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Introduction .

The pd#péée_of this report is to summarize the results
"of a considérable amount of work in the field of acoustic
Simulat;dh of ¥aaar return so fhaf the reader may be readily
confident about the.validity of this inexpénsivé laboratory
tool.
Acouéfié simulation readily permits experimental veri-
fication of scatter theories which would otherwise be costly

and time consuming.




Wave Fquations
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E = electric field vector
H = magnetic field vector
€ = dielectric constant

/‘= permeability
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Simulation of electromagnetic waves using acoustic waves is always

feasible when their respective boundary conditions are nearly the

same.
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pressure field scalar
particle velocity vector
density of the 'medium

compressibility of medium
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BOUNDARY CONDITIONS

Electromagnetic -
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Most 3Seneral Form

Acoustic .

"—‘ Tt - - l
n X (EI-RZ) = - .(l) ' Pl =P, (1) ;
nox (Hy-H5) =3 (2) n.(0,-0,) = 0 (2) !
When; When:
M,/M, = Dielectric/Dielectric  Q =.0|| M,/M, = Liquid/Liquid P, = P,
- Js = 0 - n.(Ul—Uz) = 0-'
- - B T T I e 1 il i e e -1:
M,/M_ = Dielectric/Perf. Cond. Q # O||M./M, = Liquid/Solid P, =P, =0
172 R . 17772 i qid 1l 2
=0 E_=H,=0 =0 Rigi m oG -T.) = 0
, 2 % B2 3, = n.(0;-0,) =
M, /M, = Dielectric/Imp. Cond. Q # Ol M,/M, = Liquid/Semielastic P, = P, = 0
1772 P - 1/%2 oo 1 2
6= finite " solid
L Jp =0 U U, = 20
total t incident
e e e m s e m e it e e e e e e e = e e e — = -.----.---._._....__...._...__._._..._..'-—_..:
Perfect , ‘ i
Mi/MZ = Conductor/Imp. Cond. Q#0 Ml/M2 = Solid/Elastic P1 = P2 = Oi
X E..Hyoo Rigid Solid - ‘
) Js #0 n‘(Ul-UZ) =0 i
Condﬁctqrs' Solid Surfaces
Perfect Condqctor:i é > @ Rigid Surface: /L:£>CD ;
- ' N ’ i
Imperfect Conductor: O= finite Elastic Surface: M = finite 1
Insulator: =0 _ Liquid Surface: /f¢=0




For the 1 ~~d, Acoustic field n is a unit vector normdal to the

P

surface. The equations state that the tangential cbmponents;of
E and { are contiruous across the boundary as are Ehe pressure
P and the normal component of the particle velcoity ~ .

Boundary conditicns at a perfect conductor requife the
tangential electric field to be zero and the tangential magnetic
field to be two times the incident field. On the other hand at
a perfectly elastic wall (pressure release surface) the.dynamic
pressure is zero and the normal component of the total particle
velocity is twice the normal component of the incident particle
velocity. TIn each of these situations there is no wave propagation
beyond the interface.

Yhen a plane electromagnetic wave is normally incident on a
perfectly conducting plane surface, the field componehts are, both
parallel to the surface and the electric field component can be
made equivalent to either the pressure of the particle velocity
in the acoustic wave using a perfectly elastic boundary in the

first case and a perfectly rigid boundary in the second.




: _ " SCATTERING FROM A CYLINDER
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Llcctrom‘nnctlo ) Acoustic

b =20 Dleiect}lc Cyllnder
(W, L. Weeks,'l&64)

g L Conductind.Cylindér‘
(W. L. Weeks;31964)

b 2 a Thin Cylindrical Shell

b = 0 Solid Elastlc Cyllnder

"~ (R. D. Doolittle, 1966)
lt*oo Rigid Cylinder

b =0, P = 0, A=o0 Ligquid Cylinder
(P. Tamarkln, 1949)
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q)scattered ?oz n aan‘ (Kr)cos(n @)
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constant dependlng on the boundary condltlons

) Il foz n=20

it

uhere: €, 0. lz for n £ 0

an«

Jn, Hn = Bessel and Hankel functions

et - time dependence has been supressed
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b
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Pressure Potential

