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. Summary. 'This Report gives a method for calculating the aerodynamic forces and moments acting on
unstalled vibrating cascade blades. The forces and moments due to both bending and torsional vibration are
calculated, and also due to wakes from periodic obstructions far upstream which move relative to the cascade
in question. The calculation has been programmed for EDSAC II, the electronic computer at the Cambridge
University Mathematical Laboratory, and the essential formulae are summarized in an Appendix, in order to
facilitate the preparation of programmes for other machines. The Report includes skeleton tables of the force
and moment coefficients for two space/chord ratios. The coeflicients can be used to predict the occurrence of
pure torsional or coupled flutter and the vibration induced by periodic disturbance in the flow.

1. Introduction. Blade vibration in axial compressors and turbines has been one of the most
troublesome problems in the development of gas-turbine engines. In practice the trouble usually
occurs when the blade row in question is stalled, but in order to achieve an understanding and
* control of blade vibration under all conditions it appears to be essential to start with a study of the
problem under the much simpler flow conditions when the blades are not stalled. The basic problem
of the theory of blade vibration is then to calculate the aerodynamic forces and moments acting
on the blades, if they are presupposed to be vibrating in a given manner. When this has been done,
the conditions under which self-excited vibration of the blades will occur can be predicted, and the
related problem of predicting the vibration which will be forced by given pulsating disturbances
in the air flow can also be solved.

In this Report, therefore, the acrodynamic forces and moments for a cascade of vibrating blades
will be calculated, subject to the following simplifying assumptions:

(a) The system considered is two-dimensional, so that the bending modes of actual blades are
represented by a translational motion of the two-dimensional aerofoils, and the torsional
modes of actual blades are represented by rotation of the two-dimensional aerofoils about
a known axis. Only translational motion perpendicular to the chord line has been considered,
since motion parallel to the chord line gives rise to second order effects only.

(6) The fluid is assumed to be incompressible and inviscid.

* Previously issued as A.R.C. 22,133.



(¢) It is assumed that the blades do not stall, so that the flow always follows the blade surface.

(d) Effects due to blade camber and thickness are neglected so that the blades are assumed to
be flat plates.

(2) Tt is assumed that the blades operate at zero mean incidence, so that the mean deflection
is zero.

(f) The amplitude of vibration is assumed to be small. It follows that the wakes of the blades,
which are vortex sheets in which the strength varies sinusoidally with distance from the
trailing edge, can be taken to be straight. It also follows that the theory becomes linear,
so that results for any two types of vibration can be superposed to give a third type of
vibration.

(9 Itis assumed that all blades vibrate with the same amplitude, and with a constant phase
angle between one blade and the next. This involves no loss of generality, since any required
motion of the blades can be obtained by superposing solutions of the type considered.

The theory of vibrating flow subject to the above assumptions has been gradually built up by
several authors. Theodorsen'® gave the solution for a single aerofoil, which is the limit for cascades
as the spacing of the blades becomes large. The case of zero stagger cascades in which adjacent
blades vibrate out of phase has been studied by Reissner'?, Timman'” and Lilley®. In this case the
stream lines halfway between the blades are lines of symmetry and therefore do not change position
during the vibration so that they may be replaced by solid walls. This therefore corresponds to the
case of a single aerofoil vibrating in a wind tunnel and was studied for this reason.

The case of zero stagger cascades with all blades vibrating in phase has been studied By Billington?,
Mendelson and Carroll!t, Woods? and by Chang and Chu2.

Sisto* has given solutions for zero stagger cascades with a general phase angle between adjacent
blades. Lane and Wang” have given a general method of calculation applicable to cascades of any
stagger and any phasing angle, and give numerical results for a cascade with 45 deg stagger.
Legendre® has given a method for cascades of any stagger when adjacent blades vibrate out of
phase, and calculations for a 45 deg stagger cascade have been carried out by this method by
Eichelbrenner®. Jones® has considered the case of cascades with large spacing and very high stagger
(nearly 90 deg), this being the case of interest in helicopter blade vibration.

The case of zero stagger with adjacent blades vibrating out of phase has been extended to subsonic
compressible flow by Woolston and Runyan?® and by Runyan, Woolston, and Rainey’®. A method
for subsonic compressible flow with general stagger angle and phasing angle has been given by
Lane and Friedman®. The results show a resonance phenomenon, similar to an acoustic resonance.

" 'The method of calculation to be used in this Report owes much to the previous reports of Lilley?,
Lane and Wang” and Lane and Friedman®. '

2. General Method of Calculation. 2.1. Vorticity. Since the blades are assumed to be flat
plates, and the wakes from the blades can be taken to be straight lines extending from the trailing
edges of the blades, both the blades and their wakes can be regarded as vortex sheets. The basic
approach will be to find the distribution of vorticity along the blade which induces the correct
upwash velocities normal to the blade surface along the chord of the blade.

Consider therefore an element of vorticity ydxe® on the reference blade at a distance x from the
origin at the leading edge, as shown in Fig. 1. On the next blade above this everything is advanced
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in phase by an angle 8, and so this blade will carry a corresponding element of vorticity
ydxe“@ A at the point (x+s sin &, s cos £). In general, the mth blade will carry an element of vorticity

ydxei(me/J’)
at the point
x + mssin &, ms cos £.

Since the strength of these elements of vorticity varies sinusoidally with time, associated with
each there will be a vortex sheet shed from the element, and extending a great distance downstream.
The strength of this vortex sheet will be denoted by eei“’. Following Lilley?, the vorticity y will be
referred to as the bound vorticity, and the vorticity e will be referred to as the free vorticity. The
free vorticity is being continually washed downstream at the speed of the mainstream, U. Considering
then the reference blade and its wake, the strength of the free vorticity due to an element ydxei! of
bound vorticity is given at a point (x;, 0) by an expression of the form

cett = Constant e®—=1/0) (1)
During a small time interval 6z the strength of the element of bound vorticity changes by an amount
ydxe e 8t

This is equal in magnitude and opposite in sign to the free vorticity created in the time interval 8z.
Also during this time interval the sheet of free vorticity moves back a distance U8t. Hence the
strength of the sheet of free vorticity just behind the element of bound vorticity at (x, 0) is given by

vdxe' i 5t
Ust

This determines the constant in (1), and the free vorticity is given by
w
€ = — ’}/dx ﬁ ezw(z—xl)/U (2)

The total free vorticity at (x;, 0) is obtained by summing up the contributions from all the
elements of bound vorticity from x = 0 to ¥ = ;. This gives
iw [*1
€= — — @=L s
), ”
The total vorticity is therefore (y+¢) on the reference blade, with corresponding vorticity on
the other blades. In the wakes, vy is zero.
A useful differential relation between y and e can be obtained by writing this
1 T
etV — _ 1 [T peioalU gy
Ul
Then differentiation with respect to x, gives
de | fw ) )
U . epleong]U = (g )elor /U
dxl U U y( l)
Or, writing & as the independent variable

de iw
@"FT](“'V) =0 (3)

(83536) ) A
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Next it is necessary to relate the bound vorticity to the pressure difference across the blade, and
since the theory is to be used in cases when the whole flow contains vorticity, the velocity potential
cannot be used in the usual way, since when there is vorticity it does not exist. The equation of
motion in the x direction, linearized by neglecting small terms of second order is

3 N[ 13
. . il ) — — 4
(az +U ax) (”e ) - %

Writing this for a point just below the blade, denoted by a suffix —, and for a point just above
the blade, denoted by a suffix +, and subtracting the two equations gives

d a . 19
(6 + V) (o) ) = (22

p ox
But u_ — u, = y + ¢, being the total vorticity on the blade. Hence

12 (p_—p+) = (a% + U%) E(we)e“”‘

p ox
. dy de) .,
= gzw(y-i-e) + U&,—a—c—!- U?djc é
— dy Twt
= U%e

from (3). This can be integrated directly, and the constant of integration vanishes since both y and
(p_—p.) are zero off the blade. Hence

P —pr = — pUye : (4)
If the aerodynamic force acting upwards on the blade is Fe'!, this is given by

s [
0

Hence
F=—prcydx (5)
Similarly the aerodynamic moment Me®! acting anticloclgwise about the leading edge is given by .
M= —pUJ:'yxdx ©)

It is also necessary to consider conditions at the trailing edge of the blade. Corresponding to the
Joukowski condition for steady flow, the required condition is that (y+¢) must be finite at the
trailing edge. Then Equation (3) shows that ¢ must be finite at the trailing edge, and therefore y will
also be finite at the trailing edge. At the leading edge, however, ¢ will be infinite, as in normal thin
aerofoil theory for single aerofoils.

2.2. Induced Velocity. In Appendix I it is shown that the velocity normal to the blade surface
(ve') induced at a point (%, 0) by a row of vortices with the spacing (s) stagger angle (£) and
phasing angle (f) of the cascade in question (see Fig. 2) is given by an expression of the form

@=5v<ﬂ_f)
c c c

where T'ge™ is the strength of the vortex on the reference blade or in its wake at (x, 0) and V(z)
is a rather complicated non-dimensional complex function of z and also of sf¢, £ and §.
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From this point onwards, in order to simplify the equations slightly, it will be supposed that
x and ¥ are measured in units of chordal length, so that ¥ = o = 1 at the trailing edge of the
reference blade.

The normal velocity induced at a point (7, 0) by an element of bound vorticity ydxe at (x, 0)
on the reference blade, and corresponding elements on the other blades, is therefore given by

(1) = y(x)dxV(n—x) 7
Associated with this is the free vorticity given by (2) which induces a velocity given by
o) = [ el Vn s ®)

where the total effect is obtained by integrating over all the elements of free vorticity from x; = %
(where it starts at the position of the bound vorticity) to infinity. Special consideration of the case
B = 0is required, since for this case V(%) does not tend to zero as - — o and the above integral
does not converge but oscillates. To resolve this it is necessary to note that, assuming the system
was started from rest, the total vorticity on each blade and in its wake is zero

f:'(we)dx =0

For an element of bound vorticity and its associated free vorticity this gives

o) + f " ew)dry = 0

z

If this equation is multiplied by the constant V(— o) and subtracted from the sum of Equations (7)
and (8), the velocity induced by an element of bound vorticity and its associated free vorticity is
given by ‘ ,

o) = {V(n=3) = V(=) + [ * elm){V (=) = V(o)

A

where the integral will now always converge at the top limit. Substituting for ¢ from (2) gives

fee]

o) = {V(g—3) = V(= s =y g [ e (V=) = V(= o)}y

x

Putting 2, = %, — np and A = wc/U (where ¢ = 1) this is

o) = o)y [ (T =) = V(o —id [ eemrso (=) = V(o))
z—y .
This may be written
o(n) = y(x)de. x K(x—7) ©)
where K is a function, to be called the Kernel function, of & = x — 7, given by

K(2) = V(—2) — V(= o0) — iXeits f ® T — ) — V(= co)lds, (10)

z2
Integrating Equation (9) for the total velocity induced by all the elements of bound vorticity
along the blade chords gives

o) = f Kz ) (11)

Since the Kernel function is infinite when & = 7, it is the principal value of this integral which is
required, and principal values are to be understood for all subsequent similar integrals.
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This induced velocity must be equated to the actual upwash velocity. The aerodynamic forces
and moments will be calculated for three cases. The first case is for pure translational motion of
the blades, with velocity ge?. In this case the induced velocity must be equal to the blade velocity,
so that '

v=4q.

"The second case is for torsional motion of the blades about an axis at the leading edge, the angular
displacement being ae®!. The air velocity normal to the blade surface then becomes

(v—alU)etet,

This must be equal to the velocity of the blade itself, which at a point distance 7 from the axis is

d .
7 (—{2 (aewt) .
Equating these gives for the velocity induced in the second case
v = alU(l+i\n).

The third case to be calculated is when the blades are operating in the wakes of some kind of
periodic obstruction far upstream, which moves steadily parallel to the cascade under consideration.
It is supposed that a Fourier analysis of the wake profile has been carried out, and one component
is considered. The wake spacing and the relative velocity of motion of the obstruction determine the
frequency w and phasing angle § of the disturbance felt by the cascade. Let the velocity which the
disturbance would induce normal to the blade surface at the position of the leading edge of the
reference blade, if the cascade were removed, be we®!, Then since the whole disturbance is washed
downstream at a velocity U, the velocity which the disturbance would induce at a point (7, 0)
is given by ‘

wetol—yU) |

Since the total velocity induced normal to the blade surface must be zero, this is equal and opposite
to the velocity induced by the vorticity on the blades, ve®!. Hence

v = — we M,

If disturbances corresponding to all three cases are present together, the induced velocity is
given by '
v = q + aU(l+i\y) — we=itr (12)

The strength of the sheet of bound vorticity required to induce this is then given by
Y = qrg + aly, —wy, (13)

Where y,, y, and y,, are the solutions of the following integral equations:

f : Vo Ve vl K(x—mn)dx = [1, (144Ay), e (14)

These equations hold for 0 < % < 1. Each of the expressions in square brackets is a matrix with
one row and three columns. These equations have to be solved subject to the condition that y is

finite when x = 1. The aerodynamic forces and moments may then be obtained from Equations (5)
and (6).



