedn e e e s e ﬂl"( -¥-3 TEF3Z2210
SUSAOUT I NE r&u(:'TLHA,:PW,Sw.RPw.a1,41,Tv 'PIsPNSIGGRYy TH.TK. TEFnZ220
+EUNTY TEEN2230
& THIS SU42ZOUTEMT 15 USTHD T DFTTRMINE THE PHASE FACTDR OF THE TEFO2240
& ACIJSTIC IMTENSLTY FOR EVEND VAL G 8 th, TEFQ2250
ALL={3LYIEes2 /0 3052 )80 0-{SI0n516))) . TEFN2250
ALZ=5GRTlaLl) TEFQ2270
BL=AL 2P IRpTET7E FUS(TH) SIM TV /2 TEFN22730
ASY = {SL s CaSR) /{30570, 0-(5T0=7 %) 1) . TEFD2270
852=5231{A51) TEFQO2300
AS=ASZ2EPLFPLEARETRESTINITCOI:STYLTHY/C ) TEFD2310
4GN=GN/2.0 : TEFD2320
STH5=5P A Z05{aL/ 40 . TEED2330
STT=0FN=CaS{A0PY) =25 1AL/ 2 .0) ' TEFDZ2340
ST3=2 ,0sAaL 311G ) ESTH{AL/2,.0) TEFDZ2350
v o STI=GPYELOS(AL/2.0) . " TEF0Z23s0
STI0=GPMELASA{HGPH) LIS (AL/2 . 11) ' ' TEFO2370
STEL=Za 0 ALEGI AR 2SIl AL/ 2 0) TEFU23H0
STLZ=2.0%ALESIN{HOM YOS T AL/ 2.0} N C - TEFD2320
STLA=GPYECDSIHGP ) =ST AL/ 2.0) ’ - TE=DZ240D
STlt—GPW“ZIl(' /20 - TEFD?2410
STI5=240%AL )[wi(iuPWJ CASTAL/2 .01} . L TEFD2420
ST15= GP‘.,IJ(ﬁl/ " ' TEFD?2430
STET=0GPECIS (MG P‘! STUH{aL /2.0 ' TEFD2440
STLlH=0. 08 ALEAL-SPHELPY t TEFD245D
STLI=440=AL=ALLLP ST . TEF02460
ST20=5N=5 " A543/ 2. TEFD247TD
STel=aS522 )56 = aI“(ﬂa/?-U) TEFY24830
ST22=5N85 NHEHG 1}-;UJIA.(¢.01 TEFOZ24920
STZ23=A55C05 illr HRTHAS/2.T) TEFD2500
STZ24=5MeLN-a5:45 : TEED2S10
ST25=0GHroNtASEAS .TEFJI2520
ST2H=5TK~STT-5T1 TEF22%30
STz 7=5T3-5T10-ST}1lL TEFDZ25%0
ST23=ST12-5T13-S5T14 TEEN?2550
STZ273=5T15%-S114-5T17 TEFD2560
ST30=ST256/5TF14 TE=02570
S5T31=ST27/5T17 TECO2580
ST32=5T3N+2P1:5T3) TEFD32520
ST331=S5Tz28/75T1148 TEFQ2600 ;;
ST34=5T29/5117 TEFO2510
STA3=ST33¢P P 10T TEFQ2620

RIS

¢ TEF02630
ST37=5T20-ST21 TEF026%0 °
5T3B=5T22+5T273 TEF024550
ST39=5T37/5T24 TEF02660
S$T40=ST33/5T25 TEFO02570 -
STH1=3T32+4398 5740 TEED2530
STH2=5T4155T41 TEEN2530 -
FUMZ=5T3685T4245111(THK) TEFD2700 -
RETURMN TEFD2T10
END TEFD2720
wecten TEF02732
s e = 92 % e 8 e £ TEFD27T40
SUBROUTING THRRT (Ce SLHL,GPY,GR 1,20 2Pty AR TRy E P I 4RO SIGsGReTHy TEZ22750

T,
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FILE: TgeF FIXFIAN AL BUGT Oy TL CRUTRE. DYAKA L VM/SP (4331-1L02)

’

+SUM}

: , TEFD2 760
% TRHIS SJ32OUTIAF 1S USED TN INTEGRATL THE ACIUSTIC INTENSITY- ~ TEFD2T70
% FO 3DD VALUES IF I, TEED27R0
(=15 TEFD2790
LK=K-1 : TEFD2800
AK=21/(2.055%) : . TEFDZB10
TK=UaD _ ' . TEF02820