= E = Flectric Potential

= Conductivity Lawe Constant

€ = pPermitivity density

C

Velocities (Longitudinal,

ft= Permeability v )
A ransverse
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Scattering from Rigid or Conducting Cylinder

‘(K. Uberal, 1966) .-
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Flectromagnetic

SCATTERING FROM A SPHERE

Acoustic !
¢ ('t’" - s - - P"C‘
N — — plence |
P b N F:.¢y
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= 0 Solid Elastic Sphere
(R. Hickling, 1962)

b oo Rigid Sphere

- (R. B. Lindsay, 1960)

Dielectric Sphere N

(D. T. Thomas, 1961) \f
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¢ —~wu» Conducting Sphere
(R. F. Goodrich, 1961)

time dependence has been supressed

b = a Spherical Shell b =20, f‘= 0, j?#'o Liquid Sphere
(A. L. Laden, 1952) (A. L. Laden, 1952)
—. .
ﬁ?total =§Pindident +aF‘,cattered
(& o)
fancident =dfg exp (iKr cosg) =€Po 12n+1)inPn(005£9)jn(Kr)
’ . n=0
o ..
AP;cattered =§EOT§:: ayhy (kr) Py (cos )
- n=0
where a, = constant depending on .the boundary conditions
P, = Legendre polynomial ‘
h, = spherical Bessel function
J, = Bessei function
-jiwt

|
¢-E = Electric Potential ; ®-PpP = Pressure. :
3 . / '

6 = Conductivity ; F = Lame Const.

€ = Permitivity { P = Density
|

P= Permeability ! Ci1 ¢ = Velocities of Sound
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Scattering_from Rigid or Conducting Sphere (p g, Goodrich, 1961
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SCATTERING FROM A CONE

Electromaanetic ] Acoustic
T e ———

' J i
X =r cos¢ sin@

r sin ¢ sine
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N
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r cos

For the special case of a finite cone, flat-backed (base is circular
or radius a ), and a given height h with a semivertex angle N-G.

the scattered far field amplitude is given by the following approxi-

mation formula (good for high frequencies). (R. F. Kleinmanh 1966)

Cm ..
= 4in 2 2iKu
S 37 tan @ojo e du

Flat-backed cone n-6, = 4° (R. F. Kleinman, 1966)
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For rearly sinooth surfaces, the surfuce character-
istie constant U1 00! 13 15) gives the seattering
coflicient This result compares very elosely with
published resalts (Nielson, 1960] for new ice as shown
it table 2

For rough tnov werdy simooth} surfuces, (3.14)
desenibes the relntionstap of the seattering coefficient
a, and other varinbles suelt as the angle of incidence

0 wavelength A, stanedard deviation o und surfuce |

covariaiee constant B, ete. Two cueves of the seat-
tering coeflicient g, versus 8 for each of the three
vahues of A, 0.1, 0.5, and 1.0 for o/X equal to 0.05
and 0.1 are shown in figure 4. 1t may be noticed

that as the surfuce becomes rougher, or aus \/B

increnses for u specified A, the seattering coeflicient
curve beconies tlatter, showing the relative impor-
tanee of the contribution of the power return from
the surface at angles other than those near zere.
As expeeted, when the surface becomes sinoother or
1,3 deereases, the received power seems to come
primarily front near-zero angles. These curves are
quite similur to those recently published [Campbell
1959; Dye, 19549 Edison, 1960]  The vxpcrimcnmi
dnta [Nielson, 1960) on desert and new ice nlso seems
tw {ollow the putiern of these theoretical curves de-
seribed above.