2.3. Solution of the Integral Equations. In order to solve the integral equations, a2 numerical
method will be used. A transformation to new independent variables 6 and ¢ is made, in the same
way as in the usual thin aerofoil theory for single aerofoils.

x = H1l—cosb)

7 = 3(1—cos¢)
Making these substitutions in Equation (14) gives

f' K(% cos ¢ —% cos 0) [y, vo vild sin 0d0 = [1, {1 + 31— cos ¢)}, e~iAd—cos#)iz] (15)
0

Then the bound vorticity will be specified at (z+ 1) points, given by
0 = wln

where [ is an integer taking values from 0 to n. The value of y when [ = #, at the trailing edge, is,
however, irrelevant since in Equation (15) it is always multiplied by sin & which is zero. The same
argument does not apply at the leading edge, since y will become infinite there although the product
y sin @ remains finite. The 7 values of y can therefore be found to satisfy the Equations (15) at
n points only, and these will be chosen to be given by

¢ = a(2m+1)[2n

where m is an integer taking values from 0 to (z—1). These points have values of ¢ midway between
the values of § at which the bound vorticity is specified.

It is next supposed that the integrals in Equations (15) can be evaluated by the trapezoidal rule.
(This approximation is re-examined later and is found to be remarkably accurate, although a
correction is needed to allow for the logarithmic singularity in K.) Then Equations (15) become

> Ky cosw 2m + 1/2n — 3 cos w Un) [vy Vo vili sinwlfn. wfn
1=0

= [1, {1 ++ 3iX(1—cosw 2m + 1/2n)}, e~iAa—cos 7 Bmiliznye] (16)

°
where the notation ¥ indicates a summation over (z+ 1) terms, in which the first and last terms
=0
are to be taken with half weight. In this case the last term in the summation drops out, and the
Equations (16) represent three sets of # simultaneous equations for the # unknowns, y. Equation (16)

may conveniently be written in matrix notation as
| AT = B (17)
where 4 is a # x n square matrix in which the element in the /th column and mth row is
K(% cos w 2m+1/2n—} cos m Ijn) (18)

T’ is a # x 3 matrix in which the /th row is

T :
['V(p Yar '}’w] x 7n sin 7« Z/n (19)

except for the first row which has half weight.
Bis also a n x 3 matrix in which the mth row is given by the r1ght -hand side of Equation (16).
The formal solution of (17) is then
I'=4"B (20)
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2.4. Calculation of Force and Moment. If Equation (13) for y is substituted into Equation (5)
the blade force is given by

F= = U [ @yt oUy, ~wr, s
This may be written in terms of non-dimensional force coefficients as follows

F = mpUc(¢Cp 4+ aUCx,~wCp,) (21)
where the coeflicients are given by

1t 1 p7 .
[Cro Crros Cr) = — f D Vor vldi = — f [ Ver 7ol sin 046
TJo ™Jo

. This integral may be evaluated by the trapezoidal rule, like the integral for the induced velocity,
giving

1 7'Ll A
[Cr @ Cy o Cr w] = = - % ['}’gp Yo ')’w]% sin Wl/n' 77/” (22)
=0 -
The aerodynamic moment may be treated in exactly the same way, being expressed as
M = mpUc(gCly g+ aUChr,— 0Cayy) (23)
where
. 1 1 1 nl
[Caro Catoo Coral = = | o v vl = = 57 by v il
TJo T i=0
x H(1—cosnlfn)} sin wljn . w/n (24)
Equations (22) and (24) may be combined into a single matrix equation
1
C=—--XI (25)
w
where
- [CF(I CFoc Cﬁ‘w:l (26)
Crrg Cora Crrws
and X is a 2 x # matrix whose /th column is given by
1
[ } - 2)
(1 —coswiin)
Eliminating I' from Equations (20) and (25) gives
C=— 1Xzé["lB (28)
w

This is the required result for the matrix of force and moment coefficients, since X, 4 and B are
matrices with known elements.

In the preceding presentation the integrals occurring have been evaluated by the trapezoidal
rule. In Appendix II it is found that this is correct for the force and moment integrals, but that a
correction is required in the expression for the induced velocity integral, which has the effect of
modifying the matrix 4. This correction arises due to a logarithmic singularity in the Kernel
function K.



A complication arises in the evaluation of the infinite integral which occurs in Equation (10).
The series method used is given in Appendix II1.

The calculation involves a very large amount of arithmetic, and this would only be practicable
on a fast digital computer. In order to assist in the possible preparation of programmes, the required
formulae are collected in Appendix IV.

3. Accuracy and Convergence. 'The method of calculation has been programmed for EDSAC 11,
a fast electronic digital computer at the Cambridge University Mathematical Laboratory. With
7 = 8 the machine takes about 25 sec. to calculate a set of coefficients from given values of s/c,
& Band A

The accuracy obtained in the calculation depends on the value taken for n. The programme is
written so that the value of # can be changed by merely altering the value of a ‘preset parameter’ at
the head of the programme tape. It is therefore possible to check the accuracy obtained by running
tests with the same data and increasing values of #, and examining the convergence of the
coefficients so calculated to a limit, The convergence obtained is illustrated in the following table,
which shows the value of # required to give four decimals correct in all coefficients.

sfe £ Bl2m A 7
1.0 0 230 0 4
1-0 0 0-5 1-0 4
1-0 75 deg 05 2-0 6
0-5 0 0-5 0 6

The convergence is extremely rapid in.these cases, but tests on a cascade with s/c = 0-5 and
& = 75 deg showed poor convergence up to # = 8, and the method is evidently unsatisfactory for
cascades in which the blades are very close together. For this case a theory due to Sohngen?® is
applicable.
"The correctness of the programme has been checked by comparing solutions with the following

previously known solutions:

(a) A single aerofoil. (This is the only case in which a check on Cp,, and Cy;,, is available.)

(b) Solutions obtained from actuator disc theory (Ref. 19) for cases when 8 and A are both

small (but not both zero).

(¢) Results calculated from Mendelson and Carroll’s solution!! for ¢ = 0 and § = 0.

(d) Some of Sisto’s results'* for £ = 0 and various values of .

(¢) Some of Lane and Wang’s results” for £ = 45 deg.

In all these cases agreement is obtained to within the accuracy of the comparison solutions. In
making these comparisons it is necessary to allow for the fact that different authors refer their
coefficients to different axis positions. Formulae for converting from the axis position at the leading
edge used here to other axis positions are given in Appendix V.

4. Properties of the Coefficients. -In this Section the main properties of the coefficients will be
listed, Some of these properties account for the definitions of the coefficients which have been used,
which are slightly unusual compared with single aerofoil practice.
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When A - 0 the coefficients tend to a finite limit which is in general not zero. This is the reason
for basing Cj, and Cy;, on the velocity of vibration, in the translational mode, instead of the
displacement. Also when A = 0, all the elements of the matrix B are 1, so that

Cpg= Cro= Cpy(= Cp)
and (29)
Curg = Cuya= Cuyuy (= Cy)

If B is also zero Cp and Cj; depend on the ratio 8/A as both B and A tend to zero, and the solution
is indeterminate. This case can be treated by actuator disc methods (Ref. 19).

A further property when A = 0 can be obtained by noting that when j is replaced by (277 B)
Equation Al shows that V() is replaced by its complex conjugate. When A = 0 this is the only
point where complex numbers enter the calculation. Hence, denoting by C(s/c, £, B, A) the fact that
the matrix of coefficients depends on the four variables s/¢, £, 8 and A, it follows that

CGsfe, & B, 0) = Clsfe, — & 2m—B, 0) (30)

where C denotes the complex conjugate of C.
If the cascade is drawn upside down, ¢ is replaced by — & and B is replaced by (27 —f). Hence

Clsjc, & B, A) = C(sfc,— £, 2m—P, A) (31)

It can be deduced from Equations (30) and (31) that C(s/c, &, =, 0) and C(s/¢, 0, B, Q) are real.
If s/c - o the coefficients are given by single aerofoil theory (Ref. 16). It is found that

Cpy = — CQN) — iN/4

. AJA

Cpo = = (L+ENC) + 5 (é - )

Crw = — [{(Jo(N2) — Ty (N2)} C() + 2, (A[2)]e~A2
LA

CJIIQ = Zi'CFq_ZE

A .
+ 15 (11-2)

C_leoc = %—CFOC 16

Cor = ?}-CFw
where J, and J; are the usual Bessel functions, and C(}) is Theodorsen’s Circulation function, which
has been tabulated, for instance, by Luke and Dengler'® as a complex function of £ = A/2. The
factor of 7 was introduced into the definitions of the coefficients, since it occurs naturally in these
single aerofoil results.

Mendelson and Carroll™ have shown that solutions for 180 deg phase angle between adjacent
blades and zero stagger also apply to the case of 90 deg phase angle for a cascade with half the
spacing, since two of the former systems can be superimposed without interfering with each other
to give the latter. This relationship is

Clsfe, 0, w[2, X) = C(2 /¢, 0, 7, A).
5. Tabulation of Coefficients. In order to provide some data on the values of the coefficients,
skeleton tables are included in this Report for space/chord ratios of 1 and 2. Table 1 gives some values

for A = 0, and in this case on account of Equations (29) it is only necessary to tabulate Cy and Cy,.
Table 2 gives values for A = 0-2, 0-5, 1 and 2.
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The tables were calculated with n = 6 and checked by calculations with # = 4, 5 or 7. These
checks show that the computational error does not exceed one unit in the fourth decimal place.

6. Use of the Coefficients. In this Report it is proposed to discuss only briefly the use of the
coefficients and the conclusions to be drawn from them.

Bending flutter of unstalled blades is controlled by the real part of Cp, since this determines the
component of the blade force which is in phase with the velocity of motion. If the real part of
Cr g is positive, and there is no mechanical damping present, the blades will flutter. In fact, the
tables show that the real part of Cj, is always negative, so that pure bending vibration is always
damped.

Torsional flutter of unstalled blades is similarly controlled by the imaginary part of (Cjy,),
where the additional suffix % indicates that the coefficient is referred to an axis corresponding to the
torsional axis of the actual blades. It has been shown (Ref. 20) that this can occur in high stagger
cascades, the position of the torsional axis being of great importance in this connection.

The coefficients can be used for the calculation of both bending and torsional vibration forced by
flow fluctuations from moving upstream obstructions. For bending vibration, it is found that the
velocity of the blade in its forced vibration at resonance is roughly equal to the velocity of the
fluctuations in the incident airflow.

The coefficients can also be used for the calculation of two degrees of freedom coupled flutter of
unstalled blades. For normal compressor blades this gives rise to only a small modification of the
torsional flutter referred to above, but for plastic blades the coupling effect may be important.

7. Acknowledgment. Acknowledgment is made to Dr. M. V. Wilkes, who made the computing
facilities at the Cambridge University Mathematical Laboratory available to the author.
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NOTATION

Some of the notation used is shown in Fig. 1.
(¢/s) cos &
(¢/s) sin &
Blade chord
4/(—1) Indicates component leading 90 deg in phase
Integers
Integer giving order of approximation used
Static pressure
Translational velocity of blade due to vibration
Ihteger
Cascade spacing
Time
Velocity induced by vorticity on blades and their wakes
Velocity of disturbance due to wakes from upstream obstructions
Rectangular co-ordinates

Square # x 7 matrix, given initially by Equation (18) and later modified

" Matrix defined by Equation (Al14)

Matrix of force and moment coefficients given by Equation (26)
Aerodynamic force on blade (positive upwards)
Coefficients in series, whose value is immaterial
Kernel function defined by Equation (10)
Aerodynamic moment on blade (positive anticlockwise)
Coefficients for evaluation of integrals
Mainstream velocity.
Induced velocity function given by Equation (A1)
Matrix defined by Equation (27)
Torsional displacement of blade (positive anticlockwise)
Phase angle between adjacent blades
Bound vorticity
Free vorticity
Co-ordinate for induced velocity
Variable defined by & = 4(1 —cos 6)
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NOTATION—continued

Frequency parameter

we/U

Stagger angle .