1=l TEFD2B3D
SIM=0,0 TEF02840

" LALL FﬂJl{ﬁySLWZvGPHrGPNvRPH.RPU.ARQTR:EpPI;RO,SIG;GR;TH.TK;FUNCl Te=02850
SUM= SO FU'C

TEFD2B5K0
190 TR=TC+a¢ TF=D287TD
I[=1+1 TEFOD2RBD

Catl FjJ?lCnSLWB;GPH'GPNyRP“jRPH,AQpT?'E'p['ROpSIS,GR'TH'TK,FUNC) TEFD28720
SUM=5UMe 4 D20

TEFDZ2200D
TK=TK+AL( TFFD297910 -
[=T ¢t TEFODZ29220

CALL PO Sl g Gy G My Ry R0 A%y TR e PT 4 R4 5154 GRy THo TKWFUNC) TEZN2730
SUM=SUTe2 26T UNL _ : L TEFD29%0
IF(I.LV.KK) 30 D 190 ‘ TEF02950
TK=TK*+A< i TEFN2950
CALL FOSR 5L 9GP s GPN g RPMy AP My ARy TRy 547 140, SI5yGR+THsTK,FUNC) TEF02970
SUM=5UMY 4. D5 FUNT : . ‘ -+ 4y 1 TEFD2930
Th=TF4racg ' ’ " TEF02990

CALL FOJRLCSLAGP LGPy RPI RPN AR TR 1S40 T 4Ry 5159 63 THeTK4FUNC) TESD3100D
SUM=GUM =YY ’

. TEFO3D1D
SUM=(a%/3.0) =508 - TF=03n20
AETURN ’ : - TEED3IN3D
- TEFD3040
" TREsAaREabkatERErEETRE TEZQI050
® CRESGEENEREANANCESEAEEE  [ETD305D
: ARy T7 4 EePT 4P D+sSIGsGRs THy TEFD3IOTO
+TK,y ZUNT) o . TE=03080
& THIS SUBRIUTINE EVALUATES THE PHASE TAaCTAR IF THE ACOUSTIC TEZD3ID90
3 LOINTENSITY FIR 139 VALUSS AF . ’ ' TEFD3ILOND
ALL={SULHBFEXSR I/ {305 La0-{STIGES1S)1] ) TF D3ILID
AL2=SORT(aALY) . TEFD312D
BL=ALZETREP[RPTEIDSETHISSN{TY ) /0 TEF03130
AST=USLYREE3R)/13nER I8 (Lan-(SINEII0)) ) TFFO3140
AS2=S0AT(ASL) _ ) TEEQ3150 ¢
AS=AS52%8aRETYEPI P [=5IN(IK)=ST UL TYH) /L _ ) : TEF031501 ¢
AGPN=LEPN/ 2,0 TEFQR1TD
ST43=0PUMECIS(AL/ 240 ) . TEFDILBO
ST44=GPARIISTHEPM IS5 (AL/247) TEED3190
STH3=2a DR ALESEN(HEP) S AL /2 .0 TEF03200
ST45=0GPMECUSTAL/ 2.5 ) TEFo3210 .
ST4T=GPUECOGA{45PY) S CIS(AL /7 .1} ' TEF33220
STH4=2.05aLBSIN ALAGPI) XS LH( AL/, D) : TEFD3230
STGy=2.0%ALESIN{HGPMI2CISUAL/?w0) ‘ TEF03240
ST30=GP4sCas 4GP HIESIN(AL 2. ) TETn3250
STRL=GP R4 (L7200 TET0326D
STOZ=2e 0 al s S I A{IGPHIECIISIAL /2 .D) ’ TEFD3270
ST33=G2155I4(AL/2.9) : TEFD3230
ST54 =0 NE 0054 {43 Y ST AL/ o) TE=D3230
ST33=443%ALEAL-3P 1m0 TEFD330ND
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FARTRAN AL DUCT (rweyTen CEHITRE, DYAKA

