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AN ANALYSIS OF THE FLOW FIELD AROUND A 2-D

BODY OF ARBITRARY SHAPE

I. JIntroduction

?urgose

The purpose of this study was to determine the velocity
field and, therefore, the pressure distribution about a body
of arbitrary shape in a two-dimensional, steady, incompress-
ible, constant viscosity flow, utilizing a combination of
Theodorsen's method and the Karman-Pohlhausen method. A
computer program to implement this combined method has been
written, and results from this program are described herein,

Some practical and thecorctical considerations leading
to this combined mcethod are presented in the remainder of

this section.

Background
The theoretical analysis or design of an airfoil shape

is based primarily upon a knowledge of the velocity field

in the necighborhood of the body. Since the time of Prandtl,

aerodynamicists have realized that the flow over a body

could be divided, for purposes of analysis, into two regions,

Observativns indicate that viscous forces predominate over
inertia forces in » very thin layer near the surface of the
body, and this region has come to be called the boundary
layer. Outside this region, the flow may, with little

error, be considered inviscid., Since inviscid flow with a
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uniform parallel onset velocity may be described in terms
cf a velocity potential, the inviscid region is also called
the@region of potential flow, If the velocity field can

be determined in the inviscid flow, then the velocity at
the edge of the boundary layer will be known and may be
used as a boundary condition for solution of the boundary

layer equations. Each of these regions will now be

considered.

Region of Inviscid Flow

For thin streamlined airfoils at low angles of attack,

small perturbation thesory permits a numher of simplifying

assumptions in the equations of motion for inviscid €low.

However, no such simplified potential theory was available

o
N

for airfoils of arbitrary shape until 1933, when Theodorsen's
method (Ref 2) was published,

Theodorsen made use of the fact that any closed curve,
1 s*ch as an airfoil, defined in the complex plane, may be
transformed mathcmatically into a circle. This transforma-

tion may be further required to be conformal; that is, to

preserve the local angular relationship between lines passing

, through each point. Conformality, therefore, ensures that
the angle of attack of the airflow is unaffected by the

. transformation. The problem then becomes that of analyzing
the two-dimensional flow over a circle. Since this is one
of the very few cases for which exact solutions to the

equations of motion are known, the velocity at each point

'/..-e\

o
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on the circle may be obtained immediately. Then, through
an inverse transformation, the potential flow velocity at
the.corresponding point on the surface of the airfoil may
also be determined. This velocity may be used as an
approximation, (since boundary layer thickness has not yet
been accounted for) to the velocity at the edge of the
boundary 1layer.

Straightforward though this method appears, its use

before the advent of high-speed computers was linited in

practice by the enornity of the task of solving the necessary
integral equations iteratively to the desired accuracy.

The transformation is very time-consuming and tedious when
perforned by hand, providing numerous opportunitics to make

Einor mathematical errors which may invalidate subsequent

work. Since these are precisely the disadvantages in
conputation that a digital computer is decigned to overcome,
Theodorsen's method lends itself well to formulation for
nachine use.

The rate at which the iterative solution converges
is largely dependent upon how nearly the original airfoil

approximates a circle. Therefore, Theodorsen recommends

T S PO & S P N U TP SR TR . Py It ¥

the use of an intermcdiate analytical transformation (the
Joukowski transformation) which converts the airfoil shape
into a pscudo-circle confornally, and, thereby, reduces

the conmputation tinme rcquired.
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Boundary Layer Region

The boundary layer equations may be derived from the
Navier-Stokes equations for viscous fluid motion under the
assumptions of steady, incompressible, constant viscosity
flow at large Reynold's numbers. The Karman-Pohlhausen
method (Ref 3) of solving the boundary layer equations is
based on the further assumption that the velocity profile
nay be adequately represented as a fourth-degree polynomial
satisfying appropriate boundary conditions, including the
edge velocity distribution previously found from Theodorsen's

method.

Conbined Flow Fields

The boundary layer flow deterrined from the Xarman-
Pohlhausen method is only a first apprexination, because a
body with a boundary laycr appears to the potential flow to
be thicker by the amount of the displacenent thickness.
Therefore, the displacement thickness of the boundary layer
must pe computed for the approximate edge velocity; then this
thickness must be added to the actual thickness of the body;
and the inviscid velocity field for the resulting sharme
Jeternined by Theodorsen's method. Thus, the velocity field
solutions are continually recfined until the change in dis-
placement thickness from one iteration to the next is
negligible. At this point, the problem of finding the
velocity field nay be comsidered solved. with the velocity

field known, cother acrodynawmic parareters such as lift,
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{:} drag, circulation, and ::>paration point epay also be computed,

using standard methods.
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11. Thecdorsen's Method

Hethod gi Presentation

Theodorsen's zethod of irrotational flow analysis
depends upon several important results of potential theory
and the theory of conform=al transformations of coaplex
functions. These rcsults wxill be briefly summarized before
a detailed prescentation cf the Joukowski and Theodorsen
transforaations is given. Finally, the process for obtaining
surface velccities by a2n inverse transicreration will be

presented.

Review of Potentizl Theory

The flox outside the boundary laver is assuzed to be
steady, irrotaticensal, and ircozpressiple, peraitting its
description in terns of 2 veciccity potentizl » or a streaz

function ¥, defined so that:

. 8d _ 3y . . . .
u = - = - velocity in x-direction
éx a)
(1)
at 8%
V= 3y = - §x velocity in y-direction

The lincs of constant ¥ {streanlines) znd lines of constant
¢ (equipotential linecs) are orthogonal families of curves.
Any functions of ¢ and Y which satisfy Laplace's
. 2 ,2 . .
equation, V°¢ = V¥ = 0, represent possible types of fluid
rotion, The boundary conditions of imnermeability of the
airfoil surfacce and uniform flow at i1nfianity define a unique

solutior.

STy
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Conform21 Transformation

If w(T) = &(x,v) + i¥(x,y) is an amalytic fumction of
the complex variable = x + iy, and the componeats ¢ 3nd ¥
satisfy Lzplace'~ equation, th-.n certaia useful relations
exist betwveen the Z-plane and the w-plane. Specifically,
any simple curve f(Z), such as an airfoil surface, maps into
a curve f(vw) im the v-plane in such a manner that the angles
between pairs of lines passing through any point in the
C-plane remain unchanged at the image point in the w-plane,
although local rotations and magnifications may occur.
Thercfore, tke strééglines and equipotential limes of the
L-planc reaain orthogonzl in the plane of transformation.

An exception occurs at points where %% = 0. These points
correspond to flox stagnation points in the exact circle
plane, ard also in the airfoil plane, unl>ss the trailing
cdge is cusped, in which case the airfoil has no trailing
edge stagnation point.

Rienann has shown that the transformed curve nay be
specified without negating the conformal characteristic of
the traasforration. In particular, the interior of any
simply-connected region can be mapped inside a circle, with
the curve enclosing the region mapping onto the circurference
of the circle. This transformation is unique when the origins
and orientations of the coordinate systems in the two planes

are specified.
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Joukowski Transformation

The transformation § = 2z2' + azlz', where the [-plane is
the plane of the airfoil (C = x +« iy) is the Joakowski traas-

f
k
3
& - formation. If the airfoil is elliptical or ome of the

: special class of airfoils kmowa as Joukowski airfoils, then

a circle results ia the z'-plane. If not, then a curve
(pseudo-circle in Fig. 1) closely approximatimg a circle

t results for conventional czirfoil shapes. ¥hile this trans-
fomation is not essential to Theodorsem's method, it improves
the rate of convergence of the subsequent transformation.

The constant "a" is included to preserve dimensions and has

T

the dinension of length. The curve in the z'-plane cam also
be represented 2s 2' = ae‘“iu ir polar ccordinates, wkere
i p = ae? is the radius vector and the angular coordirate is

6. Substituting the polar form of z' into the transformation

equation yields

e

r = 22 cosh (¥ + iw) (2)

or

1 T = 2a cosh ¢ cos w + 2ia sinh ¢ sin w (3)

Noting that T = x ¢+ iy, and equating recal and imaginary parts,
the airfoil cooriinates may be found explicitly in terms of

the transfo -mation coordinates

22 cosh ¥ cos @«

»”
"

22 sinh vy sin @ (4)

i
]
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The inverse relations between coordinates will mow be

determined. Solviag Eqs (4) for cosh & and simh ¢ and sud-

stituting imnto the identity coshZ ¢ - sink? ¢ =1 gives

/ { x 2 ) y 2 - )
- 127 cos = HGsine)

which can be solved for »

@ = sin~! 1/2[m « /n_i . (Y/ﬂ)zl (6)

where

2 2
1 (257
4a

Likewise, Eqs (4) nay be solved for cos ¢ and sin @ 2und

O

substituted into the identity cos? & + sin? » = 1, giving

x 2 y 2
\2a cosh ?) * (23 sink 9) 1 (7)

so that,

¢ = sinn! -/172|-n + /a2« (y/2)2) (8)

Theodorsen Transforration

g

S Cn
nzo ln

The Theodorscen transforration z' = 2 e maps the

. pseudo-circle in the ztplanc into an exact circle (Fig. 1)
in the z-plane. The coefficients C,; are complex nunters of

‘ the form A, + ib,. The condition that the flow at infiiity
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must be idemticail im airfoil amnd exact circle planes

requires that A, = By = 0. The transformation thea becomes

-« C ® Ay + iRy
Z —% 2 T =
2' =z ¢ =z e (9)

Suitable mez2ns nust nov be fournd for determiring the con- }
3
stants A, and B,. f

The equation for the exact circle may be expressed as E

z ae¢*ib ju polar coordimates vhere ¢ is a comstart and
R = ae¢ is the rzdius vector and the angular coordinate is @.
Eliminating the csastant "a2" between the polar de“initions of

z and z*' yields

z e (9-¢) + i(+-8)

2t =z (10) |
Row, co=bining with the transfereoation equation ?
; .
. ® Ay ¢ 1By :

(¥-¢) + i(0-€) = ) —FfF (11)

n=1 z
Kote that i
" = (ae®* %)™ - [R(cos 8 + i sin 8)]" =
R .
cos né - i sin n9 (12}

Substituting into Eq (11)

11
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- + i3
($-¢) + i(w-0) = ) = (cos =0 - i sia md) (13)
a=1
expanding
- B
(¢-¢) + i(w-8) = .Zl -:-.; cos nd + -'-:- sin n0 .
- [..
+i ] i-— cos nd - — sia »0 14)
n=1 [l‘ ]

and equating real ahd imaginary parts of Eq (14) establishes

the followiag comjugate Fourier expamsions:

T {A- By
¢-¢= 1 — cos af + — sin nb (1s)
n=1 tn? R ]
- [ Ay ]
w-0= ]} |— cos n® - — sin - B (16)
n=1 i R® r® |
L
A B,
The Fourier coefficients < Th o’ and é (the constant term)
R R
of Eq (15) are given by
An 1 2y
- ¥ Io ¥(A) cos ni d) (17)
R
B 1 2% _
B o250 %) sin n) dA (18)
n T 0
R
1 2%
¢ =5/, V) & (19)
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where A is an amgelar measure corresponding to 0 aad
$(2) = 9[w())], since ¢ is known omly as a fumction of w.

Therefore, a .relation between ¢ and 0 (or 1) must be found.

For amy particular value of 6, the coefficieats given in
Eqs (17) and (18) may be substituted into Eq (16), thereby

eliminating these coefficients from that relation

TR

{ - 2%
f ®-06-= %- ] |cos no Io #() sin =) d) -
| a=]
E.
g r1
4 sin mo Io ¥(3) cos nl d) (20)
3
: vhich reduces to
A ]
] s 1 - 2% _
w-08=_ 1] 15 JQ) sin n(2-0)dr; =
n=1 ] O
! J
2x - ]
j 1y %) | I sinn@r-6) ax (21)
=°0 =1
! ] E
!
) But, ;
N 1 x-0 cos [(2801) l%ﬂ}
} sin n(2-6) = 5 cot 53— - ;P (22)
n=1 2 sin 5
1
2
so ‘that T
s
g ~.
13
] _
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L X-6
w-0=1lin | 357 ¥Q) cot — dr -
Noe 0 2z
2 -
3 2% cos [(2N+l) l%ﬁ
75 !o ¥(2) A da (24)
w7

Sim»-e the second term is identically zero and the first one

is unaffected in the limit,

2%

, ¥ cot A-8 g) (25)

-9 = 1_
“ 6 2% J 2

The difference, (w-0) or (w-1), between angular coordinates
of a point and its image in the pseudo-circle and exact
circle planes is called the conformazl angular distortion
function, and is lenoted by €, so that

2n
€(0) = %; Io Y[e(A} + L] cot L%Q d) (26)

Equation (26) is of fundamental importance in the

practical application of Theodorsen's method, as it may be

solved iteratively for €(0), from which w(€) is obtained

permitting the solution of Eq (19) for the constant ¢. Note

that the relationship between polar coordinates in the
pseudo-circle and exact circle planes has beecn obtained

without having to solve for the Fourier coefficients directly.

14
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Surface Velocity

It is shown in potential flow theory that the complex
velocity potential for a circle in the z-plane immersed in
steady, x-directed flow is

- 2 .
w(z) = ¢ + i¥ = -V (z + -—~)- 5= In 27)

ol

where V, is the freestream velocity, R = ae¢ is the radius

of the circle, and T is the circulation. The fluid velocity

in the circle plane is obtained by differentiating w(z)

2 .
V(z)=%§=u+iv=-vm(~R—2-)-—1L (28)
z

This velocity will be zero (u = v = 0) at stagnation points.

Therefore, the locations (z,) of these points is given by the

value for z when %% = 0. That is,

-il' » /q;anzvmz - 12

2 =
Y 47V, (29)

P

A non-zero angle of attack & may be accounted for by

replacing z by zeia in the real part of Eq (27). This has

the effect of rotating the flow field about the circle by ;

the angle a.

: 2 : L3S Al
w(z) = -V, (zc1“+ L. e'la) - il . (30)
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™ and

- 2 .
i -2i r
! V(z) = -V, el® ( 1 - Ef e-2ia ) - %i?' (31)
z

The well-known Kutta-Joukowski condition requires that

the trailing edge (w = 7) on an airfoil which does not have

a cusped trailing edge be a stagnation point in order that
infinite velocities and pressure gradients may be avoided.