Air density

Variable defined by 5 = (1 —cos¢)
Angular frequency of vibration
Matrix defined by Equation (19)
Strength of mth vortex in a row
Indicates summation

Indicates summation in which the 0 and sth terms have half weight

The force coefficients Cp,, Cp, and Cy,, give the aerodynamic forces arising due to ¢, « and =
respectively. They are defined by Equation (21).
The moment coefficients Cy;,, Cyy, and Cyy,,, similarly give the moments, and are defined by

Equation (23).
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APPENDIX I
The Velocity induced 'by a Row of Vortices

It is required to calculate the velocity normal to the blade surface induced by a row of vortices
with the spacing, stagger, and phasing of the cascade in question (see Fig. 2). For one vortex of
strength I', at (x,,, ¥,,) this velocity at (v, 0) is

— F_m (7} - xm)
27 (77 - xm)z + ymz'

(The factor ¢ indicating sinusoidal variation will not be written but is implied.)
If the centre vortex at (x, 0) has strength I';, then the strength of a vortex on the mth blade, or
g 0 g
in its wake, is given by

]_"m — I“oeimﬁ

and its position is given by ,
X, = x + mssin £
Ny = MS COS &

Summing the effect for all blades gives

r, += emB(y — x —ms sin £)

= 2m m=— o (7—%—1ms sin £)% + (ms cos £)?

This will be written
v = Dofe. Vin/e—x/c)
where V(%) is a non-dimensional function given by
[ +e etmh (z—m—z-sin 5)

&) =5 3 (z=m2sing) + (mcose)

This series can be summed by standard methods. The result for 0 < 8 < 2x isv

7(2) 1 (cz—]—z'b) exp{— (m—B)(a+ib)z} 1 , exp{+ (7m—p)(a—ib)z}

: 3 sinh {m(a + 1b)z} e =G5 {r(a—iB)z} (A1)
where
a =¢fs.cos ¢
and
b =cfs.sin ¢
If however f is put equal to zero and the series then summed, it is found that
) :
V(z) = 7 (@ +1b) coth {mz(a+1b)} + % (a—ib) coth {mz(a—b)}
1 o exp{— m2(a+ib)} 1 exp{mz(a=ib)} 1.
= — b Aa—ih) — " ",
1) oh ez T3 g fms(a—in) T27 (42)

15



It will be seen that this differs from the result of putting 8 = 0 in Equation (A1) by the term $2b.
The difference between the two cases arises from the vorticity existing at points very remote from
the origin. This vorticity can be considered as inducing a velocity which is constant over the plane.

From Equation (10) it can be seen that only the difference between V(— ) and V(- co0) is of
significance. The constant 476 can therefore be absorbed into the constant term V(— c0) and
Equation (A1) will be used in both cases. With this understanding, it is found from Equation (A1) that

V(—w) =0if 0 <f < 2r

V(—o0) = — L(a+ib)if B = 0.
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APPENDIX II
Evaluation of the Integrals for Lift, Moment and Induced Velocity

In this Appendix accurate numerical evaluation of the integrais occurring in Equations (5), (6)
and (11) is considered. In terms of the variable 6 these are:

Fe — 1ol f " (6) sin 646 (A3)
0
M= — jpUc f " (8) (1~ cos 6) sin 846 (A4)
0
v =1 f " K(% cos ¢ — & cos 8) y(6) sin 848 (A5)
[}

As in normal thin aerofoil theory it is assumed that the bound vorticity may be expanded as a
series in terms of the variable ¢ as follows:

y = Gycot /2 + ¥ G, sinvd
r=1
where the first term gives the vorticity which occurs for steady flow over a single aerofoil, the
vorticity being infinite at the leading edge, where & = 0. Then

y(0)sin 6 = Gy(l+cosb) + % 3, G,{cos (r—1)8 — cos (r+1)6}

r=1
so that y sin ¢ can be expanded as a cosine series.
Considering next the V' function given by Equation (Al) and noting that the exponential and
hyperbolic functions can be expanded in their usual power series, it is found that the 7 function
can be expanded as a convergent series as follows

1 ©
r=0

where the first term represents the velocity induced by a-single vortex on the reference blade.
When this is substituted into Equation (10) it is found that the K function can be expanded as

follows:
1

2nx

A -
K(z) = — ~ ;—We"‘z log |2| + & La" (A6)
r=0 :

. This gives:
1

A
A
o) ~ 2 P Bikeos $=cos ) x

K(} cosp—%cos ) =

x log}|cosd —cos 0] + 3 J(¢) cos 7@
=0

where the power series has been converted to a Fourier series.
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When these expressions are substituted into Equations (A3), (A4) and (A5) it is found that
integrals of the following three types have to be evaluated:

f 0 F(6)d0

[ f(8)d0

o cos ¢ — cos 8

f 7(0) log %—I cos ¢ — cos 0.} do
0
where in each case f(f) can be expanded as a cosine series.

For the method to be numerically practical, the series must in each case converge rapidly. This
is to be expected, since the singularities have been separately considered and f(8) represents a smooth
function. In each case f(7) = 0, since the bound vorticity is finite at the trailing edge. f(f) is then
specified at (z+ 1) points given by

0 = wlln 0

V/aN

I<n
and the last two integrals have to be evaluated for values of ¢ given: by
¢ =a(2m+1)2n . O<m<n—1

For a given value of # the integrals must be evaluated by sums of the following form:

f F(6)d0 = z ' f(mlim)P,

[ OB S im0,

0Cos ¢ —cos § ;=

| 052

* Where ¥ indicates a summation in which the first and last terms have half Wéight; and the zeﬂé
last term has been included in order to improve the symmetry of the equations. The coefficients,
P, Q and R will be chosen to make these equations correct if f(8) = cos 78 where # is an integer
(0 <7 < #). Then P, Q and R are determined by the equation -

m (r = 0)
0@ =1

cos 7040 sin r¢
cos¢—cos€ i sin ¢

—cos 8|d6 = 3 f(wlm)Ry,,
1=0

1=0

ZJ P, cos (mfl/n) = Jw cos r8df = [
0

5" Q1 cos (nrin) = |
1=0 ‘
— 2mlog2 (r = 0)
' Ry, cos (mrlln) = f cos70.log 4| cosd — cos 8] .db = (A7)
0

1=0 - ; cosrp (r = 1)

The second integral above is well known, and its evaluation has been given by Glauert®:. The
third integral when 7 > 1 can be 1ntegrated by parts to glve integrals of the Glauert type. When
v = 0 it can be shown that -

fﬂlog%|cos¢—cos(ild0=fﬂ loglsm WO+4)ldo
0

_
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'The integral is then a periodic function of (§+ ¢) and the integral is therefore independent of ¢.
When ¢ = 0 it reduces to a standard form.
Equations (A7) represent sets of (z+1) simultaneous equations for the unknown coefficients
P, O and R. They may be solved by multiplying the rth equation by cos n#k/n (where k is another
integer 0 < % < ) and the first and last equatlons by % and adding. Then since

2 cos (wrlfn) cos (mrk/n) = 0 if I + k
=n fl=%k=0o0rmn

=inifl=k+0o0run
it is found that

P, = wln
2m ", sinrd
= — — /
Ql m . ,ZO sin 9{) COSs v /7’1,
2
R, = ——llog2 + Z‘, - cos 7 cos mfl/n

7= 1

"The series for the Q coefficients can be summed. Provided that ¢ is of the form

é = n(2m+1)/2n

- it is found that

1
7 cos w(2m + 1)/2z — cos mifn

le =

The series for the R coefficients cannot be summed.
It is therefore found that the three types of integrals can be evaluated by sums as follows:

[ s = % 5 st

fﬂ fOd0 Slalfn)
cos qS Zcosf m i—p €08 w(2m+1}/2n — cos wl/n

f J(0)log §|cos ¢ — cos 0| = -7 Z " f(=lln) {log,2 + Z - cos wr(2m+1)/2n cos ril/n;
Itis observed that the first two mtegrals are given by the trapezmdal rule, but that the third integral
is not. The lift and moment integrals have therefore been correctly evaluated in the main body of
the report but the induced velocity integral requires correction. This method of evaluating the
integrals is very similar to that used by Watson18,
A modified kernel function K’ which does not contain the troublesome logarithmic singularity
may be defined from Equation (A6) by

K(z) = K'(z) — —i ¢ log | = | (A8)
Then Equation (A5) may be evaluated as ‘
(¢) = [K’(2 cos w2m+ 1/2n—} cos wlfn) + —/\ exp iA(} cos w2m+1/2n —
=0

% cos 7ljn) {log,2 + Z ~ cos ar(2m+1)[2n . cos 71 :, X [51 sin wlfn . vy(wl/n)—!

r=1F

‘The matrix 4 therefore requires modification, its elements being given by the first factor in square
brackets in the above equation.
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APPENDIX III
Evaluation of the Kernel Integral

From Equations (A8) and (10) the modified Kernel function is given by

o©

K'(z) = V(—2)— V(—o0)— i)\e“zf e (V(—2)) — V(— o)} dz, + g\—r e log | = |

2

Dividing up the range of integration, this may be written

K'(2) = (V(—2) - V(—o00)} — idett [ f

Z2 1

; 1
V(=)= V(= 00)) o+ 5| dy +
~1L

s [ eta(—a) - V(=) (A10)
1

The first integral has a finite range and the integrand does not contain any singularity, so that it
may be evaluated by numerical quadrature. The second integral is evaluated by a series. The
sinh function may be expanded as follows:

«©
= — 2 % glertie

sinh 2 N

the series being absolutely convergent provided the real part of z is negative. Hence from
Equation (A1)

V(s) = — Watib) 3 exp {Qmr+B) (a+ib)s) — Ya—ib) 3 exp {(2mr—B) (a—ib)s)

When 0 < 8 < 27, V(— ) = 0, so that

eV (—2y) — V(—0)} = — $a+1b) 20:0] exp{— Qmr+p)(a+ib)z, — iAz} —

— $a—1b) ;‘, exp{— (2nr—B) (a—ib)z, — 1Az} (A11)

This may be integrated term by term from 1 to oo, and all terms vanish at the top limit. Hence

> oo * 2 - TV .b -1
J e {V(~z) — V(—oo)dzy = — 3 X exp i G +/3)(fl4;\’ )=
1 p=1 ] I
(2mr+8) 4 a b

1 % exp{— (2ar—f)(a ;\z’b) — A} (A12)
r=1 2 _— 4
(2mr=f) + ——
When B = 0, V(— ) = — ${a+17b) and this case requires special consideration. It is found that

Equations (A11) and (A12) still apply if 8 is put equal to zero, and if the first term corresponding
20



to # = 0 in the first summation is omitted. However, when these expressions are substituted into

Equation (A10) it is found that whether 8 is zero or not, K'(2) is given by

dz; —

. 1
eV (—z) + gy
z 1

K@%=W—@—MM{f

2, exp {— (2ar+B) (a+db) — iA}
i 5 X B
(2mr +6) + a + ib

(S

P

1
-5 % :
r=1 _ ZA
@mr=B) +

exp {— (2nr—p)(a—b) — i/\}}

(A13)

The convergence of these series depends ona (= ¢/s . cos £) and is very rapid for all normal values.
It is seen that when 8 = 0 and A = 0, the first term in the first series in Equation (A13) becomes

infinite, and K'(2) is indeterminate. The programme therefore fails for this case. However, this

case can be treated by actuator disc methods (Ref. 19).
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APPENDIX IV
Swmnary of Computational Method

In order to facilitate the construction of programmes for other digital computors, the essential
equations are collected in this Appendix.
The matrix of force and moment coefficients is given by

c=-Yxgup ‘ (28)
w

where

[CF Q CF o CF wjl (26)

CMQ Cﬂlo; CMw

X is a 2 x »n matrix whose /th column (0 < /< #-1) is given by

1 .
L(l — CO8 77]/72)] (27)

B is an x 3 matrix whose mth row (0 < m < n—1) is given by
[1, {1 + $A(1 —cosm2m + 1/2n)}, exp { — $A(1 —cos m2m + 1/2n)}] (Al4)

A is a # x n square matrix whose element in the /th column and mth row is given by

V(=3) + ieits {_ f

oAy V( — 21) + ZL
T,

2

dz;, +

@ exp{— (2nr + ) (a+1ib) — A} © exp{— (2nr—B)(a—ib) — iA}
iz ) i)\ T E , i *
@ +8) + o @7 =) + ——
+ } log,2 + E En' 1 cos wr(2m+1)/2n . cos wrljn
aoBE T LA ' (A15)
where
& = i(cos w2m+ 1/2n— cosnln)
and
1, exp{—(@m-B)(ati®)} 1 exp{(m—P)(a—ib)s)
V=) = et g marie T2 b fr(a— b)) (A1)
Also
@ = ¢fs. cos &
b =cls.sin ¢

n
The notation 3" indicates that the nth term in the summation has half weight.
=1
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APPENDIX.V
Force and Moment Coefficients for General Axis Position

The coefficients given in Equations (21) and (23) are referred to an axis position at the leading
edge of the blade. It is necessary to be able to find from these coefficients corresponding to an axis
position distant 7 from the leading edge. These two cases will be distinguished by the suffices 0 and %
respectively. The new translational velocity of the blade is then given by

g,e™ = gt + 7 7 (ce™)

or
. Q')] = gO + l)\’r] UOL

where ¢ has been put equal to 1 so that = 1 at the trailing edge. The angular displacement of the
blade () is not affected by the change of axis. The velocity induced by the wakes at the point

7 is given by
w, = woe ™
The blade force F is not affected by the éhange of axis and the moment about the new axis is
given by
M7] = MO - 'T]F

Putting these in Equations (21) and (23) and identiinng terms the following conversion formulae

are found:

(CF q)v = (CF q)()

(Crady = (Cra)o — iAn(Crolo

(Cruw)y = €(Cruo

(Cur q)n = (Cy q)D - 7(Cp q)O .

