





ACOUSTIC RADIATION FROM A DRIVEN INFINITE PLATE
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ABSTRACT

The far-field acoustic pressure generated by an infinite plate driven
by a point and a line force are computed. This paper constitutes an extension
of previous computations [G. Maidanik and E. M. Kerwin, Jr., J. Acoust. Soc.
Am. 40, 1034—1038 (1966)). The extension is in the sense that the plate
considered here is backed by a fluid medium that is terminated by a parallel
infinite baffle. It is shown that when the absolute value of the acoustic
reflection coefficient of the baffle approaches unity, the presence of the
baffle may substantially affect the far-field acoustic pressure. The far-
field acoustic pressure when the spaces in the front and the back of the

plate are occupied by different fluid media is briefly considered.
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Acoustic Radiation from a Driven Infinite Plate Backed
by a Parallel Infinite Baffle

G. MAANIK

David Taylor Model Basin, Washington, D. C. 20007

The far-field acoustic pressure generated by an infinite plate driven by a point and a line force are computed.
This paper constitutes an extension of previous computations [G. Maidanik and E. M. Kerwin, Jr., J.
Acoust. Soc. Am.40,1034-1038 (1966)]. The extension is in the sense that the plate considered here is backed
by a fluid medium that is terminated by a parallel infinite baffle. It is shown that when the absolute value
of the acoustic reflection coefficient of the baffle approaches unity, the presence of the baffle may substantially
affect the far-field acoustic pressure. The far-field acoustic pressure when the spaces in the front and the
back of the plate are occupied by different fluid media is briefly considered.

INTRODUCTION

HE influence of fluid loading on the vibration and
acoustic radiation from driven panellike mechan-
ical systems has been receiving increased attention
recently.’=® The increased interest in this subject has
been chiefly motivated by the more stringent require-
ments placed on the performance of modern seacraft
and its auxiliary equipment. It has been demonstrated
that fluid loading may have substantial influence on
the vibration and the acoustic radiation from most
practical panellike structures when submerged in sea
water. Because the influence is substantial, it is neces-
sary to acquire a thorough understanding of the mecha-
nism and the way the fluid makes its presence felt on
the vibrational behavior of the structure; for in many
cases, small-order perturbation techniques may prove
inadequate. This paper is written in the hope of making
some contribution towards the general understanding
of the subject of fluid loading on structural systems.
In a recent paper,' the far-field acoustic pressure
generated by a point or a line force acting on an
infinite plate was computed. In these computations,

1 G, Maidanik and E. M. Kerwin, Jr., J. Acoust. Soc. Am. 40,
1034-1038 (1966).

2 G. Maidanik, J. Sound Vibration 3, 288-299 (1966).

3 M. Heckl, Acustica 13, 182 (1963).

4P. M. Morse and K. U. Ingard, Encyclopedia of Physics,
Acoustics I, S. Fliigge, Ed. (Springer-Verlag, Berlin, 1961), Vol.
11/1, pp. 108-126.

8§ W, Thompson, Jr. and J. V. Rattayya, J. Acoust. Soc. Am.
36, 1488-1490 (1964).

¢ The above list of references (1-5) is not meant to be exhaus-
tive, but rather, illustrative.

the influence of fluid loading was of particular interest.
The results were interpreted in terms of equivalent
acoustic sources. In this paper, we wish to extend
these previous computations to take account of the
following changes in the mechanical system: On the
back side of the plate we introduce a fluid medium
which is terminated by a parallel flat infinite baffle. A
sketch of this mechanical system is shown in Fig. 1.
As in the previously mentioned paper,! the analysis is
restricted to the frequency range below the critical
frequency. In Sec. I, we derive the general equation
describing the acoustic pressure in the space in front
of the plate when the plate is driven by a general
external force field. In Sec. II, we limit the analysis to
a point-force drive, and we compute the far-field
acoustic pressure. The far-field acoustic pressure in
the cases of a rigid and a soft (pressure-release) baffle
are considered as particular examples of the influence
of the bafile on the radiated pressure. In Sec. III, the
extension of the analysis to a line-force drive is indi-
cated. In Sec. IV, some aspects of the extension of the
formalism to moment drives are discussed. In the final
section, Sec. V, the problem associated with the intro-
duction of different fluid media in the front and the
back of the plate are briefly considered.

