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SUILRY

This report gives tables of the two dumensional supersonic Ilutter
derivatives for infinitesimally tnin aercfoils. Most of the walues given
are based on the publiched wark of several authors but some have been
specially calculated far this report. Only the derivatives giving the
forces on wings and control surfaces due to wing motion are tabulated but
it is shown how the remaining derivatives can be very easily obtained fram
those tabulated. The values tabulated arc for control surface/wing chord
ratios of 0{0s1) 0.6, 1.0; for Mach Nos. (M) given by A(=1/A1) = 043(0.1)
0.8, and for at least 11 values of the frequency parameter between O and
1-5-
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1 Introduction

The two dimensional problem of the infinitesimally thin aerofoil in
supersonic flow was first solved by PossioPe 1In England Temple and Jahn3
cbtained the same solution by a different method and gave tables of the
wing derivatives. Apart from these, the only other tables in English
notation are those given by Jordan/ and these again are restricted to the
wing derivatives. Extensive tables of wing end control surface deriva-
tives have been issued by Weberl, Huckel and Durling?, and Jorden and
Gawehn®, but it still seemed desirable to have scme tables of the control
surface derivatives in English notation. The present report provides
such a set of tables,

The control surface derivatives are functions of three parameters
which are commonly taken to be A the reciprocal of the Mach No.,
the reduced frequency*®, and E 8 the control sucface chord ratios These

are probably the most convenient for tabulation although others have been

2
r L)
used. Jordan and Gawehn” for example used log Q_%Ll instead of Q.

The range of values of these parameters covered in references 4, 2 and 5
and in the present report are briefly given in the following list.

Present
reporty

Parameter

Weber
(referencze 1)

Huckel & Durling
(reterence 2}

Jorden & Cawehn
{rofererce 5)

EB 0(0e1) 0.6, 1.0
A 0:3{0s1) Q8

0 From 11 to 34
values In each
case between 0

0,05{0.05) 0,5, CuB, 1.0

0.3(0a1) Cu9

23 values in gach case
between O and 2

0e1{0e1) 009

0.4({0.1) 0u9

About 35 values
in each cese
between O and 20

0a05(Ca 05} 0u3
0.25, 0.4(0¢2) 0.8, 0.9

13 values In each case
between O and2/(1=22)

and approxi-
mitely
1e5/(1= ?\-2)

It will be seen that at any particular Mach No. the values of 1,
for which we have tabulated the derivatives have been chosen so that we
always cover a range of values of the frequency perameter v up to about
1«5 rather than a constant range of wvalues of Q. This range of wvalues
of the frequency parameter and the range of wvalues of the control surface
chcrd ratio }3}[3 are thought to be sufficient to cover all practical needs.

* The reduced frequency 1s a modified form of the frequency parameter;
thus

wC

(0 = ==
v(1-m2)

where w 1is the circular frequency.



2 Notation

The notation

Ilet o =
v =
Q =
B =
p S =
y =
Q =
P =
t =
EB [&] =
X =
] ewt =
a 6m =
r elwt =
ﬂ elwt =
L elwt =
ﬁ elwt =
P elwt =
H 310}1; =

employed is as follows:-

frequency of oscillation in radians/unit time
velocity of undisturbed airflow

chord of aerofoil (including control surface)

V/V_, the Mach nurber where V_ is the velocity of
soufd 8

-~

1/M
we/V, the frequency parameter
v/(1-4%)

air density
time variable

distance from leading edge of control surface to trailing
edge of control surface

- I
1-Eg

downward displacement of leading edge of aerofoil
angular displacement of aerofoil (positive nose up) 2

downward displacement of leading edge of control surface
relative to adjacent point on aerofoll v

angular displacement of control surface relative to
aerofoil (positive downwards)

aerodynamic 1lift on aerofoil (including oontrol surface)
per unit span

aerodynamic moment about leading edge of asrofoil
(including control surface) per unit spean {positive nose-up)

aerodynamic 1ift on control surface per unit span

aerodynamic moment about lead.:i.ng edge of control surface
per unit span (positive nose up) .