(Carady = (Cardo — M Cro)o — IA(Car o + iA0*(Cro)o

(Carw)y = € Cyr o — 16 Cr o)
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TABLE 1
A=0(falop =0,B/A - o)

B2 Cr Car B2x Crp Cn

sfe =10 E=0-0deg sle =20 & = 0-0deg
0-0 | —0-5839 0-0000 | —0-1055 0-0000 0-0 | —0-8350 0-:0000 | —0-1896  0-0000
0-1 | —0-8009 0-0000 | —0-1806 0-0000 0-1 ] —0-9227 0:0000 | —0-2217  0-0000
0-2 | —1-0054 0-0000 | —0-2531 0-0000 0:2 ] —0-9955 0:0000 | —0-2484 O-
0-3 | —1-1729  0-0000 | —0-3135 0-0000 0:3 | —1-0500 0-0000 | —0:2686 0
0-4 | —1-2827 0-0000 | —0-3534 0-0000 04| —1-0837 0-0000 | —0-:2811 0
0-51 —1-3209 0-0000 | —0-3673 00000 05| —1-0952 0-0000 | —0-2854 O-
0-6 | —1-2827 0-0000 | —0-3534  0-0000 06| —1-0837 0-0000 | —0-2811 0
0-7 | —1-1729  0-0000 | —-0-3135  0-0000 0:7 { —1-0500 0-0000 | —0-2686 0
0-8 | —1:0054 0-0000 | —0-2531 0-0000 0-8 1 —0-9955 0-0000 | —0-2484 0
0-9] —0-8009 0-0000 | —0-1806 0-0000 0-91 —0-9227 0-0000 | —0-2217 O

sle=1-0 & =15-0deg sle =2-0 £=15-0deg’
0:0 | —0-5692 —0-1397 | —0-1048 —0-0257 0-0 | —0-8259 —0-1428 | —0-1894 —0Q-
0-1| —0-7861 —0-1260 | —0-1788 —0-0186 0-11 —0-9136 —0-1197 | —0-2205 —0-
0-2 | —0-9913 —0-1038 | —0-2506 —0-0126 0-2 | —0-9864 —0-0930 | —0-2464 —0-
0-3 ) —1-1598 —0-0740 | —0-3104 —0-0077 03| —1-0410 —0-0637 | —0-2659 —0-
04 —1-2704 —0-0386 | —0-3500 —0-0036 0-4| —1-0748 —0-0323 | —0-2781 —0-
0-5]| —1-3089 0-0000 | —0-3639 0-0000 0-5] —1-0862 0-0000 | —0-2822 O-
0-6 | —1-2704 0-0386 | —0-3500 0-0036 0-6| —1-0748 0-0323 | —0-2781 0O
0-7 | —1-1598 0-0740 | —0-3104 0-0077 071 —1-0410 0:0637 | —0:2659 0
0-8 | —0-9913 0-1038 | —0-2506 0-0126 0-8| —0-9864 0:0930 | —0:2464 0©-
0-9 | ~0-781 0-1260 | —0-1788 0-0186 0:9| —0-9136 0:1197 | —0:2205 0

sle=1-0 £ =130-0deg sle = 2-0 & =300 deg
0-0 | —0-5246 —0-2760 | —0-1022 —0-0538 0:0| —0-7992 —0-2821 | —0-1887 —0-
0-1 | —0-7406 —0-2502 | —0-1729 —0-0392 0-1] —0-8867 —0:2367 | —0:2167 —0-
0-2 { —0-9473 —0-2071 | —0-2422 —0-0267 0-2 ] —0-9595 —0:1842 | —0:2402 —0-
0-3 | —1-1184 —0-1482 | —0-3004 —0-0163 0-3} —1-0142 —0-1261 | —0+2579 —0-
0-4 | —1-2313 —0-0773 | —0-3392 —0-0076 0-4 | —1-0481 —0-0641 | —0-2689 —O0-
0-5 | —1-2707 0-0000 | —0-3527 0-0000 05| —1-0595 0-0000 | —0-2726 0-
06| —1-2313 0-0773 | —0-3392  0-0076 0-6 | —1-0481 0-0641 | —0-2689 O
0-7 | —1-1184 0-1482 | —0-3004 0-0163 0-7 ) —1-0142 0-1261 | —0-2579 0
0:-8 | —0-9473  0-2071 | —0-2422  0-0267 0-8 | —0:9595 0-1842 | —0-2402 O
0:9| —0-7406  0-2502 | —0-1729 0-0392 0-9 | —0-8867 0-2367 | —0-2167 O

sfe=1-0 & =45-0deg sfe=2-0 £ =45-0deg
0-0 ! —0-4478 —0:4043 | —0-0964 —0-0871 0-0| —0-7568 —0-4126 | —0-1869 —0-
0-1 1 —0-6596 —0:3700 | —0-1610 —0-0643 0-1| —0-8437 —0-3469 | —0-2102 —0-
0-2 | —0-8670 —0-3085 | —0-2256 —0-0443 0-2 | —0:9163 —0-2704 | —0-2298 —0-
0-3{ —1-0413 —0-2220 | —0-2807 —0-0273 0-3| —0-9709 —0-1853 | —0-2445 —0-
0-4 | —1-1573 —0:1162 | —0-3176 —0-0129 0:-4| —1-0048 —0-0942 | —0-2537 —0-
0-5 | —1-1980 00000 | —0-3306 0-0000 0-5] —1-0162 0-0000 | —0-2568 O-
0-6 | —1-1573  0-1162 | —0-3176  0-0129 0-6 ] —1-0048 0-0942 | —0-2537 O
0-7 { —1-0413 0:2220 | —0-2807 0-0273 0-71 —0-9709 0-1853 | —0-2445 0
0-8 | —0-870 0-3085 | —0:2256 0-0443 0-8 | —0-9163 0-2704 | —0-2298 0-
0-9 | —0-6596 0:3700 | —0-1610 0-0643 0:9| —0-8437 0:3469 | —0-2102 0

sfe=1-0 & = 60-0 deg sle =20 & = 60-0 deg
0-0§ —0-3357 —0-5171 | —0-0844 —0-1299 0:0{ —0-7046 —0-5256 | —0-1837 —0O-
0-1 ) —0-5343 —0:4800 | —0-1385 —0-0983 0-1}1 —0-7903 —0-4430 | —0-2013 —0-
0:2 | —0-7366 —0-4049 | —0-1947 —-0-0691 0:2 1 —0-8621 —0:3460 | —0-2159 —0-
0:3 | —0-9109 —0-2938 | —0-2438 —0-0434 03] —0-9163 —0:2374 | —0-2269 —0-
04| —1:0287 —0-1546 | —0-2772 ~0-0208 04 —0-9499 —0-1208 | —0:2338 —0-
0-5 | —1-0704 0-0000 | —0-2890 0-0000 05| —0-9614 0-0000 | —0-2361 O-
06 —1-0287 0-1546 | —0-2772 (0-0208 06| —0-9499 0-1208 | —0-2338 0
0-7 1 —0-9109 0-2938 | —0-2438 0-0434 0-7| —0-9163 0-2374 | —0-2269 0
081 —0-7366 0-4049 | —0-1947 0-0691 0-8| —0-8621 0-3460 | —0-2159 0-
0:9) —0-5343 0:4800 | —0-1385 0-0983 0-9| —0-7903 0-4430 | —0-2013 O

sle=1-0 & =75-0deg sle =2-0 & =75'0deg
0-0 | —0-1858 —0-6017 | —0-0590 —0-1912 0-0 | —0-6570 —0-6064 | —0-1798 —0-
0-1| —0-3460 —0-5693 | —0-0933 —0-1516 0-1| —0-7410 —0-5122 | —0-1921 —0O-
0-2 | —0-5217 —0-4882 | —0-1321 —0-1114 0-2 | —0-8116 —0-4008 | —0-2022 —0-
0-3 | —0-6801 —0-3586 | —0-1676 —0-0725 0-3 | —0-8650 —0-2754 | —0-2098 —O-
0-4 | —0-7901 —0-1901 | —0-1925 —0-0356 04| —0-8983 —0:1402 | —0-2145 —0-
0-5 ) —0-8295 0-0000 | —0-2014 0-0000 0-5| —0-9096 0:0000 | —0-2161 O
0-6 | —0-7901 0-1901 | —0-1925 0-0356 0-6 ] —0-8983 0:1402 | —0-2145 O
0-7 | —0-6801 03586 | —0-1676 0-0725 0-7 { —0-8650 0-2754 | —0-2098 O-
0-8 | —0-5217 0-4882 | —0-1321 0-1114 0-8 | —0-8116 0-4008 | —0:2022 O
0-9 | —0-3460 0-5693 | —0-0933 0-1516 0-9 | —0-7410 0-5122 | —0-1921 0