I. ACOUSTIC RADIATION FROM A DRIVEN, INFINITE
PLATE BACKED BY A PARALLEL INFINITE BAFFLE

We consider an infinite, homogeneous, isotropic plate
lying in the x~y plane, as shown in Fig. 1. The upper
side of the plate (z>0) is in contact with an unbounded
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fluid medium whose characteristic impedance is poco.
The back of the plate (s<0) is in contact with the
same fluid medium, but the space is terminated by an
infinite flat baffle placed at a distance % parallel to the
plate as shown in Fig. 1. The equation of motion of
the plate in spectral form, both in wave vector and in
frequency, is!

[Zp(kyw)+Za(k,w)]V (kyw)=P(kw), ey

where
Zp(kyw)=dwm[1— (1+iv) (k/k,)*], )
Za(k,w)=2poco(k./ko)[1—R exp(—2ihk.) T, (3)

Z, is the plate spectral mechanical impedance;
R(k,/kow), the acoustic reflection coefficient of the
baffle; k= {%,,k,}, the wave vector on the plate; 2kZ=Fk;
k.= (ki*—k*?}; o, the frequency in radians per unit
time; ko=w/co; ¢o is the speed of sound in the fluid
medium; V, the plate spectral-response velocity; P,
the driving external mechanical-force spectral field; &,,
the wavenumber of free waves on the plate in vacuum?;
m, the mass per unit area of the plate; and v, the loss
factor accounting for the dissipation in the plate.!?

It may be in order to make a few remarks concerning
Eq. 3. This equation is derived by constructing the
appropriate image system for the plate motion. The
image is constructed so that both the baffle and the
plate surfaces act as reflectors. The plate surface is
considered as perfectly rigid (a reflection coefficient of
28  Yolume 42
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unity according to the convention adopted in this
paper). This condition is satisfied because we specify
the velocity on the plate, and thus the plate is a
boundary of infinite impedance for the purpose of
image formation. This system of images is then con-
sidered as excitation sources acting on the plate. (The
number of images is infinite, a typical image location
is in a plane parallel to the plate and at a distance
24k from it, where 7 is an integer.)

The frequency spectral acoustic pressure at the field
position {x,z} above the plate [2>0] is given by!

p(%,2) = (20 paculo / / ik

X{k: exp[—i(x-k+zk.) ]}
' [ZP+ZG:I—1P (k7°")a

where dk is written for dk.dk,.

The term in the integrand in the brace is the spectral
component of Green’s function for the acoustic field
above the plate.” In order to compute the acoustic
field in the space at the back of the plate, the appro-
priate spectral component of Green’s function for this
space should be substituted into Eq. 4 replacing the
term in the brace. The appropriate Green’s function is

4)

7 P. M. Morse and H. Feshbach, Methods of Theoretical Physics
(McGraw-Hill Book Co., New York, 1953), Chap. 11.
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computed with the plate assumed rigid. In this paper,
we are not concerned with the pressure field at the
back of the plate, we concentrate only on the far-field
acoustic pressure in the fluid occupying the region
above the plate.

II. POINT FORCE

We consider the plate to be driven by a point force
(in terms of its root-mean-square amplitude) of the
form f(£)8(x)6(v),! where § is the Dirac delta function.
The spectral force field is then given by

P(kw)=F(w)/2m, ©)

where

f)=@m [ F) explisdde. ©)

~-00

Werestrict consideration to the frequency range below
the critical frequency, so that k¢/k,<1, and to the far-
field acoustic pressure for which (x*-y*+229)k>1.1

Substituting Eq. 5 into Eq. 4 and carrying out the
integration in a manner similar to that employed in
Ref. 1, we obtain®

p(r9,0)=[keBF (w)/2r J[r exp(—iker) 1D(6), (7)

where

D(8) = cos(8)[cos (6)+Bg(6) 1, ®
g2(6)=2[1— R(cosO,w) exp(— 2ihky cost) T, (9)
B= poco/iwm, (10)

and the spherical coordinate system {7,0,¢} is used in
Eq. 7 in place of the rectangular coordinate system
{,9,2}. Because of the symmetry, Eq. 7 is independent
of the angular coordinate ¢.

The presence of the fluid mediumand the baffle at
the back of the plate is accounted for completely by
the factor g(8) in Eq. 7. When the baffie is removed so
that the fluid medium at the back occupies the entire
semi-infinite space, the factor g(6) — 2. To obtain this
result from Eq. 9, it is necessary to allow ko to have a
small imaginary part, accounting for some losses in the
fluid medium and letting #— . Another way is to set
R— 0, for if we establish an arbitrary control surface
in the semi-infinite back space at the position of the
baffle, the baffle so constructed would possess a reflec-
tion coefficient of zero, and g(6) — 2. Thus, Eq. 7
reduces appropriately to those results that were pre-
viously obtained in the absence of the baffle.! The
term Bg(f) in the directivity function D(f) may still

