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Symbols	 Description

b	 Wing span

c	 Local chord

C 
	 Root chord

M	 Number of spanwise strips plus one

N	 Number of bound elements

x,y,z Wing rectangular coordinate system with x

in the streamwise direction and y to the

right

Greek

a Angle of attack

Subscripts

cp Control point

i Chordwise bound element number

i Spanwise strip number

k Chordwise bound element number

L Leading-edge

Dimensions

m (ft)

m (ft)

m (ft)

m (ft)

deg



1. INTRODUCTION

This document describes in detail the necessary information for using a

computer program to predict distributed and total aerodynamic characteristics

for low aspect-ratio wings with partial leading-edge separation. This program

is based on the numerical method developed in reference 1. The flow is assumed

to be steady and inviscid. The wing boundary condition is formulated by the

Quasi-Vortex-Lattice method. The leading-edge separated vortices are

represented by discrete free vortex elements which are aligned with the local

velocity vector at mid-points to satisfy the force free condition. The wake

behind the trailing-edge is also force free. The flow tangency boundary

condition is satisfied on the wing, including the leading- and trailing-edges.

The program is restricted to delta wings with zero thickness and no

camber. It is written in Fortran language and runs on CDC 6600 Computer.
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2. COMPUTER PROGRAM DESCRIPTION

2.1 PROBLII4 DEFINITION

In steady symmetric flight at a high angle of attack, the flow over a thin

low aspect-ratio highly sweptback wing separates along the leading-edge and the

tips. In the following, only delta wings are considered. The wing can be

represented by a bound vortex sheet, across which there exists a pressure

difference, and the separated flow along leading-edges by force free vortex

sheets, across which there is no pressure difference. In the present method,

the Quasi-Vortex-Lattice method (reference 2) is used to simplify the induced

velocity expressions due to the bound vortex sheet and discrete force free

vortex elements for separated vortex sheets. The following boundary conditions

are imposed on the flow model:

a. The flow must be tangential to the wing surface.

b. The leading-edge boundary condition and the trailing-edge Kutta

condition are to be satisfied.

c. The vortex elements over the wing and wake behind the trailing-edge

are force free.

This is a non-linear problem because the strengths of the wing bound vortices

and free vortices, and the locations of the free vortex elements are unknown.

Thus, the problem is solved by an iterative method.

C.2 PROGRAM CAPABILITIES

This computer program provides a theoretical method for determining the

aerodynamic characteristics of low aspect-ratio thin delta wings without camber,

with partial leading-edge separation. The following is a list of the aerodynamic

characteristics the program calculates:

a. Spanwise and chordwise ACp distributions



b. Spanwise distribution of sectional lift, induced-drag and pitching

moment coefficients.

c. Total lift, induced-drag, pitching-mount and leading-edge thrust

coefficients.

2.3 GEOMETRY DESCRIPTION

The origin of the rectangular coordinate system is qt the wing apex.
The wing lies in the x-y plane and the x-axis is taken along the wing center-line

The wing span is given by b and the surface area S..

2.3.1 WING GEOMETRY

The location of bound- and trailing-vortex elements for a typical case

are shown in figure 1. The x-location of bound elements is given by the

cosine law and is illustrated in figure 1.

Xi =. xz + 2 (1 - Cos( 21- 1 n)).	 (1)

i = 1,2,---N

where xi is the leading-edge x-coordinate, c is the chord and N is

the number of bound elements in a chordwise direction. The spanwise

location of trailing elements i q given by,

Y = 4 (1 - Cos( 2- M-1 n)).	 (2)

j= 1,2,---M

where b is the span and M is the number of legs of trailing vorticity,

which is one higher than the number of spanwise strips of bound elements.

The locations of control points are given by,
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Figure 1. Wing geometry without Jew1ing-edge vortex system



c
X	 = X^ + ^ (1 - Cos(jk)) .	 (3)cp

k

k = 0,1,2,---N

yep = IT (1 - Cos(M ))

j = 1,2 9 ---(M - 1)

where x 	 and c  are the leading-edge x-coordinate and chord at
3

ycp respectively.
3

It has been found numerically that the aerodynamic characteristics

depended on the number of spanwise strips, i.e. M of equation (2).

Therefore, a parametric study has been made to find a relation between the

aspect ratio and the number of spanwise strips for reasonably accurate

results (Fig. 2) (Section 3 of ref. 1). It is to be noted that as the

aspect ratio is decreased, the number of spanwise strips has to be increased.

This is due to the fact that the spanwise variation of aerodynamic character-

istics, such as pressure coefficient and thrust coefficient, is large for

small aspect ratio wings. This study was performed by matching the lift

coefficients obtained by using the present method to those obtained by using

suction analogy (ref. 3) at one angle of attack.

2.3.2 LEADING-EDGE VORTEX SYSTEM GEOMETRY

The leading-edge vortex system is superimposed on the regular quasi-vortex-

lattice grid. A typical vortex element is shown by points A through J in

figure 3. These points are connected by a series of short straight segments.

The initial location of these segments is shown by dashed lines and final
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location by solid lines. These segments have the following characteristics;

a. Points A through E lie along a wing trailing vortex element.

Initially point A is one root chord away from the trailing-edge

in the downstream direction and the line segments between A and D

are parallel to the axis of symmetry. The line segmPrits between

points A and B are of equal length. In the final converged position

those segments are aligned in the direction of the local velocity

vector. The segments B-C and C-D are 0.1 C A long. B-C is allowed

to move only in the vertical direction whereas C-D is fixed i-i the

wing plane because the flow is tangential to the trailing-edge.

Segment D-E is also fixed in the wing plane.

b. Points E, F, G and H also lie in the wing plane. The locution

of segment E-F is ahead of the wing first bound element and

is given by,

E
x  = xIE + 7-

 ( 1 - Cos( 
27771
v))	 (5.a}

xF ' xLF + 2F (1 - Cos(2(N + 1) ))	
(5. b)

where the subscripts E and F refer to the points under consideration.

The above two equations are similar to equation (1). It is to be

noted that segment E-F is located at the first bound element for a

grid of (N + 1) bound elements in a chordwise direction. The

segments F-G and a-H are of tl*p same length and point G lies on the

leading-edge. The segment G-H is fixed in the wing plane due to the

leading-edge boundary condition.

t
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c. The initial loeatiou of port I is given by,

X  n xy 	(6.a)

yI : yF	(6.b)

z  n 0.1 C  tan(22.5 - 0.5a) for a < 150	(6.c)

or z  = 0.1 C  tan a	 for a > 150	(6.d)

where C  is the root chord and a is the angle of attack.