24



s¢

TABLE 2a

sfce =1, ¢ =0deg
B2 _ Crq Cra Crw Caq Cuea Cuw
A=02
0-0 —0-3045 —0-0365 —0-3009 —0-0864 —0-3038 0-0134 —0-0550 —0-0185 —0-0529 —0-0394 —0-0549 0:0024
0-1 —0-6667 0-1411 —0-6909 0-0378 —0-6338 0-2417 —0-1504 0-0198 —0-1543 —0-0156 —0-1429 0-0545
0-2 —0-9289 0-1289 —0-9507 —0-0101 —0-8957 0-2653 —0-2339 0-0201 —0-2378 —0-0273 —0-2255 0-0668
0-3 —1-1140 0-1210 —1-1343 —0-0423 —1-0804 0-2817 —0-2977 0-0196 —0-3016 —0-0367 —0-2888 0-0753
04 | —1-2303  0-1178 | —1-2500 —0-0605 | —1-1963  0-2935 | —0-3390  0-0195 | -—-0-3428 —0-0425 | —0-3296  0-0809
0-5 —1-2703 0-1170 —1-2898 —0-0664 —1-2360 0-2978 —0-3533 0-0195 —0-3571 —0-0445 —0-3437 0-0828
0-6 —1-2303 0-1178 —1-2500 —0-0605 —1-1963 . 0-2935 —0-3390 0-0195 —0-3428 —0-0425 —0-3296 0-0809
0-7 —1-1140 0-1210 —1-1343 —0:0423 —1-0804 0-2817 —0-2977 0-0196 —0-3016 —0-0367 —0-2888 0-0753
0-8 —0-9289 0-1289 —0-9507 —0-0101 —0-8957 0-2653 —0-2339 0-0201 —0-2378 —0-0273 —0-2255 0-0668
0-9 —0-6667 0-1411 —0-6909 0-0378 —0-6338 0-2417 —0-1504 0-0198 —0-1543 —0-0156 —0-1429 0-0545
A=05 '
0-0 —0:3042 —0-0913 —0-2817 —0-2159 —0-2997 0-0328 —0-0550 —0-0463 —0-0416 —0-0985 —0-0542 0-0059
0-1 —0-5032 0-0555 —0-5397 —0-1393 —0-4274 0-2352 —0-1135 —0-0177 —0-1123 —0-0918 —0-0964 0-0530
0-2 —0-7421 0-1222 —0-8033 —0-1554 —0-6263 0-3774 —0-1869 —0-0002 —0-1926 —0-1011 —0-1577 0-0950
0-3 —0-9327 0-1502 —1-0036 —0-1915 —0-7951 0-4658 —0-2493 0-0084 —0-2583 —0-1147 —0-2125 0-1245
0-4 —1-0539 0-1628 —1-1290 —0-2190 —0'9046‘ 0-5166 —0-2903 0-0125 —0-3010 —0-1250 —0-2492 0-1423
0-5 —1-0955 0-1665 —1-1718 -—-0-2289 —0-9424 0-5334 —0-3046 0-0138 —0-3157 —0-1287 —0:2621 0-1483
0-6 —1-0539 0-1628 —1:1290 —0-2190 —0-9046 0-5166 —0-2903 0-0125 —0-3010 —0-1250 —0-2492 0-1423
0-7 —0-9327 0-1502 —1-0036 —0-1915 —0-7951 0-4658 —0-2493 0-0084 —0-2583 —0-1147 —0-2125 0-1245
0-8 —0-7421 0-1222 —0-8033 —0-1554 —0-6263 0-3774 -0-1869 —0-0002 —0-1926 —0-1011 —0-1577 0-0950
0-9 —0-5032 0-0555 —0:5397 —0-1393 —0-4274 0-2352 —0-1135 —0-0177 —0-1123 —0-0918 —0-0964 0-0530
A=10
0-0 —0-3034 —0-1828 —0-2132 —0-4313 —0-2863 0-0614 —0-0548 —0-0926 —0-0012 —0-1970 —0-0517 0-0111
0-1 —0-4397 —0-1171 —0-4093 —0-4577 —0-3368 0-1839 —0-0992 —0-0867 —0-0545 —0-2239 —0-0759 0-0415
0-2 —0-6004 —0-0580 —0-6190 —0-5073 —0-4146 0-3204 —0-1512 —0-0766 —0-1171 —0-2516 —0-1044 0-0807
0-3 —0-7439 —0-0163 —0-7956 —0-5614 —0-4940 0-4349 —0-1988 —0-0679 —0-1730 —0-2771 —0-1320 0-1162
0-4 —0-8412 0-0081 —0-9118 —0-6013 —0-5513 0-5096 —0-2318 --0-0624 —0-2109 —0-2950 —0-1519 0-1404
0-5 —0-8755 0-0161 —0-9522 —0-6159 —0:5720 0-5355 —0-2435 —0-0606 —0-2243 —0-3014 —0-1591 0-1489
0:6 —0-8412 0-0081 —0-9118 —0-6013 —0-5513 0-5096 —0-2318 —0-0624 —0-2109 —0-2950 —0-1519 0-1404
0-7 —0-7439 —0-0163 —0-7956 —0-5614 —0-4940 0-4349 —0-1988 —0-0679 —0-1730 —0-2771 —0-1320 0-1162
0-8 —0-6004 —0-0580 —0-6190 —0-5073 —0-4146 0-3204 —0-1512 —0-0766 —0-1171 —0-2516 —0-1044 0-0807
0-9 —0-4397 —0-1171 —0-4093 —0-4577 —0-3368 0-1839 —0-0992 —0-0867 —0-0545 —0-2239 —0-0759 0-0415
A=20
00 | —0-3009 —-0-3671 0-0626 —0:8602 | —0-2470  0-0984 | —0-0544 —0-1854 0-1607 —0-3935 | —0-0446  0-0178
01 | —0-4171 —0-3814 | —0-0676 —1-0275 | —0-2732  0-1636 | —0-0941 —0-2067 0-1360 —0-4731 | —0-0616  0-0369
0-2 | —0-5358 —0-3854 | —0-2069 —1-1873 | —0-2041  0-2395 | —0-1340 —0-2209 0-1020 —0-5467 | —0-0741  0-0603
0-3 | —0-6382 —0-38%6 | —0-3288 —1-3198 | —0-3105 03003 | —0-1706 —0-2298 0-0707 —0-6069 | —0-0830  0-0827
0-4 | —0-7074 —0-3826 | —0-4116 - 1-4076 | —0-3211  0-3578 | —0-1949 —0.2347 0-0478 —0-6464 | —0-0885  0-0986
0-5 —0-7318 —0-3817 —0:4409 —1-4382 —0-3249 0-3752 —0-2035 —0-2362 0-0395 —0-6602 —0-0903 . 0-1043
0-6 —0-7074 —0-3826 —0-4116 —1-4076 —0-3211 0-3578 —0-1949 —0-2347 0-0478 —0-6464 —0-0885 0-0986
0-7 —0-6382 —0-3846 —0-3288 —1-3198 —0-3105 0-3093 —0-1706 —0-2298 0-0707 —0-6069 —0-0830 0-0827
0-8 —0-5358 —0-3854 —0:2069 —1-1873 —0-2941 0-2395 —0-1349 —0-2209 0-1029 —0-5467 —0-0741 0-0603
0-9 —0-4171 —0-3814 —0:0676 —1-0275 —0-2732 0-1636 —0-0941 —0-2067 0-1360 —0-4731 —0-:0616 0-0369




9¢

TABLE 2b

sfe =1, & =15deg
B2 Crq Cra Crw Cirg Cira Carw
A=10-2
0-0 —0-3150 —0-0373 —0-3113 —0-0887 —0-3142 0-0140 —0-0580 -—-0-0189 —0-0558 —0-0404 —0-0578 0-0026
0-1 —0-7215 0-0456 —0-7292 —0-0663 —0-7043 0-1563 —0-1618 0-0071 —0-1630 —0-0302 —0-1569 0-0440
0-2 —0-9565 0-0329 —0-9613 —0-1105 —0-9398 0-1752 —0-2396 0-0089 —0-:2408 —0-0394 —0-2338 0-0568
0-3 —1-1260 0-0487 —1-1334 —0-1165 —1-1052 0-2126 —0-2998 0-0121 —0-:3016 —0-0445 —0-2928 0-0683
0-4 | —1.2310 0-0780 | —1-2435 —0-1005 | —1-2080  0-2546 | —0-338¢  0-0155 | —0-3410 —0-0464 | —0-3301  0-0768
0-5 —1-2607 0-1132 —1-2796 —0-0689 —1-2270 0-2927 —0-3505 0-0186 —0-3541 —0-0449 —0-3411 0-0814
0-6 —1-2100 0-1494 —1-2356 —0-0258 —1-1703 0-3215 —0-3342 0-0216 —0-3388 —0:0396 —0-3240 0-0820
0-7 —1-0818 0-1832 —1-1134 0-0251 —1-0373 0-3378 —0-2910 0-0250 —0-:2966 —0-0303 —0-2805 0-0794
0-8 —0-8823 0-2113 —0-9188 0-0798 —0-8351 0-3389 —0-2250 0-0287 —0-2313 —0-0173 —0-2145 0-0738
0-9 —0-6015 0-2169 —0-6390 0-1243 —0-5564 0-3056 —0-1387 0-0293 —0-1448 —0-0043 —0-1293 0-0620
A=05
0-0 —0-3147 —0-0933 —0-2917 —0-2217 —0-3099 0-0345 —0-0579 —0-0473 —0-0443 —0-1010 —0-0570 0-0063
0-1 —0-5613 0-0189 —0-5803 —0-1990 —0-4976 0-2249 —0-1255 —0-0191 —0-1221 —0-0981 —0-1094 0-0569
02 —0-7939 0-0668 —0-8290 —0-2313 —0-6989 0-3477 —0-1976 —0-0034 —0-1998 —0-1085 —0-1709 0-0969
0-3 —0-9668 0-1015 —1-0148 —0-2538 —0-8485 0-4354 —0-2563 0-00356 —0-2621 —0-1201 —0-2220 0-1251
0-4 —1-:0689 0-1343 —1-1306 —0-2536 —0-9313 0-4970 —0-2932 0-0108 —0-3019 —0-1276 —0-2537 0-1420
0-5 —1:0912 0-1636 —1-1664 —0-2303 —0-9396° 0-5293 —0-3034 0-0132 —0-3142 —0-1285 —0-2612 0-1472
0-6 —1:0303 0-1848 —1-1162 —0-1878 —0-8726 0-5274 —0-2852 0-0131 —0-2972 —0-1222 —0-:2432 0-1404
0-7 —0-8907 0-1905 —0-9809 —0-1345 —0-7378 0-4857 —0-2406 0-0099 —0-2522 —0-1097 —0-2021 0-1220
0-8 —0-6852 0-1665 —0-7677 —0-0883 —0-5536 0-3949 —0-1755 0-0016 —0-1841 —0-0949 —0-1445 0-0917
0-9 —0-4482 0-0790 —0-4968 —0-0936 —0-3656 0-2345 —0-1029 —0-0181 —0-1031 —0-0883 —0-0854 0-0483
A=1-0
0-0 —0-3139 —0-1869 —0-2216 —0-4430 —0-2959 0-0646 —0-0578 —0-0946 —0-0030 —0-2020 —0-0545 0-0119
0-1 —0-4768 —0-1285 —0-4322 —0-4979 —0-3745 0-2045 —0-1074 —0-0838 —0-0621 —0-2273 —0-0819 0-0508
0-2 —0-6421 —0-0766 —0-6380 —0-5582 —0-4626 0-3405 —0-1604 —0-0725 —0-1252 —0-2542 —0-1117 0-0919
0-3 —0:7765 —0-0337 —0-8069 —0-6041 —0-5345 0-4493 —0:2061 —0-0641 —0-1791 —0-2782 —0-1380 0-1255
0-4 —0-:8575 —0-0009 —0-9162 —0-6232 —0-5724 0-5171 —0-2353 —0-0597 —0-2140 —0-2943 —0-1548 0-1456
0-5 —0-8724 0-0183 —0-9505 —0-6110 —0-5684 0-5357 —0-2425 —0-:0593 —0-2240 —0-2989 —0-1580 0-1489
0-6 —0-8188 0-0215 —0:9031 —0-5709 —0-5238 0-5019 —0+2265 —0-0628 —0-2072 —0-2911 —0-1470 0-1353
0-7 —0-7060 0-0022 —0-7783 —0-5137 —0-4500 0-4185 —0:1901 —0-0700 —0-1661 —0-2728 —0-1245 0-1070
0-8 —0:5564 —0-0433 —0-5935 —0-4584 —0-3634 0-2966 —0-1413 —0-0804 —0-1082 —0-2486 —0-0966 0-0695.
0-9 —0:4081 —0-1146 —0-3852 —0-4304 —0-3090 0-1609 —0-0923 —0-0917 —0:0469 —0-2245 —0-0717 0-0324
A=2-0
0-0 —0-3114 —0-3754 0-0603 —0-8835 ~—0-2542 0-1036 —0-0573 —0-1896 0-1622 —0-4036 —0-0468 0-0191
0-1 —0-4372 —0-3858 —0:0717 —1-0604 —0-2822 0-1879 —0-0999 —0-2031 0-1298 —0-4767 —0-0613 0-0459
0-2 —0-5577 —0-3875 —0-2101 —1-2200 —0-3033 0-2702 —0-1415 —0-2137 0-0936 —0-5463 —0-0726 0-0720
0-3 —0:6550 —0-3840 —0:3313 —1-3427 —0-3167 0-3354 —0-1757 —0-2222 0-0618 —0-6036 —0-0810 0-0929
0-4 —0:7142 —0-3789 —0:4138 —1-4132 ~-0-3218 0-3717 —0-1970 —0-2287 0:0417 —0-6411 —0-0866 0-1041
0-5 —0:7262 —0-3752 —0-4425 —1-4239 —0-3192 0-3727 —0-2019 —0-2333 0-0378 —0-6539 —0-0887 0-1036
0-6 —0-6902 —0-3749 —0-4111 —1-3758 —0-3104 0-3393 —0-1897 —0-2354 0-0510 —0-6402 —0-0874 0-0917
0-7 —0-6134 —0-3784 —0-3244 —1-2791 —0-2982 0-2797 —0-1630 —0-2339 0-0783 —0-6022 —0-0825 0-0715
0-8 -0-5109 —0-3837 —0-1981 —1-1511 —0-2851 0-2080 —0-1272 —0-:2273 0-1129 —0-5453 —0-0745 0-0484
0-9 —0-4030 —0-3859 —0-0583 —1-0129 —0-2716 0-1428 —0-0895 —0-2136 0-1448 —0-4767 —0-0630 0-0288