The ecirculation required to meet this condition may be found

4 by setting z, = Rei("*s) = -ReiB (where B is the negative of

the value of € at w = 7, and is called the angle of zero lift

for the airfoil) and V(z) = 0 in Eq (31), and solving for

WP T TSIy (TR

| the corresponding TI':
I' = 4RV, sin (a+B) (32)

Then

. 2 . .
V(z) = % = -V, el® (1 - B_z_ e-2ia ) - i 4TRV, ;;: (@*8) (33
Z

The velocity, v(z), in the plane of the circle must now

be converted to the velocity, v(Z), at the surface of the

airfoil through the use of transformation derivatives:

dz'!
dzg

dz
dz'

dw

dz

dw

| " v(z) = dw (34)

and these derivatives must now be determined, Recall that

i6

o

N
N

z = Re on the surface of the circle., Substituting this

M g o I A s e s e
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vzlue for z in Eq (33) gives

F T —v.pi“[l - e'Zi(u'O)] - ZiV_g'i° sin (a+f) (35)
which reduces to
2; = -ZiV,e'iO[sin (a+8) + sin (a+B)] (36)

the absolute value of wxhich is

Idv

i?l = 2V_[sin (a+0) + sin (a+8)] (37)

From the definitions of z, z*', and €

T z' ze¥*i8®  (u_gieic
i ; 7 C T &+i0 - c (33%)
ae
Differentiating and noting that ¢ is a constant
———g;' = e(V-9)+i€ ze(¢-¢)+i€ :—z [ (9-¢)+ic] =
E
' d .
; =1+ 2 g7 (psie)) (39)
But
. 1g, = — 1 _dqae®®) = iq0 (40)
z ae¢'”0

Substitution into Eq (39) gives
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Further algebraic manipulation oan this equatiom gives

dz” "~z (d6/éx)

dz' 2° | (d€/du) « (dc/dv) - i (é¢/dw) ]

Applying the definitionm € = w - 0, 2nd reducing

E“Tll-(dc/au) ‘

J

dz* z* [l - 1 (d#!du)}

And finding the absolute value

1
'dz'l_ -4 /1« (d%/ds)?
laz |~ ¢ 1 - (<de/dw) J

Inverting

- e¢-$ [ | (de/dw)}
dz" l |
¢

/1 + (do/dw)?

(41)

(42)

(43)

(44)

(45)

which is the desired derivative. Substituting the defirnition

z2' = ae*’lu into the Joukowski transformation
" s Ca_s
L = ae¥*1% 4 ae v-iw 2a cosh (¥+iw)
Differentiating
a4z _ . . -¥-iw
37 - 2 sinh (y+im)e

18
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Expanding

_ ggf.. 2¢-¥-3% (5inh ¢ cosh iw + cosh ¢ sink iw) (48)

Noting that cosh ivw = cos @ and sinh e = i sin o, this

becomes
@ _. 2¢-9-iv (sink $ cos w + i cosh ¢ sin w) (49)
dz*
Then
2
%gfl = 4e~2¥ jsinhz cos? w + cosh? sin ) (50)
which reduces to
dg |2 _ .-29 (sich? ¥ + sin? «) (s1)
dz*

Taking the square root and inverting gives the finmal

derivative

¥
= = (52)

2/sinh? v+ sin? »

dz?
dg

The derivatives given in Eqs (37), (45), and (52) will
now be substituted into Eq (34) to find the airfoil surface

velocity

V_e®[sin (a+8) + sin (a+B)][1 - (de/dw)]
v(g) = (53)
/?;inhz Vv o+ sin? w1l + (dW/dm)zl

19
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This is the velocity wvhich vill ther be used as an

approximation for the edge velocity in the amalysis of the

boundary laye>.




GAN/AE/72-2

D II1. Karsan-Pohlhausen Nethod
- Origia
- General motiom ¢5 a viscous fluid is described by the %

Navier-Stokes equatioms, vaich were derived from first

principles. Schlichting (Ref 3) has shown that, if Reynolds

mumber is large, viscosity is constaant, and flov is steady
and incompressible, them the equations of motioa for flow
over a2 surface may be approximated by the moaentum integral
equation:

48
: 2 702 du '« <
3 U a-i— + (262 * 61) U a-i- = p— ()‘)

ey

where the boundary layer displacement and momentum thick-

phad i £A0bacdad g

@

nesses are, respectively,

H 51=I° (l-%)dy (55)
3 s uf;_mu
| 8 =1, u(l u)dy (5€) i

1 and where x and y are, respectively, the streamwise and

cross-stream coordinates of a general point in the flow

(Fig. 2), with the corresponding velocities given by v and
v. Note that the boundary layer edge velocity U is a
paramcter common to both the potential flow and boundary
layer regions.

~ The following analvsis is due originally to Pohlhausen,

but is presented in the form developed by Holstein and

"
h T

21
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Behlen, and described by Schlichtisg.

Yelecity Profile

A velecity srofile of the fellowiang form is mow assumed:

2

;-s an « bt Cﬂs - “‘ (51)

where n = y/8 and 2, b, ¢, and d are coefficients to be
deternined.
Observations indicate thzt the following boundary comdi-

tions should be applied to the solutiom of Eq (54):

a=0 at y = 0 (58)
2
? au
v a—% = U F 03 aty =0 (59)
y
ua=1UU at y = & (60)
u_, aty =8 (61)
¥y Yy
.-732“ =0 aty = 6 (62)
ay

where 8, called the boundzry layer thickness, is the cross-
strean distance from the surface at xhich the boundary laver
meets the potential flow region.

Note that the first boundary condition, Eq (58), is
identically satisficd by the assumed solution by virtue of
the omission c¢f a constant tern in the polynomial. There

remain, thcrefore, four boundary conditions to deterrmine

23
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a, b, c, and 4. In» terms of the assmmed velecity prefile,

the second throwgh fifth bewndary conditions beceme,

respectively,-
2 ‘21
3 n - g 3¢

W hz(i‘(%?,f ] ' &
5!
U 3 !-‘—"’a“}.!zﬂ

om0 5y J

L

Applicatioa of tkese comditioms te

defining a2 shape factor

-
|
C‘Oo
ﬂ-'h-
LK

at v, = 0 (63)
atn=1 (64)
at n=1 (65)
atn =1 (66)

the assuned solutiom and

(67)

leads to the following expression for the velocity profile:

%-= (2n - m3 . n‘) + % (n - 3n? . 3n3 - n‘) (68)

. . 2
By applying the physical constraints that = = 0 at

y = 0 at the separation point and that

oy

% < 1 within the

beundary layer, the upper and lower physical limits on A

arc rcadily detcrzined. These have been found to be +12

and -12, respectively.
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Other Parameters

The displacement thickaess, nomentum thickaess, and
shear stress xill nox be found in terms of A.
Substituting the abore veleocity preTile and the

definitior for m into the defirition for Zisplacement thick-

ness given by Eq (55) gives

VT

& 1 5 4
=Sy - (2m - 203 e wh -

WPy

g 0 - 307« 303 - ahlan (¢
: Anéd, “:z21ly,
? ; Likewise,
| i ;3 _ %‘5’ ) 5_5 : sT’(%;'z' (71)

Kox, the shcar stress, by defirnition, is

Ju
T = B o (72)

F ] *¥ly=0

Evaluating the derivative and nultiplying both sides by %ﬁ ’

] gives !

1.6 A
w = —
) 2+ 6 (73)
(‘.
25
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Simplification of Nemestum Istegral Equation

The nenentun integral equation can new be put inte a

form frem which practical results may de ebtained.

s
Multiplyisg beth sides of Eq (S4) by 35 , and reducing,

leads teo

é dé é é 2
2 [ 2 1 2 du
—'ﬂ-: s = 62 = * (2 * rz )——"' ax (74)

Equatioas (67), (68), (70), (71), and (74), together

with the knmowm edge velocity distribution, form 2 solv:dle
system. Hovever, elimiration of dependence of the other

variables om 5 is desirable, since the bowndary layer thick-

a8
mess is physically meamingless. Furthermore, the 3?1

quantity im Eq (74) 1leads to a requiremeat for

2
2—; at every pcint om the surface. By suitable mathematical
dx 2
manipulation, this cam be reduced to a requiremeat for g—g

x

at the upstrear stagnation point only. The following aznalysis

proceeds, therefore, toward these objectives.
Introduction of several mew parameters will peramit

simplification of the furm of Eq (74). Define

822 qu
K = ~  dax (75)
Then,
182\ 2 2 qu _ 6272 37 A S
k= \E’) vodx - “(r} 315 T 955 T G077 (76)

26
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Let
ezz
2= ——
- v
So that

iz _ 2, 95
Ix " v 2 &

Also, from Eqs (75) ard (77)

x=2z9" _ (79)

The ratio of displacement to momentum boundary layer thick-

Kesses may be defined

l,\.
L
2
Or, using Eqs (70) and (71)
8 3 A
& 10 - 120
fy = = (81)
] 1 t
: 62 37+ A2
r. 3 315 945 9072
And, finally, the definition
'«
1.6
- W 2
f, oy (82)

gives, using Eqs (71) and (73),

27




T TR Y § KT~
gt Gl T TG WY 3 v - - F o - 5 e
e T i o R O e S PR (RN e LS ol

e i R G

GAM/AE/72-2

T8 (6, A\ [37. A a?
27 50 (r) ® (2—’z)(3'rs°9—4'§'§—o7z)“3)

Now, if tkese defimnitions are substituted into Eq (74),

the result is

£, = g %% + (24 £7)K (84)

vhich may be rearranged to give

3 . TUSE L 26, - (4« 269K (85)

eI

The right side of Eq (85) is a function of A alone, as shown
by Eqs (76), (81), and (83). Therefore, if a new parameter
(:} F is dafined such that

F=2f, - (4+ 2f))K (86)

Then, it may be shown that

37 _ A _ A2
F=2 (31? 945 6675)
116 2 1 1,2, 2 3
2-35h e (945 ‘120 )0 ¢ g0z (87)
And Eq (85), the equation of motion, becomes
dz _F
T (88)
A
>
1
i
3
E 28
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Conditions at Stagnation Point

Enough relations now exist to permit a stepwise solution
for all the boundary layer parameters, once a starting condi-
tion is known. Starting conditions, therefore, will now be
determined at the upstream stagnation point.

Since the flow is braught to rest at the stagnation
point, U, = 0 (where the "o" subscript means that an asso-
ciated variable is to be evaluated at stagnation point
conditions). Then, from Eq (88), F, must also be zero if

dZ
%

Eq (87) when F = 0. The roots of this equation are -72.2,

o is to exist. Therefore, Ao must be a root of

-37.8, 7.052, 17.9, and 28.2. Because of the physical

limitations on the range of A, it may be seen that

A, = 7.052 (89)
Then from Eq (76),

Ko = .0770 (90)
And, from Eq (79),

7 = 20770 (s1)

° du
dx

which determines Z,, since the edge velocity distribution is

o

known from the potential flow analysis.

dz
Now, (3;)

to Eq (88)

may be found by applying L'Hospital's Rule
o

29
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(dF/dx)]_ . (dF/dK) (dK/dx)

= Lim rm‘;)‘j Lin (@0/dx) (92)

x-*+0

But, from Eq (79),

— (93)

Substituting this expression into Eq (92) and passing to the

limit gives

- ar /
(45)]. M )l
az l z dkJlo 42— _° (94)
dx o= 0 [dF U\
1 - oo =
\ oK )Io (dx /1o
L JL y
But, using Eqs (76) and (87),
&l
d
dF - -
(Eﬁ(‘) . = T 5.57 (ss)
)|,
Substituting the values for Z, and (%%) given by Eqs (91)
0

and (95), respectively, into Eq (94) provides an expression

dZ
for (E?)

in terms of the edge velocity distribution:
o

= -.0652 ———— (96)

30
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Usiqg_the Method

¥ith starting concitions known at the stagnation poirt,

the value for Z at a distance Ax downstream is

2, = 2, + (%) , b (97)
Then, frum Eq (79),

The corresponding value of A, from Eq (76) may now be used

to find F; from Eq (87). Using Eq (88),

dz Fy
(&), -5 ©2

so that the stepping process may be continued indefinitely,

the valuc of Z at point "n" being

_ dzZ
Z, = Zn—l + (_d.i.) Ax (100)

n-1

Krowledge of A, permits determination of fln’ fzn, and the

\

velocity profile ( %./ , using Eqs (45}, (83), and (68),

n
respectively. Substituting Z, into Eq (77) yields Gzn,

which in turn produces Twn from Eq (82), and, tac ultimate
objective, 61n fron Eq (80). This value of Gln nust be

added to the original airfoil thickness to form a better

31
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approximation of the potential flow airfoil shape to be

analyzed again by Theodorsea's method.

Limitation
The Karman-Pohlhausen method of boundary layer analysis

does not properly describe the flow downstream of a separa-

tion point (the point at wkich the shear stress at the wall

vanishes).
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1V. Computer Study

Purpose of Cosputer Study

A Fortra; Extended program for the CDC-6600 computer
¥as written as part of this study and is listed in Appendix
A. It implements the theory discussed in the preceding
chapters and lays a foundation for pore sophisticated air-
foil analysis programs. Flow parameters from this program
may be compared with those from simplified airfoil theories
in order to deteimine the validity of thin airfoil and in-
viscid assumptions. Some pertinent facts about the program

will be discussed in this chapter.

Program Composition

The computer progran is composed of a main program and
several subprograms and functions. The main program is
called MAGIC and provides the means for reading input data,
controlling data flow and sequencing among subprograms, and
testing for completion of the iteration on displacement
thickness. One principal subprogram is THEO, which applies
Theodorsen's method to the airfoil; the other is BOUND,
wvhich solves the boundary layer cquations using the Karman-
Pohliiausen method. Other subprograms and their purposes
include: FNEVAL, vhich defines integrands; SIMPS, which
performs integrations using Simpson's Rule; MTXEQ, which
solves systems of alpebraic cquations; PLSQ, a polynomial
lcast-squarc curve-fitting routine; ATKN, an interpolating

function; several subroutines for the CALCOMP plotter; and

33
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aunerous standard functiors from the system library.

l-zut

Program MAGIC requires an alphanumeric description of

e

the airfoil (e.g., NACA 1408), the number of data points,

Y

AML s &

the Cartesian coordinates of each point, a plotting index,
freestream velocity, viscosity, demsity, and the angle of
attack on tae chord line. The airfoil chord line is assumed

to lie on the x-axis with the trziling edge in the positive

x~-direction and the midchord point at the origin. voints
defining the airfoil surface must begin at the trailing edge
: and be numbered in the counterclockwise direction. All
dierensions must be referenced to chord leagth. The plotting
(j? index causes the airfoil and its transforrations in sub-
program THEO: (1) to be plotted on the same axes, (2) not

to be plotted, or (3) to be piotted on separate axes,

according as its value is -1, 0, or +1, respectively. The

angle of attack must be given in degrees.