The airforces per unit span are then given by the following relation~

ships, which provide definitions of the aercdynamio derivatives:~ .
Z r
szvzc[Lz-5+Laa+I&,°+Lﬁﬁ] N
B =

Z o

p#oz{m -z-+Maa+Mr%+MBB]



~

: 5 z
P = pvzc[Pze+Paa+Prc+PﬁB]

2 2 7 r
B = pV o [Hzc"'Ha“"'Hrc"'HBB}

where each of the derivatives Lz etc. is of the form
Lz = 62 + :valé .

The displacements r and B will not normally be independent but will be
comected by a relationship

r+sﬁos = 0

where eg © is the distance of the control surface hinge line aft of the

control surface leading edge. The P derivatives and the suffix »
derivatives are therefore only required when there is some aerodynamic
balance {i.e, when ea + 0)

3 Derivatives giving forces due 4o wing motion

A1l the deriva‘tives which represent forces due to wing displacement
(i.e. all those with suffixes =z, %, a, or &) are tabulated for control
surfacs chord ratios given by

g

i

0(0e1) 0s6, 140

and for the following sets of values of the llach No. M and the reduced
frequency 0

= 193, 1%, 0 = 0(0.2) 2.0
M = 195 Q = 0(0.1) 2.0
o= 196 0 = 0(0.1) 2.5
i o= 197 Q = 0(0.05) 0.5(0s1) 166(0.2) 3.0
u = 98 0 = 0(0.05) 0.5(0.1) 1.6(002) keO .

The wing derivatives are thus ehbered as the particular cases of the con~

trol surface derivatives when the chord ratio E B = 1.0. For example

&, = (Pﬁ)z«: L
g
The present tebles are based to a_large extent on those of Weber1.

The relationship of the English- notation to that of reference 1 is given
in Table 1. Weber's tebles, which give his functions Pf etoc. (see

Table 1) to an acouracy of six decimal places, were used to obtain all

a<5--¢



TABIE 1 (Contd)

English French American German*
(present | (reference 1) | (reference 2) | (reference 5)
report)
Wing~- £, -m As for wing As for wing
aileron ¢ 9q derivatives but |derivatives but
derivativeg with suffices with suffices
q = r,n, BB 344 replaced by |=a,b replaced by
5,6 respectively |d,c respeotively
and no primes.
No terms corres-
ponding to those
with suffices
1 and 2
Aileron Py ~h As for aileron~ |[As for aileron—
derivatives 4 4 wing derivatives |wing derivatives

g = r,i“,B:B

but with suffices
3,4 replaced by
5,6 respectively
and no primes.

No terms oorres-
ponding to those
with suffices

1 and 2

but with suffices
a,b replaced by
d,c respectively

¥ Reference 5 considers both the upen step and closed step cases and
distinguishes ther by a ocircole or a line over the suffix. The present
report and reference 1 only consider the open step case.

- 46 -
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When considering the forces due to control surface displacement the
question arises should we consider the gap between the leading edge of the
control surface and the main part of the wing to be open or closed, If we
use the standard wing derivatives then the above formulse will give deri-~
vatives for the open gap (or open step) case. To cbtain derivatives for
the closed gap (cor closed step) case we would require wing derivatives for
the unrealistic case of an aerofoil oscillating with a closed step at the
leading edge. The type of gap will only affect the derivatives with
suffix ». It is believed that, as at subsonic speeds, there will be
very little difference between the flutter speeds cbtained using the two
sets of derivatives. Consequently, bearing in mind the other approxima-
tions involved, it is recommended that derivatives for the open gap should
normally be used. Values for the closed gap can be cbtained from refer—
enoes L4 and 5.