Initially point J is one root chord :sway from the trailing-edge.

The segments between point I and J are of equal length and lie in

a plane parallel to x-z plane. These segments are approximately

at a height of 0:1•CR above the wing plane. In the final ccnve:•et_U

position all the segments between points H and J are aligned in the

direction of the local velocity vector.

d. The semi-infinite segments from points A to infinity and J to

infinity are straight and are parallel to the undisturbed

free-stream direction.

2.4 SOLUTION PROCEDURE

The basic unknowns of the problem are the bound vortex density on

the wing, tnd the strengths and the locations of the elements of the

leading-edge vortex system and the wake. The problem is nonlinear

because the locations of the leading-edge vortex system and the wake are

unknown a priori. Therefore, the problem is solved by the iterative

process described below;

4



a. Prescribe the vortex lattice for the wing surface, and the initial

locations of the free elements over the wing and in the wake.

b. By satisfying the wing boundary condition, ,obtain the bound vortex

density of the wing and the strengths of free elements.

c. Calculate all the aerodynamic characteristics.

d. Calculate the forces acting on the free elements over the wing

surface.

e. Adjust the free elements of the leading-edge vortex system and

the wake in the local velocity vector direction.

f. Repeat steps b through a until a converged solution is obtained.

The initial locations of the free vortex elements are assumed by

letting them leave the leading-edge in the undisturbed free-stream direction

up-to a height of about ten percent of C'he root chord beyond which the

elements are parallel to the wing plane. Tnitially, all the elements of

the wake lie in the plane of the wing. In the iteration process, the

force free condition is satisfied on the free elements from the root to the

tip in t'._ down-stream direction. The elements over the wing are adjusted

before the elements of the wake. In the first iteration the segments over

the wing are moved 100 percent according to the velocity computed at their

mid-points. This movement is gradually reduced in steps of 90, 80 and

T5 percent in the next three iterations, after which it remains at

75 percent • (Section 2.5.2 of ref. 1). The segments in the wake are moved

only 50 percent in each iteration. Thus, exact force free condition is not

enforced because whenever the free elements come close to each other they

induce unreasonably large velocities because viscous effects are not

included in the present theory. These large velocities increase the forces

on the segments and induce fluctuations in their locations.

M
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The solution is assumed to have converged if in tvo consecutive

iterations the difference between the total strengths of leading-edge free

vortex elements is less than one percent and the absolute force acting on

the free elements is in the neighborhood of a minimum. Thus, an exact

force free condition is not enforced as discussed in the previous paragraph.
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3. INPUT DATA FORMAT

The following is the description of input data cards for this program.

Card 1. Format (16A5)

TTL	 Any title identifying the case to be run. END in first

three columns terminates the job.

Card 2. Format (615)

NCW	 Number of chordwise lines (limited to nine)

NSW	 Number of spanwise lines (one higher than number of

spanwise strips of panels, limited to twenty). It

depends on aspect-ratio and is determined by using

figure 2.

NBRR	 Number of constant x-locations where ACp I s are to be

interpolated (limited to twenty-five).

NCONTS	 = 0. Initial locations of free elements will be

calculated in the program.

= 1, Initial locations of free elements will be read

from data cards.

MITER	 Maximum number of iterations to be performed

(usually between 10 and 15)

IPUNCH	 = 0, Coordinates of free elements will not be punched

out after last iteration.

= 1, Coordinates of free elements will be punched out

after last iteration.

Card 3• Format (6F10.5)

XXL(1)	 Leading-edge x-coordinate of the root chord.

12



XXT(1) Trailing-edge x-coordinate of the root chord.

YL(l) y-coordinate of the root chord

)OM(2) Leading-edge x-coordinate of the tip chord.

. XXT(2) Trailing-edge x-coordinate of the tip chord.

YL(2) y-coordinate of the tip chord.

Card 4. Format (TF10.5)

ALPHA Angle of attack (in degrees).

AMACH Mach number.

DELTA Length of a segment of leading-edge free vortex

elements (may be taken as 0.15 CR).

DL Length of a segment of wake elements (may be taken

as 0.15 CR).

XEND x-coordinate beyond which free elements of leading-

edge-and wake system are represented by a single

element going to infinity.

CBAR Reference chord.

AREA Total reference wing area.

Card 5. Format (8F10.5)

XBRR(I), Constant x-locations where

I = 1, NBRR	 ACp I s are to interpolated.

Card 6. Format (8F10.5)

CTT(I), Sectional leading-edge thrust coefficients for

I = 1,(NSW-1) spanwise strips.	 All these values are set equal to

zero for conplete leading-edge separation.

*** If NCONTS - 0, go back to card number 1 ***

13



Curd T. Format (1012)

NffiM(I),	 One higher then the number of segments for each leading-

I	 1,(NSW-1) edge free vortex element (numbered from root to tip).

Card 8. Format (8F1O.5)

j XE(K)	 x-coordinates of the end-points of segments of Ith

- K = 1,NEIM(I) leading-edge free vdrtex element.

Card 9. Format (8F10.5)

YE(K),	 y-coordinates of the end-points of segments of Ith

K = 1,NEIM(I) leading-edge free vortex element.

Card 10. Format (8F10.5)

ZE(K)	 z-coordinates of the end-points of segments of Ith

_ K - 1,NELM(I) leading-edge free vortex element.

***Cards 8 thru 10 are repeated (NSW-1) times. ***

Card 11. Format (l0I2)

NNELM(I),	 One higher than the number of segments for each wake

I = 1,NSW	 element (numbered from root to tip).

Card 12. Format (8F10.5)

XXE(K)	 x-coordinates of the end-points of segments of Ith

K = 1,NNELM(I) trailing wake element.

Card 13. Format ( 8F10.5 )

YYE(K)	 y-coordinates of the end-points of segments of Ith

K a 1,NNELM(I) trailing wake element.

f

Card 14. Format (8F10.5)

ZZE(K),	 z-coordinates of the end-points of segments of Ith

r K = 1,NNEMM trailing wake element.