The seattering coeflicient (aw) for nearly sruooth
surfrees s mversely proportiouat to the wavelongth,
bat varies directly with (¢?), (8 cot' 8) and 1/B, where
o, 8, B are standard deviation, angle of incidence,
and the terrain charncteristic constant respectively,
For rough surfuces it lias u negutive exponentinl
o?cos’
X
times a constant. The surface characleristic con-
stants B and ¢ can be calculated from the radar
return data. Although approximate, the theo-
retical results agree well with the expernnental data;
and therefore, suggest the usefubiess of the approach.
The application o? these results may be extended to
the moon-echo data, with proper corrections for
Farudny and liberation effects, ete. This investi-
gation has established that for near-vertical inci-
dence, the normalized nutocovariancee for the terruin
clevation is more often of the exponential form exp
(—|rly 1) rather than the Gaussian form, exp (—7/B).
The former may well be wmore appropriate for finer
~grain iregularities than those considered im this

factor, where the exponent is mnde up of
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Rolative Mean Pressure Amplitude

. The distinction between bsam-width
and pulse-length i;m;éing of the illuminated area is 2a

function of _altitudlel and ia given by

I+ !-Z—: = Sec §, | (6-1)

vhera
4 Vv 18 the velocity of pzopag&@&c@,
T 1s the pulse wﬁa&h,
hvis the altitude, and

@_ 1ia tﬁé effective half-angle ©f the antenna pattern.

o
stgnal ?z@aaure hapl itude
6. Alt aem '
fex
5 J 8mco¢h Reznaeﬁlng Surfase
’ power vax&a&&ﬂa
b < 3.2 oz
L B pEOOEUEG veriatlion
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B 1
1 4
0 -

© 4 8 1216 20 24 28 32 36 40
Altituds in cm

’ Signal vs Altitids over 8mockh 8uz£®oa/£0|50N,)%§0
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Variance

R (7)

Autocorrelation,

Radar Data

Autocbrrelation Function .
Target-Woods, Horizomntal Flight Path
Antenna Orientation-Vertical
Altitude-1100 m, velocity-100 mph
Carrier Frequency - 3800 ge
Illuminated Region - 0-13
Sampling Period - 540 us

(maximum lag, 36

Variance Spectrum

"

— v v L v v

4 6 . 8 . 10 12 14 16 18
Frequency in Yules
Variance Spectrum for Wooded Terrain (cDisoN, 196+)
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Altitude in feet

Pulse Radar Altitude Indication over City

B0} ~——— ——mm— g - m e m — o= S

810/
800
790
780
7701
760 {
750 {
740

-

Data obtained
from Model City
shown in Pigure 5-14

Building Heights range fram 15°' to 60°'

ot

-

250 500 750 10
Distance along path in feet (AK EDIcoN, /959)




10 g, 0‘0

Radar Backscattering Cross Sectionms
over Cities

25
20 .
Model City 2
15 4 Radar Data, 3800 mc
n partment ares
® Industrial area
0 Residential area
10 | .
§ sodal City 2 —
0 . ' ’
0 fo EL DR : 0

angle of incidemca, © (EDISON, 1461)
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TARGET RECOMMENDATIONS (ED1SON_ 1961

sand Partlicle Distance Betweer

Terrain Target B;se size, wavelengths Particles,
Wavelangths
Woods Plywood 1.2 0 -1/2
Parmland . 1-2 1 -5
Dagert . e | eecaa
Cities " (buildings)® 71 1 -5
Water (smooth)| galv. steel - <n§ . '} -5
Water (rough) . . %-l 1 -2
Mountains «  « (shapea)® 1, 1.2

.Buildings are pine blocks cut to size.

bscaol can be formed into appropriate contoure, .

>

¥ T e . '_
It should be observed that the slope of the radar: backscattering

croes section curves is tmpcrtant in modeling practice. The abso-

lute level of the curves can be increased or Qecreased by proper

scaling,
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SNOW~COVERED 415 mc.
FARMLAND 02“ o
. /0' 54
6 ‘ "B = 0.37
N %2 = 0.066

B'q(9) s .
Aot \
< 1My L AfoN

IDISoN |G
, 1€ )
b —— s 4 -
0
0 5 10 15 20 25 0
6, ANGLE OF INCIDENCE IN DEGREES
-Mediap scattering curves for smow-covered farmland near
Wahpeton, Rorth Dakota. The target area was flat crop
land containing two dry stream beds and was covered by’
eight inches of dry snow. (ED‘SDN ‘'59)
24
415 me,
FARMLAND ' 02‘" _“' - ;
8 L= | o~ 2=61
< ’ ! 0.37
\% “«—=_ flcosiine iZKZ = 0.092
) SIMULATION
: X (eDrvsev f6t) 3800 mc.
B'q(8) S °