Aclnowledgement

Acknowledgement is made of the assistance rendered by Col. A. D. Carden
who performed most of the mumerical work in the compilation of these tables.
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L P, Jordan Unsteady aerodynamical coefficients for supersonic
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APEENDIX T

Tormulae for the derivetives

AT.1 Control surface derivatives in terms of the wing derivatives

Remembering that the pressure at a point on an aerofoil in a super-
sonic stream is independent of the conditions downstream of that point,
the following expressions for the control surface-~wing derivatives, in
terms of the wing derivatives, are easily cbtained

. (% Eg)
p; (9, Ey)
p, (0, Eg)
Py (0, E)

~h_ (Q, Eﬁ)

~h. (0, E

fo

5)
b, (9, 2 B)

~h. (0, E ﬁ)

where x =14 -E_,

p

|

g, (q) - e, (x0)

Ly () ~x £ (x0)

2, (Q) - x 2, (x0)

2. () - %% & (x)

]

= ~n_ () - x [—mz (xq) + p, (Q Eﬂ)}

Il

e () - v {--—-mé (xn)} ~xpy (0, Ep)
= -n_ (0) - x% [—ma (xﬂ)} ~xp (0 Eﬁ)

= -y (0) -~ © [—m(.x (xﬂ)} - x p, (0 Eﬁ)

AL,2 PFormalae for wing derivatives in terms of Bessel functions

From Temple and Jahno, equation (4.90), transforming to a leading

edge axis we have

&
i

é>
!

'& = &é

&
L ]
H
noj-

20 V122 {... (1—12) Iq (na) + Iy (M) sin Q

- N Jy (o) cos Q}

2A

—_— {(1-7&2) Iy (2,0) + J, (o) cos
\]1-7@

+ A, () ein n}

a
+2&Z+f‘1

1 (1 )
L — e rams | ——— & + f
o 5 (1"12)2 Z 2

-9 -



z z 1

= % & ~f
“Mse = 7 Lo 2
-l @ @=

1/3-65-2/331+'1§4£+f2

-me = 1/5&5-2/5g2--{-}-2—(-1————(%-6z+f1)

13%)°
where
2 (2
£, = ﬁ [ﬁ I, (n0) - A I, (M) cos Q- J (M) sin Q}
1mN
A2 A .
£, ——--?/—2[-5 Jg (M0) + A T (M) sin Q- 9 (M) cos n]
Q {(1-27)

?\2

2 .
g = ==|-%J, () cos D+ 0T (m)cosQ+J1 (m) sin Q
,fM\z{ ° ]

2
2 .
g = ——-—7‘-2—37;{-(3&' () sin Q- A J (m) sin Q0 + J, (o) cos Q]
Q (1-2%)
0
Jg (%0) = f J, (M) cos u, du
0
1
Jg (L) = / J, (M) sinu . du

o]

and Jo’ J,! are Bessel funotions of the first kind,

The functions J, (A,0) end J_ (A,0) have been tabulated by Schwarz®

[m

Q

for

0s1 (0.1) 1,0

0 (0.02) 2.0 (%o an accuracy of 6 decimal places)

3

0 (0.1) 5.0  (to an accuracy of 8 decimal places) .

AL.3 Foarmulae for control surface derivatives in terms of Bessel functions

when EB =0

Fran Temple snd Jehr, equation (A.52), the 1ift distribution at the
trailing edge (due to wing displacement) is 4{1) el¢® wnere



1
(1) = 2o Ao f‘c—[— e (1-x2)2f e 5 () ar
(o]

+ 0 (1-02) M g (m)}

1
v a [- o (1-7@)2[ T (1) 7, (o) ar

s

1
+ 210 (1-22) f T 5 (owr) ar

Q

-

e 0 (m)} .
[¢]
But

e T Iq () ar

%[Jo (M0) - iJ, (m,n)}

0"‘-\_,_‘

f L 3, (o) ar = e {- A dy () + a3 (m)]

9] (1-769‘)

S + ,
- > (1—12) [Js (A0 + 1 J, (» n)]

and so for E, -0

B

22 . g 1R [Jo (@) sin @ - (1-4%) 3, (x.n)}

B

Ps

-ﬁﬂ I - [Jo (oA} cos Q + (1-7?) Jg (x,n)}
B 1%

P Ps

p B

i SPEY. § (f_@
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AT.4 Series expressions for the control surface derivatives

Fran Weber' (Part 1, Seotion 2.4) writing his derivatives in our nota-
tion (see Table 1) the following series expressions for the control surface-
wing derivatives are obtained