*** Cards 12 thru 14 are repeated NSW times.***

14



**M Go back to card number 1.eee

Note: The punched data cards obtained by running this program with IPUNCH = 1,

can be directly used for cards 7 thru 14 for further iterations.

15



4.= OUT7M DATA FomAT

All the input data cards for each case are listed at the beginning of the

output. The output data at each iteration step is as follows:

The title card (input data card number 1) is printed-out as it is inputted.

The angle-of-attack (in degrees), Mach Number and iteration number are also

listed. The end-point locations of the leading-edge free elements are listed

next. The first row of numbers in each group are the x-coordinates, second

row the y-coordinates and third row the z-coordinates. The end-point locations

of the wake elements are listed in the similar manner. On the next two pages,

x-y and y-z digital plots for leading-edge free-elements are made. It is to

be noted that the leading-edge elements lying in the plane of the wing and

along center line are not plotted. So, the elements next to the center line

are represented by "l". When similar numbers are connected by straight lines,

they represent the path of a free vortex element. A "+" sign represents a

duplicate point. In these two plots there are (NSW-2) rows of free elements.

The digital plots for wake elements are made on next two pages. The elements

along center line are again not plotted. There are (NSW-1) elements.

Some of the intermediate variables are listed under following labels:

X/C	 Percent chord location

2Y/B	 Percent span location

GAMAY	 Bound vortex density over the wing (y ) at the given
Y

(X/C, 2Y/B)

CAPGAMA	 Strength of leading-edge free element (t) at the given

2Y/B

DELTA-CP	 The total AC  at the given (X/C, 2Y/B)

.A



The sectional properties are listed under the following labels:

I	 Spanwise station avAber (mabered from root to tip)

CLI	 The sectional lift coefficient

CMI	 The sectional pitching moment coefficient about the

Y-axis

CDI	 The sectional induced drag coefficient

CTI	 The sectional leading-edge thrust coefficient.

The total lift, pitching moment, induced drag and leading-edge thrust

coefficients are listed after sectional properties. The spanwise pressures

at constant x-locations are listed under following labels:

Y	 y-coordinate

2Y/$(LOCAL) Percent span location based on local span

DELTA-CP	 The total AC  at the given (x,y)

The last item listed for each iteration is the absolute force acting r,.,

leading-edge free elements.

The last page of the output is the "Summary Sheet", which is used to pick

up final converged solution. It has the following format:

The title (input data card number 1) is printed again. The angle of

attack (in degrees) and Mach Number are also listed. The other variables

listed are,

ITERATION	 Iteration number

CL	 The total lift coefficient

CM	 The total pitching moment coefficient about y-axis

CD	 The total induced drag coefficient

CT	 The total leading-edge thrust coefficient

GMSUM	 Total sum of the strengths of leading-edge free

vortex elements, except the one at the center line.

1.7



PMRR	 Percent change in ONS M values of two consecutive

iterations

TF'ABS	 Total absolute force acting on leading-edge free

elements

This program has not yet been completely automated and the converged

solution is to be picked by the user, from the Summary Sheet, by using the

following criteria:

The solution is assumed to have convert=ed if in two consecutive

iterations the difference between the total strengths of leading-edge

free vortex elements is less than one percent and the absolute force acting

on the free elements is in the neighborhood of a minimum.
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6. APPEMICM

6.1 APPMIX -k: EXAMPLE INPUT AND

The following is an example of delta wing of aspect-ratio 2 at an angle-

of-attack of 30 degrees. The flow is assumed to be completely separated

from the leading-edge and so sectional leading -edge thrust coefficients are

set to zero on card number 6. Listing of input data cards is given below:

Listing of Input Data Cards

C O L U M N N U N! E 4
iiliililllttttttttttflti»irisi^M^ti ♦;«sSSSl4'}lssieeeeseeeeTTT1TT7r7Te

I tsesal+aitsessaE+oiaeeeteooiteesete+otts+sere+oats+siTeaoia•siTe+oia .sere+o
CARD NUNEER

1	 ASPECT RATIO • 200
2	 i	 T	 3	 0 10	 0

0.	 ♦. 	 ♦. 	 t.
4	 300	 00	 O.i	 0.i	 T•!	 i.	 !•
!	 If	 to	 s.	 1•s	 hTs
i	 0.	 0.	 00	 00	 0.	 00
1	 ENO

Output data is listed on the following pages. An inspection of the

"Summary Sheet" suggests that the converged solution has been reached at

8th iteration.
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ǹ 	 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •

-	 Z ^
S

N
H ^

O •

Z ^►w
OC ^
i-
N f
N
W
V ^F
	 ci

ft ^ 4
of
	

c^
0 +
-* u
W
l9 ^n^
LL
I s
	 s

L7 ^
Z •
H ^ N
O ^4 IF

tv •
.J *

39



i► M .-a 1^- f.- M O

# aD .O .^ r1 ^D try

N %C d 10 .t w

# 4 f>C m r4 r-1 1n

40



,JRIGINAI• PAGE IS
ov POOR QUALITY

CL m a.r .-4 m a Op, m#A 0 -e f.-Nrm10 r% .O.-• m om %nm10rO`N m m0, & In^n N a u 'A rem Or '0 f`
fJ * In	 10 10 0 m m r N .0 m N m .r 0 m a a r r en m w 0 U% 0 .O in r a; N to eV w 0 r4 m 0 , eN um 0
1 ^► 0r`N00? m^D-CNmN r+rr 1D O• M.-4& m O^M " a -4In O• hUNaDa r NON r♦ NriU,OO n
Q # .D %D enNa N  r Go NoNen a {nf► aC U"% rm1 mN m eVOmaf► O`r^fsjZwr 'r co r- cp^ -4 r-4 a