8 The far-field acoustic pressure may be evaluated for the fre-
quency range above the critical frequency. Gutin [L. Ya. Gutin,
Soviet Phys.—Acoust. 4, 369-371 (1965)] has shown that such
an evaluation would lead to a result where 8in Eq. 10 assumes the
expression puco/Z p(ko sind,w) instead of poco/swm. Unfortunately,
Gutin has not discussed the condition for the validity of this
expression. It appears that the condition for the far field may
have to be replaced by 2 (x2+3y2+29)k=>1.

be viewed as the fluid-loading parameter!; this param-
eter may now be a function of the angle §. When this
parameter has an angular dependence, the straight-
forward classification of equivalent acoustic sources, the
central objective in Ref. 1, can mno longer be made.
In the subsequent analysis we do not illustrate all the
details of the modifications introduced by the presence
of the baffle; rather, we consider only a few special cases.

A. Rigid Baffle

We consider the baffle to be substantially rigid so
that R— 1. Under this condition, the factor g(6)
becomes

g(6)=22[1—exp(— 2ikko cosf) T (11)

From Eq. 11, we deduce that for angles like 6,
=cos~}(wn/hko), where n is an integer (inclusive of
zero), the factor g(d) becomes substantially infinite.
Thus, essentially no radiation to the far field can be
generated at these angles at the frequency defining k.
This result is not surprising, for the waves on the plate
that would have radiated into these directions (those
with wavenumbers k.= "k sinf,) experience an infinite
impedance looking into the baffle, and consequently,
their amplitudes are essentially zero. On the other
hand, for angles like 6,=cos™[7(2g—1)/2hky], where
¢ is an integer, the factor g(f) becomes substantially
unity—i.e., the factor that would have existed if the
space at the back of the plate were a vacuum.! Again,
this makes physical sense, for the waves on the plate
that radiate into these directions (those with wave-
numbers ko= ko sinfy) experience substantially zero im-
pedance looking into the baffle, and consequently, their
amplitudes are unaffected by the presence of the baffle
and the fluid medium at the back of the plate.

Of some interest is the case where, in addition to
imposing R — 1, one further imposes that 24k 1—the
baffle being placed close to the plate. In this case, one
may further reduce Eq. 11 so that

2(0)=(ikk, cosb), (12)

and obtain, for the directivity function D(6) of Eq. 7,
poco/hk 1

D(o)zcosza[cos20—~{ - 0}]- .

wm

(13)

The factor in the brace in Eq. 13 is recognized as the
ratio of the surface stiffness impedance of the fluid
medium in the space between the baffle and the plate
(poce?/ihw) to the surface mass impedance of the plate
(twm). If this ratio is small as compared with unity,
the directivity is substantially uniform, except when
6 — 37! On the other hand, if this ratio is large as
compared with unity, the directivity is substantially
that of cos?d. (Note that if poco>wm, the ratio is large,
for we assumed 2kky<<1.) It is of interest that a reso-
nance phenomenon can occur when poce?/fw?— cos?.
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Of course, D(6) does not become infinite; one has to
include higher terms in the expansion of g(d) and to
include the loss factor in the plate impedance to
prevent D(f) from becoming singular. Nevertheless,
D(6) does become relatively large if the above condition
is satisfied. The phenomenon occurs when the stiffness
term of the confined fluid medium combines with the
mass term of the plate to form a “harmonic oscillator.”
When conditions are right, as specified above, this
oscillator resonates.

B. Soft Baffle

We consider the baffle to be substantially soft; thus
R— —1—the baffle being, for example, the interface
of the fluid under consideration with another fluid of
much lower characteristic impedance. Under this con-
dition, the factor g(f) becomes

g2(0)~2[1+4exp(— 2ihky cost) T (14)
From Eq. 14, we deduce that for angles like #,=cos™
[« (2q—1)/2kko], the factor g(f) becomes substantially
infinite; whereas for 6,=cos™(rn/hko), the factor g(6)
becomes substantially unity. These results are essen-
tially the reverse of those found for the rigid case, and
the physical explanation of them follows the same
argument given previously.

If 2hke<k1, g(@) in Eq. 14 can be approximated;
g(0)~[1—1hko cosf I'. When this value of g(6) is sub-
stituted in Eq. 7, one finds that the fluid medium and
the soft baffle at the back of the plate are completely
accounted for by increasing the mass per unit area of
the plate by pe# as can be expected.