(9£5e8)

sl

Lz

TABLE 2c

sfe =1, &= 30deg
B2z Crq . Cra Crw Cuq Ch o Cuw
A=10-2
0:0 | —-0:3504 -—0-0400 —0-3465 —0-0964 —0-3495 0-0164 —0-0683 —0-0203 —0-0659 —0-0437 —0-0681 0-0032
0-1 —0-7593 —0-0773 —0-7463 —0-1947 —0-7624 0-0406 —0-1724 —0-0122 —0-1700 —0-0513 —0-1711 0-0269
0:2 —0-9588 —0-0800 —0-9442 —0-2236 —0-9614 0-0641 . —0-2409 —0-0071 —0-2387 —0-0556 —0-2386 0-0415
0-3 —1-1132 —0-0354 —1-1059 —0-1989 —1-1071 0-1279 —0-2961 0-0011 —0-2953 —0-0549 —0-2917 0-0569
0-4 —1-2085 0-0289 —1-2125. —0-1465 —1-:1902 0-2032 -0-3314 0-0088 —0-3325 —0-0519 —0-3248 0-0690
05 —1-2292 0-1014 —1-2463 —0-0762 —1-1976 0-2767 —0-3412 0-0156 —0-3444 —0-0463 —0-3325 0-0768
0:6 —1-1686 0-1733 —1-1988 0-0043 —1-1247 0-3389 —0-3234 0-0222 —0-3286 —0-0372 —0-3128 0-0807
0-7 —1-0293 0-2367 —1-0708 - 0-0867 —0-9757 0-3823 —0-2792 0-0292 —0-2862 —0-0241 |. —0-2673 0-0815
0-8 —0-8180 0-2824 —0-8671 0-1613 —0-7591 0-3985 —0-2127 0-0365 —0-2210 —0-0076 —0-2002 0-0795
0-9- —0-5278 0-2785 —0-5759 0-1982 —0-4733 0-3542 —0-1263 0-0381 —0-1344 0-0064 —0-1150 0-0689
A=05 ,
0-0 —0-3502 —0-1000 —0-3255 —0-2410 —0-3445 0-0402 —0-0682 —0-0507 —0-0537 —0-1093 —0-0671 0-0078
0-1 ~0-6255 —0-0401 —0-6182 —0-2827 —0-5822 0-1956 —0-1404 —0-0256 —0-1330 —0-1110 —0-1268 0-0577
0-2 —0-8386 —0-0084 —0-8399 -—0-3239 —0-7728 0-2966 .| —0-2078 —0-0110 —0-2048 —0-1201 —0-1853 0-0946
0-3 —0-9901 0-0383 —1-0095 —0-3263 —0-8974 0-3875 —0-2609 —0-0005 —0-2622 —0-1277 —0-2306 0-1216
0-4 —1-0729 0-0955 —1:1173 —0-2945 —0-9514 0-4641 —0-2929 0-0067 —0-2987 —0-1310 —0-2563 0-1380
0-5 —1-0767 0-1535 —1-1478 —0-2354 —0-9298 0-5151 —0-2989 0-0112 —0-3088 —0-1282 —0-2581 0-1430
0-6 —0-9974 0-2014 —1-0916 —0-1587 —0-8340 0-5299 —-0-2771 0-0130 —0-2901 —0-1187 —0-2350 0-1364
0-7 —0-8403 0-2259 —0-9475 —0-0794 —0-6752 0-4981 —0-2297 0-0115 —0-2438 —0-1036 —0-1898 0-1185
0-8 —0-6221 0-2052 —0-7228 —0-0244 —0-4782 0-4051 —0-1629 0-0038 —0-1743 —0-0880 —0-1302 0-0886
0-9 —0-3927 0-0940 —0-4492 . —0-0562 —0-3074 0-2258 —0:0925 —0-0190 " —0-0937 —0-0858 —0-0746 0:0438
A=1-0
0-0 —0-3493 —0-2003 —0-2504 —0-4816 | —0-3281 0-0756 |. —0-0681 —0-1014 —0-0098 —0-2186 —0-0639 0-0147
0-1 —0-5245 —0-1530 —0-4559 —0-5590 —0-4286 0-2224 —0-1185 —0-0844 —0-0703 —0-2375 —0-0915 0-0602
0-2 —0:6849 —0-1048 —0-6503 —0-6197 —0-5185 0-3550 —0-1699 —0-0701 —0-1321 —0-2592 —0-1202 0-1024
0-3 —0-8056 —0-0551 —0-8109 —0-6487 —0-5759 0-4592 —0-2121 —0-0604 —0-1836 —0-2783 —0-1436 0-1340
0-4 —0-8685 —0-0089 —0-9151 —0-6404 —0-5896 0-5227 —0-2370 —0-0556 —0-2158 —0-2901 —0-1562 0"1501
0-5 —0-8629 0-0261 —0-9446 —0-5973 —0:5577 0-5359 —0-2395 —0-0556 —0-2230 —0-2915 —0-1548 0-1488
0:6 —0-7891 0-0408 —0-8901 —0-5293 —0-4879 0-4945 —0-2190 —0-0602 —0-2031 - —0-2819 —0-1395 0-1305
0-7 —0-6603 0-0253 —0-7549 —0-4557 —0-3985 0-4012 —0-1793 —0-0693 —0-1588 —0-2636 —0-1143 0-0984
0-8 —0-5061 —0-0289 —0-5599 —0-4052 —0-3191 0-2695 —0-1297 —0-0827 —0-0984 —0-2429 —0-0869 0-0589
0-9 —0-3787 —0-1203 —0-3564 . —0-4130 —0-2888 0-1340 —0-0860 —0-0981 —0-0388 —0-2279 —0-0683 0-0235
A=20 .
0-0 —0-3467 —0-4021 0-0513 —0-9604 —0-2784 0-1216 —0-0676 —0-2031 0-1660 —0-4366 —0-0542 0-0237
0-1 —0-4671 —0-4010 —-0-0729 —1-1193 —0-3003 0-2183 —0-1080 —0-2038 0-1265 —0-4905 —0-0627 0-0562
.02 —0-5799 —0-3917 —0-2099 —1-2569 —0-3136 0-3024 —0-1473 —0-2067 0-0856 —0-5463 —0-0704 0-0839
0-3 —0-6662 —0-3778 —0-3334 —1-3533 —0-3172 0-3600 —0-1785 —0-2114 0:0522 —0-5938 —0-0769 0-1023
0-4 —0-7117 —0-3640 —0-4189 —1-3953 —0-3121 0-3818 —0-1961 —0-2176 0-0332° —0-6249 —0-0815 0-1083
0-5 —0-7092 —0-3549 —0-4479 —1-3795 —0-3010 0-3650 —0-1969 —0-2242 0:0326 —0-6344 —0-0836 0-1013
0-6 —0-6605 —0-3543 —0-4120 —1-3132 —0-2884 0-3148 —0-1811 —0-2301 0:0509 —0-6209 —0-0827 0-0833
-0-7 —0-5773 —0-3640 —0-3162 —1-2137 —0-2790 . 0-2445 —0-1524 —0-2335 0-0840 —0-5873 —0-0792 0-0592
0-8 —0-4795 —0-3820 —0-1802 —1-1056 —0-2761 0-1732 —0-1178 —0:2323 0-1234 —0-5399 —0-0736 0-0360
0-9 —0-3936 —0-4006 —0-0400 —1-0153 —0-2791 0-1245 —0-0863 —0-2238 0-1564 —0-4873 —0-0659 0-0216




8¢

TABLE 2d

slc=1. & =145deg
B2 Crq Cra- Crw Carg Cura Cuw
A=102
0-0 —0-4271 —0-0453 —0-4226 —0-1123 —0-4259 0-0217 —0-0920 —0-0229 —0-0894 —0-0505 —0-0917 0-0047
0-1 —0-7642 —0-2374 —0-7255 —0-3543 —0-7929 —0-1178 —0-1798 —0-0440 —0-1720 —0-0845 —0-1837 —0-0030
0-2 —0-9225 —0-2126 —0-8862 —0-3502 —0-9473 —0-0725 -0-2346 —0-0310 —0-2280 —0-0787 —0-2367 0-0170
0-3 —1-0641 —0-1334 —1-0405 —0-2896 —1-0747 0-0241 —0-2831 —0-0155 —0:2790 —0-0694 —0-2821 0-0385
0-4 —1-1527 —0-0310 —1-1468 —0-1986 —1-1447 0-1364 —0-3144 —0-0018 —0:3135 —0-0596 -—0-3101 0-0558
0-5 —1-1669 0-0808 —1-1810 —0-0882 —1-1391 0-2477 —0-3220 0-0103 —0-3244 —0-0484 —0-3144 0-0684
06 —1-0987 0-1892 —1-1322 0-0301 —1-0524 0-3445 —0-3033 0-0217 —0-3089 —0-0344 —0-2927 0-0769
0-7 —0-9509 0-2818 —1-0006 0-1435 —0-8902 0-4150 —0-2597 0-0335 —0-2680 —0-0167 —0-2467 0-0826
0-8 —0-7329 0-3434 —0-7925 0-2358 —0-6647 0-4453 —0-1950 0-0454 —0-2053 0-0039 —0-1807 0-0855
0-9 —0-4445 0-3296 —0-5007 0-2630 —0-3831 0-3908 —0-1118 0-0487 —0-1220 0-0189 —0-0988 0-0774
A=05
0-0 —0-4269 —0-1133 —0-3989 —0-2808 —0-4194 0-0533 —0-0919 —0-0573 —0-0756 —0-1263 —0-0903 0-0115
0-1 —0-6960 —0-1417 —0-6469 —0-4097 —0-6882 0-1275 —0-1600 —0-0436 —0-1444 —0-1375 —0-1526 0-0496
0-2 —0-8674 —0-1185 —0-8224 —0-4443 —0-8443 0-2065 —0-2157 —0-0285 —0-2039 —0-1410 —0-2010 0-0822
0-3. —0-9926 —0-0498 —0-9747 —0-4160 —0-9356 0-3088 —0-2603 —0-0139 —0-2545 —0-1406 —0-2370 0-1092
0-4 —1-0569 0-0393 | —1-0776 —0-3460 —0-9589 0-4082 —0-2864 —0-0023 —0-2875 —0-1368 —0-2550 0-1269
0-5 —1-0444 0-1315 —1:1070 —0-2466 —0-9077 0-4843 —0-2882 0-0062 —0-2961 —0-1282 —0-2505 0-1337
0-6 —0-9493 0-2104 —1-0486 —0-1324 —0-7844 0-5208 —0-2637 0-0118 —0-2771 —0-1139 —0-2225 0-1293
0-7 —0-7777 0-2568 —0-8992 —0-0247 —0-6036 0-5027 —0-2148 0-0138 —0-2312 —0-0952 —0-1739 0-1143
0-8 —0-5499 0-2415 —0-6666 0-0404 —0-3966 0-4103 —0-1478 0-0082 —0-1624 —0-0780 —0-1131 0-0868
0-9 —0-3322 0-1028 —0-:3930 -—0-0229 —0-2479 0-2100 —0-0810 —0-0188 —0-0834 —0-0822 —0-0626 0-0403
A=1-0
0-0 —0-4261 —0-2267 —0:3140 —0-5611 —0-3976 0-1006 —0-0917 —0-1147 —0-0266 —0-2525 —0-0856 0-0217
0-1 —0-5918 —0-2035 —0-4813 —0-6594 —0-5136 0-2332 —0-1358 —0-0930 —0-0794 —0-2614 —0-1097 0-0684
0-2 —0-7318 —0-1558 —0-6500 —0-7069 —0-5923 0-3556 —0-1806 —0-0740 —0-1358 —0-2719 —0-1332 0-1097
0-3 —0-8317 —0-0913 —0-8006 —0-7063 —0-6245 0-4570 —0-2167 —0-0602 —0-1839 —0-2809 —0-1507 0-1390
0-4 —0-8734 —0-0232 —0-9027 —0-6605 —0-6062 0-5208 —0-2360 —0-0525 —0-2139 —0-2845 —0-1569 0-1519
0-5 —0-8458 0-0345 —0-9309 —0-5779 -—0-5408 0-5332 —0-2334 —0-0506 —0-2192 —0-2797 —0-1493 0-1471
0-6 —0-7503 0-0662 —0-8710 —0-4756 —0-4421 0-4869 —0-2084 —0-0545 —0-1974 —0-2663 —0-1285 0-1256
0-7 —0-6037 0-0559 —0-7240 —0-3824 —0-3358 0-3836 —0-1654 —0-0644 —0-1506 —0-2475 —0-0998 0-0%09
0-8 —0-4446 —0-0118 —0-5146 —0-3410 —0-2621 0-2384 —0-1154 —0-0818 —0-0875 —0-2320 —0-0736 0-0493
0-9 —0-3484 —0-1368 —0-3176 —0-4054 —0-2763 0-0992 —0-0799 —0-1060 —0-0294 —0-2337 —0-0658 0-0143
A=2-0 :
00 | —0-4234 —0-4547 0-0266 —1-1191 | —0-3293  0-1626 | —0-0912 —0-2296 0-1697 —0-5045 | —0-0709  0-0350
01 | —0-5162 —0-4344 | —0-0719 —1-2253 | —0-3344  0-2601 | —0-1207 —0-2123 0-1260 —0-5222 | —0-0682  0-0691
02 | —0.6079 —0-4034 | —0-2055 —1-3127 | --0-3289  0-3394 | —0-1532 —0-2022 0-0807 —0-5516 | -—0-0688  0-0960
03 | —0-6750 —0-3687 | —0-3355 —1-3608 | —0-3131  0-3853 | —0-1789 —0:1990 0-0433 —0-5799 | -—0-0709  0-1108
04 | _0-7011 —0-3376 | —0-4287 —1-3569 | —0-2904  0-3893 | —0-1914 —0-2014 0-0228 —0-5977 | -0-0729  0-1109
0-5 —0-6796 —0-3180 —0-4596 —1-3020 —0-2671 0-3518 —0-1875 —0-2080 0-0239 —0-5998 —0-0737 0-0971
0-6 —0-6151 —0-3168 —0-4157 —1-2111 —0-2513 0-2826 ~—0-1680 —0-2171 0-0468 —0-5853 —0-0731 0-0730
0-7 —0-5248 —0-3381 —0-3021 —1-1123 —0-2503 0-2005 —0-1377 —0-2268 0-0871 —0-5584 —0-0719 0-0453
0-8 —0-4370 —0-3804 —0-1464 —1-0427 —0-2683 0-1320 —0-1058 —0-2350 0-1346 —0-5280 —0-0712 0-0227
0-9 —0-3896 —0-4310 —0-0048 —1-0399 —0-3018 0-1086 —0-0852 —0-2386 0-1717 —0-5066 ~—0-0718 0-0156