L N H* in a .O r P en eV ¢ .O V a m a c u% 4 N a¢ a en m c m rn N O, a eV in N .0 m .-4 r+ en r -Z 0-4 fl, i is
C1 * J * • • • • • • • • • • • • • • • • • • ♦ • • • • • • • • • • • • • • • • • • • 	•	 •
•-^ t w * O r .-d .-e	 a) N r4 r.4 rr	 11 m N .^ .-e .^ rr J N •-1 rr	 m N .1	 1 N N	 1 !
►- M 0
O ^
m ^
A.1M 6jNNNNNN%C%D'D0%V'C C 4rrr^rr rr 041 ^o.D,D.0 'L, rrrrJJ J aDaL. cUK`aCa: .
of i m* Ul% 0 wt in en In Ln N N N N N N N P. P. P. P f^- P f- N N N N N N N P P f+ f- h f- f- S r r r J r
F- t	 # O- a• O' O' 01 O• fT W OD OD ea aD OD aD m CD a, OD CO OD CC r+ .-4 rf r4 .-e .-4 .-4 -4 e4 -4 rr -4 r4 r4 O 0 O O O O C;
N	 * r r r r r r r M OD OD CO aD CO OD an ev CD OD eD OD T r-+ .4 .-4	 .-r re rr r1 .-1 .-4 r-e r+ .4 in Ln Ui en a'% uZ
a+* N* O000000.r r 4 .1.-e.-4 .. 4 rd m mm mm m m.0.D0.0^O '0 'OaD aDmmaD aD 00 O	 O O C- ^` cr

a
v #
1 #
Q	 r OD 40 Or N.0 raD.DOrN.Orcr 10 OrN.CreL IC Or N%0 4aD100rN.e Ja3 v;UJN!--*v•enoo0Oar0 a 0 0 Ol Ol LA000frrenoQQO • o. r&A000&0 , rLn000 op, e-J

Na m0%DO1^- Na m0%00 Na, m0ID O P NO m0100f k- NO` m0100 f- t%,a MO Ir. r-
w*x*r+o aGO••aa+r•Qw0v-4Oar+v-40 w 0 .4Ol wr•0w0r4mwm 4a w0v-0, w -to m0 6,cr
t3 #	 O NNLSr 0a- O.-• NUl%r-w a, 0r"Ntof+ w O. 0•4Nenr w(Y- 0r♦ N	 & OF-4%\i	 m O• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • ♦ • • • . .

41



.t

000000 ^
0 0 0 0 0 0 O

►r^1 OOOOO O •
F-* 00000 O N
u+► oo p 000 i

0 0 0 0 0 0 O O O O O•	 o n o 0 0
Jh-J O O O O O
aZOL 0 0 0 0 0

TTtieD 4D0 0 .tlm0 O O O
1` O N -4 O OD .D e••f t	 • • • • •

•.a ^► 91 r T w r UN •D u P O ^^ N T t•1
O	 T fV in U%OP •f-4	 •
U	 OO.+r u". m .4 LL.

.	 •	 .	 .	 .	 . LL
--e -r W	 • • • • r

L	 1- xm UN P xa .t0 r xa.C rf w T s. a .0 or s- N
• v • Z U •+fc u OD P- J UCD W J T 4-. L-enu'N r Lr%
H	 1- uw H i -+ .D H 1 .0 O r f- 1 P m fr, CC H i co M .0 0 It

-4 -T z1-78-.4 7Q N 1 Z QOevC z QP.••4P T Za r.4J T U•
vi J -40' r DU1 WZwLi aH 4%N Q ►- %ra W a1-.O.tCC0 Qh-.tOf1CNP
W P Z C O rc r H LL, H o- H J • • H J • . • f-- .i	 •	 •	 •	 • >. J	 •	 • •	 •	 •
►^ * E# p -f N O J -+ u Z U LL N W N T V. W .+ .••e N N W	 rl -1 -'^ N W	 •-f r♦ .-1
t-- ^1 u* NfJ P Tr U^ -+0"U. ZO z Z O Z 0
gm * •••••• LL T LL w O O O OW it ^4 .d N N rl -4 LL	 LL O U •` U" U •+ U^
a a► l	 i	 i	 l	 l	 i W (7 uj U J -j U J
C11 CZO F-Q HQ f-Q ►-Q
OL ^F u*-4uH 4u GN auT-4CG QL)Mr4	 -a 000'IL%rCD.-^
0, It 	 TO.D U', Z	 Vf 0 00 OOUn J 0 00 Mo 0U1 r4N U1 f^-

* P er U\ N N UN I.- u 0 M V1 -J CD en V) -J p• .O r N -J .D 1-4 CC W% V+ -i Z VN r D P-

.J* H* mwr-1" 0UIN LL 1-- ►L — a U1 W—Pf^ r W•+ •DUN	 4v-+ W — UN -r s (7• N
Q t J• Ol fl- Z Or OD -+ 1` fY m 0 T r ei eD O N U• CD w m O N J .D a

Z ^► U i r r P T o0 .0 J O. 0 1- a \ • • M	 • • • :D -.	 •	 •	 •	 • =) ^.	 •	 •	 •	 .	 .
C) f/ •	 •	 •	 •	 •	 • N > N > N > V) >
ra * rl r1 v-1 -• J	 J J VIN iH N N N to N
1-- * Q Q Q Q W W W W

w11 CCCC a	 rn -+ a	 T .-f fD d	 T .4tDN d	 c+•-f ez^ N G
Vi f-+ * .+ N T J UN .O 1- 1-- 1- 1- O V1 O 611 J O 6P1 J U t f^ U\ J U1

W>	 .0 w> P .or w >P.Or N w >o• nre Ir
v1	 & N	 a t- r V1	 P r r N H	 O• r r" (,
N	 OT R+ T rN ...	 O mrN 10

•	 • 3L	 •	 •	 • Z	 • • • • ;	 • •	 •	 .	 .
Z 7 Z	 -+ Z	 r+a a a a
a a a a
v fn v+ In

42



ORIGINAL PAGE Ip
OF POOR QUALM

M
(n

N

N
Z
W

L

LA)

J

W

;y
ac
LL

O W
O p
O p

W
r 1
• to

e^1 Z

H

p
4
LL.

ka.4NNW%N .1
u J Q M O C

F- 1 M f► M f^ O Z
.4 UN OaF-,oa,nOs

N W	 .-^ rl Z
Z C 9-+

C ►-
v -- u
►- a
auN...D..,D W

C7 co m .D 0 ao u
V1r1N0 a N u+ ccu'_s 0.4 u14D 0
C1 CID ON %t 0 C LLD ^.	 •	 •	 • •	 •
V1 >- W
Ln N
W
OC J
d	 M P-4  w N & O

O in .r ul, .t to
WHO 01^NM m
N	 o NFl- N n Q
N	 CMhN%C
Z	 •	 • • • • J
Z.	 •+ .^ Q
a H
a O
N 1-