Additionally, accuracy requirements on various computa-

tions may be reset by modifications to the program.

Outgut

Program MAGIC computes and prints Cartesian coordinates
in all three planes, polar coordinates in the pseudo-circle

and exact circle planes, potential flow surface velocity,

radius of exact circle, zero-1lift angle of attack, circula-

tion, scction lift, pressure coefficients, shear stress at

34
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surface, momentum thickmess, displacement thickaess, shape
factor, and several importamt quamtities used im computing
these. The airfoil surface in all three plames is plotted
(provided that the plottimg index is nom-zero), 2s are pres-
sure coefficient, shear stress, and displacement thickamess
as functions of chordwise station. Samples of output format

are shown in Appendix A.

Limitations on Program

Although subprogrzm THEO gives correct resuits for non-
zero angles of attack, subprogram BOUND does not, since the
shift of upstream stagnation point with angle of attack has
not been accounted for. Therefore, accurate results for the
complete program may be expected only for zero angle of
attack.

Values of shear stress and displacement thickness
generated by subprogram BOUXD downstream of the sz2paration
point becone very large. These values a2re printed as output,
but are actually limited to a reasonable maximum value
before being plotted or transmitted to subprogram THEO for
another iteration. 1In particular, the displacement thick-
ness at the trailing edge is set to zero in order that the
new airfoil shape considered by subprogram THEO will be a

closed curve.

35
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Y. Results

Conformval ?ransforxatio-s

Transformations wvere accomplished by subprogras THEO

on several airfoils, including XACA 3408 and XACA 4424.

The output plot of the transfornatiom om the KACA 4424
airfoil is preseated im Fig. 3. Success of the tramsforna-
tion om these airfoils was measured by the accuracy of the
output angle of zero lift, £. The values for these amgles

as given by Abbott 2nd von Doenkoff (Ref 1) are preseamted

for comparison im T3ble 1. Comparison data was mot available

for the other airfoils used.
Table 1

Conpzarison of Zcro Lift Angles of Attack

Airfoil (Progran MAGIC) (Ref 5)
NACA 14058 .95° .95°
NACA 4424 3.58° 3.50°

Potential Flow Surface Velog}tics

Surface velocities generated by subprogram THEO were
also compared with those given by Abbott and von Docnhoff.
A typical conparison is shown in Table 2. The velocities
agree within 2% in most cases. Exceptions occur at points
where the radius of curvature is relatively small; that is,
near the lcading cdpe. This probably reflects poor

accuracies in nurerical derivatives 1n that arca.

36




Table 2

Comparison of Potemtial Flex Yelocities

for XACA 1408 Airfoil

Upper Surface Lover Surface

Chordxise Chordxise
Station v/x, Y/y Station ¥/¥, v/e
(perceat (Progran - (Percent (Program -
choid) HAGIC) (Ref 1) chord) MAGIC) (Ref 1)

0 [ 0 0 o (]
1.189 .780 1.061 1.311 -829 1.039
2.412 1.067 1.121 2,582 1.079 1.089
4.89¢ 1.135 1.151 5.104 1.121 1.105
k 7.386 1.142 1.161 7.614 1.112 1.105
(:? 9.883 1.145 1.161 10.3117 1.102 1.099
: 14.885 1.153 1.164 15111 1.096 1.092
If 19.904 1.152 1.162 20.096 1..085 1.082
§ 24.926 1.143 1.157 25.074 1.075 1.071
29.950 1.139 1.149 30.050 1.06S 1.063
40.000 1.126 1.131 40.C00 1.054 1.047
$S0.020 1.107 1.110 49.980 1.038 1.034 i
L 60.034 1.087 1.989 59.966 1.023 1.019 1
70.041 1.067 1.070 69.959 1.012 1.008 |
: 80.039 1.042 1.043 79.961 .998 .991 i
T 90.027 1.014 1.003 83.973 .982 .965 ’
95.016 .966 .983 94.084 .953 .955%
100.000 0 0 100.000 0 0
(.
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Fig. 4. Pressurc Distribution on NACA 1408 Airfoil.
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Boundary Layer Parameters

Pressure coefficients, shear stress, and boundary layer
displacement thickaess distributions are qualitatively correct
(Figs. 4, S, and 6) upstream of the separation point. As a
quantitative check, the separation point for uniform flow
around a circle was computed. Subprogram BOUND found this
point to be at 105° from the upstream stagnation point. This
agrees vell with values from 104.5° to 108.8° determined by

various investigators, as cited by Schlichting.

Running Time and Core Memory Required

Computer time required for program MAGIC is a function
of airfoil shape, number of points, and accuracy required.
The NACA 1408 airfoil, with 34 points defined, required
approximately 50 seconds of CNC-6600 central processor time
and two iterations to obtain a displacement thickness
accuracy of .1% of chord length,

Approximately 40,000 octal words of core memory were

required.
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VI. Conclusions and Recommendations

Conclusions

Based upon the results shown in the preceding chapter,
the following conclusions were drawn from this study:

1. Theodorsen's method computes values of zero lift
angle of attack and potential flow surface velocities very
accurately.

2. The Karman-Pohlhausen method of solving the
boundary layer equations yields good results upstream of the
separation point. No useful information is obtained from
these equations downstream of the separation point.
Knowledge of the shape factor permits determination of the
coefficients in the assumed velocity profile at any point
along the surface.

3. Program MAGIC is a practical means of analyzing
incompressible flow about an airfoil, without resort to small
perturbation or inviscid assumptions. Core memory and
central processor requirements are very reasonable for an
analysis of this magnitude. Input data requirements are

minimal,

Recommendations

The following recommendations are made for future
studies in extension of this one:
1., Program BOUND could be modified to permit boundary

layer computations when angle of attack is not zero,
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€:> 2. Integration of pressure distribution and shear
stress would provide drag, moment, and center of pressure
information.

» 3. According to Giesing (Ref 2), Theodorsen's method

can be extended to linear arrangements of identical airfoils.
Program MAGIC, so extended, could be of considerable value

in cascade theory.

+ e vmess e sammanae an .
B T T e TP Vv ST . T V" P TR o, 1 -

4. Theodorsen states that accounting for leading edge

and trailing edge radii in locating the coordinate system

origin improves the rate of convergence of the iteration

on €. Inclusion of this correction might result in some

saving in computer time.

Rt S R

i 5. Numerical derivatives of a higher order of accuracy
1 (:) near the leading edge would probably improve velocities
computed in that region.

6. The inverse problem (sece Ref 4) could be programmed.
That is, given a desired pressure distribution, the required

airfoil shape could be determined.

1 7. A more graphic means of input and output could be
obtained by adapting the program to the cathode ray tube

display terminal,

A
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Appendix A

Computer Program and Sample Output Format

Reproduced from
best available copy.

46

YN




-

*48°03°8

RN -

CAUVELY 32U 3TUNV Zhi SI snel¥

CiVacHl=vand) i Sud

*UIN3bwidd3D0 FeDdwsoe inl ST uwy

CULAVE ALIOITSA SV T415aa¥3/ALIU0TSR SUVIINS T S1 ALA

CINEYS IVI3LY AIWRS a4l M O ANINJIAL RUILVOTIINIVA INVALNIw Jnd 3l laa
CIN0Td $30380°00uNes alt Bl LuaNIEAS NOILVDLIINLvA dnl S Ise

*3aMVIS 3TJeIT luvao
slucveNlag IR N1 2TAVNILIVIY aVIva 2y VaanitE) thy tVLaad!

YIS A TR FS T FUNFIY 1
$39Ms 34l N SoAvNITEduv ¥iiaainVd so¥ (AAAAXRA) LUNV S(aASUR) Shatn)

*uiliva daval inl %1 w¥1
*a3%2.0% 1L0J43LY amp ¥ SLIYLS ByiaS Hl Ose

CLS3Neinl AlLhaRIA So ¢ luu

.

*aaihallal INIA3DVIAILL LS V.
CANLMINAYIE (WidvidTag 4D SUVILilaaade BaUAD RIT=UI=AUIN S3ALY C Avsev
SARLAdVAIDS (924400450 29 2INVLIVIIAIV wiueD ADIRJL=NUlR LLALY T AVcev

=3MuvlovA LNLDY Teridhiae 30 wwlashas.l

*uaaslfidas
AJWINIVY UNY SHUINLIOY 2D saudNN ‘iaves VJsclV IO NILLWNTII § 1 anll YnlNaiis
CApdnad 2894 AU 3enlY .40 TLfun ANLIVAARSEIAY SaclilUag wilia

*avdledlaleda ¢iVE shanNy
Y¢N02410CY ada Oamd INILNCIGNS Jad  *4% J1 Jalinll 31 SINYJe 40 Jauiail Ina

' Ca®abaddALI0VSA w¥sdLaad3s CALISULEEY 21RTVSUVtALLSRLL
WVl 38 3w

iV asUhl iVl

(8 uTa2)oNI0S “UVa c03 A wu? A

. 1&2)u2N13d J0 DIChIN

(oT¥) 10428 a0 NLILVNDISLU

“0a94334 INEILOUNT UKIRITISS ddl 236llude TlLw

SINAOL JNV OaMi SaNllnOeols i

Cdal I8 Juy 5104090 *JImida NIV IHUA=NVASIN 3Hl UNE JOHL:a SNissdubadl
SIL21VI40 41 *dvxd AavIilucy 43 Mudale NV LNL34V BOV3 IUNLISHINIU-O%L
$3NIBSININIONIISN0DSTAC AIVaLi aU SLSAWNY 8Dd AVBOOBS SaelTwnsHad v SI Lidve

LU L4030 3ava  LNINLBRILVA* LASLACS LAINII JIO¥R nyaulua

B4/00/%8  3uid0 ViOB=)"3A Nias 03vY Llu adsud 0I9vm
SSEBBBETTESPABSAIBIBS LB AT AESBRTIIRSLISIIBIBIRISTSIINI
CARAARRAAANRERMARAAF IV AT AN nRAAIMAPERANPTR R ARAR RS

> TRy ema W avuN semrn - L L L e el N T alaadi T I [ w e e

(SO

VOWLEL VULLL UL CVLEGL LUVl OOULL ULLOOUUEL CLLL VOOV C6L U U wUlo Lot oou e

©
(4]

L]

$2

y4]-

e

st

vy

Hy59038¢ - :

t:333553438
ASasalhAstia '

“ L

Stoi it PN . [P UUOUSU FV WIPURIPR Y T SISV LRSI UITP RS




h it L SRR N - .

(a®ui.flivnada L.e P24
JdadA*NatAlave 1"Leti)uVae
*Ledstivev¥naViayndly

18°313)3vmaus Gy

FILPYT NPT ' 19 W
atvel iy &
dliadad ou Vil 40Y0e® nMIavacua f
teiw®Nullor b

ab s Ol Vo

. (e®s AV 1bde¥ucy wd Wil
A43%0 de WV aNelv GIVET UV CuNualusbatiaen 1 dsacke® K3 Ldinsa Led 503

techtadazadh %
16l Vo wh
k8 ‘aVu av i.b .
443% dv NN BNl IWNL QY CINELC=0uN3Se fliLselive® niliinsia Wb _
(sl a0izh Suk 80 .
Cebtlelluli wunalral
teadsiInuds Lo
fvislteve®aluiia
o el s ¥ Y ’
aN138 24 VONUS ad 4 AVIVMAIANL WINLITY 31 etelteanlduet nT)ovicue ud
| wlvat®slalinn .
s aut At italt kidiemeva
[(FYIITRATS NPT R4S AL RVS £1.1
° ta®taddidanva
CadndASVLiNeR tusita)evae e
ntla L0 D )

tasl,
f.anctact . nldadanda a2c

Ceutslaalunt 99
teaa, dadie® midibnulid ale d
theutS) saivn
(eed 1idcy 240 wavevs w'il® rTdaPucus Jue .
a te vtdallen
tel)ivauwda o
N N S I ETY
$%atetl Yevaalve® nal)iVacud Iue
(Iutty) aticn
Caiblavdnnva %8
o temotu)ivac P2
Veve aliaNs Jalen Jhe Lvod
ETLFTERR L3 343 38
Tuu®siuaa
FLXEYS §
On WVaa F1 ]
. BRaaA A BN IVAUTNENN VI 140 e 1001 (e a) At U 6 R/Na00L /N0RRYD
. Y YL T YRS Y. LN T R PE LELE T Y AT PR T PRI W AR T . T R R Py
- ¢ udaAvaa hOTdeans0 .

H
¢
o

.

-t
[
me o

taritantant

B L 23

TN -1 P S T

©
o

CAJVALY 29 SWUNE LalT Glaea oML S Wale

VUL OUL

S0°04°0T  B4/00/3E  Teid0 WEed=)LA Naa DOV LD woveld PFOT Y LTLLHITY

3
{
-
,“
k
:
;
i

1] »\«J ‘

N sade By R IR S e ——r— BB AT TR RIS TR P (] ) e e T LA S s 5 oo
[ ] >

.

“ » .
PRSI ST IPIY P o " P L PO T T T I N SO

il e e L C SR
.