C. High Absorptive Baffle

In this case, |R|<1, and the radiation is substan-
tially equal to the radiation that results in the absence
of the baffle with the fluid medium occupying the
entire semi-infinite back space. The factor g(6)=~2 in
this case; this is to be expected for multiple reflection
between the plate, and the bafile is substantially absent
owing to the excessive absorption of acoustic energy in
the baffle.

III. LINE FORCE

The computation for the far-field acoustic pressure
generated by the plate when driven by a line force was
made in Ref. 1. It was found that the directivity func-
tion was the same as that for the point-driven plate,
except that the angle § was to be considered as the
polar angle in the plane perpendicular to the line of
application of the force. Equivalent results are found
when a fluid medium and a baffle are placed at the
back of the plate; the directivity function remains the
Number 1
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same in the sense just described. The far-field acoustic
pressure for the line force is given by!

p(r0,w)=—3koF (w)B[r* exp(—ikor+Lix) 1D (@), (15)

where F.(w) is the frequency-spectral component of
the line force, r and 6 are now the appropriate cylindri-
cal coordinates,! and D(f) has the same functional form
as the function defined in Eq. 8. Because of the equiva-
lence in the functional form of D(8), in the case of a
point force and a line force, the presence of the fluid
medium and the baffle at the back of the plate influences
the far-field acoustic pressure in precisely the same way
in both cases. Therefore, the discussions in Sec. II are
relevant also to a line-force-driven plate.

V. MOMENT DRIVE

The formalism, both of the point force and the line
force, can be readily extended to cover point-moment
and line-moment drives. If we denote by e the differ-
ential vector between the positions of the constituent
forces that form the moment drive (for which |e|k,
K1), then the acoustic pressure at the field position
{r,0,0} due to a moment drive is given by

Pm (710) 907"") =e-Vp (7103"-’)’ (16)

where p(r0,) is the acoustic pressure that would
result if one of the constituent forces were removed.
The differential operator V is defined as V=£4/dx
+§9/0y, where £ and § are unit vectors along the x
axis and the y axis, respectively. If consideration is
confined to the far field only, the differential operator
need operate only on the exponential term exp(—ikgr)
in the expression for p(r,0,w).

V. DIFFERENT FLUID MEDIA IN THE FRONT
AND BACK OF THE PLATE

We briefly consider the modification to the analysis
caused by introduction of different fluid media in the
front and the back spaces of the plate. We denote by
poco the characteristic impedance of the fluid medium
in the front of the plate and by pic; that of the fluid
medium at the back of the plate. Under this condition,
the only factor that has to be modified in the expression
for the far-field acoustic pressure is g(§) (see Eq. 9).
This factor takes the form

pic1 cosf 1+ R(cosfy,w) exp(— 2ihky cosb
gO)=14— ve) exp( 1oy

poco cosfly 1~ R (cosby,w) exp(— 2ikky coshy)

(17)

where
k1=w/61, (18)
61=cos™{1—[ (c1/co) sinf}1, (19)
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If ¢;>co, the angle 8; may have a range where it is
imaginary: (cosfy=—14{[(c1/co) sinf 27— 1}?). In those
angular ranges where 6 is imaginary [sin~'(co/c1)
<6< 3%r], the exponential terms in Eq. 17 are decaying
terms. The reason for this is that the radiating wave
components? in the plate that radiate in those direc-
tions of @ for which 6, is imaginary can generate only
a near field in the fluid medium at the back of the
plate; in this latter fluid medium, the corresponding
wave components are nonradiating. If % is made large
enough, the near field so generated does not reach far
enough to be reflected ; and for these wave components,
multiple reflection does not take place.

It is of interest to comsider the far-field acoustic
pressure on both sides of the plate in the case where
the baffle is moved to infinity (2— o). The factor
g(6) then becomes simply

8(9) = I:l‘l‘ (PlCl COSO/PoCo COS@l)].

It is readily verified that the far-field acoustic pressure
above the plate when the plate is driven by a point
force is

(20)

kopoCo F (w)
bo (1’,0,0)) = ‘,_—[r-l €Xp (_ ikor ) ]
2r  wm
cosf cosfy
{ I
cost cosby+ (Gwm)~{ poco cosd+pic1 cosfy}

and at the back of the plate it is

kipic1 F (w) .
pa(rfw)= —{7" exp(—ikr) ]
T dom
cosf costy
{ ] e
c0sf cosfo+ (swm) [ poce cosBy+pic1 cosh]

where
Go=cos™H{1—[(co/cy) sinfJ?}?%. (23)