ZF



N

M

Oi
O

44



	

ri .i .i	
• 1 A	 •• Iw ^	 •^ t ^

3	 O t e w ♦̂ s e 0*+O•► N 9:9

	

o •^ • o ,► ♦ o N a	 .oNP Nho

N A s p A P O O M NPO IN. ♦ P

	

1.1 • O	 O P A	 p O N	 ONN •q0Ift

	

P M ^M	 M P► NI	 i O 1N	 .O .•• ♦ 1f• h .Os .^ O ♦ +• N M P N OOe 00•	 •	 •	 •	 •	 •	 •	 •	 •	 • • •	 • • •a1 A	 ♦ •4	 N	 p .i	 O re

()R,IGINAL PAGE IS
PC^R QUALITY	 w♦i « N a hi « o a P. w a m f" a o

•	 •	 •	 •	 •	 •	 •	 •	 •	 • • •	 • • •Al A	 1.1	 ♦ 	 N	 .O .• .•i

N M ♦ p „ N O N N •+O ♦ NfnP

	

O Al N	 N h O	 .+ ♦ O	 O N J fn N 0

	

e O O h P P	 ♦ N N .-, M o OJM

	

O O PI	 ♦ ♦ 1N	 N O h	 P aD O .0 J ♦•	 •	 •	 •	 •	 •	 •	 •	 •	 • • •	 • • •
N	 M	 t	 t .+ 9%V4 .+

	

N1 !r N	 N O .0	 ♦ M ♦ 	 OON W%mON ,D O N M N ♦ ♦ M N M P N N O

	

M ,0 h	 •D M ♦ 	 .0 h .O	 O J O N J M

	

M N N	 e ♦ N	 ^O h O	 J .. •• •^ .p •.,•	 •	 •	 •	 •	 •	 •	 •	 •	 • • •	 • • •N	 N	 M	 J •. •r h .# ..•

	

N e m	 M h .0 O m N	 •• O P J m P

	

h h O	 N P	 D .^ N	 0W%0 .rv0

	

if h ••	 O J ♦ 	 O O P	 J.r m N D m	F M M	 m N .D	 .+ P h	 0 J O .p F e•	 •	 •	 •	 •	 •	 •	 •	 •	 • • •	 • • •
.'1	 N	 M	 m .r	 ♦ d

.00 P O h e O F P M F P N N P .000.

	

0. 00 .w O N	 O	 O	 J O O	 NaDO N•[,O

	

^+Om F N in	 J O m O N m	 mPm O Pm

	

•D	 A O M N M m	 F F .n	 fn ..^ fn	 J J .n .•+ F in
O	 1414 .► ..,

d:
W
m
=

	

000, O N P P N P F J P	 000-  m P P

	

000  .n o 0	 •• m O	 J m O	 10,00 m P 0

	

Z	 00 M 0 .O m	 N m M	 .O .• on	 .+ P. M co 10 m

	

NON Y1 m N	 N F N	 O .•• N	 P J N u, P N

	

O	 O	 .n	 N .r	 N ./	 m .^
N

	

at	 000  N N O	 co •-• O	 O O O	 N 01 O CD CDO

	

W	 O O O co CD O	 to .D O	 O O O	 .+ ^" O .r 2 0
•-

	

000 .n .• 0	 0 .0 O	 O O O	 . ma .t •D O

	

•••	 NOO N N O	 P fn O	 P O O	 CDJ• • •	 •	 •	 •	 •	 •	 •	 •	 •	 •
	 Z.-40

• •	 • • •
1 0 0	 O	 O	 ^•• O   	 m .1 0

O
00
• O

	N•	 000 MNN 0  	O O O oP O r. 0

	

O	 0 0 0 11 m CP . 0 P- N 10 O	 O O O	 r .^ O m .. 0
•	 O00 M J..FO.• M .l+ C,	 O O O	 .0 40 •44o0

	

•	 000 J JNm O.••• •+ ^!, O	 O O O	 JO .nPp

	

O QC	 • • •	 • • • • • •	 •	 •	 •	 •	 •	 •	 • • •	 • • .

	

P. w	 c o o	 h 0 014 4	 O	 N .+ O	 O M .•f O
1.• m
14IO 7

	Z 	 .+00 OMNNO	 Or. LM (P .+ O n	 00 0 .+aDO
F	 000 .rmev J0.0 N0 .OP OP 0 O O	 rUm0 P.•O

	

US	 us 00J..P 00 .DOd•.c On N O O	 00 fn 	 .e m0

	

wV	 00o J Cf, I%j O.•• .+ONJ OM O O O	 CU .► O .f,PO

.9	 H •
Z #O W #O E • ONO NF ..F Om .-.NOJ ON O V P MON . 00 Y%PO

O w• .••00 0  .D •D	 M J NnM M0M a-0 OJo
•^•

	

0.+0 04400oJ N Toro	 c0.1 41 cO r.FoO w A JNO .+N NFO.+ OfnOOOM m NJ f10u, .nP O O' 00
• u,•	 o .. c	 o.• N D...+o.	 Nr-...re.. .++.+o m.,c

0 • •	 •	 •	 s	 •	 •
0 W • •	 •	 •	 •	 #

	

w	 • • ONO # OA.+NOM • 000 mOw' • o.+t^ 00 N• O.nO ♦ 000

	

D V • • OC'O# 0".0100	 Of 0
Z • ..0. 0t*j .O .L`n OFMC + P ON Om JONMar t? J^nOn^O:.OFO

a r• ONO n.OhPO .+ OCDOFOd UA J AON GPO 000
S L-4 w • • • • • • • • • • • • • • • • • • • • • • • • • • •	 • M •

	

4. 	 # • J O # J N	 O .+ # J 11► .+ .+ O .+ • J i 	 O .+ • J .•• U •► J .a O

45



coo  W% .+ a
000 m01-0
coo p.4 A
aD00 .OPt
A O O A

ID it a
•• N a
Noai • •
A N

f" ft
^ O O
{Q N 1A
a t ^+

+D N .^

NNU% .y PP AO 'D
^D A A t N 1tf •+ O r
O^ON tN^O A0
1rt 1^1 A!	 IN IM1 t	 N V% 1h
t► N +^ A N •.1 A n^ •d

coo OAO vA Nm f- f- 	 NEON m#1*0 a oo
oco .+ 4D 4 f"1• a A m o .+ tA 4t1+► M too
OOO No m m Pa 0 a1A PaN NN.p NO •4
N O O .-1 A fA A A ^p .r t O !^ N O m i+1 .^ A ttl
• • •	 • • •	 • • •	 • • •	 • • •	 • • •	 • • •