Py 302\ J2m2
E_B = 2n \}1-—7& 2—/ 8] C (n) Fomsd (Eﬁ)
m=o
P 3 2
E oo 2N o™ p (M P, ()
Eg 5 B
Ly
D 2 =2
__E__a_ = E—.}.\'—'_"' 2_/ “2mAm (A) F2.m (Eﬁ)
P J“_h m=0
P& Z zm
& B, (\) F (E,)
B 21044 B
B (4x )/2
~h =
% - 3/T£Ln Op (W) Gy ()
B m=0

-12 =



oo
~hy ¥ T oom

. Q7 Dy (W) &y (Bp)
B (1-7\21' P

mn=o0
i Z Ay () Gy (2,)
Eﬁ \’ 2
i P gy (2g)
2 = L o™ B, (0) Gy, B

£ (17»)/2

where
1 - (4-E,)"
B (Eﬂ) = (I‘+1)1§EB
2 {(1-E )% = 1 4+ (r+2) E}
6, (Ey) = 8 > g
ol (r+1)(x+2) EB
2
A = h[Dm+-(1—;—£—lCm1J (m > 1)
2
B = -(——131'1;1‘1 D -C_
o (P )T /)
m - (2m#1) (em~2r): ri (r+1)!
r=0
m--'1
- (o lamn) § /2) =
P = ) 2_.: (2m-2r-1), r, (x+1). (m>1)
and
A, = 1/\
D = 1/7\.2 .

- 13 ~



The conneotion between these functions of A, the functions a
used by Weber', and the functions H_, G, used by Temple and Jahnd H

a®) = (%2 (2mi2) 5 )
Bm(l) w ()m-l-‘l J‘l-—?& (2m+3) 3211}1-1,14. (A)

2
C®) = (—)’“Kz’:*l a2,y (M = P e, ()

m (oms1) ot <4>

(for m > 1) (-) ()t ° >

D) = (AR, ()
A 12

Temple and Jahn5 give the expressions for Gm, Hm far values of m

88 far as 10,

-l -
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TABLE 1

Comparison of notations

English French American German®
(present
report) (reference 1)| (reference 2) (reference 5)
-2
Frequency v = n(1~x2) w(‘l-—-’)\.z) ok = a(l™-1) 2w
parameter M2
Mach No. M= 1/ M =1/ M M=1/y
Chord ratio E[3 7y 1 - Xy Ty
Aileron- P 2 B, nr !
. Z T a
wing
derivatives 2 o u "
0 2A PT = X,
7 w(1-?‘.2) 2 w
2 o L
PG’. 27\ P‘. 5 rb
2 1] ”n
o 2N PR x Ty
¢ w('i-?\,z) bow
2 a1 2 Koot
-hz 2N MT 2k N1 > n,
21 I‘,i' ! n [}
~hy, 2 kN, are
w(1-2")
23t <Nt Lt
ha 2N MR k Nj n y,
27\2 i k N t "
™ 2 4 2l
Wing £ As for p As for (-—hq) As for p, with
derivatives q By > 1 1 with Ny re= r,. repladed by
Q= ZeZy0y 8 placed by 2L,
- As far (-h ) | As for (-hy) As for (~h,)
4 Eg »1 | with N. ;1;3 with n., rlt:g'-
placed by M. placed by m,,

-5 -




TABIE 1 (Contd)

English French American German*
(present | (reference 1) | (reference 2) | (reference 5)
report)
Wing~- £, -m As for wing As for wing
aileron ¢ 9q derivatives but |derivatives but
derivativeg with suffices with suffices
q = r,n, BB 344 replaced by |=a,b replaced by
5,6 respectively |d,c respeotively
and no primes.
No terms corres-
ponding to those
with suffices
1 and 2
Aileron Py ~h As for aileron~ |[As for aileron—
derivatives 4 4 wing derivatives |wing derivatives

g = r,i“,B:B

but with suffices
3,4 replaced by
5,6 respectively
and no primes.