6¢

TABLE 2e

sle=1. &= 60deg
‘3/275 Cpq Cl‘zx CFW Cﬂ[q CMo: CMW
A=102
0-0 —0-5993 —0-0552 —0-5938 —0-1449 —0-5973 0-0345 —0-1506 —0-0279 —0-1475 —0-0644 —0-1501 0-0087
0-1 —0-7014 —0-4405 —0:6329 —0-5456 —0-7608 —0-3301 —0-1756 —0-0981 —0-1596 —0-1381 —0-1876 —0-0570
0:2 —0-8213 —0-3641 —0-7622 —0-4859 —0-8701 —0-2378 —0-2122 —0-0686 —0:1997 —0-1130 —0-2205 —0-0233
0-3 —0-9543 —0-2454 —0-9135 —0-3858 —0-9833 —0-1021 —0-2519 —0-04i4 —0-2437 —0-0906 —0-2556 0-0083
0-4 —1-0401 —0-1027 —1-0232 —0-2550 —1:0443 0:0503 —0-2785 —0-0182 —0:2749 —0-0705 —0-2772 -0-0342
0-5 —1-0522 0-0499 —1-0617 —0-1038 —1:0300 0-2019 —0-2841 00021 —0:2852 —0-0507 --0-2781 0-0545
0-6 —0-9811 0-1958 —1-0160 0-0528 —0-9345 0-3350 —0-2660 0-0212 —0-2717 —-0-0292 —0-2557 0-0707
0-7 —0-8314 0-3173 —0-8868 0:1961 —0-7663 0-4331 —0-2255 0-0402 —0-2352 —0-0049 —0-2116 0-0841
0-8 —0-6169 0-3939 —0-6840 0-3038 —0-5428 0-4776 —0-1667 0-0585 —0-1792 0-0211 —0-+1506 0-0944
0-9 —0-3472 0-3715 —0-4086 0-3206 —0-2818 0-4169 ~—0+0926 0-0643 —0-1050 0-0370 —0-0775 0-0903
A=05 A ‘
0-0 |- —0+5991 —0-1380 —0-5649 —0-3622 —0-5870 0-0849 —0-1505 —0-0697 —0-1311 -—-0-1611 —{0-1475 0-0213
0-1 —0-7561 —0-3316 —0-6360 —0-6177 —0-8141 —0-0303 —0-1839 —0-0914 —0-1503 —0-1950 —0-1920 0-0149
0-2 —0-8503 —0-2868 —0-7408 —0-6049 —0-8915 0-0439 —0-2140 —0-0677 —0-1865 —0-1800 —0-2145 0-0459
0-3 —0-9460 —0-1782 —0-8781 —0-5284 —0-9404 0-1751 —0-:2456 —0-0424 —0-2280 —0-1634 —0-2349  0-0779
0-4 —0-9957 —0-0461 —0-9832 —0-4117 —0-9334 0-3104 ~—0-2645 —0-0212 —0:2576 ° —0-1470 —0-2425 0-1012
0:5 —0-9730 0-0886 —1-0195 —0-2665 —0-8560 0-4222 —0-2627 —0-0044 —0-2664 —0-1286 —0-2311 0-1140
06 o —0:8694 0-2052 —0-9676 —0-1107 —0-7104 0-4896 —0-2374 0-0087 —0-2500 —0-1066 —0-1990 0:1163
0:7 —0-6914 0-2797 —0-8225 0-0290 —0-5141 0-4937 —0-1901 0-0176 —0-2087 —0-0821 —0-1491 0-1085
0:8 —0-4623 0-2758 —0-5918 0-1080 —0-3033 0-4098 —0-1267 0-0169 —0-1451 —0-0618 —0-0898 00874
0:9 —0-2595 0-1072 —0-3210 0-0106 —0-1807 0-1863 —0-0664 —0-0158 —0-0703 —0-0748 —0-0475 0-0389
A=1-0 .
0-0 --0-5984 —0-2761 —0-4617 —0-7241 —0-5521 0-1609 —0-1503 —0-1394 —0-0727 —0-3220 —0-1387 0-0404
0-1 —0-6949 —0-3203 —0:4989 —0-8485 —0-6662 0-2135 —0-1667 —0-1243 —0-0877 -—0-3185 —0-1507 0-0681
0-2 —0-7791 —0-2643 —0-6116 —0-8511 —0-7014 0-3121 —0-1922 —0-0969 —0-1280 —0-3051 —0-1578 0-1034
0-3 —0-8452 —0-1688 —0-7497 —-0-7977 . —0-6882 0-4169 —0-2163 —0-0734 —0-1702 —0-2939 —0-1618 0-1310
0-4 —0-8626 —0-0629 —0-8567 —0-6979 —0-6255 0-4922 —0-2276 —0-0570 —0-1990 —0-2816 —0-1569 0-1436
0-5 —0-8135 0-0316 —0-8932 —0-5622 —0-5184 0-5152 —0-2196 —0-0481 —0-2054 —0-2650 —0-1400 0-1391
06 —0-6968 0-0925 —0-8359 —0-4133 —0-3847 04735 —0-1910 —0-0466 —0-1853 —0-2436 —0-1119 0-1185
0-7 —0-5314 0-0953 —0-6807 —0-2903 —0-2575 03651 —0-1458 —0-0539 —0-1392 —0-2214 —0-0788 0-0845
0-8 —0-3651 0-0122 —0-4524 —0-2566 —0-1907 0-2027 —0-0963 —0-0750 —0:0744 —0-2115 —0-0543 0-0416
0-9 —0-3120 —0-1729 —0-2560 —0-4111 —0-2748 0-0464 —0-0738 —0-1169 - —0:0173 —0-2423 —0-0658 0-0035
A=2-0 , '
0-0 | —0-5958 —0-5529 | —0-0481 —1-4452 | —0-4382  0-2615 | —0-1497 —0-2790 0-1611 —0-6433 | —0-1101  0-0657
0-1 | —0:6094 —0-5122 | —0-0642 —1-4378 | —0-4101  0-3259 | —0-1466 —0-239% 0-1351 —0-5953 | —0-0875  0-0876
0-2 | —06534 —0-4429 | —0-1851 —1-4265 | —0-3652  0-3854 | —0-1616 —0-2087 0-0861 —0-5759 | —0-0734  0-1079
03 | —0:6871 —0-3691 | —0-3288 —1-3900 | —0-3116  0-4129 | —0-1766 -—0-1900 0-0417 —0-5689 | —0-0654  0-1168
0-4 | —06846 —0-3046 | —0-4401 —1-3107 | —0-2570  0-3953 | —0-1815 —0-1823 0-0152 —0-5618 | —0-0606  0-1104
0-5 —0:6364 —0-2626 —0-4796 —1-1917 —0-2128 0-3332 —0-1718 —0-1841 0-0135 —0-5482 —0-0575 0-0900
0:6 —0-5493 —0-+2558 —0-4254 —1-0581 —0-1919 0-2404 —0-1482 —0-1939 0-0385 —0-5282 —0-0559 0-0602
0-7 —0-4476 —0-2941 —0-2804 —0-9556 —0-2067 0-1430 —0-1168 —0-2105 0-0867 —0-5084 -0-0580 0-0294
0-8 —0-3743 —0-3795 —0-0832 —0-9477 —0-2644 0-0781 —0-0902 —0-2340 0-1470 —0-5044 —0-0672 0-0085
0-9 —0-3956 —0-4938 0:-0672 —1-1051 —0-3588 0-0965 —0-0899 —0-2624 0-1932 —0-5415 —0-0869 0-0130