(^ O O f"	 .O ^	 D N ^ O N .t .p N .^ O N .-1

000
000
000
^D O O

.c O o

O 4O (P
O d% O
.t N N
AA d N
• • •

,o

W 9% o
uD M eh
O N O
rh ^

O Na N9%d%
,O (P O N •-• 1`
Ow^^ O^^AN
ONI^ N.^A

^D N	 .O N

0NA
.0 eA N1
A v% O

N N Q^

• • •
^O N

f" N w
in t" Q9
091 0-4
N .1 O

z N •r

000  m M in N O' O O` m rd NW% In 40 1 ► A to 4C O
OO O a 	 r 1. fl- m CD4%a 0-4p-N 9% Oh%0 +00. m
000 .O? eh NtoaD N gDt- OD U% 	 .-ttoN .t.t.4
0 0 O Pr .r ap N r in P .► ti 0 w N N 1- N. eV P
•	 •	 • • •	 • • •	 • • •	 • • •	 •	 • • •

.0 C; O	 too	 Mz4	 ^;N	 ; N
• • 

;N

O ^C P

IP .r

A <t .r

OC+O t• a0
00C to .4 N
0 0 C w Q' t►
.f00 1'r1Rf0

1t^ OO

O C O O N.4
000 Its 1C^ -f

OO O P f+N
tr O O P 0

.t o o a

n, .d 0
6% a 4L
^+ It1 J
^ ? O
41

N d N

f` A O

1t	 1

f"mP NaP	 0
•t CPI V% NO It 	 f•a 0iPrth	 ..4%Vt461 	M^tiG
N Q r N .-/ .f h Q` its

IA ^+	 Ifs N	 1i^ .^^

-t rn fn & ^c 1` Cr h O
a0 It 40010 0.00
N .t & in .r N -t t•+ O
N 10 O 1• Q •+ 1• O N
;4 0 s :	 a N

000 ONO 00-+0 000 0a0 0ac0 Colo
000 O w0 0100 000 O tr+0 0-60 0 00
000  0r0 O 10 O 000  O eh O O ID O O 1.- 0
.t OO .► NO 1t +n0 .YOO J.t0 le t-0 4010

1- i	 .t O O .t O 1t O .t r+ O 1 .-t O .t .-t O .► .+ O
Z i
LL! i i	 i	 i	 i	 •	 •	 i
Z i i	 i	 •	 •	 i	 •	 i

000 * O/`O. 0 i 00 Oi 0a0. 0K Oi Oa 0
Ji 1► 00Qi 0CD0* 0Z 01 000 0 0. 0.r0i 0.t O
uwi r000NOr0f"01CO.tC009%0t+► 040w0t► O fl- O

i 0400  ONO 0 9% 0 000  O d O OP-0  OCPO
LL) i i • • • i • • • • • • • i • • • • • • • • • • • i • • •
Y i i .tOOi .t O• .t Oi .► r+0i tt r+0• .I rOi 1t.^0

^ i i	 i	 •	 i	 i	 i	 i

46



8
M •

j)^KIGI:NAL PAGE
OF poolt QUALM

A •

O

' AH •
A

o•
A M

N J oe

1	 11"M 7+
1 ,0
	 W

o:N +
A •• .i

W
iij

N	 •
N P1 1 C	 ON	 Or► •i H

♦ 1	 11+	 /

N A i	 z
1	 ►^in ^+ O

tN .f
N OM Nw.

N
N

•'1	 N x^
1 O^

^ 1 ^♦ •N	 N w •

A 1
1

+ N	
N

+

1 w►
w •

• 1 N
1w j

1
A 1

N .+ 1
1O1 a
1 NM •

N wl / n•

N s

1
^ 1 O

1 m
1 .a

rI Y •

1
1
s/
/ o
1 O

••U•MYM....... M •rMM•n M•M. Mr M•^M y.l ►y H Fr •r MM M•r ►^^r •r 1.. Y ►+M •• MO

O	 N H, A O	 N	 N A ON	 P a 1n .•	 tl	 N N O
tv

bT



r
N

ill •A
M

N A A
M ♦

a lu
N ^ ^

N A

1l1 ^i
1 N

IQ
M

,r Na
.+ N 1

1
Pl =

M h
♦ f M

N ^.

h
1M

N ^

jN
a .+ 1

1
i
1

.r	 N

N

+1
. ±

rl .r
1

1
YYMMMNMF^1rM M11r M•.IM M+ YYNrY rMMMYYYrMMMrYFir MM/wM yY

OR l~ir
.+ N r O

p M O O
a^
N

r
O

o
.I

M
N

^N	 .^ ^r 1 1 1

O
♦
M

N

Or
N

N

A
N
F

W
w
W

O W
On 0w
M
	

1

ZM
0
W

N

eas
M
r

O
N

M
N

as



00•
0

PAGZVlaGINAL
4UAIM AlOF Po()A

0
ti

w
N• ♦ N

w "' O
N ♦ i+ N

i

A i^

M ♦ N

WM1
^ M • s

i+ N
^ Sr W

•r W
A W

N ♦ N *+ Oo i	 'sA Ir

N

N •	 A N	 .^ % }1
1
i O
1 N
1 JM

1
I

10
I J

ehM •
i N

1
1
i
101 .0
i N
r •
i •+
1
i

1 O
f d
1 •+•r	 .
1

i
1

1 O
1 PMN MM•i. r. ... MMMMYM M.• MY•..M •.• M M M rr MFI M F1 rIM ••M.•M ••M MM f.+•I Y• •r •i

r	 O i .^ w	 iw	 .p .► Ow	 • o 0%. w	 o	 o +w o

L9

r



00i M •

0
N

• i

1

O
1 t
1 A

A •. •
A

^A

M ♦
^

i
N ^

r1 ♦ M+

A
^

1

O1

N
i

r1
ly

^

M ♦

i
1 QOM.I••N 1 OA 1 ►̂

 w •
1

1

1 O
1 N

1	 •►
w •

1	 .w

1
1

1

1
1	 .►
1	 AI
w •
1 N
1

1
1
1

1 ^O
1 N
r •
1 .+

• f
i
1
1
1 4

1 O
1	 .+H •
1

I
1
1
1
1 4
1 OM M^ •• r M MM •• M M• r M r r• M M r •/ P+•i• M y ••M r M i• r pr ^• Y •• r r r •.••^ Y• M M r