No terms oorres-
ponding to those
with suffices

1 and 2

but with suffices
a,b replaced by
d,c respectively

¥ Reference 5 considers both the upen step and closed step cases and
distinguishes ther by a ocircole or a line over the suffix. The present
report and reference 1 only consider the open step case.
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0.5

0.6
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10
M ==
3

0

0.0020
0.0078
0,163
0.0262
0. 0354
0.0419
0. 0438
0.0391
0.0267
0, 0058

0,0019
0.0074
0, 0157
0. 0254
0. 0349
0.0424
04 0L60
0.0439
0.0343
0.0180

0.0018
0.0071
0.0151
0.0246
0.0343
0.0425
040475
0. 077
0.0418

0.0289

0.0017
040067
0.0143
040237
0.0354
0, 0420
0, 0482
040501,
0.04L73
0.0380

0.0016
0.0064
0.0136
0.0226
0.0322
00412
0.0L82
0.0520
0.0513
0.0452

0.0060
0.0129
040215
0.0309
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0. 0475
0.0525
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10,0503

0,0015 | 0,0014

0.0056
0.0121
0.0203
0.0293
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0,0462
0.0519
0.0546
0.0533

0.0010
0. 0040
0.0087
0. 0147
0.0216
0.0287
0,0354
0,040
0.0L49
0.0467

0
0.182
0. 364
0. 546
0.728
0. 91

14092
1.27Y
1456
1.638
1.82

<

0.2

[ e
. .

OCQOEF N OO

N_.\—L_‘.,_\-J-O
& % 8 & & 9

»

10
M=
0

0. 0046
0.0177
0.0371
0. 059,
00801
0s 0349
0.0990
0.0838
0.0616
0.0163

0. 004
0.0169
0.0357
0.0577
0.0792
0.0960
0.1040
0.0995
0,0797
0. 0430

0, 0042
0.0161
0,032
0.0559
0.0777
0.0962
0.1C7k
0.1080
0,0951
10,0668

0. 0039
0.0153
0.0326
0.0537
0.0757
0.0953
0.1091
0.1162
0.1073
0.0870

0.0037
0.0145
0.0310
0. 0514
0,07%1
0.0934
0.4092
0.1176
0.1162
0.1030

0,0035
0,0136
0,0293
0.04,88
0.0701
0,0906
0.1077
041188
0u1247
Oe 1144

0,0033
0.0127
0.0275
0.0461
0. 0666
0,0869
0.1047
0.1176
0s1237
0.1213

0.0023
0.0091
0,0198
0.0535
0,044
00651
0.0802
040929
0.4020
0.1063

0.168
0.336
0. 504
0.672
0.8

1,008
14176
1 o 3l
1512
1.68
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3
I
5
0.6

o 00O
. & o

joNeNe]
s = 8 ¢ & &

* » a % 3

F R Y G WM W S A
°
OW @~ A F W 2O G-l

M=2

0

0.0022
0.,0085
0.0189
0.0327
0.0494
0, 0683
0.0885
0e 109
0.1289
0.1470
0,1622
0.1737
0.7 803
0.1812
01757
0.1632
0.1432
0.1155
0.08
0.0372

0.0021
0,0081
0.0180
0,0312
O OL 7l
0,0658
0.0856
0,1061
0.1263
0. 1454
0.1622
01759
0.1856
G.1904
0.1895
0.1824
0.1685
0e1476
0s1194
040838

0.0019
00077
0. 0171
0.0297
00452
0.0630
0,082,
0.1027
0e1231
0.1427
0.1607
0.1762
0.1885
0,1966
0. 1999
0.1978
0.1896
01791
0.1538
0,1257

0,0018

0.0073
0.0162
0.0202
0, 04,30
00601
0.,0789
0. 0988
0.1191
0.4390
0.1578
01747
0.1889
0.1998
0.2067
0. 2088
0.2058
01971
0.1825
0.1616

0.0017
0.0069
0.0153
0.0267
0.0407
0.0574
0.0752
0. 0945
0.1145
0.4 34
0.1535
0.1713
0.1871
0,200
0.2097
0.2155
0.2168
0e2133
042045
0.1903

0.0016
0, C06L4
0.0143
0.0254
0,0384
0.0539
0.0712
0.0898
0,1092
0.1288
0.1480
0.1663
0.1829
0a197L
0.2092
0.,2178
0,2226
0,2233%
0.2195
0.2110