-r

wila
205%Wn0J a1 Nlavediant.nbrivicis
(R 2L TIFPER Y
| S YRRy
i8ual
LTI
*Letlia
t11asilioAvud o
Witel o ue
% 0, 3V tu'uatnilila,
wlrdiivwe &
(LR ETS BN YS FYRFIARER ST IRY LY S RTY ITN Y I
Pl pVdertadiiasllita
CLaINIASUIVIVILINL I tad 3 0
wWilag L o
LIV & )
Sani Mg
(PSSP FYYFYY
tSINIaS i) A
tlinlasc )
hiwl v U0
CLINLAB(NINTA
(R¥] LS IOPS )
¢ SJdvdvAaret lVagua
Ada ten¥%ialan
LA FY YIS Y S 1Y
10°28. emaaioi it
A NOANLEID Ao N 02000 aALTEO BTN RS 5 20 4%08AL10NIT0® AldivnNu)a Tub
FRLFTALERAPVS L TN S UL Y PP eTY
JacsABusauah
ALSHRCBuALS'Y

BO08°0%  4/00/%T 38190 VEBE=IWA Nid COWY 42) 30ved Lived

£

tetWinvdY QuIn) N0 GelWL

-
-

w*eTaten

- }9-

a¥edlve

o

L5
L
-t

T34

€
[
-

53t

e . osan s g rone Ny v R -

[N,

Yo o g =
B T O U v P T T T o

NPT A



918 v Vb (13
Let LT DaVanUS L)) duinb b6
sde S litetattIA) 43 B
$detluct tavtdia) sl
] INjavB L2V YIaL
Lt Rea (0 tAIADvddoani dUT) Lubiohimlab®dauvdielinduuy P
0ede® N/ ttidAciddAttadannlinietlinma,,
Hotal T4 we .
rinehed )
»
(1Y (1]
ety
i e
34 TR T LW ‘
Sabite
. . bL}
[N LR L LT AR AL FUL T A LA TR T A P PR PR Y FY U UL RY S PIR !
YL LY ZY P Y X P
o) udda' N Iluly cau2laluVNe i
YIRS LR I LAY P AR L A T TR E T I A R T LV TR N AR LYY AR PRy
tedd au ndaus 114
Watabuidal !t Yine "t
C3BIAAAT Lo Rl IR LI (L1 As S tenban HueR \
v
SN 03003 0N BINGIhOnbNY ABdallY Wi allliat v Wi fased v .
SN0 ShMia LYY *34% ‘aunls *WAL e 20¥2i00eel Laal Cune anliivivia o da
2
*dunion 3425 @ddvani al Nelivacuaall av winear s v
<
o ddY vy N3lavNedaletunal i laslls elursedtesiva 3 )
ALLJ0NaA wuPILb e daladnadts S0 VISR By tucivaliwobe a%ani sty D32 2l
a0 SaalTinvAY BAILUTA Un¢ o aNVVE 2Vuedd avbas vV Nrdlrusiiien wnd v
N3 SBAENIGYI0 a0 *adINTY seane VI NE cue VBl NS00 ek Ldthiasits Jdme .
v
Ao Ve v o ™ F :
aesohats J ‘14
' AWIvadV av ey J
Balld Yavebded Yo odela tUa b0 "
Jasleds Ledid WCy . F]
AV wald e Y2 rva i ]
[P1.} SR A FRWYVR ] J 3
. hlle nive Gua A Uity 2 ]
elvldd 3y Qaenlin J
N IR ITIANI A I w
A0eN] INIMITNILVE und bialfNGde Vand I )
J
] SMAGNIY uBdny ARG ¥ 04 vadvardede o8 eufin anwlas ¢
. Y N34 d4al) s dlNAGINIuab DY ami Bl VINLINIY NV T URND ey ¢
¥ Ni0de ABMW JJedund ViUdule smi SNINJAUN waliVy *NIVlaU une 4T anhles 9
UM 4 344 09V NIZidanly v Dua NI JUUL ONIWUWIL uMa wilR BlAV=A ana 3 »
NO B4 01 J4aNEBe 81 N3 Uaund V1JJadv ani *ulvaly 400Xs b wiid Nand 9
$590e12032%9350 ¥ 04V L8ald Sa0ds VIsal? Auvuolion NV Bnaladhies vadd w .
vand INLLIN0aLTY
] e SN8  T4/NEPIT  Veudd UERNCICLA NI 800 23D 30ves [FLTOE ARG ETTH
"2 . “ev eI 4 - L R Y e L g
oo T " . RN A et S GAr SBARE S e as A @ S e et IS B Y Y P o § P st e -r - ey
+ . iy e [N -
. " -




Lo T A TR g7 SR TR RIS TR T T A . - " - ML
oo ey LdHulllllllll.lll..l.l..l.l..ll.ﬂuw&‘

AU TPV I AP IR R TS (134
tvaanadade Bl1a JAuiV ¥
AU INVY ueY
(0d1%au°Fe® KllaVnuva Tée
R I TITLE I}
% Ji wl wel
V84 34 duttravtanlial
edt Ca watitrauteldd !
tlhsaavtiduits 518
n'in] 4ts wb .
befal 033
alitsg oHJw B4
(1IN u
Gt 4 9V taV Lt bauc ) seadeudial b
sddatbad b tiluva
(T3] 1L cay.ﬁrs-.ﬁ.cn.nuus.a.c.J.’.Jv.rﬂyﬁw W s
Je'udriag
A NI D LAY AT AP TR L A AR TR AT FY LT PR R b
slasNiantideainnenally

. sdasha bt (GIviimadnd Wb Sus

$¢¢ we or o'
[TACTLAN LT

theduat fonndttne

[

Coutgdoat bl uingt auaniueihie VWV
Aivanad®lvetudauind

eluablioanan Sud
YT AT AU NPT TS L NRR ] FPUTS F}

LETIY

..\57,

bad 31 Oy ttiaet@d it tadnaheettaiboma i dd 'Y

Coivi'nlidy e

tdedaatlivaunur i) %aiing

LT E]

Y TTT
CLELY SESRT N P L ¥ 4 Sy '

whued T13
dat
L ovtadgedn du »

AN EPY TR
tadvbanvdtgd dianl 173
el dee VN
Teand Jillendd 3
B TR
e a BBt RUadt Bt arh featyuantiva®hi el

. tdvanuilue 4la whafiv us
:

[ ¥

PVLddsINTaetadlneatidas (ot
Pefade ) a0uetodbmrotidta
an wh¥ 2 31300423 )
Viddaudalaavsidivitg
ong dilluady I uy
. Lo loguuteuvatiieBisudurivuhntyilae
¢ etV tTia  omdonidd b ibustndinuthavrdistatyuut
14 sullunwv 3
Jaetdr i IVainbatlIvuanl
Lirlatdy wia 1]
tidedand=edo e tlieauld a8y
LS LR R Y Y O PN
t1d Ja W
(Lavsdndeiue il vBauy bl

O Vivas)*EA Nid 0008 D) FE2YY vand  aNILDALNS

[X]
o

L W

e . W - B R e e Y A Tty C Y N FRCYRTSNN [T — ——y—er
N N . Ve e e . -

e N ey e i woaap e g -

PN At O 8 L L 1 o ee——————s, & o oo <

B N T N T T T T T N e e e



TP M LA LI I T IPTE L)
A ilae !t mYlbavatrug Bv
WLV %6 A Y

wilel 1 e

nl*d 10 al 't nl b dannig VLD
TR IR XL
PRL YAt it bl i W i
et tltuutl Lot i) rel v Jon
KA LY BT RTY
tadduitantaunetavtounetait 1 viainnia 1L
Hlute ian
Lol 1Y g mlbideive Qo
CHLIalN 1 0 dd et tldasaly
I LR T R L R A N L C A R Y R R E Y R R YR P AR PR TR R AT NP R PR R R
[ 3 R I
oA Yy eaehtactananctartana Atac v e tant vy
adnbtattanndtastad it tabtanitaittant et dnatartinlloenme 4 v
(DR NPT PR &
PURE FE L ISR )
wilstoditiong
wite bV dat Vg LN oo
veotoiAjhe
AR
ibasie adl
tmliloigrdanhnl v tidean
S at L 1n0uiBil o' Tiatlosnutli®ines wnriabis PR
NI R LA R I EATE IR Y SR YL NRTTR RS
CLadVeunbiNibonyg oot
A I B LT
[ELIA LI TR TTPLIYS R PR ST IPEY MR
B baemdutan b e udnbidoat ol iniio Wit
etd Ve ew
Latiine
AT A AR TAE Y] PRI
AN ™
[HRLTETYL I
Wititbe el addaatinibovnan us
i ftilostdaunctotitiovi=ttie ity
wlusi un e
*hldwalbdtiila
[PIASIERLEE ‘.
Adsaglothidlnudiaes
Aetewhit i, ot
tar it sloVionlodee
W' Vee sWiheaVetien
MA Loiuavd
Viehvianed deuourifonas £°8
vtlhvavnilov e st diaane
. X Y Y Y Y LY
i e
tlnsisasetre
FEE L
(AR TR EYTATAREA IR FLNTFARAR PR T A AL R P T % S0 b IO
"1 walidadv

detagt

Ll tadeling)
LT

[LALXYR I RIT LI

ttdon) Youale (1iVyendl it
CLLIeRaudetid vo i)
LR #93adotNI B3 Va2 1 EN
(R I LR N IR LY

e

Weutehy

BAo0008E  N848d WINIC)'CA wia 8wy 4D FEITTY

b e malvmey

«

'

Nian

.
wal

1H9

ave

Yl

11

-
E
o

fing

%)

Yol

a2

oty

O W ean (M Mk A s BT A 85 TR MR A R aer L ETab GBS B K N S ALIEE Re (1w 1 UM ARSI A 4 Gy e e
* "y

R ke

P

w
L
)
;




[PPSR WAR TR N

e

SEA'ORONT  B4/nd N 1uia® WINISICEA Nod S0ve 33D

PR N

(ettntel
seduive V192
fU49% Wy
Wt Voat oo duftuaami 101V 4 0 e 00 Winda V0

LA UORON AR RNIGNIY YWY
ﬂh‘.\ "d

TSR AR LT LA R )
»“‘.'“

(PR IR H TTYTLYAR AT
W0ty 1108020008 YaumAs T WY
CEORSIONSA X JNIY M

atiytey

wedtatist SN0 VY

tattu’sy

LAFLAT LI T LYY " Vatledalay My
o' %ty YW

Wwetdle NIV VWY

(Y ve J%

.....f—...a_..ua‘ Iy

.of..»:t-Jrc’rt TS

[E1 A AR I Y I L P
thme ey

m
.nt..-:.:.fJ;cJ

tte

TR TN ety v Winiy
N I N YIVO
TS AT AT SRR E R F Y T A T
WOt tAAAY AR A Y T
Wittt aat XA dnd) YW
AROBSLONY AR A Y TS
16t =)
nigty® .on-t~»¢ My
.."‘“
Segtegtigety " ,.«...ru_r-ve TIVe
Cam 9% )0 Yivy
ettt 3T ,0% YN
ced®el¥ty v LIGWHIN
S RIITYY YN
StEtdendaka
wtatletiaa
ctaleonla
FRLXT LI RY
Cratdolng
YiutioniAnd

ARFTALE T 1L 1Y)

. Etlenaka
Sintielidda

teatlvhid X

teutlalidh

ms»ez~go¢cu 0% 3

TV ante ' Vet etndia ' INSaldstvnllVadia
TS IR LIT AL TR YR T

Wlune 'Ry T a%avaaundStagy

W ER Nl aanetast et TRV lacny iONT ) LVadds

3ovel [

(L4 3 FRXY

SudOnEtatt et Ttatovns

vy

ve'

A1

vie

Ing

aNlindeuns

il

1123

O S e A . R I T ) N v

Ll o0 S od } v




T o T R AR e o e ey v NS Y

~&¥-

Uua
AL I L A I ]
(008t etpopiogtgatantégodosgining V1y) $8d:
6¢040CE 4000 DufBRINENLTY CISixny VIV
Camtoy00Y),0% 1Y
Iletrgietodt)idvg NI
NutlenNidy
0°3wa{YoN)y¢d [ 1%
Srutdonia
wheutleRd X
INJLIT 43I0 daNiSSdud 10Ne D
' dNNlINOY TUe
(8ets91at908)43% VU (111
(LIARI AR R 111 MY 178 IV 1 DATXLT TYSY 1L Yy S S 119
CRORSY NS AAASRAR) INTY 0D '

(A ]

LA TR LLFY LT 3 LT YU ST
1 |

[ ] e SEOSOR AT Ba/v0/TT  Yuad0 VINRSICEA Nid 009Y 20D ‘ovua VIdL  aNBANONLAS .
- |
.
s b oy = L e i L LT VTS T e e W T L o meeEl e WS R B AL s e A § e R T PR IE T Ger e e B N APt A WA e L L TN P o NS S e Bk e e SN W o - KA B
[} [ « -

e N o o T - T
P
T O



ula
nafilja 3% .
1o liven)ngy 't} A
6%\ 18 vudad)NaLY R
L ANIYLILI IS 11 0% ) :
HORR*L N IBad VianiINRLVEY Ut

. ]
wHOBUNINE aed NS w £ 14
4% wi OV
(6000 8aakte (MU ando tIueneelio td)Bonaneitivlans T} s
NVELIANT IWy neJs w [}
. ubelteandial
‘ 3T TD SO AEETYE DT YA T ) I R PR .
OO 33a IO SU DMIVAINL €RI0 I I ANE 10t Lani VAU H0RAuY
9 $
SAVITUINAY ANVSEIT A9 VNI BF CNNIV NOLISNAY O )
SOULNODY BNV 84D BYV Ind SVT.Neadd NI QJuddN SONVAVILND JKNL BaNDasu YWAaNa w
(Ra%R) YWAING INLLNQUUNS
L " SEECOR°0T  T4/NOPTY  Jald® VIISRCLA Nis B0V 232 FEITTS AL TYL PRRT PO YT I
-
m.w, )
L P X -
# 1B M AR oasun aan s ,
A K'Y

. a— : IL

I U T o, B N N



] ]
5330 ONLORIY UNLJ OVE INIOW MUV 2V SaLVNLIEI0u WVTIVS SLNUHID w
wALSNUZNIRENN
CLIIARLIIA (9ad
CIINTASLLIX 111
wdaBahe CAIAAS LI ALA
Ne3xI faul VU
IR LYRITH
BLAS MY ek F1N
A A A N A A T M A A A XL L] AXT 2 AR TR LS uy
Y I A R S M L I P P AR T A A T P IR TG A R ST ST A 4
O H S S NS LIS L T LT LY L VL I S XRE et /24 Tl
sC0a%ctevi® ot L%
L A A L A Y S A R I A A AT R 3 YT A M A T A L L N A I R A T R L L 1] .
L A AN I A L] A IR LIS A LT N LT LA b1
SR IR0 ¢Ad Cud el 0t a2 092 ¢ i M 0a2%2/1d iVl
AN A I N IR MY IA R I IR S L TR L3 ST ¥ T 14 1N
LTS T I AR ITTRA TRV T AT LIRS Y ‘ueaite
3040308220 et i ut mtgb byt =tyti,, \ (19
FZCTIRERL FAR (TR AL LTSN
TR NIV RO T ALY P VL P e T Y S L YT AREY TS - LE R TN R L
L A T S N L L A S N A N Y T A R Y E M I T M P AT L 1AL T2 S 4Lv
M TR TYY AAPE-CT A FF A PR I LR DY W L ST A Y 7 T /nv
202EmtoTImo i ng s
togats wit utoyatogatiquingetegotng, Seyeagts nivgtegtnrysneyy v
LM KRS ULV T APLF APALAYAL LY TOSTLO e ToVLLKYY ViV
worsMantutnatnl Wik
CRINAA P TALING ARt L35 TSN IDBINTIA LS IV K /L AU I /NVRRDY
ALAZ Ao W /NARRID §2
I Y R LY NI YR L AT I YN PO A R YT T AR PR I TS R XS
SLOMIANLALORI NI ¥ 1 (ol da 1N 0 Tast 1MW) adt Ly ) dlY
CANEI VDAV I*UNEIZ A I Tat s DA INFI A (U dS 2 ut tuuld KOISKanLD
9
TEVOTAONNS QVE SANTLTONNS AQVNGIY 30 NILAIUSY N1 NALY MUiiONNS $3ad WAL w 2
. CSNOTAVLINGNDS 3S3dL 3
ME 40N BITITANENY 2NOLu¥A 3% VDA SV SS.0RaNRIINl AJAYY AoVUNGDe I
ANDHIIVIGR T INY aNiNJKOA I¥F JIVaNUS 40 285JalS evunS al0dil0 CNOOu w mn
. ALIS0NGA wYogla3dad J
Alaulde ]
. AL350051A 9
ANB0F 4302 40k LUVe ALIUVIA avieinmdieasvIitiduNYa k)
aNIOW nIV3 eVd A VUiV A ] ‘o3
$4N104 2D asgukON w
ANENT JNIRIVNIg and Saelldiy UNNIG w
* *wash 83 dOalia ) [3
NIBNAVANIOI=NVAUYN d4d  “ROTs JTelSE200nOIN] a¥AlRDY Nl LuSeinnl Savhd
WOauly AYVNISIIY N¥ 832 3adid4Vabe ¥IAVY ASTIVNO0Y 224NEK03 UMDY D
9
OnAOu sh11N0aVS
3 SAA00/30  Naldd wReR2=0°LA Nia 0090 ) LT TS UNIdW  aNIANVAENNS
- .
v g e amen U N [T S DE S RERS
ve A e e e e . -

e

gy

SR RA, o W £ 4 W -

S atidintd o4 PR Ry o AT T A VTV VT TR P NP Apttr i x ovar-evi-2 Sl e et : g
3 3 v