O
O O O Q 1

A O O OO	 O
O O p

0• • i M N	 ••1 ,^•

h
h
3
W

ut
J
W

N
i



ORIGINAL PAGE 3
r, a "P ()TTgT T'T'Y!

rr

T ^►

	

wNao rfM 4 Noa ir& It a Oro rPCrPrONW. afr y n W,4.r4 wa,	 r- w
y i r . ma O Fl- 00fl. 0% a,%%c	 wmt- P ♦ 010 •*V0f 0a 0M..f► Co. .ru'N0m4 a c	 t^ w

i P ♦ O.1 f► O ff 0 a 0 a.P h fr P ♦.0 OON.r 044, .+r N fd .D ♦ mr) ♦ m z P

	

i i O <? rti O!^ 0 r• sf- 4'1 It m  rti N d+.► .-o N0CP %n,f: .0 0 O #• o CH J r	 u. «

	

• i NN.O.R ft O ./ O^ ♦ ..n O P^ ^M'flO.GC ^ ♦ ftv OmC Omc N C .- fN ♦ .- 	 0 0
	L" • • • • • • • • • • • • • • s • • • • • • • • • • • • • • • • • • • • • • 	 F- o

v+ •

Z •
	

u. a

	

N f f N N /+1 r 0 01C r .0 04 ♦ ♦ ♦ %r r 4 -DO 0 0 't .t .r ♦ r a a^ er a a a ap	 ^: w
CIA • rte• UN0 A WN in V%fUNAJN 	 P-f► f► f-f'-f*-NN NflNfif-PP f• fa h ♦ J J ♦ J J

	

Z • ^• t?QQOO Pr i oo^ooQ?^otDW0.6 0-.4.* -V-4.r.4.r....00o00 c+	 H- s
V. •	 ♦ .! i ♦ .► ./ J Q1 d: !^ o y !I d OL' W	 .+ .d ..1 .d .d .d .A .+ r1 r+ 0 J% 61 0 0	 tr ;

	

O! • N i OOOuOO.+•+.^•+ •+ Mm *^ ^`++ .ur r .O.C.C w owe w w OO'P crQ m	 C' 4
r- 	 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
t/t •

i	 u «

r •
W.

ec i
	

1 •
	 a

Q# s# P-.[ OQMINP 00Q m	 Q In n/F^- Z 00 m"f► 4 O lT Mft	 a? •
N# •+.I f+f!Ow•r ♦ f► N^t1r+.► I^fUra1!+.•• ♦ f. f Owf"J1+Nrrc •+J f► f .r%	 Z w

•	 O•+M► .O^d0	 4 M&004fp+ 4 w 0  a 00 V4M1.Ct &0-dM.0 IL&
L^ •
	 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 	 G

Z i
	 c •



* M O C O S a
* .0 o` to N N .t
* r .r N O .1 .0
♦ O O .-1 0 m
* .O fT tC C• J .-a

N d'.t 'O t R^
tt1Nf^Nfl-

1F P ef7 .-+ r1 O• d aD r+ .4 N
• O.^At^OtDP

52



ORIGMAL pAQ I8

OF POOR QUAD•

d* f` MN f+N f• M J & C' N NOW r+.4 M W% .D N  41NM. M v-/N O' Z NZ fl- M -4 NNM M.A J CL
V* Mr-+thHOt^-In1^- W%M r4 II- ft 0 Ln W r 	 J1/1 4DJJ NNtflfr 10 10fP UNU-% ON W f?N .C.-•.0 h111
1 * M111J W  NMNWMM erM O'Z 0u1.t .4.+11' aMO'CT J v+1- 0kr Ln U'ANO J LMWOOf-
Q*• 4 Ln N O' Z Z UN J M M W .4 1^ O M .1 f- M Z J U1 UN N fr N W O ID to	 W h r4 !^ f^ .-I J 41 w-C

.0 Ili N1".DM."Ito	 NW.NenO' O 	ti Jr.UNIC MO' r4 C' W 1-4	 10Jr4N-4.rt`
G J * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
► r ^i LL+ 	Air4	 I	 J N P-4 4 4 14 -1 fi N r+	 rM	 tr1 0.1^4	 1 N N E	 1 i

O *
m *
H* NNNNNNCQ%0 0.C%D .C.0%0JJ J J J JJ.D .D.D.D-D.D 0 N JJ J J J.t W CDCOOD Or Cr Or,
CC * In* LnIn nIn41M1[NN NNNtiNNf-f-i. hf^-f^f-NNNn;NNN1-1-1--f-l-f-f- J J J J J 4 4
!-iF N O' O'O'O'O'fT Cl' W W W W W W W W W W W CL W W 14.-IP4v-4.4.-+.4.4. -I mo.-4r4-4r400000 O0
N* Y* J J J 1 J J J CC: T H W W M M W W W W W W W .4 -'1 .4 r1 .r r4 ^4 /-f r-1 .4 .y rr .-1 .4 K1 Ili 0 0 u11 K1 111
^• * N* 0000000.-+ .'Ir4r4r4r1 r4MMMMmC"M.D Zd1 Z.D^DwCDW W wCDW O O'O• afTO• 0`

*
'	 Q *

V
Q* Jm1DOJN%04 WzOJN N.O
t-* V* 1110000'a' 4t11000(r0^.tul%000aa, ItIn000ol e 4u10000. 0'.t u'%000O' fT .r
.^* ♦ * NO, MO zof-" ' I* O zor-mor. MO %C Of+NO' MO %D Of-NO' a)O.0 Of• "a, MO 0 Of,-
W* x * r4000 .-4C M.4000 r4 a' W PO 0W0 ..40'O.40 WOr+O'Wr+OW 0 40' WD 40M0.4CV' en
O*	 O	 m CI O r"V o t- W OP O W N K1 1+ W v Of-4 N In	 0V-4 N 1/1 fl-OD a 0 Clu %M f• W fJ