0.0015
04 0060
0. 01 34
00235
0,0360
0.,0506
0.0670
0.0848
0.1034
0.1224
o P P
0.1596
0.1766
0.1920
0, 2052
0.2157
0.2234
0.2271
042273
04223k

0,001
0a 0043
0.0096
0. 0168
040259
0.0365
0.0486
0,0617
0.0758
0.0903
0.1050
0e1197
0.1339
01473
0.1595
0.,1706
0.1800
0.1874
0.1927
0.1958

0.075
0.15
0.225
043

O 375
Ol
0.525
0.6

0.675
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06 | 242389 | 242775 [ 243142 | 2.3487 | 243809 | 24108 | 2.4380|2.,5197] 04216
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el 11,0068 11,1066 {1.,2131 1143238 [ 144363 | 15480 | 1.6563]2,0089] 0a 504
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1.8 {0,598 10,6637 | 0.7538 [0.8620 [0,984k4 | 41.4162 [1.2523]1.7350[ 0,648
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0 1,5000 15000 | 1,5000 |4.5000 | 4145000 |41.5000 | 1,5000]4.5000] 0
Cel [ 164977 114579 | 14981 {14983 [1,4985 [1.4986 | 1.4988!14992] 0. 064
0s2 1144908 [1e4917 11,4925 [1,4933 [1.4940 [1.4946 | 1.4952 14969 0,128
003 1 1a479% [1e481%4 [1.4832 [1.4849 [1.4865 11,4879 | 1,4892]1.4931|0.152
Oude [ 124639 (164673 {14705 (14734 (144762 [1.4787 [ 1.4810(1.4878{ 0, 256
0.5 114440 114486 [ 14504 11,4590 |1.4632 |1.4671 14706 {1.481110,32
0.6 |1.4215 11,4286 | 1,435 {1.4418 {14477 11.4532 | 1.4582|1.4732| 0. 384
Oe7 (103955 14048 14,4137 114221 (14300 [1e4373 [ 14439114639 0,448
0eB |1¢3670 (143786 [1.3897 {1,4003 14102 {1419 | 1.4280{1.4536|0.512
069 |1.3367 [1¢3505 (143638 [1.3766 |1.3887 11,4000 |1,4105|1.4423{0.576
1.0 143050 (143209 [ 14336k (103514 {13658 |1,3792 | 143918 |1.4302{ 0,64
1o [142727 [142905 (143081 [1.3252 (143417 (143574 114372014 4474 Ou 70L
142 | 142403 [142597 1142791 {1.2983 [163169 |1.3347 | 143515 |1.4039] 0.768
13 [142086 (142292 [ 142501 162711 [142917 143116 [ 1433051439011 0.832
Tole 101781 11,1994 1142215 (142040 {12663 11,2882 143091 |14 3761] 0,896
1¢5 11495 (11710 {1,1938 142174 {12513 [142649 [1.2877[1.3619| 0,96
106 1129232 101443 (11673 {11917 142168 |1.2420 |1.2666 {14 3478|1024
147 11,0998 [144499 | 101426 |1.1672 [4.1932 |1.2197 |4.245911.3339]1.088
148 [1.0797 1140981 11,1199 {1e1idd (11708 1101983 |4142259(443203{1.152
169 [1.0631 11,0793 140996 |141235 [1.1499 [1.1780 |1,2068 [1¢3072]1.216
200 {1.0505 140638 |1,0824 |1,1047 141307 {1.1591 {1.1887 11297 1.28
2.1 [1e0449 |1,0518 [1.0675 [1.0883 [14113h |4e1418 (1171812828} 14 344
2e2 [1.037h {10434 [ 1.0559 [140745 1140983 |1412671 {1¢156/4.[162717|1.408
2¢3 1140370 |140387 |1«0L75 {1.063h |1.0855 (149923 [1142611.2615] 16472
2¢k [1.0407 [1.0378 |1.0426 [1.0553 {140750 (11005 (1,4303 [1.2522[1.536
2.5 | 1.0482 |1.0404 [1,0409 [1.0501 {140669 {14090k {14197 |1.2439]1.6
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0 149604 [14960L [14960k |1.960L |1,960L |4960k4 {10560k |4¢ 96040
0.05 149592 {19593 149594 |149595 [149596 [149537 11,9598 11.9600( 0,0255
O0ul {19556 [1+9561 (149565 {149569 (149573 {19576 [149579 |14 9588 0,051
0:15 149497 (19508 11,9517 11.9526 [1.953L [1.9542 |1.9548{1.9568|0,0765
0e2 [1e9415 11.9433 |1.9450 |14 9466 [1.9480 [1.949% |1,9506 [1.9541]| 0,102
0e3 [1.9183 (149223 [1.9261 {1.9296 11,9328 11,0357 |149384 i1 9463(0.153
0035 |1.49035 [19089 [1.9139 [1.9186 {1+3230 [1,9269 [1,9306 |[1.9412{0.,1785