It is observed that, although the volume velocities!
on both sides of the plate are equal, the ratio of the
power radiated at a given frequency into the front and
the back sides of the plate cannot be simply expressed
in terms of the ratio pocoke?/p1c1k1®. However, if ¢1=c
but pos%p1, this power ratio is given just by po/p1. The
latter result is obtained because it is the ratio of the
speed of sound in the fluid medium to the phase speed
w/k of the wave in the plate that determines whether
the wave is a radiating or a nonradiating wave.? Thus,
if ¢i=¢o, a radiating wave with respect to the front
side of the plate is also a radiating wave with respect
to the back side of the plate independently of the
difference in the densities of the fluid media. Moreover,
under this condition, the angle into which such a wave
radiates in the front side of the plate is the mirror
image of the angle into which this wave radiates in
the back side of the plate (see Eqs. 18 and 23). Similar
results are found in the case of a line-force-driven plate.

The Journal of the Acoustical Society of America 31












Copies
4

8

N = = =

INITIAL DISTRIBUTION

CHNAVMAT

1 Dir, Laboratory Programs
(MAT 03L)

1 Laboratory Infor Office
(MAT 033A)

1 Operations Planning &
Analysis Br (MAT 0331)

1 Public Affairs Officer
(MAT 09D)

NAVSHIPSYSCOM
Ships 00
Ships 00D
Ships 2052
Ships 031
Ships 033
Ships 034
Ships 035
Ships 1610

VSEC
Sec
Sec
Sec
Sec
Sec
Sec

N
6000
6050
6100
6110
6120
6140
Sec 6170

NAVSEC PHILA

NAVAIRSYSCOM

1 Plans & Program Div
(AIR 302)

1 Adv Systems Concepts Div
(AIR 303)

1 Aero & Structures Adm
(AIR 320)

1 Air Frame Div (AIR 530)

1 Avionics Div (AIR 533)

NAVORDSYSCOM
Weapons Dynamics Div
(ORD 035)

NAVSUPSYSCOM
NAVFACENGCOM
ASTSECNAV (R&D)
ASTSECNAV (INSLOG)
ONR

= e R s T b b e b b e e

Copies
1

S T T T e N S e e S e i e

[}
o

USNASL
USNUSL
NMDL
NRDL

Co &
Co §
Co &
Co &
DIR,
CDR,
CDR, NOL

CO & DIR, NAVCIVENGRLAB

CO, NAVMISCEN

CO, NAVAIRENGCEN

CO, NAVAIRDEVCEN

CO, NAVUWRES

CDR, NUWC

CDR, NWC

CDR, NWC Corona Laboratories
CDR, NCCCLC

ONR, LONDON

CO, USNROTC & NAVADMINUMIT
DDC

DIR,
DIR,
DIR,
DIR,
NRL
NWL






UNCLASSIFIED

Secunty Classification

DOCUMENT CONTROL DATA-R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

h ORIGINATING ACTIVITY (Cotporate author) 8. REFORT SECURITY CLASSIFICAT O
Naval Ship Research and Development Center Unclassified
Washington, D. C, 20007 2b. GROUP

3 REPORT TITLE

ACOUSTIC RADIATION FROM A DRIVEN INFINITE PLATE BACKED BY A PARALLEL INFINITE
BAFFLE

4. DESCRIPTIVE NOTES (Type of report and inclus:ve dates)

Reprint of article published in the Journal of the Acoustical Society of America

5. AUTHOR(S) (First name, middle initial, last name)

Maidanik, G.

6 REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS
December 1967 5
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)
b. PROJECT NO.  Sub-Project §8-221~7000 Report 2623
Task 08543
c. 9b. OTHER REPORT NO(S} (Any other numbers that may be assigned
this report)
. Ad b6S 7S

10 DISTRIBUTION STATEMENT

This document is subject to special export controls and each transmittal to foreign
governments or foreign nationals may be made only with prior approval of CO & DIR
Naval Ship Research and Development Center.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Naval Ship Systems Command

13 ABSTRACT

The far-field acoustic pressure generated by an infinite plate driven by a
point and a line force are computed. This paper constitutes an extension of
previous computations [G. Maidanik and E.M. Kerwin, Jr., J. Acoust. Soc. Am.
40, 1034—1038 (1966)]. The extension is in the sense that the plate consid-
ered here is backed by a fluid medium that is terminated by a parallel infinite
baffle. It is shown that when the absolute value of the acoustic reflection co-
efficient of the baffle approaches unity, the presence of the baffle may sub-
stantially affect the far-field acoustic pressure. The far-field acoustic pres-
sure when the spaces in the front and the back of the plate are occupied by
different fluid media is briefly considered.