NN 2/0’ =71
\ BT 0.5
6 . L

L \\\4_;(_,

0 5 10 15 20 25 30
0, ANGLE OF INCIDENCE IN DEGREES
.Median scattering curves for famjland near Cameron,
Missouri. The target area was flat pasture and crop

land containing a single line railroad (Ems oN, 59)




7.98 Scattering Cross Sections
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6, ANGLE OF INCIDERCE IR DEGREES

. Median scattering curves for the forest at Pine Island,
Minnesota. The target area wes very flat amd densely
covered with pine, hemlock, birch, white ash, and elm
trees from 20 to 40 feet 1n height

(LDON 50
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- 8, ANGLE OF INCIDEWRCE IM DEGREES

Median scatterimg curves for the forest at Presque Isle,
.. The taxget had a smow-s8und-ice-covered rolling
surface with a homogemeous covering of snow-bare ever-
green fir and pine trees from 20 to 50 feet ir helight.
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25 30

0, ANGLE OF INCIDENCE IN DEGREES
. Median scattering curves for & moderately rough surface
on Lake Bemidji, Minnesota. The ripples and swells were
about 15 to 20 inches vertically from peak to trough
and three to four feet horizontally from peak to peak.

(LD1soN 50)

230 ' - — .
- 415 mc.
- WATER - ~©° N
- alfo - = 97
180 B’ = 2.47
: x2&2 = 0.59
\‘§ 2800 mc .
B'oy(0) _
A(o»n\\c - 8'2/0‘2 =231
S IMULATIQN ) . ﬁz’(z::—lobg
(tDlSoh,’cv}% x - )
60
NN\
x .
0 — = = : N
0 ) 10 15 20 25 30

6, ANGLE OF INCIDENCE IN DEGREES
»» Medlan scattering curves for a relatively smooth
surface on the Salton Sea in California. The air cver
the target was quite calm at the time of the flights.

(EDISON,59)
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Iowa. The target ares wes flat crop land which had

5 10

15

.20 25

€, ARGLE OF INCIDERCE IR BEGREES
. Median scattering curves for farmland near Sioux City,

30

recently been plowed. (¢ con '59)
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..Median scattering curves for imdustrial area in

Minneapolis, Minnesota. The torget contained a pro-
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U « ] stz e
cav s taic A ’é\ ) ' ' — 1 54
e %2 0i029
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0 5 20 25 30
9, AHGLE OF INCIDENCE IN DEGREES
. Median scatter:l.ng curves for a residential area in
Minneapolis, Mimmesota. The taxget area was built up
of one and two stary brick and frame houses with
pitched roofe, and had many old,. well established trees.
(ED!SON 1959)
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\ - 82/6' 2=60
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0, ANGLE OF INCIDERCE IN DEGREES

-« Median scattering curves for an area of apartmemt build- -

ings in Kansas City, Missouri. The majority of the
buildings were buil€ of brick, flat roofed, and eeveral

stories tall. (EDVSON, 1959)
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Median scactering curvés for a désert area near Salton
Sea, California. The target area was flat, arid, aandy,

and barren. (CofsoN cq)
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CUMPARISON OF KAFFLECTION TRANSMISSION COEFFICIENTS

Il

Acoustics (Ligq/Solid) : EMW (General)

C2 L‘F 2 l 1
£ w
C = Velocity of Propagation
{longitudinal) |
i b? = (shear) /£
vls, +ki@[/ =0 v2E + k%E = 0
| A g s g
‘ . >
= \ = 3A
V = V¢ + UXY E = -V¢ + 3%
SNELL'S LAW
k, sin¢, = k., sing = . - . -
| 1 1 1 11 k1 sing kl1 51n¢ll k2 sine,
| i ’
| K, siny, ‘
Zg 2y =fc sec ¢, i =1 «lgl sec ¢ Vertical
Polarization
| Z = 2 b sec y AL . )
} sh t j ,/ - cos é Horlzont':al _
| : Polarization
|
Reflection Z - Z. 2, - Z
Coefficient vV = 2593—1—75 R = ZZ‘+ Zl
(longitudinal) tot i 2
1= 2
Transmission
Coefficient W =§ 2(zycos 2v,) g = 2%,
i i + 2
(longitudinal) 1 Ztot + Z1 Zl 2
1 =2
Transmission 2(2. cosy.)
Coefficient =~ff £C9°%Y2) 4 = 2
(shear) 1 ztot + zi
A = 2 52 2y, + 2 sin2 2
tot ~ 41 ©° Y2 t Y2