°55°03°08

LI oI - . .I..v' S, werw

3FNeldiivy A 308
<10Y v UV
. I=lsl
LTIV Vi OY (T°0i°id 4
CCI Rttty a Tt AN YZ(IIndT Rads
CCadantntn a6 n)nnlya(ldias
CCEIansnca, *TatrdNasvail)iis
CLIAAAZ L) a0=10) 0080
I ax®aaatadiaiv=il) 44
W13ALAGeGL) LA ldna
CCBOINN=Cid ) alBeidaudletialdeatideg 2TV
[ FRERY
Canli3VAIADZLLLIAL 0289 =23 (* N1 5uL0
(PRI FUINATIIGE Y FR] P
Pl
20836NS 33337 NJ Sulbawb:bu caaVl AcvlnNiu 3ihiondl o
3
(323N 2/ =3 VALAL LT3V ALAue"ho( TDALLus®a=)3hLncl
fhiaate Be™¥
Jaul wl oy
=121
. T8I0 ba LY Uit DDsl
CeleldimtbelladZteb=udAlACtaLlALA=)3(LIALAL wenld
LT REDS
(6 )am(BISIZEtidALAR e l2)ALAL =L IALAY= () ALAL
(223N o/ $(2=aNALA=1T=3 N ALAL e L3N ALAL L= 22N ALAL

3303815 03d3N w) SunsiV¥laeciae ALIDDTIN Taficdds I

tedoave b=l s=tIds 1.8
LA TIPS EHINL FIF] SV
1 E DAL EFN]
Nesdovay 101
Ll J1 JY
s=lz,
w34% Ja U tI°LI%idIa
(RLFS FETINE 20 FIFETVE TN aany |
bnalsd .
*23iaMie
I=215tmil
v
3NLdd AJT3 AU LBUNTLHLIS 13IMRVIGLe alliowod v
]
(el =d) ol se=tii
IVL3425000(T=20000e i) iNae®2ol00tl=]) Vovcantllusc)butdiavatlidu.y 2LTT
Néeal ¢uul du
*i1=s(tiJav

$nlJNIT va¥ SansAdl

Yo

atnlitdy Tuel
L8237 (9°=*ua* (1)) 4l
(CIrLvast1)AdNILEsllIvVade
t2antldAeZestIIN)IBLS:LLIVEY0
N*1=1 3073 Ou

B4/9075%  Tsid0 VIUZ-0°TA NiJ 0099 JCJ 30wkl LisNdu

[ s e T T R T S A e L et e et el el et et - e e r——

T
LN e,
I -

7V

A N R o T 7

PAad

908

093

se

wb

t 1]

s

EY)

o9

(3]

anlifibeuns

P R T T

& .
Bz ool m .
W e A Yl dons 0 mkatahe. o0l mak e ik sraes aiB a8 Tt s gend s & s




F

33vie0Ns 3 NI 40as Seadauds Mlan 4

3

M lado 908

(206302 tid A NnetIdRiadatlanyd
tlsdidvetlntagztn il
((JadelridaosbeciddVal
(CErantnsa, dy unvV nanhagistismgd
[(AFS R FALAL TS AL TR FE LYY TFEY
(TP IR FLPY VS XN S ) FF)
CLIALAZEL) 30D uudy
ST R M TS FLVITIVIS EX RS EF]
(IIhiALeildastidan
CCi=Ida=tidadati=idoucuetl=L)cnt]ldl
NObealal 938 uo
2asl(3NVALAYIZANL 0B =)0 T)alau
LsVIPAALAGLLN S T

20038015 42431 %) Sdslamvute c3av] Agvlefide Jiflunie

e

- 5% -

(243N S/ L2903 ALAGC(ToITIALAC 2o (. VIALADS =) sALAZD
CETel)a=tboI)S)ZECE+I3AA(T=1)A A= LIsALAL ™"

IaNSTas sl €9.F U

TeN=Tan

CE3 2233 =C(Se)SIZEINIALAR I IT=NIAL AR a=lc=ul hAAD = CuIALAL

(20337 LoV ALA=(T eV AR 10 D ahe® =z (2TIALAL

304875 24407 NI SIALLUAIIU ALaudTNIA LlienSe

Lwoe

antilinae 9cel

(9*T7308%:1% Hl)adncus Tcobl
[P IT ARV PR VAT PR S % 1N}

SCIIARNO I  LIDT A4 CID I DI AR 10D SLuttad el (T2eT o) alsn Wil
2714737 woal UL
[ATICIAE TAERPELLLS VAL S PIT A PLPTR LGS AN F PR

RS TI4REIKE® SArL Ko U424 K9  2UZur AL 2ZNI Kt i0 nl* nidadansa Jlui
. Lok 49 ualan

§0s2vdLts gadoNe*lridivicia 22ei
[L73 RL T FYEET 3

P
33¥daS 95330 20a SeaMSNY Lz )
3

sliwlitivo 3T4T
7tuld 0. W
=il
$33L 04 L9 ¢3°uT*4dal
(E3CNIL/LLLIA AaNmnel i) 32210000 LEDY
(ST ATITISS A FTLY P 2 & FIV
((LiceNNI1aCS=iNdeNau TSR
ERLPY
¢s0L=2t3N N
28.%=taDcaa
vor"2x03VTaa
L=tV da
LadE*2 (I Van

91

09

$%

A

991

41

JE3

22F

et

224

sk

v e w3 -

T - .

R i, X koA

St e Rk




I " TN IR v | —

it
. ' JONIIND S (208

tE=2%0%°0130% WD

CRSTOLANITAILAINIY VDD o2

(1 144 *0°0¢ bt Xy T C T LILAXT VIV \
(308°¢°5¢0°36° (144 LISTR IR GLTR ARSI IV TN k FM wVI
i

. Ce=®3°"1)2C% 1022

. th=%°38=-*°0%21072 50
L { I AETFIT IR S FIY

*0=x(te.) 80

282912

Gresilen)n

568

o’
$SaNaLInL AN3WIIVTdSIY SuTe w 963
(332 1 AT T PRSI SRR R ')
(X344 (SRS TRV LR ARTARY S F T AR R X
(T34 R M TIAMAI I AT AT AAL 2 NS $ X BN R [ ]
. 6=t ,.0% 1T sos
($=¢°08=%"21)40% YWD b
éu'st2eduvi
*entleniuvl
itel2et)a . [
LI IR L TN 083
' 3
3Sa0ld WEIKHS 1073 D

d
SONTIROY 04d
. *CelRINeL (*0° 40"t Qduvidal 43
DRI TEIS ST PRNTTR LI FREDLEE SN FRFE
AIVA28 423020 (NIVVLD39° ¢V V1004l
v ' NLsl 042 VO
: LTS I R AR )
SUIIaVV LI LLDB A LIy LIRS (2DB020%(22% (IJL1 P9I salon 6103 (T3}
' N'ae] BT Ou .
102539 elan
NS WandYetintidinava 2i08
(deut®Idailen

B4/00/38  Tuiad IOB=0°0A Naa 3099 3D Nl ChAJW  UNIANDaNNS .

I Sove

.. A AEMBE - 4 R R el gt sy AL s ML Ny s g0 o8t as o s g "o Py e N . .
’ . ] . St By Sraagp 1exago bs cem aao 4 . —y - .
.’ 8o aaee - e R U E L L T S, .
L ] R N ™ B

[ W




ii.j.l%%?i%i.d\f;iliﬂ«m:.ﬁ‘.TH. . J
- - hd by

3;1 y M T

830323 xLn 3 »S .
86051 M begatul
thdoaxid NSzl wel WO
630NN GAYG eI Ndie
£5303x4v T4ate=tate
ISIVIALN 3 o5 .
$%00axis (NST=T) $333R5 KROILOUNIRLTI. N aclaz3a Ji iva J
INIJakinm 4
LNau0axin [T S SR X T FIL P e
IN003xiN FLLE 25 GIFY NS
aWi0akin [ FY T 4%
Y2JUakLH arxtisl Lo W0
THODIXLN trevaareyy ct
28303XRLA ) BLES T QS JENTH
. To00aKLW ah?®iaf 1 wo
NIV 3 PL]
38023K4 4 (P30 wiNi (P%22u TNV (FPLMU SAVeLY Linun 3 "
3800311 M 3
Li3vaxia GoT L 40 (AVARYTLID* (ade3N)* eI 01"d8) 31
SROD3IX 033 Wi OGY LXYRKh"aL*aN®cl*.*2%un) o1
38)Jixlu 3 ) EYS
2804Xi N abhea 4J_eddl tud A BV W suaa ]
ii00sxLn bl D
. ZivwlaAXim A=3A
[ 34 1’F1 S| [PEXTY é '
ILVaxLnA 2 3 [T
320LUakid X uh¥ N SaNumfived sl J .
$23Waxia c
L2303kl s9¢ 492 /adanN *avhi Vive
#2203k 4 [CTRL PR TAR T TS 1.3 ¥ [PRE I "
.uchux»t” nd Paav ‘Cad *eun San 4T tax T v a2
%2203xin $J1s *alol *ial ‘aSrasl *! ‘*aaidv unnue
22023K4 W (atwda *LasNIL Sty tulewanit
2:00axKLw J
B2 0aXtw J
. JZILaxilh CLNIWILOLS VivI NI xRy u¥Y RKiwd dp IUNTA Ldbine + T )
3833s%4 IV A13d UNd D SAsd3w 40 SNUIsNadlL NS D) Tetlaul v
¥30Daxlm -
*4300axLn *.3310 4a? wInals >l 0L 2TT0w Yss ’
003Xl 4 '
#300sXiLn Cu®X Nl °5700) 20d104A NOLLNTDS a0 “uN sma S1 X - at
: $3003xXLn (utXy NI 5Mua) 3NILiviu. 40 U LAl DN v
L3003XLN A& N WaNIlalunllt u 1l ia e 3
2V0DaxLN A KN dodJdeshzaic su d3lie X + i
§33%3KLn N8N INIaVomlid cL dulim v Lt aAl J ¢
I800axLm b ve 3
EXLETETY ] (Né%bctxtgluakina 1vy v '
¢030ax1L v
. L000INLN wEXY AdL5AS deadlY uni AUl U2 3
33033 % Lm . J
' . #000axiIN AR L T N v a
%J003xLN 3
20003xLN LAl N¥:1303 %oud) cal Mo NITIVIHWS Alcivm 2
2330aKLn 3
Ta30axLm (ASNSLER DI Thum aNLaU L,
] 10%¢ *HE°62°VT  TL/ND/3T TEidu VE92-0CIA Nad C099 uJ4) FY 117 LaAli LNELNOAGNS
s " " —— [P . - - Lt ama en e g p———— T ————_——— T & 4 4 N - erohgr——— e -
[ % - 1 i

PRUIPRDIDr PR IPERE AR S

-~ Gdint |~ POy SRR IR ST SR St PR,

S puan PR TR RLORT SR PP 'y




IBEIanla | T ST} ST P2 (341

29t0aLL v : Wwlaa
2Jbudxln € L) m¥loas Vi
23833xLa wa fan fL00) AWl Ll
R 231J.41w i
233103%14d Navteen Ll 201
Y3803 %ina (% tillstltlia Y
MNRUTIIN S evids "4 o
33tuixed fvaealon
13834 m [TAET T PP SEN TR 4
JITILALN 4 IS
FX PEPLYT . (FA A%%T va NuasotWo e stede 2
42JJ3KLN o <
45303 Tal Ui vy
334a%L A (LANTIEYR L3 STPLIT A § P Y )00 § DV
36°0axsd . oeelodnl al vu ab
TISUILLN Rasticedt ul du % .
c5J0akL s +930%518°38 tu) J1
2500aain 123 EFY
X2 FIYY.] 1«134 .at
ESTTINY | ulv3 g 9]
Sulvakid . . ’
$diJdIatin i d'tVea AIVL ahi wu Auil J llll
4333.aL4 . 4 é
EXTT R IV (CIATuetr*la e Lecé
avilsasd rastlaist L0 WU YT ) uy
143)Ja2%14 J
LesbaXin 1 Aud 0adeoVD il e Nua Llehia ag=l Al 4 ]
29¢9sXLa J
B4VIkLN «%3%0T% Lisawloal) ol
*dd0sXLA - lesvssssswal 01 In
5400saLm Yelbiazdaa .-
3VsXum PNl dencell taloaldo=tre,. .70, Le-
LeaVaklm PYEAE Y X LY I
#L30a%4 4 (I%hiecul) Joaua MY
3L3daRad - Jetlil® & (Aldimalizai) 4) vé sl
24303x)A PEIL Ve
slIusklu disradaidl
24233814 : J
TLIUaXLN i * WAIURIL dmi RoVae SNLSLRNTIRETS wovaaid 4
324303x%la ) J 73
393354Lm [FRT VTN I AT LY 5 IS FX ¥ a8 ¥ I .5
49533414 a3t asl "y Ju <3
¥ F13v] : 335324 8C taolv) 44
FERLFING ] 9
33322004 KOs 10Alo Lmd “eo Livas 3 9
930axtd . r]
- «P003%L 4 Sinlitivg LY
. 29003 K0, ranisl
$330axLn . tdrrusivaLaiy 2,
33)03%xsM ) MR TLIL RN FPIR EYTS L1 o WP S| £3
58803XLin . . aLtlal u9 Je
35003x%LM . R TR Y
L300a%14 -
25205X4 4 L 5 NI ol LIALd nAl=4) MUs LCAla Xew ©D3 AJIVIY F]