• • • • • • • • of • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • . • •

53



O O p p
O O O O
O O O O
O O O OO O O u1

^ N f•t fe1

sc a W` WN I< n ti s t k a 40 O O %r x a cc N A f` ..VII P Vr-t RtUN V N r+ Go •. VOD rtoJf^ 1 NN H 1	 %C F11- lo- 1 UNOU\O '- ( 0, Cw Jam!z4 JOD z 4w IcI► Z4 f+ PC, d3 24.-+p,P f-0
4M-tn %0 4M-N10 %r 4f-U%N.0O 41-fr1 m0 .r0
Vf tU N fk 014 N Vt W	 9-0 rf rt V'1 W	 r+ ..+ .-^z z Zo zco Q o
J .J J ^/

►- 4 ►- 4 ^- 4 t- a
4u10N 4 V M "4 W 4uN•-N.-4 4 VQ U%I-m.+c00 CO 6% -& c OOO 40 C	 roN UN f-
V1 ..J L c" V` J fT d0 1► V1 .J 40 4-4 OD 9% 4^ J .D LM J w P
W - C in W %w C' fl- h W - .0inV4.-0 UL ..• U% .r 'r 0.
aL01,.rP Rtft` Ofn1► IKfC 0 Aj W% cc ONJ.0 P
V1 > VI Y
N N N N N N N N
W 4.1 Iii w
n a 4v ac
IL	 f" 0.0 4	 m 0" OfD 4	 ff1NQtN a	 f- •.fmNP

0 I in ofn ♦ tn oa+ ♦ tn.►
W > & .O LLI )w	 r v0 1► W Y O	 p- ^I W > C •D 1► 0.- !n
in	 iT 1• N	 O' P 1► N	 O'	 N N	 P ti ti & Nf.•	 O 1" 0n+t	 O w► U► t.•	 Oa NI !► N fr	 O f+1.	 N 40_	 • • Z	 • • • _	 • • • • Z	 • • • • •Z t Z Z	 .r
4 4 4 4
a a s a
V! r. Vf N

N
	000000	 10

000000 m
	•-•i 000000	 •

	

0-i 000000	 .-1

	

V i 0 0 0 0 0 0	 1

	

000000 	 O
• O

At► NO
O' z fT 0

I+ .t ♦ 0 0 1 k- CT au N 0
N 1+1 O .-f 0 .4 U\ " It •
^4%jmNMOp 4P tDO

C i 0 10 0 1V N •4 •" •
4Ji0wof-U%a .rLL

	

• . • • . •	 LL
•r	 W •

C1'-
• V • z

O'	 Z ►-Zt..
N i	 .Dw Nin1nm W ztLV
W

	

	 trr 4 F ti ..A N C f1' t.r W an R.i
ti ^t-t OD 0  uZ: UOL
V i O%V 10* r4 4D .0 r V t- LL

99 i
	 • • • • • • LL a ' LL W

w i
	 rl r.f N N •-4 .r LL LL D

4 i	 1 1 1 1 1 1	 ui0#AjuO i	 O 2 O
9K i	 u .-^ u 1-42. •	 h 	 tD N	 = V t
.i	 of 40 lw N to 0 1.- 0 mJ i
4 i J • ^0 Al Ir O N •o sm a =
Zi V	 fv&P- Ja- Cf-
Oiw •
f+• i 4 4 4 4
V i
	

t*r^^
W i	 of^+oo
N i N• • "d N PI ♦ 1n ♦ 0- h- ow 0-

54



ARIGTNAL PAGA I$
QF POOR QUAD

N
th
S

•
NrzWxW
J
w
w
W
OL
LL

O ^y
O p
O p

W
N ^

fn Z

GQ
• u.+
xa ,ou'%d0,en J

L) en %V .c a en
r	 s ^- s o .• z
zal- ao —eMLn p
ars.o.toen

V" W	 .^ re Z
z 0 e^Cl r

J Q
t— Q
a ej(%jr4 D ^^ W

Qmao^CoM u
N J e V 0 J N4% cL
W ... LA O .-4 in %0 O
m mON4 'o w LL

N W
N N r
u)
eC J
d	 en .-e ea e`e 0 1 O

-r d% v,
'11 Y P .O	 N T cc
N	 of	 N 4
rr	 O T f^ N .0

2	 r+ .-1 a
a r
a o
N ►^

55



m

4J
d
Id

w
0

A
to

56



ORIGINAL P t"I F IS
OF POOR QUALI'T'Y

NfM1M 4 P O amwMJ N
N• .D .+ N tr P J .D fn J M
!O •^ N J d f^ .a W m i► f^ P
QA	

140 "4

4"• MP 10 Nw pl- w M W
tY1► 	 f► MOti.+ CP. -4O.O.4
CIC	 V1 N10 r- 4D.4MNM
W M N 0 4 0 Ln .4 P-4 r4 0 0

M .^

.DOl^f^f^ Jf^ N NOO

O• z f► V% O O N N N N N N
Ln	 NN r4^4-4 .4 4 ^4.'M 14 r4

Cy* MMMMM MMMMMM

00000000000000000000001.-*  00000000000O V 4 0 0 0 0 0 0 0 0 0 0 0

	

O 0	 • . • • • . • • • • •

	

• O	 00000000000N •^4	 0
LL'*	 A	 "Na J M N us ac; f► O W 
LL+4	 fl	 a W N Mf► OJ V%fuNfV
Z4 G OC 0• aU%zNfV J J •t 4.t J
N 4	 H W V * t[^ fT av aD aG Q' of f^ fib R` W

4	 H aD	 . • • • • • • • • • •
y 4 4 E

	

• fY M
	 G

4 N	 Z
	 U-

2- 4 1.-	 PJNMN 01-MaUJ
U	 ^MMr`M J NP M.4i q

O 4	 W fJ	 4 M fl- r4 O .4 WL .o 0 •0,0%0
1014	 fl 4 U* mo O' ww matt mapf['Q'

	

N r	 • • • • • • • • • • •
4	 r4 N —4 N .4 ^4 ^4 P-A r4 sal • 4

	 0
C. .$

O

	

O	 .4 M J 0ED0NW0wuD	 N

	

O	 W ON .ON W%M.t 00 P	 W

	

•	 J U1 .0 O N M 9% .D z 4 UIN IL%
	

N

	O t^• U .0 6% J.f J J d J.I1	 a
v
J
J
4

W C •
r F ^
4 .4 00.40.1 to.t9%.Cf-a PO

	

=	 or 4	 M"^

O w

4 H

57



6.2 APPENDIX B: COMPUTER PROGRAM LISTING

A listing of the computer program is given on the following pages.
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