2, = fzci/cos 0, + T, =_f2b2/c05y2

-— —l




¢ &,
£ = loncitudinnl Al
sh= Shiear

~7

*;nly for acoustics case

Hook's Law

X,

1)
. . strain
[xi;] = [cis][xi;]
1= x3y,2 Cik
i o= Xy¥,2

1

For isbtropic case

X 1

1= (zﬂfA)x +AXx, + A3x3

4, A are Lame constants

Medium

—y rma e S———— SR ¢ 5 SR e 14 a0 )

stress in '¢ to plane of application

J direction of applied
force

= Cys

. => 6 diag + 15 off diag

21 constants

= 2a X, + A(x1+x2+x3)




16
17
18
19

20
2l
22
23
24
25
26
27
¢ 9
29

«««««

26.

33

33.

35
356
37
38
4]
43
44

45.

-
W

44

49
51
52
54
56

56
58
62
63

65
66
68
70
72
73

74

Ta.

80
!

6

10.

P —
Wl i= — @9 W

S
- D

1.
11.
14.
28.

28.
17.
12.
14.

15.
16.
15.
15.
l6.
18

18.
20.
20.
15.

w Lo e oI R e« U

Nt LY vy

s EI

wd e

[y

O da LW

w R e e &L

W ~J U LT e

—— S

{

.4
Lo
10
17
18

34
35
36
37
38
39

40.

41
42
43

LY 2roa, AANTE
RPN

8 °
bYH
88
84
99

90

G4

s

9¢

Y9
101
102
107
108
‘110
112
114
116
118

120
121
124
126
127
128
132
134
i35
13e

138
140
142
144
"145
146
148
150
182
154

158
160
161
163
166
167
le8
170
172
174

»ta ‘)AT

[§]

A e DU
Yoae e anNAIL
.

Lo

V3.
12,
i7.
36.

30.
L7,
13,
15.

17.
20,
21.
17.
18.
19.
1€.
16.
13.
14.
17.
16.
21.
20.
18.
20.
22,
19.
18.

15.

16.
21.
19.
19.
21.
22.
19.
23.
23.
lo.

25.
25.
23.
27.
27.
28.
27.
28.
31.
25.

)

J
5
0
0

DN dOUNNUVWEROEOO 0Tt dOo s et

NG UDEESE OO W

o2

5

NwNwoO O JWwL

LNt OF

TTOUACTLLTY

m
S0

RCS MCS PEAAS
PROJL T

. .. (@) .
CLONOLANGELY D13

S NOLTHGLEY B3
FHGLEZ DL G

t

L_‘}

10
1]
12
13
15
16
17
i8
19
20
21

22
23

!74

25

26
27
28
29
30
31
32
33
34

36
37
38
39
40
41
42
43
44
45

14

35

T
136
177
180

180
182
184
186
187
189

190
192
193
194
195
197
169
201
203
207

209
210
212
213
216
218 |
222
223
225

228

230
232
233
235
237
238
240
242
244
245

248
250
251
252
254
257
258
261
263
265

L4
31.98
3.0
al.}

41.1
33.5
28.2
31.3
32.2
31.5

27.9
27.5
31.5

30.5°

27.0
28.1
30.5
23.5

26.8

21.0,

26.5
23.0

21.0

23.3
24.0°
20.7
23.3
23.2
20.0
22.0

24.7

23.5,

20.3
17.3

21.9

¥

q0
47
48

=0

LYo e

OV w-dD

21.5"

17.5
16.7

19.6°

22.8

22.5
24.0
23.0
23.0
21.2
19.8
18.5
16.5
13.3
12.5

At B W -=O

10
11
12
13
14
15

17
18
19
20
21
22
23
24
25
26

‘16,

N
268
270

270
271
272
274

75

277

280
282
285

286 -

288
290
293
294
296
298

300
304

304
305
307
308

310

311
313

314
315
317
319
320
322
324
326
327
329

331 -

332
334
335
337
340
342
344
348
349

Y
.9
.0

i L 5

[V

[0}
.