FORM
DD 1 NOV 651 4 73 (PAGE 1) UNCLASSIFIED
S/N 0101.807-6801 Security Classification




UNCLASSIFIED

Security Classification

LINK A LINK B LINK C
KEY WORDS
ROLE wWT ROLE wT ROLE WT

Vibration of Plates Backed by Baffles

Point and Line Drives

Acoustic Radiation

Equivalent Acoustic Sources

FORM
DD "2..1473 (sacx) r0 sansts UNCLASSIFIED

(PAGE 2)

Security Classification




oL CIII
1961 A[p ‘I1g-23
((1)3¥ rewinop solewy

jo huwﬁoom 180118100y ‘I
D ruspiel |

Fuipsoy pinj--sey8id °g
:Oﬁd:unh 05m=00<'-m$d~m *%
uoneiIqIA--sey8[d °T

oL CIII
1961 A[npe ‘18-13
«(1)3% [8uInop BoLILWY

Jo fye100g [eONISNOOY ]
D Yruspie |

Surpsoj pinjg--seye]d ‘g
uolIBIpBI O1ISNOOY--S8[J °G
uonBIqIA--s918[d ‘1

‘poIepIsuoo A[joriq ST BIpow
pinyj juaeyzip Aq perdnooo saw o78[d eyy jo }oBq 8Y3 pus Juoly
oY) u1 seowds ayy usym oinsseid opsnoos pery-18) oy, ‘einsseid
d13SN0d® p[dYJ-18] 8y 198)j8 A[[BUBISqNS ABU ©[})8q °Y) JO
eoussexd ayy ‘Aj1un seyovoidde eyjj8q oY) JO JUBIDI}JOOO UOMOB[JOI
OIJSNOOE YY) JO SN[BA N[OSQE OY) USYM I8BY) UMOYS SI 9] ‘8[jj8q
ojtugjur [ey[8aed B Aq peysuiwIe) SI 98Y) wnipow pinyj 8 Aq peyosq
SI 810y peiepisuoo 98[d oY) 18Y) OSUSS Oy} Ul SI UOISUIXS OY],
"[(996T) 820T~%E0T ‘0% ‘WY "00§ "}8M0DY P ‘“ip ‘WIMILY "W'H
puB YuepIsl ‘0] suonvIndwoo snoraeid Jo UCISULIXS UB SANYIIS
-uoo 1eded siyJ, ‘pendwod eis eoioj oui] ® pue juiod v Aq usAlIp
o18[d ejturjur us Aq pejeieusd einsseid o1)SNOOE plolj-Ie) oY,

QATAISSVTONN
(2961 Arnp ‘18—23:(1)3¥% ‘sorewy jo A19100g [BI1ISNOOY Oy
Jo [suanop oYy ur paysijqnd ejonas us jo jundey) -deg -296I oo(
“jiusprep -p Aq ‘ATAAVE TLINIANI TATIVEVd V Xd @IIOvd
JLVTd HLINIANI NHAIYA V NOYA NOILLVIAVY DILSN0OV
*£797 Hodoy -1aus)) g'gYy diys [pADN

*pe1opISuoD A[joriq ST vipew
pInyj jueisyjip Aq perdnooo eie 8781d eyj Jo }OBY Y} PuB JUOI)
oY) ut seowds oy ueym einsseid orsnoos pery-18j eyy, -eansseid
O11SN00B p[o1j-18) 8] 109)J8 A[[BIJUBISqNS ABW O[jjBq OY) jO
eouesaid oY) ‘Ajrun seyosvoidds a[jjBq oYy jO JUSIOIjE0D UOI)OL[JOl
O1JSNOO®B 8Y) JO SN[BA 9JN[OSQB JY) USYM IBY) UMOYS SI j[ "©]jjeq
ejtuyur [ef[eyed ¥ Aq pejsulwIe) SI 18Y) WNIpew PInjj 8 Aq pexyosq
ST eley pelopisuoo @8[d 8y) 8y} 9SUSS 9Y) UI SI UOISUIIX® OYJ,
*[(996T) 880T—HE0T ‘0% ‘WY 00§ *ISNODY “p “-ap ‘UImIeY "W'H
pus ytuepispy ‘p] suoyeindwos snoraed jo uUoISUSIXe UB SOIMIIS
-uod seded siy] -peyndwod ete ooy aui| B8 pus jutod 8 Aq ueALIp
9781d eyturjur us Aq pejsieusd emnssead o1)SnOO8 poly-I8) 8y,