39ve *S§°62°%T  Ti/NGITT 32040 ¥IY2-T°EA ud 0LOY LD adbed vakam  avlalidauhy



€334id 3NILA036 UL Wlvw Ma J3vdiauibia) idmaldd

STEOSXLA(DINAA IVILADNING ¥33F LJ3aedovl 3a¥ n3v‘201an

Toad0 WEII2=3°A Nua 0999 I3D

e = e Amana

R e e £ o TR R

“3%2T13Nhiad Limada

€ W02 Walshe WD

e e g e e N U S et

B et R M e Rt Lk e e Tel



3]

5

vy

(7Y

er4

s3

vl

a500NaLY : 2117 023
Y35JUvate Lol U3 vy
* (S TIAY IS 17037 v ab
. 25)0vary WlTOLA8% 5T (Lx=(LV)K) 4]}
T230wnt Y AR BN E PO B |
2333wy VubtUditieT (1= N) 41 S8
5%00v%aly ~2d
50wy LR RIRIS
4933wy CHRO384ET (lAw(NIAs 41 8.0
NGy vt 1eti28 (Liaa=ia) 41 0%
L3903vaLY VI FRLY
a9 JNALY 4 1337 o
LI TY ] . . Y va I
290N Y « 1817 $u
I FFALIS NS TR IT IV &) FYIFI .
RAFPARIS ) . IYATOR A RTE 3 & BN
[ TPIALTY Vet eitied Li=11=0l) 41 3Y
(2312218 ] co. EIA k)
L3y 1337 vy
s ibvary o Ja IV
aloaNnly 1a=0s3T Mg
Yiedvaly (ot 98¢ tlamttaak) 4l ae
R FATYS e Ja dY
2ieBNaly P b T4
$i30waLy Leficfae WA In) sl us |
T ddedwvmav STEOET UL Gatdastta) 4
aZ3iwaty XFERS ]
d4230NaLY F) nﬂu
L2250 HESAE ¥ LI R st suah f1Lt 4 ) gl 8
1240%0L YW Pl
2220210 2% IAtha a4 \
220CNALY - (1S Y Y YRR TS FYY wanmd
c2ebunty *IT L %A 43, Vv .
22alwnly (ST SRNXTRY Nvissanan
$2)0Naly J
12Ny Kidaor, A4, Mo 30 SVT20 o7 J
2t30wT d
d83avrty SINIVA NGLIUNYS wan 20 doVuitlac wd L000VA Q30154308 4. M
ttivvmay )
FARTAEYS ) *C3elose 11 L Tvsutui nulna tua S lyAea =54 9 )
at3swmy e331334° NIIUvVwa iVl 30 Seuil. * A 2
213CGwary A Jhv A 2ZW¥) Nl L1%0Js ET 00k = ]
RS EALTY | CCITIIUN STVTCTA sial 0 w38 LT = A J
2330Nni e CLINAINIUILN 24 Yiieltdaor 2u Aval 2
$103vwaly PO ALIY 3T WIVG aNILh.OLd s 34 Sk) = A 2
- PARTALTY J
3J30valy AT TN} 2
3330NaLY ' . p]
2330y CUadadNsata)malves ]
. 3030NaLY 9
3333w ¥ SOt IV e 3
LTTERSYY F}
S00dwniy $54LJNDS SNILTWDJeal ) Naagly vAay 9
2laCNaly )
F350waly QRN A AItALY NDLLuhila
39vd *EH°62°8T  TL/N0/TT Talde ¥Tw2-D%iA Mas 039D 4J) 3hvod (Y FY] NS0i1NN

7/

C



ﬁ»ﬁ.{’.{\...;ﬁdﬁm..ﬁ\(fa:.Z..Ts.n~;\,.\7:.JJW«.?AA{.%,L.Yu\,( n.i.n..,

T v w g ” TR D > "

. .
\
.
e e Lo .
ENRLY NOZLONYS €3 444332000 o1 LTS3 FOF I boees .o s
3420NaLY .t [P - -
$300vaLy v
0NN, Viie.
2339naLy tenbAhens.,
39J0uaLY CULINKe (T OP I aam Tl (Lo t2IAA) o A ULIXA=LTOPIXaD/* 0o Cons Yan
300wt atizi Lo .. 5z
YP30NNLY Atlal oo L.
. S JJALTS ) Celoawtidan wan
$300vmiw a¥=4bIdaztatan
. 30wy I RR LY
0800wy [ 01T SN SR TR >
' »600%uLY W31 400C Ca=3aeT1) I Aol
aHI0NMY 21431842 (V1
‘L5I0NNLY «/(1e1a)=131Y L4
ISINNALY L) SRS YRR
L e SES°03°0%  TU/NDZBT T21d0 VEO2=ICTA Naos 2299 5.) s e Neiadina
" w.\a}/)
fr.\b
Chan v mwas . e it e bt e S e e e e ety e g gy e s e e oo e gp s e < oo cven <r e < m + vine o e
L » + -

S —— A - — S e e e o e o s

T O T T R T U T T Y S - B



R IR RO SR

.y

§60008Y AP 40P P 5 JTU %30 (999D 10EXLN Nonkly
863008%¢
$6803514
290008Vd NOA40D XNYTe 40 $SI1133 6ILT $3SN 0Se
350008%¢
0603284 B3Kim JNY m3X3s S53i]. Jeefli3 STIVI LHe
5940354
900284
4900584 NIILINTIIS NI3d) KaLSAS JYINIT 5141 N1
990035V ALIND 4043 NOILVWIAID WNWIXvW 2nt SLI  Dawd
§40008%d
WS¢ FI0VI 0N LN3UN333T avl 3LenlKCrdav
$900805V4 94 SLN3IOIad30) 0 JilNoald ahd INIAN Au
220028 Vd 03NIVIulL 3J8¥a 3YUNUS Nuaw LOve 3n) SI  SHau
§830u58 .
0930030 3ePIavA IN3UNIdID 3. 34V¥nalx0edcey
33000814 4 SaNalwldda0) 3 JzihdnWdy sdl UNISA Ab
OaNIvdaC 30305 3340TWdo¥ wihidia and SI  XVika
LE00US e
9500334 L3000 3I5ATyNY 20833 3nd SLALS 1z
330008 LNGLN0 SISATUNT =Je%3 InL $35583daafs  La  LS:1
Wi00us e
80035 THTA0NAIOGE 5IIWIAI> 4%¥3T Ine 3L SL_GeJ MO 02
200584 83339 HIIK*3LN3LIL133300 adl au AvedV aMi ST o
150005V
Jidas e MWI1d0¥ATI00 533003 15v2Y JHL a0 3_8%30 Ikt ST X
223035
¢20008%g v4ubicvA
¢23023%4 (LNSON3IIIIIINIINGDINL sb a.udllN Sk ST o
9200254
823003514 S3TeviyVA IN3IINadId N 232 AVEZT shi SI A
82000Ld
X IITINL] $3V9Vi3d¥A ANIUNIDIONI N 20 AwdcY dhi LI X
220084
1200.8d LT ELY
3233053Vd
#300USTs (UaRI NG I XUAT LI X N ACXILS e 170D
(A2 VIRY) Tea SI 7 calnn
¢30025%¢ (DU *(da *(N)x NOLowsAIC
93009314
§13008v e iudahn
980033%¢
2300351¢ X wd¥3 A 3iNdadu="o 0L Sinizluladivy
2300081d Y 344 ONISO Ay JaNIWiad 3TeU3I ZHIVOLS KT¥sm
$530254 139¥ OGNS 3I93, wlAlATWA ke 5340300 Nons Ud e
0330usVd
53638V NeaXelB1IelTox) 0aXel2)uv* el0aXali=n)3okalNdud(TealTI=A
3000uMVd
4300084 *a8dd 3nL 3D X 233Y30 A VWWIndwAe
] 300008 ¥ 0L 9LWU du Lass N3AIu 9 413 VIIM (STa
0004514
. 8000931¢
200028V 244 aAaN) 3¢¥NDS 1SvaT IvladNATUg uslae
2WIGISe
3000234 (03nd®SAC3*XUN3LSTIT DN N A4 X)03Vd SNILNVaLNS
3 Bove *SE6°83°0% B4/%0/3T  Yald0 WESZ=D°TA Nla 009v 200 3ovul
Ve
&
e emen vt s e e vy~ e ——— "

e AL ey v TR S WY GRS Y, PO TOR TR A BRI (307 2 T A Y

4

o alkd

t

ke A S tarte anad Fii A Af e g i ke St fataut

B L e SEE LT

vSla

S

b

2

2

3

] 0s i

3 |

3

o]

3

3 1]

3

3

3

3

] an

2

3

3

4

3 of

p]

3

b)

J

) 0g

- i

”

E]

3

J s

4 1

)

-

3

3 82

3 :

3

3

3

2 st

3

3

3

3

4 34

3

b

3

J

3 s

3

3 ;

3

FLEFGEPTLE
-
-
N’

Commi e o me e s e s . .
3 X

—— e e men s e PRNTERN,



v

83°43

3380254
L0502a1¢
31802519
¢0°035 %
30800514
§38005%¢
20802814
$310251¢
3310353
§38035%
301028%¢
002514
dhD0USTH
4nd0L8 Y4
8205874
300084
“hi0Uale
5303514
25003514
180038Ve
I53335%¢
2800034
LLLITINT ]
4200054
[ LIITI3L]
$900L3 Ve
2000V
2302814
06025V
8800054
33305514
$2000SVWe
924200514
1400354
9209081
L0005
wi00381d
$430.54
3420054
$400.5%
3408384
b9J0558%
990008
430004
00LS V4
53000814
Y3300814
Sh00d8 V4
2300034
$90058%¢
0330284
583028V
950008%
46002564
3820085

$L/v0033

R

L

teld0

1244212
TJatl=-1) =0
(A TIRRINYY
FelzMN)
hiR £ GR-TVTH
4
NILANIIS ALaM)d eud 34NS KOs allandu TV o]
Ak A¥Ea¥ K]l SANS QJ.Namdd _AUGY 440%i. J
J
aXaak3gX ')
aXe(rhalas(f)sia
NI4T0 un S0
dXeakzaa v
(L) assae (FIdCARZ(TISLAK
At (fMlcurzll)cuXx
‘v=l
S = (1)X & 1) = Ia
e B oA
[135 27 SN RRVIVS
Feaelzuil
wta=1Y
INJAX = XVUnX) / (klaX ¢ KNra) = o
(NIRK = XUwX) /7 .°C = %o
3
A 3J 53:%uas LIl A a0 r J
aWI> UNV X Jdu di3dua du >KIS L1dsau? 3
UNT (i9%T=) L. & 30 3JNvA wouasibal PR
I
£°0 3 (u)ueax Se b
TOI=l ae ue |
D%y = (liour i
wni=l Lo Ju
Tvaelahn
3
ONadaNS ddas SAVeel NOIallaco 27ulu Vure 3
4
(1A XUnK)IRnT = Ayak X3
CLIIXONLRX) INaa¥ = wanX
Nlc=1 LT UL
CPIXREKT ok
(VIK3nanX
)
X 834 330VA WNAR]IXYA CNU RlnINIa WNIa 3
4
Toaz
002 0. D9 €0 °"37° x °¥0° ¥ *37° N *4L® X¥RN *a5° ¥ 3I
b
JINVS 6a3Lad LI N GNY X duany 3
]
I8¢ /XWUn2 vivu
(LTI AR (L) JLUINLA) S ((TIAOX® (D) L0aXAN) 2063WALOLS
(12) 40AK *(9%)a0X .
$4n2)3 SINIA S UNIX NOISNINIO
(EnIHA *UA *dX *NInX *XwnX -
CLILEINX CIX WS W 4 43T ¢ .
92=0°CA Ni3 0099 20D 33%vus 0537d  aNIiNDdabNS

a3y

$03

F 1

36

s8

['2]

s

9z

1]

oy




> TR . -

- T T 2T

e

59100804
Wi0J. e

4980054
01008
$480381¢
S4t00a Ve
ATl
388038 V¢
3eloudle
193008
580051
4880351¢
453005
381005V
$33038Vd
. 33008V
tLt09s1e
1830L8 Ve
§880981¢
383035
b330u5%d

T o 9% of w8 ot oS 08 00 W0 Su O
-
|4
e d
"
-
[ 3

180814
38003
338008

CL T A LI X L3 3.l .0. 04

T R TV

2eedl0osunS=uny

CLIICISer  XYNI ) IXYRYZAVNT

210 *0A SCLDA *CidX 1 %¢0LY iNide

62T 9l Uy

CIDD 330U DA *(X)a %(Idx 41 *¢COT lilae
0lT G4 Oy € *ivt I 31

02% Ji 09 (0°UL53°4SIV sl

t1)A-UAsdly

(3eLIDe1IIXaDAIA

Ati=r 001 00

* (1)3=Ja
N$Isl 0238 OC

$*3zans

* D 0zkiUnl

8 °34° 4SITY J1 SISATUNY BJ3¥3 LNdINO Uiy
40833 JWUNR0S NV3Id L0056 JVE alliIX¥s alilondd

F00T 4Nlad (¥°DI°LSIV 31
0 *IN® LSIV 4l SISATUNY ¥O&o03d 40 ANIYD IIVILINI

$CI3 ¢ (1=F)D o T2=- 3 (F12
wécel 46 O

Yel==n

%¢%=1 3o 33

0°2 /7 (NIW& ¢ Xe¥hX) =2 To
30 e IMD 2 M

I1%T=r uv WL

»3¥=7 ye UG

X a0
JONPY TUNIOTL0 809 "0 LI..:430] LSHFQY

(E0°3=¢I in. .. - sA3) TXENYZ03n3
qelszar

[PERYE X Tog 341

cedl=a3nl

T*I=1 AL oL

G°0203A3

NOILANTI0S a5dru Nl BUB6I WAWIXTN
GNI3 3NV D 0L NOILATIOS 3A0m ONY ¥3GECIL

(VAR RASRXILIXLN VWD
nhBJelX N3LSAS akl 3AT0S

CIIdAAXS (I} A

. I4T=1 09 Yo
A1 aX¢ VUV AASCT D WA

(S I RIS L AT T

Q=20

Toexfsar

3L S U0

(352

s23
224

(434

LW LWV L

o6

.