Ocli §1,8866 [168936 {149071 |1.9064 (129118 {1.9169 {1.9216 |149355] 0,204
0:45 |1.8678 [148764 |1.8846 11,8921 [1.8992 |149056 [41.9115 [1.9290|0,2295
0.5 [1.8471 [1:8576 (18675 [1.8767 {1-8853 [1.8932 !1.9004 11.9219]|0.255
0s6  |1.8007 [1.8152 |1.8289 [1.8418 |148539 [1.8650 |1.8752|1.9056] 0,306
O0u7 (17484 [1.7672 [1.7851 11,8020 [1.8180 [1.8327 [1.8462[1,8870]04357
0.8 1146914 17946 127369 [1.7581 [1.7781 |1.79%4E 148140 [1.8661] 0,408
0e9 {1.6311 [1.6585 [1.6851 [1.7107 [147350 [147578 [127739 [1¢8434] 0eL59
160 145688 11,6001 [1.6308 {1,6606 [1,6892 (147162 [1e 7414 |1.8191{0.51
1e1 (165057 15404 [145749 [1.6083 [1.6415 11,6728 [1.7021 1147934 0564
102 {1ebh3lh (104807 | 15184 |1.5560 [1.5927 [146281 [1.6616|1.7669|Ce6412
103 |13833 |14223 1144625 | 145035 {15434 [165827 (106202 |[147397| 0.663
Tob 114326% (143664 164079 | 144510 {14945 145373 15786 1712110, 114
105 (11,2742 [143133 |1.3558 [ 164006 |41e4465 [1.4925 |145373 1+6847| 0,765
1.6 41.2276 1242650 [1.3071 1443526 11,4003 |1,4489 {1,969 |1.6575| 0,816
108 11,1549 [1.1850 {1.2227 11,2667 1143156 {13675 {14204 |146054] 0,918
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o 2,6667 | 2,6667 | 26667 | 26667 | 2.6667 | 2.6667 | 2,6667|2.666710
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0e25[ 0,150 | 0.0145] 0. 0140 0,0135] 0,0130| 0,0125 | 0,0120}0.0101 |0,1275
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162 | 041923| 0e1943| 0e1953] 0,1952| 0e1940| 0s4919| 0,1888|0.,16781{0.612
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20l | ~0e 1427 |~0e1009| =0, 0571 ~0s 0137] 040286] 0,0678| 041026 04181314224
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0.6 | 043072 | 043077 | 043081 | 043085 | 03089 |0,3093 | 0a43096| 043108 0. 546
0.8 | 0.3021 | 0,3029 | 0. 3036 | 043043 |' 04 3049 |0,3055 |0, 3064} 0,3081] 0,728
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102 | 042900 | 062913 | 042925 [ 062937 | 022949 [042961 |0.2973| 0a3013| 1,092
Tali | 042838 | 0.2852 | 042866 | 0,2881 | 042896 [042910 |04292L Oa 2970 14274
146 | 042781 | 042796 | 042811 | 042827 | 042843 |062859 | 042876} 0s2935{ 1456
148 | 042735 | 022748 | 0,2764 10,2778 0.2795 [0.2812 |0.2830|0,2898( 1,638
2.0 |0,2702 10,2712 | 0a2724 10,2738 | 0.2754 10,2772 |0.2790| 0.2863]1.82
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M=
0 Oel36L | Op 4364 | 0ul436h | 0ul364 | Oualp36h |0el364 | 0abi364] 0043640
0.2 | Qoli3ls | Oali345 | 0ali346 | 0o 347 | 0ali349 | 064350 | 044350 004354 | 04168
Oul | 002283 | 0288 [ 0.4293 | 044298 | 04302 [044306 | 0aL310] 0alt323} 0,336
0.6 | 0u4486 | 004497 | 064208 | 0, 4218 | 0u4227 064236 | 0442451044274 04 501
048 | 04061 | 064079 | 044096 | 0alA13 | 0a44129 |Ouliild. |04159] 0442080, 672
160 | 023917 | 023942 | 063967 | 063990 | 0ub013 { 044035 |0.4056]0.4128| 0,84
12 | 0.3765 | 0.3796 | 0,3826 |0.3857 | 0.3886 | 043915 |0.394.3| 0.4040] 1,008
Tole | 03617 | 03650 | 0.3685 [0,3721 | 063756 [043791 | 0.3825|003947{1.176
1¢6 [ 0e3483 | 0u3517 { 043553 | 063591 | 043630 [0.3669 {043708|0.3853]| 1. 34
18 | 0.3375 | 0.3405 | 0.3439 | 0.3L76 | 0.3516 |0.3558 10.3600|0.376311.512
2,0 ] 0,3301 | 003323 | 0.3350 | 0,3383 | 0e3421 }0.3462 |0,3506]0,3682)1.68