AHIJISSVTIONN
(2961 Aup ‘T€—23:(1)8% ‘wouewy jo A38100g [82135N0DY oY)
Jo peuwinop ayj ur paysijqnd aforas us jo juudey) -dg <2961 2eQ
Hluepte |y "D Aq ‘ATJAVE ALINIANI TATIVEVA V X€ A@I0Ove
ALVTd HLINIANI NJAIYA V NO¥A NOLLVIAVY JILSNODV
"€297 Hoday  “iajus) 'Yy diys [PAON

opIL I
L96T Anp ‘18—13

«(1)3% peuinop solzewWy

jo Kjero0g [BOIISNOOY I

"D “rusprepy

Zuipso] pin[--s98(d ‘g
uonBIpBI O1ISNOOY--SNB[d G
uonBIqIA--seIe(d T

oL NI
L96T A[np ‘T€-L3
((1)3% 1euwnop BoLIOWY
jo fye100g [BOTISNOOY I
‘D ‘Iueprsy
Fuipeoy pinjg--sere(d ‘¢
uol)BIpPBI O1)SNOOY--5018[d '3
uonBIqIA--50I8[J °

—

‘pelepisuod A[jeliq st BIpay
pingj quesejjip Aq perdnooo ers ey8(d ayj jo joeq ©Y3 pPus JuUO]
oY) ur seosds oY) ueym sinsseid 019SNOOB pIoIj-18) OY ], ‘SINSSOXK
O1ISN008 p[81}-18] oY) 100))8 A[[BIJUB)SqNS ABW B8[jJ8q OYI ¢
eouaseid oyj ‘Ajrun seyosoidds eyjjBq oYy JO JUSIOI}JEOD UOIJOL[JO
OI1SN0OB OY) JO ON[BA 8JN[OSB SY) USYM JBY) UMOYS SI 9] 'S[}]B(
ojtuyyut ey[eed 8 Aq pejsuIULIe) ST 9By wIntpew pinyy 8 Aq peyos(
ST 1oy peleprsuod oye8[d eyj 98y} 9sues oY) Ul SI UOISUEIXe oy,
‘[{996T) 8€0T—$€0T ‘0% "Wy "00g ISN0OY *p ““Ip ‘UIMIOY W'T
pus Yiuepisp -p] suoysndwoo snoireld jo uolsue)xe us SN}
-uoo Joded siyJ, ‘pejndwoo eye 8510y aul] ® pus jutod B8 Aq USAILY
o98[d ejturjur us Aq pejsieued einsseid or1jsnoos pieij-1ey oYL

QUIJISSVTONN
(L96T Amnp ‘Te—23:(1)8% ‘solowy jo £30100g [80138NODY Y
Jo 1euinop oY) ur peystiqnd oforrs us jo juridey) -dg ‘296T 98(
“frueprep *H Aq ‘HT44Vd TLINIANI TATIVEVd V X9 AANOVE
ALVTd HLINIINI NHAIYA V AOYA NOILVIAVY JOILSN0JdV
"€297 Hodey  “194ua) @9y diyg [oAD)

‘peiepisuoo A[jeuiq sI BIpOU
pin[j jueasjjip Aq perdnooo eie @18(d eyj jo }OBq Oy} pUsB JUOI
oY) ur seowds oY) ueym einsseid orsnoow pleij-18] oY, ‘eInssex
O1ISN0O8 p[olj-18) oY) 10e))8 A[[81IUB)SqNS ABUW B[jjBq OY) J¢
aouesead ayy ‘Ajrun seyovoidde ofjjBq oY) jo jueIdIjJeOD UOCIJOO[JO
2178N008 8Y) JO ON[BA SJN[OSYB BY) USYM JBY) UMOYS SI 9] 'S[}I8(
ojturyut [e[eaed 8 Aq peysuUIWIe} ST 1BY) WnIpew pInyy 8 Aq peyos
S1 e1ey pelepisuoo 918(d 9y} J8Y) 9SUSS 8Y) UI SI UOISUSIXS BY]
*[(996T) 880T—FEOT ‘0¥ "Wy 00§ ISNODY "p ““ip ‘UIMIBY ‘W]
pue yluspIey ‘] suolyeindwoo snolreid jo uoIsusIxe uB SEIMIY!
-uoo 1eded styy, ‘pendwiod ers ooi10) eurf v puw jurod B Aq USAL
oye[d ejturjut us Aq pejsiousd einsseid o1Isn0dB plol)-I8] oyJ,

AAIJISSVTONN
(2961 Anp ‘1¢—23:(1)3% ‘golIewly Jo A)9100g [BOIJSNODY oY
jo [Buanop ey) ur peysijqnd e[onas us jo juiidey) -dg - 2961 09(
Sruspte 'H Aq ‘A TJ4AVE JLINIANI TATIVEAVd V X9 AAADVS
ALVT1d ALINIANI NHAIYA V NOYd NOILVIAV4 JILSNODVY
*€T9T Modey  “1a4ud) 49y dIyS [0AD)