WO~V WD
. L
auuunuuv o

o e

)

LU .__:»3:_‘1&_:1,5\,\__
o 3t ‘
<¥F 35105
29 382
30 354
31 355
3z 557
33 )

or 0

R




APPIONIMATE COUNT .OF RCS, ®laks .
AV —MDC-11DRP=PAT SCAT FACILITY PROLTECT 6503)

Wt — @ O NEA SN OBDLNLIS GOS8 e D

AN eT g S.xojchLnQ LB §.N01ANGLE0@DH s;no.fmuhr“+“:5“”‘
O T T IETTTRARETT U3 2 T 0 e T34 50 '125.9  21.3
t 2 2.6 51 55 20.7 1 90.5 23.6 51 126 T 21.5%
2 3.7 1R 582 56 28.1 2 91 20.3 52 126.5 19.7
3 5 L8085 , ¥y 92 21 53 127.9 19.7
4 & 10,7 980 28.1 i 92.5 20.5 54 128 21
) 7.2 1¢.7 1 %6.7 21.2 |- 5 93 ~ 18.5 | 55 128.5% 2.
6 LO 12.4. 258 16.1 6" 94 17.7 | 56 129.9 18.
7 11 19.6 354,22 14,3 7 94.5 17 57 13 l6.
R ovL.w 12.3 4 o9 12.7 ‘3 95 14.6 ].5% -131.5 17.
9 L3 16.1 5 50.9 11.8 9 96.% 15 59 132.5 14,
160 1402 1507 6 61.5 9.1 P lo 97 1z2.8 | 60 -132.8 g,
1 D WS W 763 15.2 | 11 98.3 11.9 61 134 19.
216,27 18 3 64.2- 18.1 {12 99 12.5 | 62 13e6.7 18§.
13 17 - 17.7 9 5 ° 13.8 13 - 100 14.5 63 137.9 10.
14 17.6 17.4 |10 " e5.5 13.7 14 100.9 '18.8 | 64 138.3 14.
154w 15.6 11 65.9 14.7 {.15 101 " 18.6 65 139 10.
16 20.1 16.8 |"12 66 16 16 102 17.5 66" 140.Y 19,
17 22 13.6 13 67 11 17 102.3 17 67 141 21.
18 22.2 1023 | 14 o8 142 | 18 103.8 17.7 { 68 142.5 21,
19 2401 9.8 15 68.8 14 19 104.1 18 " | 69 143 2.
20 25.6 10.7 | 16 .69 13 20 105 21.6 | 70 144 18.
21 26 11.7 | 17 70.5 15.1 | 21 106 21.5°) 71 144.5 17.
22 27 8.2 |18 71 . 16.4 } 22 106.5 22.9 72 145  20.
23 28 ti.e 119 .72 15.8 | 23 107 . 21.5 | 73 145.5 15,
24 24 7.8 } 20 72.3 17.2 j 24 107.5 20.3]°74 "146.5 18.
25 31 11.3 21 73 17.2 {25 108 - 20.0 f 75 147 19.
26 .32.2. 7.7 | 22 73.5 17.2 | 26 109 .20.3 | 76 148.5 21.
27 32 11.8 } 23 73.9 17.2 | 27 109.5 18.8 | 77. 149 21.
28 33.5 11.8 {24 74.1 18.2°} 28 111 :14.1 ] 78 149.5 21
29-734,1 10.2 '} 25 75 15.7 | 29 112.2 10.6 | 79-- 150.5 16.8
30 36 8.8 | 26 76 18.4 | 30 113 13.7 | 80 - 151 16
31 36.5 7.7} 27 77 ©19.5 } 31 113.9 14.9 | 81 151.9 13.6
32 37 8.5 | 28 77.5 21.6 | 32 114.2 15.7 .| 82 152.5 21.2
"33 38,2 7.7 {29 78.9 19.3 | 33 115 11 . | 83 153.8 22.8
34 39:8 7 30 79 18.7 | 34 116 15.5 | 84 .155.5 21.1
35 40.2 7.5 | 31 80 18 35 116.3 14.5 | B85 155.9 20.5
36 40.4 11.4 32 81 15:8 | 36 117 .’9.5 | 86 156.2 18
37 41 9.7 { 33 81.5 17.8 | 37 117.5 13.7 | 87 158.2. 23.1
38 42 9.4 | 34 82,2 15 38 118 - 1.2 | 88 159 21.3
39 43 6.8 | 35 83.9 9.8 39 119 11.6 | 89 159.9 22.5
40- 1 .6 - 36 84.8 13.5 | 40 .119.9 15.7 | 90 -l61l 16
41 44.1°10.5 | 37 85.6 14 41 120.5 16.2 |1 91 162 21.1
42 45.8 8.2 | 38 85.9 15.9 | 42- 120.8 15.4 | 92 163 20.1
43 46 10 | 39 87 12.7 | 43 122 14.5 | 93 164 24.1
44 47 9 40 87.3 14 44 123  13.5 | 94 165 30.8
45 48 6.4 {1 41 87.6 15 | 45 123.9 14.5 | 95 168 27.4
46 49,3 8.3 | 42@ 88 16.9 | 46 124 18 96 169 28.5
17 50 8.8 'y 43 88.5 18.7 | 47 124.5 17.5 | 97 169.9 30.5
48 .5) 6.9 | 44 90 34 48 125 17 98 172.5 30.7
49 '53 - 11.3 - C 49 125.5 18.7 | 99 173 28. 4