L &

eL

LLL LVVLY

83
os

Seid0 VENI-0°CA Nis 0099 200 advel [Ty 1]

$97

121

st

st

(11

isl

E1 34

143

s2t

02t

1 337

34140088NS

» P e Lo e & ittt e aedin et b s A —~ -




! |
o
~9
\
m
| UNa
« S0%098%¢ (9°S13%2UiN5HS S Xbw
“ 283055 06T mSHE IS XN 3 5T JaT s AV AZNS XL LHT) L¥RGOS £5CT
§81024% LS MAFTI I TATTLES CF S SRS PP Y IP T |
w [(1311131] . €//CI)BHN*X9TdUGCINS  R2T4 03141 = AHJITe ove
| $43095¢ SXTEONIALID « AHBOXTTONIALIS - &HBSXTIéI Or'se
| 84305814 //SISATUNY ¢0¥e3d 413 3AcNurnCe
443098V¢ dWUNIS LSV TYI4ONATOD USNaH22* X024 TAT) Luwald 100
w 3430944 (3874 INLLNJUGNS WO LDFWIOINIAGR42BI%mA HI*2VIS=NLHE) LuWe0s BLGT
$48025%¢ Nalllse 943
. "43808%¢ C 002 M3LSAS Tos
. 241038V » N *000T INIde 002
341038 9 |
' 84803514 WAX3 YIA WaLSAS 2
4303814 Ol NUNLIs ONV 33V¥SS3a 5DE¥3 3AL9 3 731
MITOVSYd be) |
i95038Vd Nani3y |
493008V O03n3 *SWdd ‘Xuhd *LO0T INlba (3°L3°LSIT) 4
19500814 LN LV0TI/WNE) LUD =Sk I '
] 39v¢ *E8°03°08  BL/v0/ST $°2A NLJ 8099 30D PELLTY LS ANIsnoERNS
[ 3

NI 4 VS FOTLTVES + NS [L N

B Qancs e g e R T o, -

-

M ¥ N s ot o R . i o . ) )
X T - R (T T T T T o o o - B




38084ut8 Gha
$508ault Noflldu
[J21IL1Y ] VOL/LeNaEALINY 52 ['+1
e084als 84652%06 (INInP=T0LYa1
%080uls walid o
48384088 LeTEn sy
Pobbanls %% lelea 49
(LI 11131 e Ve UV w3 3%
N8084als 295648 ,¢40=0.0) 41
[{2IIT1Y ] Yol sIoLr A9
Bedbanis CB%34%0L (N0lelhvmu)SiVoi2Rab=au) 33V) a2
2111111 Ceanu®au)TavRLEXT oL
9808unls huel 258K (2]
rn.u-.-r
P L)
1L o
303sal8 [4 L34 LN FIC N Y BPPY
1308ants nevuysul 1%
8E0S4aLS Adey:l
Ei08sals Ca3*X)TeAiNg 1170
8084l wysx e
Ciouanls wevETy
3C38sals Ctesnest £+
»d05eals N \
1205awls il L O~
t208aal8 acsle S
9308ailS NTFLY
s238an(s 21N10¢ 231a103ds 4V JuWVEUSANE 23LvATWAS Va3 J 1 s2
V308duls Cea®h) WA Ns 1150
2308amLS (vatvdi.ALns Ve
33084nl8 LR
§2344als taull
33084418 [T TPF BTN sl 32
dL0S4alS 8L vl )9
d30SuNts I%usv 03
4s0Senls SIOPTOST (c-virsl
[ TS (V2RSS TSI IR IR0 BAPYAFY 24
$308dnis SuILaY 3UeIANID ION ULU Weblanlntabailts//)ivnald 13 P34
SEAB4MES ONVEORANT AUVAWWAI d1 TWAING INILNOABAS 3u Yhlilen 333IN038 sSuHIS )
13111108 JINIVSIARDD 809 JaolNUad SNOILIVAasal Jv *uN=T0LM J
$3384418 dslMasnld °t= b)
$3083a18 30N3963AN0D 30L701IN1 *L=RHey W F)
3T084N(S WeDalNl 33 3NA=RLNY 3 33
$3283u18 SNIILWE LD 3D °UM NInzNIal 3
08084418 JaNISN¥ aNUILVGdLl 4D *ON AUR=L 4
S00SUNLS $LLY13 *JINOIS S SNtk S—eart=101 2
200Sents 11417 cuaolsa 3
0008unts LIl 3102y 3 s
[ITITIIE] NSNYNINC WL 0ty Sanls VIV k)
1111114 ] 2ININL3S UNITTVI d
30084nIS SNIANLBLHS NOILVED3Li] Sowmlld
30080018 SASNUSNINFE~101°%8%y)SANIS SNILADSGNS
S88°03°0%  $4/00/TT  Tuigd0 VYEOI=)°LA Nild GOS8 20D 33¥d2L S3al5S  3%I100465
-

@

- -

LA




£3¢30002%°

*ra%13Y yauny Y L. 30 FPLERN

LY S 1A EY W] DY EFPL P b3 el saulivuela

2%19°
b

2oauhilN
LEIA Y

*3.¥% sa¥3 N Jatlvla dn TVem lucle 13¥AL ded LNgaloeddabe
S350 wua b OANTUD Ua s Wide o UL A Tetaand

aNlade 81

SUIINA I
=ALLSN3D
LA P& FT34 ]
FIGY ) 7]

1%= qeunn" L1

duvue®

¢* %= Tsvcd®

It Lol

s

-70 -

[ R A N ol R

3ev Adny

waVada4d azb 5.M30d N

2 M

IJINN s

Viddzay



°0 $J)e32929°

03436266 1Je31nss’
02¢38206* TUed959S°
83458266° Tde36255°
T0+32108° TJe34515°
TI43IL20L°  VAe399Ln°
F043330T°  TDeIgnun’
T0439307° T3e43u954°
$3+43630T° TJe36%0°
$3425208° TIesu22%°
$Iea580T*  T3¢40Ule*
$3439508° Tdedslel®
TJ¢323T3° TJe3i2or’
TIe32TIT*  30e30L4:°
T003T2T8° Q05 298°
TI43620T°  TJe3,.0%:°
00+¢3£028° I343sv2i°
°8 13e3%912°
03¢3%044° 10039962
¥0432303° 10e39%62°
- T843SI3T° “B0e3j2022°
$3¢329T1° P0e32652°
TOeaSHTT°  T0e3ubN2°
FO0*IL3¥T®  TIe30.k2°
. $3+326T8* T043066%2°
T5e389%T° TO0e3s292°
3043683 TI+439463°
$0¢3923T° TO0e32i2T°
TO*32I8T° TB+3LEST*
13432301 TQ435251°
16434303° 3¥0032TT1°
1043290T° 00¢3664R°
T0+39I01° 08¢4393068°
00¢32936° 00+3007¢°

20=380%%°.
8lesinil’.
LIeiadslc-
80034502
Gles2in:®
(3R FFI 1T
C3¢3L9s2°-
Cdediadzc-
0303359 °-
€2032932°%-
€Ie43312°-
(desaiol®
€0e33881°~
[FRFRLLASL
[TLFE I€ 2 0
13=35.b0°-
3I=ddanyte
20=-33e012°-
T0=sines
13=3ia42°
Gte3d3irs”
G0¢s3581°
03e32091°
03e322b61°
0043331¢°
03e32832°
CoeIwing®
C0+32:832°
00e3¢332°
00¢358s52

L]
.
6093¢43a02°
00e3n(S5T"°
80¢3933T1°

RISXTY E T2
IR TS P
FLEREYY ¥
10exTad1"*
BRI 9 0
Tles ¢ls®
I¢=a0lib®
RIS I
10-352%0°
3205021
JLeastal”
ateldaddte
3003221¢
w002 22¢
W AETT N4
86e351,52°
ICeabise®
JGe3ed32°
MIPYAST A
363363¢
J0e35102°
06e3.222°~
J0eIuilet-
IPescavi®~
J0eIvI3T°-
I0eIn921°-
30432038~
EC-331nn* -
FS-308dT°

$0-356%99°

00e3T41L"

G0e3T0L2T°

80+35322°

J0e3s992°

*8 T0=a%991°~ 20~3L3aV°~ J0¢35332°

ALA

¥iang

ARA

X KX

Trealicet®
To=dgst2e
| R FTYE Y9
Pi=s2590°
TIeaidin”
Ir=3011s°
Tivsc303®
L L FIVE T
It=32912°
To=34a92"
To=itide®
Ti=3r2ue"
Ir=inaild”®
Ve=)2:30°
1 LR TE ¥ ¥
FA=a82¢6°

L]

01e3n57T°
20¢2I011°
Sreindll”
Jiedatite
Siea59218°
249 11°
0i¢JdoiIl*
Fies02TL°
0Je3dnot®
19-37260°
$3-33334°
Ta=s9ilp*
$3=32353°
$3=38a222"°
$I=3932%°
$3=4232%°
*3
Iid

IV _f,20
PR ELL NT-Ad
PR LT Y
PRI Y YR
ITen,ue”
efecxciase”
PRI IFR SNK T
“Ffe3l3:2°
vt L2
e %s02°
Stesuasg”
FINCL R
sfesilee
Viealaee
LY VY YA
f0e:l3c2"
Jeraairid®
Seldlae’
sTeabPee”
FIAFTR XY A
Ile,eTe2®
bealtse2”
PR T3 T ¥ Ad
Inese3t
Nel2lie2?
Jdede322°
Ire muiet
Jte;T322°
ICesuaee
2feswle2”
IR X! FT-A4
dGe3evs2°
Jleanis”
30e5Tw3c”
35e30%;32°
Gz

the.iels’
sutalidal
T.eav09%°
Pl tacs®
fve.ticla®
[ ST PN
Tieactin®
Toesbiun®
HEAFITL M
the,c0l*
1 X FTW A M
$ied %0
vt e ®
Boollvad®
(ST RTRFTS
TreLrani®
Tiesivel?
LA TR Y
fLeatoes®
| LS PP
PLoutedl®
Vie5urac’
Tasaiun2®
Tleaan3l”
$oeicice
The3un2®
TCealubl”®
Tdeslecl®
FCesiant®
Taeabuci®
PSe5050T°
36059225°
G2¢,e:93°
03+55833%°
]
vuand

d=f.uunte
BERETRAR ALY
AP PIER AL
lea v et~
Jetaideit-
".— -‘-bf
e jiliet-
. f‘b.-ea-dﬁ-
A
fleod Liet-
“fegrilet.
vt] wlte
wlejyguite
“reguyrite
ei®heit.
wed 1lut-
[3EF I TRL
Y=1.mc¢d
stedaads®
lesae it
A TR I A
sle):pnl’
sieaeul®
Lol t22?
R UL ey
ML PP T
cPey usg®
LR DR i
‘vtauae’
wles169c°
shedeane®
wledzilee
eleluustl®
xCeslcly’

*g

AA

Te=sdase’®~
L L YRR
VImavarlt.

Camudh1e

<
- . . .
LI I

l

.

1 €066 0606406 064+46 00600004090

.3l .
“0sa
"5

.2
=% ?
veviab
B IA BY §

.

to=a%2l8
li=seaed

-

By

o

bo s

Te.20:1%= 1faplen
T RIT = Yumlkie
KL ¥ R R

U
[}
.
4
.
-

.

LA Al A ol o R B KA AN Ol A S o I e WS W I I o 2 A ]

se™3uied
PR TR
ct=3ils0>

Livisneas®
LoelGwaue®
C3es2d1e°
Cee3u.ac®

LY A

lutsnle -
vl
Jue3llact-
FETWE AL
Geealels®
boenrige
Joeat el
239308418
PEFPY YA
Cleaen" Lt~
Jrtaotlce

«tartéa’-
eyt
Teinten’®.
I EFYE YO )
vasldae®
[N
e ticialte
tiwei -

[ RSN X AN}

¥
.

LR T
Towsleyee

foelo 1"
)

s Coeal iat
= Liekuun"*
LR L IVY IW - Y

oLl et
JeiLoelt-
TeLanrLte

)
¥
-
-
<
<
t.

.

ceaiea;
Te L anue -
203Ut
PRI S LAR
Tl TNt -
L eslLbnte
CeN {1ty
03leen’
PR FPLN
.75
A T8 MY
[ETSTR ALY
«Thlus®=
Ceallynte
PADY R AE
AL BN AL
Lieniglil®-
PPN ST
LYo llin”®
fe3nllee
L LY L TP
* Lles0Ce
* eeeiLSe®
*L D3iealtls"
3

[ 4

LU JOE NN RN BN B |
e . C e

re

R A RN AR

@O NPI PN eI AR
[

NNV P, e PP

- -

-
4 €.

<

°
-
é
v
$
v
N
4
3
[



bvv3ilat®

Ysw W *5590° svian FrEm ‘L avmady

T A AR TTE s o e e e AT, L T

v

-,

N . T

ev=aba3l® Lle33535%~

g

TIoseiuv® IL=23855°
Tiocie®i® Tiuwscal2®
Teesfa9T%= Iie3u5eT%=
e¥=I08L°  2(~ju5s3L*
ei=3dcle®= £5-35022%~

]

I=28sUT° FUISUGT"
2I-36340°~ FC~2¢blc*
P3=3L4c9T%~ I3e3T205°
33=3T3ne®= 2(=3us9n°
TI-2320¢% 10-356i2%~
Te=3L%:i®~ 30-30599°~
FI=3L2IL% TY~566LL%-
Ti=33690°= 30+32C1IT %~
$i=3939:%~ 30e328it -
$9-539¢52%= (De39951°~
FI=3319.%= JZe369l1%-
Tu=5Inti = ARLITIC2°~

3

2a3i Tova23,5°  2NIL29T12310

A FTFETA S T Tiea5i59* =2ind




(NI
“u.. det
sjhed
LTI T
TIIITN
tiesatde
tisitngy
LisVeinne

SR TLY
Wejlide
Ne=Vivde
fsghadte
(RT3 IN
IIUN
sl dadt
spdide?
saftede

I r—— 5 s s 8

.-.“s”ﬁn” m”.”u._“u- \
L] L L]

“n".w..u. wo...nm_.- ~

e Bueitlente

F0odettdt  VSeditflte )

tyegabbnte )

[]

3

HIITIITIN
[I1FLILL]
Lboguyie’
fCednoadt
IR
[{LXTYLLN
1 oade®
[ILFITYIN
1 LFTRIAN
Sisgule’
Vid
Shsantdet | svdeg
[{LFLTT TR | FRITA
[ELITYTLANEN ] alddd
Poedadlet 8 avest
Lositoln Shecd
stedolest Wi
[T LR 1S M hLLIT
thsfidler ¢ sl
[YLYTY X1 LA «d 34l
Bheatdi 8 adgit
Bhedipét ¢ stlt
d0=3e0it* ¢ dee¢l
sjagetr ) 1Y)
desdtdier FLLY
[T FTRIE 0
10sae8det  (Pogaddlte [ 23T ITN
36094 Flogviulte gutphds
T IR PSS AR TS F s 1k &
[ATY ar L ITY

- v w [ . CEC 24

AT YTTN
AT N
TN
veaneudt
LRI
ATIATT-N
fegnyt
Frdasit
PLESE TR
dtte il
Yo ilyag
Leaxicdt
ML
LAY
saletie
$lv ivan?
sdvabiee’
TS LLTA
tad4

RLE o L

sauylat

"

LR LI
witdvies?
PRI
{8 By
(RAF TS
sl tanbant
lvdigunt
Ay ikt gt
wtejulont

LR SURFRR AT L B

LN 2
LTI N
[T I
LN
SRR N
Setxeandt
wet ¢) ¢
LIRS
s Mgt
wevoriedt
LIS T
witap i ¥
wi® Lggnt
ISLEEIL N
v Yaudint
PemaRg gt
(YL N
PR L]
N

wiegeiont
CELTTI R N
tyvivadet
o SENEng!
HATIITIS
(LIS IIN
IRLTTS T N
Lottt
M
wikaly
1 14

2 o« RaANs

’-nnos—.
4;_-=:o u

Yyagxallt

Sl andiie
mu-‘~¢c-
dinar iyt
MY
ﬂ -.
uu-‘-44
TN
_wntnc——.