STSh=ha0=alaat e SP2GP

8 IR NN T BT RS S BTN G - S
STER=ASESI AT I RT A AS A7 .0)
STS9=a%5S1MNAA43PNI=CISIAS/R.0)
STHO=5PHRCOSHAGPM) S IY(AG/2 0]
STol=6Gi s i-45%43
ST32=GHESMeASHAS
ST53=5T43-5T44-5T4AS
ST5%285T4h-5T4T-,T44
STH5=5T42-5T39-5T51
S5T66=5T532-5T753-5T54
ST57=5Ta3/57T55 &
ST58=5TH4/5T56
5T59=5THT+ar1E5T5D
ST70=5Ta5/0T55

ST71=5T65/5T5%
STI2=5TT0+PPN:5TT L
STT3=5T5955T3 2+ 5TT2 05772
ST74=8T57-5T54

ST75=5T52-5T%0

ST75=5T74/5161

STTT=5TTI5/5T5¢
ST7a=5T7heRDPNE5TTT
ST79=5T73:5T774
FUNZ=STT3:SI1ass1ii{TKy ‘
RETUYIN :

EN)
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TEFQYIILO
TFE33320
TEFN3330
TEFD3340
TEFD3350
TEFN3350
TEFD3370

.TE=D3380

TCF23I390
TEE03400
TEFND3410
TEFRD3I42D
TEFD34%30
FEFO03}440
TE=N31450
TEFD3460
TEFD34TO
TEFD348D

(%331-L02)

TEF23490 .

TEFN3500
TEFD3510
TEF03%20

TEFD3S3n

TEF03540
TEFD3550
TEFD3560

TEF03S70

.
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FILE:

CaSedalM2)520%

L R I T R T R

995
9236
99T
998

339

1000 -

1301

1002

1003

L0044

1005

A
=

124

R Y-

TEF2 PURTRAM AL 3BUST CoPuTeEa CEHTRE. DHAKA

£

SLAaAPID~ST LY

VM/5P (4331-1L02)

SﬁPPW?T"U ”LATGTTAUIATIUM EFFICIENCY)

TE=EnDOouLD
TEFD3D20

T TEF0D030°
.TEF0D040

1

tEe v$#t$£“***“$tw*'J$*:##&t*###t#*t#t#t&t##? TEF0DD50
R AF VAT TADLES Sl e e e Akttt hn g TECD1050
LTS : Bt e A e e e g e REEERE R CCEERREkLLEEEkE TEF)IOTO
4=L54u71 JF THE PLATE IN METERS, TEF0J080
3241074 OF THT PLATE [ 4RTERS, TEFD2090
C=VELOCITY Jf SUUNY IH ATRLIETERS PER SEC MR, * TEF0D100
Plza COUZTANT QUanTITY FOUTVALTHT T0 1416 TE=00110
SREACLELAIATION DUE 17 SPAVITYWHETERS 968 SECOND SQ. TEFD312D
A= AMOLITUDE JF Y1ORATIN . METRAS, TEFDIL130
H=THICKYESS 2F THS PLATEZ,HETrRS, TEFDD140
SETIDULIS 97 ELASTICETY F THi PLaTE arrnr~L.uEwrn4 PER MCTER S2.TEFODLI50
RIZSPECIFEL WdLIGHT DF THT PLATT MATER[AL,KG PER METER CUBE. TEFONL160
RUASOENSTEY I0 ATR,KG Pre Yerep Cyup, TEF0I1T70
SL3=PUISD 15 RATI, TEFDD180
AR=aLPECT RATI, /4 TEFOOL190
PR de e & ¢¢¢*c¢*t¢¢*~“rg 00200
EEw B i‘.»t-&\‘.r#-&##t&&TFFO'J?!O
]’hV(UJII—)rmlL Ty STATYS= "N TEFD0220
PENLUNIT=3,F10 = T11r, STATUS='nLO") - TEFQ02*0
1[&){3.7ﬁHJL,J..°.!1. FaRTASRO S 10G, H P TEE0D240
PR AT E 4 0/ 004/ 00 02 /Fba 4/ 3P40 2/FSa0/F 0L /F6ad) ’ TEFQD250
RLEAD(34237)4R . TEZ00240
FORMAT(C4,2) L TEFDD270
WALTE(9,798) . ' : _ ' TEFOD230
TAVIATA/S 20Ky Ykt [NPUT DATA 2fissne, //) ot e TEF01230
dalrﬁt?,vﬁ‘laafc,w,:F.PI.ﬂ.nu\.pn.glu,uu YL TEFo23n0
hd’ﬂn1(’Ouo'AH:"F3.1/20X,'C='cFé.D/ZDX, W=ty ESHL4/2D0X. "GR="4F442 TEEDD3ILO
AT A EARLE VAL ) SR RS L B VAL PO T T S fa.n/zox.'ﬂa={tF5.o; - TEF021320
+/°3x. SEG="0T201/00Xs " M= 35 6 4} Ch .TEF22330
WRITE(7,1000) an . TEF0I340
FIRMAT(SX, " ASPECT RATI= YeFhat /) : TEFD2335n
WALTS(9,1001) o ‘TEFDI369
FOTAATLSX g hIMPE R 9 BIVISTOIS=30" ) o TEFOI370
ARITELY,1002) TEFDD38D
PIVIATOLX 7550 ) 3 /g IXG 2000 5% ) o 1X, " DUTPYT PESYUL TS *y35{vxr), TEF)13090
K TS50k ) /) , TEFD2400
WRITE{7,10034) . s ‘TESQ041D
FIRMATOLX Q2= TEZ0D2420
TARITE(9y LUJG ) TEFDD430
FIRMATIOIXy " ™ "Xy " 11 44X, "ADTATI Y EFFICTENCY® 35X, *GPM/GN TEFD3440
+'5Ky'bP!/"P?',-x.'!Jn'/l TEFQD450
ARITE(2,41005) TEF0D450
rjzﬂmrllx.111t'—')./: TES00470
Sk M olrendr fres o ht&ﬂdnv#umm¢*$k#$$¢¢$*ﬁ$$$$$$$$i$¢¥¢$#&$$¢###G¢&¢&¢TEFJ)QBD
Xil=3,7 TEFDD490
2] 1 M=2,14% TES0D500
X12=X10w00y TEFDOS510
Yll-{g[l!Klli/FJs(Yll)l—(JI”H(Ylll/EU)H(XlI)) TEFDD520
YL2=USINIXL2) /2050020 ) =45 IHMIXL2) /COSH{X12)) TEFJ2530
Zli=Y11=vyp TEFN0540
LECZLLLLTL0.20) 50 10 1o TEF00550
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FILLE:

10

22

20

¥l

800

e

e

H

TEFRR FAXTAN Al DUCT Ciyrerarren CEHTRT ¢ NHAKA
X1l1=X12

> TY 17

JPM=XLEey

X2l=2.2

DI 2 M=2416,7

X22=X2ZLeH'

Y2L=(SINEX21) /COSIX2L}) # ST Y XLV /0580 X21))
YZE—LJIV(XLZ)/LJS(122)l+falJ”tX?"l/r!)H(KZZJ!

721=Y2 vy
IF(Z214LT.0
X21=X22

U T 22
SM=X21+X2?2
H53M=5PM /2.0

HGN=311/72.0
RPU=—STIN(HGPM)/STHIIHGPM)
ANSSTHAGHY /ST HGH)
Yp=4-|

NP=y-]

WNT=0,2
Fr1*faq.nfu1\ch4?}*t
AVEI=1.0-5EN 3P /0GP
AT2= (4. 0%0F ) /50
AT3=STY(HLP 1Y & 0I5 LHRR )
AT=CODS{AGP MY 5T y4 (4GP
HT 4= SIW4(LPI:/"”W—1 0
HT3=3pHsopy

ATS5= 4125 (T 3~-4T7)

HT 7=HT5:4T4

AT8 AT e 0T T
HT9=1.0+S1M{ M)/ 5 ' ' )
HTLd=(4.0%2Y) /54 :
ATLL=CO3UHGNY 5T UG )

HTL2=SENCHGNT 2C 3SH( G

«3D) Gi Ty o

AREMPEHD s (IPEUD ) 7AR )

HTLI=aNsR N _ ’
ATLA=1, 06518405710 /570
HTLS=HTLO% (ATL1+4TL )

ATLIS=HT 134T 14
ATL7=HVLO#AT LS+ 4T 16

CFT2=4T3%4T17

AMPL=FT]/rT2
K=3p

XK=

AH={PL/2)/XK

;SJ\":‘)QD

l'-l-‘-U-D

I=1 '
CALL [_I‘JE(Ca”,7'5.21"JR;GP’1yﬁ’J'RP'1.:'".'hf\r'\!oT”v"uP!'PU'JI
GSJIM=55UM+ 504 . .