L AR b LT D SNy ARGLEY DN
U 0.3 42 225.5 2.5 5 314 9
AR I 1.7 43 24 UIN ¢ 316 13.5
P R 14 228 247 7 318 10.5
100 TS V.3 ) 450 22w 2004 8 322 3
NIV sdeb 46 231 27 Y 324 10.8
HOESR 39.5 47 232 25 10 325 10.5
ST 40 48 233 25.5 1 11 320 9.5
40 234 2L.5 120 329 9.7
¢ 130 41 50 238 20.5 3330 13.5
1138l 37.1 51 240 22 14 332 8.5
2182 32,347 52 242 23.% |15 333 11.5
30i83.9  33.1 53 243 22.5 |16 335 11
4 184.5 31.0 54 246 2L.8 |17 337 11.5
5 186 278 55 248 22.8 18 338 12.5
& 187 28.1 ah 250 25.5 |19 340 16.8
7 189 35.2 57 252 22.8 |20 341 16.7
8 190 33.6 58 254 22 21 342 15.5
9 191 29.5 59 256 22.6 |22 345 14.9
10 193 28.6 60 259 18.9 |23 347 14
11 194 28 61 262 18.5 {24 349 14.5
12 195 32.5 62 265 18 25 352 11.5
13196 28.8 63 267 15.6 | 26 354 13
14 199 22.4 64 268 17.5 |27 357 25
15 200 29.6 65 270 34.5 | 28 359 28.3
16 200.5 25
17 201.5 25.2 0 270 34.5
18 202 21.5 1 272 20.5
19 203 25.2 2 274 17.5
20 204 25.2 3 276 14.5
21 205 25.6 4 277 15.5
22 206 22.3 5 279 16.5
23 207 20.5 6 281 19.5
24 208 21.2 7 284 15.5
25 210 26.3 8 285 17.5
26 212 24 9 290 15.0
27 213.9 19.5 10 272 15.5
28 214 17.1 11 293 16.5
29 215 18 12 294 17
30 216.1 20.7 13 295 13.5
31 217 21 14 296 12.5
32 219 20.1 15 297 13
33 220 21.9 16 300 10.8
34 220.2 21.7 17 1302 16
35 221 21.6 18 304 31
36 221.9 22
37 222 22 0 304 31
38 223 16.1 1 306 9.5
39 223.5 17 2 307 5.5
40 224 18.7 3309 10.5
41 225 20.6 4 312 13.5