M=2
0 O 5774 | Qe5TTh | 0a5T7h | 0a577k | 0e577h | 0e57Th {0e5774{ 065774\ O
0s1 | 05763 | 065763 | 0576l | 0e5764 | 045765 |045766 |0s5766|0.5768(0075
0e2 | 045730 | 0.5733 [ 045736 [ 065738 | 0u5744 [ 045743 [0e5745]005752{0a15
Oe3 | 0.5678 | 04568l 1045690 {0.5695 | 05700 { 065705 {0,5710{0.5725{0.225
Ouly | 045605 | 0.5616 | 065626 |0,5636 | 045645 [0.5653 |065662]0.56880,3
0e5 | 025514 1 045530 [ 05546 {05560 | 045574 {05588 |0,5600(0.5642106375
0s6 | 05406 | 005429 | 045454 [ 05471 | 0a5491 [ 065510 10,5527| 04558605
Oe7 [ 045285 | 06531k | 065342 [ 065370 | 065396 | 045420 |O05L43|0s5522| 06525
048 | 05151 | 05187 | 0.5223 | 045257 | 065290 [ 045324 [045350]0.5451|0,6
0s9 | 045008 | 0.5051 [0e509k [0e5135 | 005175 | 065213 | 045249}0.5373|0.675
1,0 | 04858 | 0,4908 | 0,4958 | 0,5006 | 0,5053 | 0.5098 |0.5141)0.5289(0.75
162 | 044552 | 0elb13 | 0ulibTh | 04736 | 04795 {0.4854 |0.4910{0.5109{0.9
13 | 0utii0l | 00lli66 [ 00li532 | 0,4598 | 066l | 0a4729 | 0al792]045015(0,975
ekt | 04256 | 0a4323 10,4392 | 0.4463 | 0,4533 | 0,4602 |0,4672]0.4920|1.05
1¢5 | 0u4419 | 04487 [ 0,4258 | 0.4331 | 0,4406 | 0.4480 |0,4555|0.4826[1.125
166 | 053993 | 044060 | 0,5431 |0.4206 | 0,4283 | 0.4361 |0,23420)0.47%214.2
1e7 | 0,3882 | 0a3944 |CokOll |0,4089 | 0,4166 | 04247 |0.4330[0.464111.275
148 | 0.3786 | 0,3843 | 0.3908 | 043984 | 044059 | Oelidlyd |0e4226(0.555414 435
169 | 063709 | 063757 | 03816 [0.3885 | 003962 | 0,404 | 0ol 30| 0ulili74]1. 425
2,0 | 0.365% | 0.3689 | 043740 |0.3803 | 0,3876 | 0,3956 |0.404210.439411.5
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