TH=TH+AH

I=7+¢1

CalLL 0ONZ= {L.\hJ.H\JR.U‘W,(,l.QPri.D'J-Al;TP,F,PI.R.').S[{;.{_;R,TH,SUH)
2SJIM=55J4e 4 05504

TH=T4+48+

i=1+1

GeGR, TH.SUH)
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VM/SP

{(2331-LD2)

TCFDASAHAN
TEFODSTH
TeErnDsAn
TEFJJ2590
TEFD2500
TEFDO&10
TE=02622
TEF33630
TEFD2A40
TEFD0650
TEFD266D
TEFQDAHTO
TEFOJ56R0
TEFDIAOOD
TEFQ37900
TEFDOTLIO
TEEDDT20
TERONT3D
TEFDDT7460
TEFONDTSN
TEFQDTHD
TEFDJT70
TEFDITAD

“ TEFDO790

.. .TEED2ROD

TEZ0DB1D
TEF0OD820
TESODRAN

- TTEOD2840

TEEQIR850
TEFONA360
TEFDDRTD
TEFODI#3n
TEFDIN9D
TEFO3200
TEFDOZ10
TEFDD920
TEFD2930
TEFD1940
TEF2D95D
TEF02250
TEFUD970

TEF0DD930 .

TEFO293Q
TEFOI000
TEFOLD!O

TEFO1020 -

TEFDIN3D

-TEFDLO40

TEFO105D
TE=D1069
TEFOLDTO
TEFDIDRD
TEFQL070
TEFOL1D0
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FILE:

T 200 .

700

30

42

.40

- 9200

354M=(5)"

SN =

SYLL=(SINOXLIL) /ZCOSIXLL) ) - (STNHIX LT /COSHIXTILY)

3

TEF®R FURTAAT Al BUET COMPUTLER CEMIRE, DHAKA
CallL HVL(Lw”sW;HWP.GPH,GW,PPH,3H'AQ-Tva'PI'RU,SIG'GR'THgSUH)
SSIM=GS UM 2. D5

IF(laLT.XK} 39 I 70
TH=TH+AA ! .
CALL ONE(CeMyily d PGPy Gy RPH P AR G TR 4 Ey P14 R0y STG¢GRy THy SUM}
5SJU=GS I 055N : '

TH=TH+ A4

CALL OME(L "y ly UNRyGF1,0H, nnw,ww.aﬂ.rn,r.pr,qn,sru.cn THeSUM)
fe i
SSIM={AY/ 3.0 ESS5UMI
SMN =G5S aMp
ARITZ(Hpx) Mylig d'7,
ARITE(Q,,200) Hedy SN, GPM,GHyWHR

FJ2H11(5Xol£:4X.12 TXeE10a4,5X, Flﬂ-ﬁv)erlo.ﬁ-SX'Fﬁ 2y . '
I’J‘J)"r}-
IFIHIR.UTIZQU,'JJ T]
30 T 8060
X21=YX21le3.1

5t

700

CCONTINUE

El ekt il St bt e R G e S N R o
XL1- Kll'i.l
CREFruRv RS sk ke de e e e e e e e ok el e e e e
CANTIHUE
R R fdndnan bl foed : R S e R R T R L - 3 T
X1l= 3 9
30 3 ' M=2416

XlZ—Xll‘!{

Y12=051M0X12) /7CaS (L2 )—(STNHIXL2) /CISHIX12)) S
Zll=Y11l=Y1l2 . ﬂ..
IF{Z211.L7.0.20 50 TO 30 D
X11=X%X12

GO T3 32
GPM=X11+X12
X21=3.7

370 4 =l lber?
X22=Xz1+4A1

Y21 ={S519tX21})/
Y22=(S1NEUX22)/
L21=Y21:Y22
TF{221aLT4042}
X21=X2¢2

G T 42
G“V=XEI+X22
AGR =GR A/ 2,
HGD‘-"PW/z.J
RPMz==~STY(HGPYI/STMIHIGDM)
RPN==ST(HIBN /ST D )
MP=v-1

NP=N-1

WNA=0,420
ET3=(0ga Wi 4R )i a0
ATL3=1.0-51%(50") /6PN
HTl1 =2 { g dapry /5
HT23=S1H{HG? M) =005 LGP )