Suliabt

« [ ]
davaciy aleed

l - G g R L e A G G LD
- 75_

ARt o S R . ot G g s S 8 R . B B S B, P S B W
ks

B g ), O VAR e ARG 0 0D WG P B



R T B

0 10009929

EERAYY R 11 RR

[k LY T

. .
LI
s

decalalats
wioldevit

- al Bl

L T

)
!
H
3

]
.
.
t
i
"
¢
L}
.
.

Te -um-.o-

coensens con

Vemadbed®s *ledqfti e
de
| LYY
I TN

ddtalh gt
1Mt

uirelte
faetlgnlte
tioadeil'te

IR RIS )

Lt D ot o e S ot e By, (B S B B

SO S eng Sl PP B F PG O AW D .

-

3 159 \ [
0330 TIe3uiue®  0d¢idati®e JCeidslag® l=janyd® 3 i, t LTI I
08eare $I042698°% QIeiuubite BPogidtdt Tieddabdr ¢ 3 3 Heainket ¢
3004%008%  VOIVJL6® O2ehb0iRte CCraiadTr  Bie=dbinie © i { Witarvndt &
$002250T% SOOIt Qdedddng’e el ) 15 i steaniir
T0OJA20T°  B0eIRNLY® B3¢ d82°%e BCadulbi®  Toeledgnt ¢ 3¢ \ LB AR TSI £
BOCJENOET  BOCJAwIN® 03040 FOededint  Yiehyvhpt 3 M . ateguiedte
T0eJ4408° 100200490 pledinigts ... LR ELFIAY UL I \ EFITS AR RLINY §
S3029908°  B0eJ4LANt 000 dRbNECe (0. o 18ailtbyr ) 1 v titatyte | it agenlte
VIOILL0TC T0eINEN DBeadafete 00 s feedidtet W tedegudte w ]
B0 22001°  BC.20NN 000VE3RLYe ,o.u.~¢_.. Vosibingt 3 I8 Holuglite ¢ a
34 02808°  BO00AE20I% 0302esdi%e 3C0)3J¢l%e Yiapitn . 13 ive e.,.. ' Y
BOSDOTNES  03e0)bivtce 800233 Tie, 638 M N ‘ ot
$Oe TRTY  BOe4Ld4d Qloanunt®e 00T 13=ddl H [ ,.a,up. LINY t¢
TOOBL B RTOOQIIGE®  CIeadui®e abLoaudid®= 13e)uny H 1y itigl it 1?
$0048438° 30eLVNEY  13cadibete JCIINRITT BisaC)E 3 10 isleulyts te
B0eIREEN"  TOOJORLEY  Th=dingdce §0e2ibadte Plndlintr § i e glteyts ¢ 3]
0420402  100JYNY 40e)0u8l%e 300204 thaliinte ty AT I I ol
DeJT208°  T0e3GALE"  Th=aisle* 00 dN) Shedydire 13 tisaeade & N
BOJTNQLT 30029003 Tisddnes® 300148 CIejtittey ¢ N \ 5!
SOOMRIL®  T04Y2042° GLedRIVI fGesudn 0Cedd¢0t ) 1¢ t il
BO02003T°  300idusd® Q0o ladlIY Jfelaw Jeedlbite ) | { b3
SOOIENTET 024002t 03008301* dueivng eIty 114 t 1
BO022688°  FOHILELTY (IR 3042IWY eeeitalty ) 1] { vicaelte 13
$Oe2I611°  164300¢d* QX0 dani2t e 2} Shejuiti ) 13 Saturielts \\
BOCIZNTEY 10028202 830 JdNCE*  J0edN42 dedtitts 13 vivetuslte il
CB003LETET  BQeIVLLET deddendt 01V 36301 ) 1 I TR 3
842921E°  TOCAONITt QRO IUE* Toeavddy TR A ] (3] Visgvgodts .
SOODIVOIE®  BOeJLEeTt 02029481 T(e)IV) Toeindid® 1) FRLYe <
S0o20603° T0ORNILTT 030,3392° 1esdawy DTS 1 0t ang? v
TOO20401°  TO0edETTTS 030 N300 90edudl TR AR 1 (RIRLY 1
10034808 00ea0d0e® 30uM¢ Heisadl* L1 Sdie it fdtelanet A
s8edc2L” Gdeddtatt 200244} 13egddunt ) ;) [FITSAN ve¥ebvetY ¢
00v346° 0303201 Q{edvhn fisaltine 3§ (13 LIRS N oL Pt L
Q3=dd bt Jbodvdd 3) i PR LRI A
1Y ) VAING R YYY 11 ¢ N 1} 1Y
1]
%
F 4
. PPN - .un. ———ye 1 & L A T Y L T WY S U Y T M MBS BRASEMA N M N W MEWEN MRy 6 sie |, § ok e -t s i

. P



[

RV S =2
.

\» 4 )
N

,
~
visladt  ERdlaeaaeil '
(FLYTS 1L LR L ﬂ

. IITI AR TY 1Y

Y30 00+29508° aViaw sy avnald VoeaNd tst ¥
SusedsY  BeedtlVY
* Vevaldtdt  Th=2avhevt
' HEN T LA T A
e d2nive Theavitite
cusatedet  Teedniine
o s 1dhitte LRuINENR'™
] ] ‘
' ‘ tisaunalt 1 1"
ducagllits 1 Ww |
. Teodeuilss | 13 !
toslugilts i
Yisablgite 1t
(14 i
¢ :
(1] i
a
fiwadangt "
Tundeleite [ 1] ‘
A RLYTATIR L (1} !
e
et - A ‘ - inny ,,‘.. v o® CEEERTES e s Cunee AR TR R MR e eAnL S ML R AL B A AERL m o e < T ot B BAY Agw 2 EXER A T
) .
. R oy o - o e N .
fhaes 3 asmas 2 el bl PR IO B TR . mra - . I .. . © I A




L T B

-1 ' AFTSRELT IR SR IR Y T T}
133

Lo RNt catvy LIS
17ealudy’s gieal LIS
Vetabbadtn TRe NP0t Pem g
Iloauutute Jysaiots
Temutduli®s Jem e dtd®  S)e Wi
LN IR IS IS L TIS F A S P T I
Yoo ihugite gdegalint  cyvating

: *O CDeIF20a  ILINLRLT YL eIBRLN'e NIeiRILET vVieabOng*
§0045886° £0-022085° §0034920° LUe3SINT*s L003WI2EY  Hvesildud?
: 20°3423T° £0-30%23° 20-3%83(* 20¢42207°+ PC=3bail® Pheangilt
. 20-38602° £L=3T268*  20-37502%  BLeJIN0I°e J040l0a1 TorubeR?
20=34628°%  £3=2Bwe®  20-332T2° PL4aTTIVCe IDePuIilt hueiuniit
$0=3500%° E£0-3%063° 20-372231° 0343¥348°~ 0oz TJeasuil?
T0-3382%%  E0=42823°% 20-33503% 12032443 °%= IDeaidV  Tuedlgaed?
$0-3T99T°  £3-3%0%%:° 20=3.3%1°  T0eiuette J0ealald®  furaliVd® TCeudhad®s JV¥njeana® wam alndt
$0=35643° $0=adws9® 20=3ubET®  TIOILZ55%e JLeaadi2® T2¢0n092° wlelluly®  lim lusets Jmautelt (Il
20=3393T° 13035338 °« JCeat )2 “u.gru.u. Vil Tuwlallydte qumadewa®  dVeAlNGLY

BPE oagE PR E QoS
b s B Bt B3k Bp I P Wt 620 P D% PR & W 3

t0=-30202°
$0-325%2° £0-36080° S0-23906° TI3el3To= JT4L630¢% PO IITudY Lteanedu® ¥ sokyolts ¢odalin® lingaubd®
$0=35408° £0=54202° [O0~3926¢° 0L®Iweldd'~ 2(vavéds Teabuud®  AC0ledin® Lteonutets Jemataent iVegbinet \
¥ $0-3u2T0°®  £0-32i22° $0-30623% OLIITTande ufeluapd®  FLedadald® 10edillu® Jusllelvte armuditat wtmaidat N
T0-310e56° £0=3964F° £C36039° 0333 °%e 35432223 L0eI58930  IMediiTad  eumnlute cumandayt dleaylie! ﬂ:
TO0=36992® $0-32F8T°  F0=3LT34° N0JIANET Jhesinmdt  TTeLhledt livnlent R IS LY TS T TR L PR R R D .
00e3C2a1® w0=33240° DO0=33051° ICe3EaRT® D00a2242% Theawumd® wCedunla’  TueuGdav® Jveailelt  wywogundt 1
1 00+30068° %0-33389° (CesdPSHT®  RCOIWSTE®  SCeailiT®  Tuesuuaad® V0ed wun® Ile ddlae®  wisaih 1Y S wifgydt
10-26049° .o-.uuaw. ﬁo.uwcw_. uu.urwns. or.;mmhn. ne..”onw. ‘0 a..‘.ha». LT EL L PLHL Y 10
[ 3130 Y33 A XY 4 -3 A dedle ¢ i
Wevdend 3409
10-35029° wG-329%5° 03023  1De3Zp02% I0eu2ILY  TReaROLTC . Sy ThAeg0O2dY AwiBient apmiwdalt vu
: B0+3Z49T° n0=3038#° <{O0=3ub7T® Ta4Jlwb86® JMe3cled® Tleavudd® Lo fiBidt Phellunyt  aumtiaket Niwglew ¢
DDYIELET® M3=369c®  £0=2903F° TJe3nN2° Jrfedaedt Tv Mepadet Vieanwfat ounillag® Adeggdant 3
g 0=32£860° £0=3n320* L CaIIUBL®  TT4ILIVEC JPeImRY M HXE IS ILFLY VI A T P A S LIRS TR 1 |
T0=33266° Sd=dds91° (G=3n0In® QOeFiewi® Jhey2inRt ) MR AL LI T T L A T A
TO=3204%®  LD=42802° CO=3T¥ia® ODAINTTL® J0eulinl’ Semilad%®  Wdmartedt vkl Y
T0-34846°% £0-34842° 0-35355° U43Th92°%  Jueavwalet A IR L 1
T0=30%0a°® £0=3%228° i0=ddP2¥° Ul eJVIG°e JLenlile CETA LTI T DL I P A A |
Y0=39252° §0-43028° T0-ai6ab® ADeInlPl’e JLeanTi®  1CLeilLa2’ w Fheatllent {yvaltuyt X
$0-389T2° £I=329%0°  20-2260T°  TJ4s05%T%= J0e5ENTIt Jueluive? Timanialte gdmBumidt  eunilillt B
¥0-30491° £2=35205° Z20-3923T° IJedceUl’e ITeails0* Bfhealledt YueaCabuts Busubvydt  Tumabedt o
$0-32921°  £0-39205° 2Uesc201% UNSARI00%e J0vasdeb®  BCesi843Y JPealdnlt Bumakwedts GQeZed M)t FamublllY ¢
' . 20=3T4v6° CO=30994° 20=3213%° FA4IChU2%e S0edulalt  T3ea9ud®  Llesline®  Tuwauutete Jegadddt denlviedt ¥
' 20-39969° £0=3288¢° 20e3.9b2® ToeJwdlste J0eUOBLE®  TOeshLvd®  TLeIEQCTY Vie Twudte SOnddndbt  d%vadwaet b
i 20=32968°  E0=39whe® 20-3b252% IDeI4WULCe PCeawndd®  TUeJnuURt  TLedvudlt  UReluVItw TumpiTett Rdw L0t N
$3=34908° £0-390%° TO=3Taneg® COO6A31°%« J3e3%009  dNedlaS2" Tleldudlu®  Oleabdded’s Tysawabd® Jivdeuust ¢
90038426° 20=3%32F° BOITLILT 602N bh%e vOORIIUEY I habl®  elLedivBNt  TP03T030%w GUea30vdY Simdemibt
°0 TO0434082%  (CeIR2BVDT  iedbSE I T T A TS R I T FAR IS F LR LI A AT TR YL AL BT T Y ) [TEFIA LA ]
. nvi ERTT] TR Hel ¢dd Tda 3 A bl « i
Nviens sided
. s v A win Sy * it w o AR S SES 1 g Bak & o

s h e W s R em ey PR BLR SRS Gr s X B N MR LB WRS pethy e

) -

’ "

USSR SRR Y
4 e i i L akady e a e Smaedea sam timemadattdos e o
ina el i " .

P

a



R > A el e b B A A e A .,.

A
i3

&

GAM/AE/72-2

Vita

Ellie B. Underwood, Jr., was born on 27 January 1939
in Beeville, Texas. He was graduated in June 1956 from
Ballinger High School, Ballinger, Texas. In June 1961, he
was awarded a Bachelor of Science degree in Aerospace
Engineering from the University of Texas, Austin, Texas, and
was commissioned in the United States Air Force at the same
time. In June 1960, he was assigned to the Air Force
Institute of Technology, Wright-Patterson Air Force Base,
Ohio.

Permanent Address: P.0. Box 592

Ballinger, Texas 76821
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