Py CIII

1961 AIne ‘T8—13

(1)3¥ 18winop vouewy

jo Kjeroog [BOTISNOOY °I]

'D ‘Nlueplel I
Juipso| pinjg--seyeld *
UOI)BIPBI O[}SNOOY--s08]J °
uonBIqIA--SaY8[J °

— N

‘pelepIsuco A[joliq St Bipsw
pinyj juaejjip Aq pe1dnooon eis @8[d oY) jo YOBQ 9Y) PuB JUOL
ey} ul seduvds oyy ueym einsseid o1}sNOOB ployy-18) oy -ensseid
O1ISN00B plolj-18] oY) 100)j8 A[[BNIUBISqNS ABW B[jj8q OY) JO
soussaid ayy ‘Ayun seyosoidds s[jyeq 8y) Jo Jueroyje00 UOHOB(IRI
211SNODB OY3} JO ON[BA SIN[OSQY Y] USYM ]8Y] UMOYS SI 7] ‘[}j8q
eyuyur e[jeied B Aq peyeurwie) St jey) wnipew piny B Aq peyoeq
ST a1ey paiepisuod &)8id oy J8Yy) 9SUEs oY} Ul SI UOISUI)XS B,
"[(996T) 8801 %80T ‘0% "Wy "00g '}SNODY f ‘*ap ‘uimIey ‘W'H
pue yiueprs| ‘n] suolyendwoos snoireid Jo UOISUMXS UB S8INJI)S
-u0o seded s1yy, -peindwoo e1w ©010) our| & pus juiod B Aq USALIp
o8[d ejruyjul us Aq peyeieusd einssoid orsnooB ploly-18] oy

AAIAISSYTONN
(2961 Anp ‘Te-28:(1)8¥ ‘souemy jo A3e100g [BONSNOOY oY)
jo [euanop oy ut paysiiqnd o[ore us jo juudey) °‘dg ‘1961 9e(
“tuepte ' Aq ‘YTA4Vd ALINIANI TATIVEVd V A9 @INOvd
ALVTd HLINIANI NFAIMA V NOdd NOILLVIAVY JILSNODV
"€T9T Hoday  “a34us) '3y diys pADN

oML NI

2961 Anp ‘18-

{(1)3¥ [BuInop BoLIBWY

Jo Aje100g 1801ISNOOY ‘I

'D ‘qrusprsy |

Suipsoy pinjg--serB[d ‘¢
UO[IBIPBI OIJSNOOY--6998[J ‘3
uoteIqIA--seI8[d ‘]

‘peiepIsuod Afjeriq st BIpo!
pinjj queasyjip Aq perdnooo ers eyeyd ey jo }oBQ eyj pus juo.
ey) ul seosds ey) ueym ainsseid oI19SNOOB piolj-18j Oy, ‘oINssel
2198n00% p[olj-18] 8Y) 108))8 A[[B1IUBISqNS AW OjjBq OY) )
eoueseid eyj ‘Ajtun seyovoidds ef)jeq oY) jo JUSIO]JE0O UOTIDOE
OIJSNOO® 8Y) JO N[BA IIN[OSQE SY} UGYM 1BYJ UMOYS SI 3] °O]))8
ojtuyur [o[8ed ¥ Aq peyBuUIWIe) ST 98Y] WNIpew pInyj ® Aq peyos
SI eJey pesepisuoo 938]d oY) 98y} OSUSS OY) Ul SI UOISUSIX® oY,
*{(996T) 880T—%201 ‘0% "Wy "00§ *ISNOOY ‘f i ‘UImIOY ‘W
pue Yluspigj ‘D) suoipeyndwoo snoireid jJo uoISUIXE UB SEINII)
~uod seded s1y], ‘peindwoo ers e010) eur[ B pus jutod B8 Aq USAL
a81d otuyur us Aq pejsieuss einsseid orjsnooe pleyy-1e) oy

AIATJISSYTONN
(2961 Anp ‘18—23:(1)3% ‘8olIewy jo £39100G [BO1IENOOY oL
Jo [euanop ayj ur peysiqnd a[orus us jo jutidey) -dg ‘2961 oo
“ruepey 'y Aq ‘FTJAVE TLINIINI TATIVAVd V X9 IOV
ALVTd ALINIANI NHAIHA V NOYJ NOILVIAVY DILSN0DV
"EZ9T Hoday  apua) @'y diyg |oad