(‘lﬁ

SN TN 40

MNP (R ) SAR)
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\

o
¥

L

TEFULL10
TEFOL120
TEFO1130
TEFO1140
TEFOL150
TEFOL150
TJE=01170
TEFD1180
TEFO1190
TEF01200
TEFO1210
TEFDL220
TEFD1230
TEFD1240
TF201250
TEFDL250
'TEFDL270
rEF71280
TEFU1230

CREERLEERERGRGUTEFD ] 300

TEFDI3LO

£=&TEFD31320

TEFO1330

LftmTEc01340

TEFQ1350
TFZ01350
TEFDL370
TEFD13RD
TEFD1390
TEFD1400
TEFO141D
TEFOL4z20
TEFO1430

TEFJ1440 - .

TEFD1 450
TEFOL46D
TEFDL4T70
TEFD1480Q
TE=2147D

(TEFOL150D v
TEFO151D /4.

TEED1520
TEFD1330
TEEN1IS40
TEFOLIS5D
TEFOL15450
TEEDLSTO
"TEFN1580
TEFOL590
TE-01500
TEFD1ALD
TFFD1l620
TEFD1 /30
TEFO1 &40
TEFO1650 -



170

300

400 .

TEER FIRTRAYT AL BCT COWPUTERL CIINTRE, DHAKA

AT=225( 46PN ST HGR)
ATZ2L=S5T I GPMY /oPH-1.0
AT27=0P"2 04
AT23=HTLZ% (AT 20-HT)
ATy =HT 2244121
HTC2S=HTIH+«HT2 3+ IT24
HT25=1a0-5IN{3PY)/GPN
4T2T7={4.0%20N} /5PN
ATZ2H=SIN{HSPN IS NSHEHGP)
AF23=CUS{HGPYIESTINHIHGPN)
4T39=RPNEADY
AT3L=5T94(32 ) /G5PH-1 .0
AT32=HT2T#(HT2R-HT29)
HT33=HT32:HT3)
HT353=4T25¢4T32+4T33
ET4=4T25%1T 3% '
aMP2=FT3/FT4

K=z35 . .
A4=P1/({2.0%K) : b
KK=¢-1
35J4=0,2
T?-|='.').(J
=1

- 5

+51%)

G514=GSUM+ S .
TA=TH+ A : : R
[=1+] ) U
Zall TﬂRFE(C'H'HcNHR;GDHyCPNvR"H'RPU,ARvTRiE'PI1RD'S[G'GRiTH|
+S5M) ’ Y
GSIM=55d" 6435501 - =
TH=T 4+ A R
I=7+1

ZallL TH!EElCvHv'lvw‘\leGDHvGPNvRerRPN'ARvTRvE!F'IrRUrSIGvCR|T_H'
+5UM)

SSI=5S UM e 2, B

I-{TaLTLXK) S0 70 170

TH=TH+AH4

CaL. THREC Sl e HHR G GP MGl Yy RP My TP g ARG TR 3 E 4P E 213 516Gy GRy TH,
+ S ) .

SSJIM=GSU e, DG o

TH=T4+ AN

CalLL YHiiE(CrMvW'N”Rva”rEPHrRPHQRp“rAR'TRvaPIvRUrSIGIGRvTH!
+5U4) :

SSUM= 55U e SN

GSJN=(A /30y u05uUm

SHN=ZSUMEAMP 2

AT TE (g ic) "My g NP G4

ARLTEATI2300) Med e SHNY OGP ML G P, A'IR

FOIMATI X I294Xe T2 TX s 1004 s TX AP L0 4 TXyF10eb9S5XyF4a2)
WHR=HNA Do 2 '
TEFOARGTL2.2050 TO 4u0

32 10 702

X21=X21+3,1

CINTL{{IE
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SERERER

CalLL THlEEIC,H'Q;NNR'GPM'BPN,RPM.RPH'ARyTR,ErPI,RD:SIG'GR,TH, )

TEFOL 660

JEFNLGTO

TEFI1 640
TEF0169)
TEFD1700
TEZO1TLO
TEFDLT20
TEFO1T30
TEFO1740
TEFO1750
TEZD1760
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X1L=X11+3.1 - TCFO2210
3 CUNTLHIE : ‘ TEFO2220

5T . o : TESD2230

I vy . TEF02240

o PRGN e R e R E RS RS LELEEEE%E  TEFD2250
Uj?JUT[Hk er(u‘-j ;UJ“.G°H,"W,P”1.Q!,A",TR,EyPI'RD'SICpGRgTH, TEFDZ2250
- «5U4)

, » : ~ TEFD2270.
" % . THIS SUBROUTING IS5 USED TO LWTEGRATE THE RADIATION EFFICIENCY - TEFD22RD - ;
% FJR EVEV YALJES UF M. TEFC2270
=35 FE02300°
AR=2T/(2.0%%) TEF02310
KK =K~ 1 TEFD2320
TX=0a0 TEF(2330 t
[=1 TEF02340
SIM=0,2 TEF3235n !
CALL 1A UMy Ny Wy GPMy GN g PP R, AR, TR E 4y P[40, SIG'bR,TH.TK. TEFD2360
+FJND) TEFD?2370
_ SUM= UM N _ TEEn2380 )
90 TK=T<+ax L TEF02370
L=1+1 TEFN2400
CALL THI0C iR 5Py G 9 PP AN AR G TR TP T R0 STGsCRy THaTK, * | TEFO2410
_ +FUNC) ... jvire . TEFO2420 )
i . SUM=SUMY 4,057 UND ' 4--_i§i-TEF02430 '
TK=TK+ag . o ~ 41 TEF22440 )
d=le1 ' ' - TEF0Z2450 . 4
CaLL TWI(C 'W.l'4VR.GPH.GI,DPM VAR y TRy %, P, PDrSISGRyTHeTK, * ° TEFO2460 }
: «FUNT) o - TEFO2ATD
a . - - : . V AR
S, SUM=3UMs 2.0%FUMNC : o TEfQ24R0D .
S CIF(I.LT4KK} 51 T2 90 ' ek TEZ02690
. . _ T{=TK+AZL B T TEF0Z2500 |
L CﬂLL TA L oMy Ir MRy GPMy Gy PP, P AR, TR, E,P 1, QD.SI:.FPvTH,TK.3 . TEF0251D |
1C) : TEFO2520 |
) Suw:suw;q.n$rnmg '1 L TEF02530 i
o T TK=TX+al Lo TEF02540 ‘
ot CALL T Lo ey d Ry GOMy G PO RNy AL 3 TR E, PP, SIN .GR.TH.TK. 4 TEF92550
By «FUND) . . L TEFOZ2S550 -
St SUM=SUMEFUNS 0 Terozs T i
T SUMZ [AC/340) 2501 TEF32580 |
RET I3y - TEFO?253n )
END TEEQ2600, x
* Gl i rEtoaleiLf
# L elldlidend <4 < s fede c TEFDZ25620
o . sUARVUTINE rAJt”.1.J,uvn.bnt.ow,apu.«u.h TR.E P[.RJ.SIG.GR TH, TEF02630
ST |-Tr(|CUNL., . TEFDZ2K40
x THIS SUBRDIUTTIME 15 USED T DITTONIMS TN PHASE FACTOR (OF THE TE202650
% RADLATL N EFTICIENIY FIR UVEY vaLJES *i, _ TEFD2550
) YP=M-] ' K TEFD2567T0 =
o NP=-) TEFD25R2D
o ALL=MPEMPEP L EP] + (NPENDPLPIEPT) /({ ARSAR ) . . ..TEFD2590"
, o AL2=SOT(AL]L) ;o * TEFQZ700 :
ALSAL2EWMRETIS{TH)GTHI T } TEFD2710
E : ASL=AREALEMPIMPEP [ 5D e PENPEP[ P Co . TEF32T120 -}
R © . AS2=SORT{ASL) EZ02730 ]
g ' ASEAS 2 AN ELRT I TK Y= STHLTIN TEFN2740 ,
St ALN=IN/Zew ' TEFO2750 ;
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) . +FUND Y S .
) SUM=SUMe 4.0 F N - .
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IF{1.LT.XK) S0 T 170
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SUM= (AKX /3 .0) 50
RETJRY
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AS2=5IATLAST) s
AS=ASZUALRES T L(TK 25T TH) .
ASPN=GPY/ 20 R
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% S TARESP IS (IS AL 7 L)
e . STAS =24 DAL ESTICHGP IS SENUALZR2.0 ) : St
3. . 5746:5P1*t13taL/(.ﬂ1 o » t
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ST53=A5R5IN(AGP I SC05(A5/240)
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