TABLE 2f
sfe=1. £ ="75deg

0¢

Crq E Cra Cry Cirq Cira Cuw

-2
0-0 ~1-1428 —0-0765 —1-1352 —0-2324 —1-1382 0-0792 —0-3631 —0-0385 —0-3589 —0-1022 —0-3616 0-0252
0-1 —0-5012 —0-6574 —0-4060 —0-7407 —0-5900 —0-5868 —0-1346 —0-1914 —0-1072 —0-2250 —0-1585 —0-1558
02 —0-6002 —0-5212 —0-5222 —0-6111 —0:6703 —0-4253 —0-1506 —0-1314 —0-1304 —0-1671 ~0-1672 -—0-0943
0:3 —0-7246 —0-3646 —0-6688 —0-4741 —0-7710 —0-2510 —0-1773 —0-0852 —0-1636 —0-1241 —0-1872 —0-0454
0-4 —0-8084 —0-1840 —0-7807 —0-3064 —0-8257 -—0-0599 —0-1962 —0-0451 —0-1891 —0-0862 —0-1994 —0-0038
0-5 —0-8236 0-0081 —0-8270 —0-1166 —0-8096 0-1318 —0-2000 —0-0090 —0-1994 —0-0503 —0-1966 0-0320
0:6 —0-7607 0-1905 —0-7938 0-0757 —0-7180 0-3021 —0-1860 0-0248 —0-1917 —0-0145 —0-1766 0-0635
0-7 —0-6267 0-3400 —0-6833 0-2457 —0-5625 0-4289 —0-1556 0-0570 —0-1667 0-0216 —0-1410 0-0913
0-8 —0-4410 0-4303 ~0-5100 0-3646 —0-3669 0-4898 —0-1127 0-0853 —0-1278 0-0555 —0-0947 01137
0-9 —0-2240 0-4028 —0-2859 0-3702 —0-1598 0-4302 —0-0608 0-0934 —0-0759 0-0706 —0-0434 0-1147
0-5
0-0 —1-1428 —0-1912 —1-0953 —0-5811 —1-1141 0-1953 —0-3630 —0-0962 —0-3371 —0-2555 —0-3539 0-0620
0-1 —0-6951 —0-6979 —0-4562 —0-9524 —0-8762 —0-4047 —0-1859 —0-2201 —0-1110 -~0-3231 —0-2347 —0-1067
0-2 —0-6929 —0-5347 —0-5021 —0-7952 —0-8248 —0-2446 —0-1719 —0-1532 —0-1168 —0-2507 —0-2022 —0-0488
0-3 —0-7674 —0-3599 —0-6381 —0-6507 —0-8328 —0-0526 —0-1859 —0-1014 —0-1488 ~0-2021 —0-1982 0-0027
0-4 —0-8133 —0-1734 —0-7563 —0-4819 | —0-8046 0-1361 —0-1963 —0-0594 —0-1761 —0-1621 —0-1918 0-0431
0-5 —0-7949 0-0120 —0-8132 —0-2890 ! —0-7148 0-2984 —0-1930 —-0-0245 —0-1887 —0-1250 —0-1736 0-0725
0-6 -0-7018 0-1739 —0-7864 —0-0907 —0-5651 0-4112 —0:1725 0-0047 —0-1820 —0-0885 —0-1412 0-0917
0-7 ~0-5419 0-2845 —0-6704 0-0814 —0-3756 0-4530 —0-1359 0-0274 —0-1555 —0-0537 —0-0972 0-1004
0-8 —0-3392 0-3029 —0-4726 0-1772 —0-1845 0-3959 —0-0878 0-0362 —0-1104 —0-0290 —0-0495 0-0933
0-9 —0-1626 0-1114 —0-2210 0-0524 —0-0945 0-1554 —0-0445 —0-0053 —0-0501 —0-0560 —0-0255 0-0414
1-0 .
0:0 —1-1425 —0-3824 —0-9525 —1-1619° | —1-0317 0-3711 —0-3620 —0-1924 —0-2591 —0-5110 —0-3278 0-1179
0-1 —0-8278 —0-6711 —0-4043 —1-2784 —0-9774 0-0165 —0-2205 —0-2475 —0-0638 —0-4794 —0-2611 0-0060
0:2 —0:7606 —0-5298 —0-4147 —1-1043 —0-8474 0-1011 —0-1861 —0-1838 —0-0649 —0-3904 —0-2034 0-0350
03 | —0:7778 —0-3552 | —0-5523 —0-9467 | —0-7476  0-2444 | —0-1858 —0-1302 | —0-1007 —0-3323 | —0.1726  0-0715
04 | —0-7751 —0-1793 | —0-6853 —0-7687 | —0-6259  0-3652 | —0-1857 —0-0895 | —0-1329 —0.2872 | —0.1459  0-095
05 —0-7170 -—-0-0210 —0-7560 —0-5639 —0-4729 0-4311 —0-1741  —0-0600 ~0-1486 —0-:2467 —0-1148 0-1047
0-6 —0-5952 0-0943 —0-7307 —0-3535 —0-3043 0-4241 —0-1474 —0-0412 ~0-1415 —0-2084 —0-0786 0-0981
0-7 —0-4254 0-1339 —0-5956 —0-1836 —0-1561 0-3354 —0-1079 —0-0362 —0:1093 -—-0-1770 —0-0431 0-0766
Q-8 —0-2552 0-0485 —0-3606 —0-1403 —0-0943 0-1624 —0-0664 —0-0569 —0-0531 —0-1710 —0-0248 0-0380
09 —0:2469 —0-2544 —0-1304 —0-4340 —0-2877 —0-0628 —0-0673 —0-1379 0-0052 —0-2558 —0-0768 —0-0173
2.0
00 —1:1410 —0-7646 —0-3813 —2-3217 —0-7539 0-6032 —0-3625 —0-3848 0-0530 —1:0213 —0-2395 0-1916
01 —0-8322 --0-7696 0-0202 —1-9937 —0-6592 0-4369 —0-2201 —0-3434 0-1803 —0-8086 —0-1754 0-1177
0-2 —0-7351 —0-6121 —0-0497 —1-7287 —0-5017 0-4230 —0-1767 —0-2694 0-1457 —0:6710 —0-1159 0-1084
0-3 —0-7009 —0-4501 —0-2292 —1-5224 —0-3565 0-4227 —0-1647 —0-2142 0-0885 —0-5883 —0-0767 0-1066
0-4 —0-6556 —0-3096 —0-3937 —1-3095 —0-2313 03860 —0-1556 —0-1786 0-0436 —0-:5293 —0-0507 0-0958
0:5 —0-5725 —0-2093 ] —0-4751 —1-0762 —0-1391 0-3027 —0-1390 —0-1605 0-0246 —0-4808 —0-0338 0-0735
0:6 —0-4540 —0-1713 —0-4306 —0-8534 —0-0998 0-1853 —0-1130 —0-159%6 0-0384 —0-4417 —0-0264 0-0433
0-7 —0-3301 —0-2205 —0-2464 —0-7134 —0-1363 00646 —0-0837 —0-1786 0-0871 —0-4232 —0-0335 0-0128
0-8 —0-2686 —0-3821 0-0428 —0-7822 —0-2741 —0-0064 —0-0685 —0-2264 0-1658 —0-4573 —0-0661 —0-0050
0-9 —0-4255 —0-6581 0-2595 —1-2769 —0-5314 0-0830 —0-1160 —0-3156 0-2358 —0-6212 —0-1421 0-0213




1€

TABLE 2g

sfe = 2. ¢ =0deg

Bi2n Cry Cra Crw Coy Cua Ciuw
A=0-2
0-0 —0-5030 —0-0350 —0-5000 —0-1128 —0-4993 0-0425 —0-1142 —0-0204 —0-1120 —0-0505 —0-1134 0-0097
0-1 —0-7063 0-1513 —0-7318 0-0440 —0:6720 0-2559 —0-1697 0-0239 "—0-1742 —0-0143 —0-1614 0-0615
0-2 —0-8744 0-1522 —0-8998 0-0210 —0-8383 0-2806 —0-2182 0-0255 —0-2230 —0-0197 ~—0-2092 0-0700
0-3 —0-9658 0-1366 —0-9886 —0-0071 —0-9312 0-2777 —0-2471 0-0224 —0-2513 —0-0269 —0-2382 .0-0710
0-4 —1-0142 0-1271 —1:0356 —0-0231 —0-9806 0-2748 —0-2631 0-0204 —0:2671 —0-0311 —0-2544 0-0713
0-5 —1-0297 0-1241 —1:0506 —0-0281 —0-9964 0-2738 —0-2683 0-0198 —0-2722 —0-0324 —0-2596 0-0714
0-6 —1-0142 0-1271 —1:0356 —0-0231 —0-9806 0-2748 —0-2631 0-0204 —0-2671 —0-0311 —0-2544 0-0713
0-7 —0-9658 0-1366 —0-:9886 —0-0071 —0-9312 0-2777 —0-2471 0-0224 —0:2513 —0-0269 —0-2382 0-0710
0-8 —0-8744 0-1522 —0-8998 0-0210 —0-8383 0-2806 —0-2182 0-0255 —0:2230 —0-0197 —0-2092 0-0700
0-9 —0-7063 0-1513 —0-7318 0-0440 —0:6720 0-2559 —0-1697 0-0239 —0-1742 —0-0143 —0-1614 0-0615
A=05 .
0-0 —0-4967 --0-0895 —0-4777 —0-2814 —0-4756 0-0990 —0-1128 —0-0514 —0-0988 —0-1261 —0-1080 0-0225
0-1 —0-5757 0-0221 —0-5997 —0-1966 —0-5077 0-2277 —0-1383 —0-0258 —0-1343 —0:1095 —0-1220 0-0547
0-2 —0-6835 0-0913 —0:7333 —0-1652 —0-5829 0-3282 —0-1706 —0-0084 —0-1733 —0-1037 —0-1455 0-0819 |
0-3 —0-7723 0-1230 —0-8337 —0-1644 —0-6544 0-3876 —0-1976 0-0002 —0-2035 —0-1047 —0-1674 0-0992
0-4 —0-8270 0-1356 —0-8929 —0-1706 —0-7010 0-4177 —0-2145 0-0038 —0-2218 —0-1070 —0-1819 0-1084
0-5 —0-8452 0-1389 —0-9122 —0-1735 —0-7169 0-4269 ~0-2202 0-0048 —0-2279 —0-1080 —0-1868 0-1112
0-6 —0-8270 0-1356 —0-8929 —0-1706 —0-7010 0-4177 —0-2145 0-0038 —0-2218 —0-1070 —0-1819 0-1084
0-7 —0-7723 0-1230 —0-8337 —0-1644 —0-6544 ° 0-3876 —0-1976 0-0002 —0-2035 —0-1047 —0-1674 0-0992
0-8 —0-6835 0-0913 —0-7333 —0%1652 —0-5829 0-3282 —0:1706 —0-0084 —0-1733 -—0-1037 —0-1455 0-0819
0-9 —0-5757 0-0221 —0-5997 —0-1966 —0-5077 0:2277 —0-1383 —0-0258 —0-1343 —0-1095 —0-1220 0-0547
A=10
0-0 —0-4803 -—0-1892 —0-3962 —0-5604 —0-4129 0-1600 —0-1091 —0-1051 —0-0511 —0-2516 —0-0938 0-0363
0-1 —0-5302 —0-1394 —0-4866 —0-5422 —0-4162 0-2219 —0-1274 —0-0957 —0-0780 —0-2548 —0-1000 0-0533
0-2 —0-5847 —0-0943 —0-5763 —0-5331 —0-4266 0-2851 —0-1459 --0-0860 —0-1048 —0-2579 —0-1065 0-0712
0-3 —0-6327 —0-0611 —0-6498 —0-5319 —0-4403 0-3370 —0-1619 —0:0782 —0-1271 —0-2613 —0-1126 0-0862
0-4 —0-6651 —0-0414 —0-6972 —0-5339 —0-4516 0-3703 —0-1725 —0-0735 —0-1417 —0-2640 —0-1171 0-0961
0-5 —0-6765 —0-0349 —0-7134 —0-5351 —0-4558 0-3817 —0-1763 —0-0719 —0-1467 —0-2650 —0-1188 0-0995
0-6 —0-6651 —0-0414 —0-6972 —0-5339 —0-4516 0-3703 —0-1725 —0-0735 —0-1417 —0-2649 —0-1171 0-0961
0-7 —0-6327 —0-0611 —0-6498 —0-5319 —0-4403 0-3370 —0-1619 —0-0782 —0-1271 —0-2613 —0-1126 0-0862
0-8 —0-5847 —0-0943 —0-5763 —0-5331 —0-4266 0-2851 —0-1459 -—0-0860 —0-1048 —0-2579 —0-1065 0-0712
0-9 —0-5302 —0-1394 —0-4866 —0-5422 —0-4162 0-2219 —0-1274 —0-0957 —0:0780 —0-2548 —0-1000 0-0533
A=2-0
0-0 —0-4520 —0-4135 —0-0615 —1-1121 —0-3012 0-1876 —0-1026 —0-2183 0-1416 —0-5013 —0-0684 0-0426
0-1 —0-4961 —0-4075 —0-1259 —1-1614 —0-3042 0:2139 —0-1192 -—0-2224 0-1255 —0-5281 —0-0731 0-0514
0-2 —0-5346 —0-3997 —0-1844 —1-2020 —0-3047 0-2385 —0-1334 —0-2246 0-1101 —0-5497 —0-0760 0-0595
0-3 —0-5646 —0-3923 —0-2311 —1-2325 —0-3040 0-2585 —0-1444 —0-2256 0-0974 —0-5657 —0-0778 0-0661
0-4 —0-5837 -—0-3871 —0-2611 —1-2516 —0-3032 0:2716 —0-1514 —0-2259 0-0890 —0-5756 —0-0787 0-0705
05 —0-5902 —0-3853 —0-2715 —1-2581 —0-3029 0-2762 —0-:1538 —0-2260 0-0861 —0-:5789 —0-0789 0-0720
0:6 —0-5837 —0-:3871 —0-2611 —1-2516 —0-3032 0:2716 —0-1514 —0-2259 0-0890 —0-5756 —0-0787 0-0705
07 —0-5646 —0-3923 —0-2311 —1-2325 —0-3040 0-2585 —0:1444 —0-2256 0-0974 —0-5657 —0-0778 0-0661
0-8 —0-5346 -—0-3997 —0-1844 —1-2020}} —0-3047 0-2385 —0-1334 —0-2246 0-1101 —0-5497 —0-0760 0-0595
0-9 —0-4961 —0-4075 —0-1259 —1-1614( —0-3042 0-2139 —0-1192 —0-2224 0-1255 —0-5281 —0-0731 0-0514




(A%

TABLE 2h

sfce=2. £=15deg
B2x Cry Cpa Crw Cirg Cira Cuw
A=0-2
0-0 —0-5157 —0-0350 —0-5128 —0-1145 —0-5119 0-0442 —0-1183 —0-0205 —0-1160 —0-0512 —0-1174 0-0101
0-1 —0-7718 0-0833 —0-7866 —0-0339 —0-7473 0-1987 —0+1857 0-0096 —0:1879 —0-0311 —0:1796 0-0498
0-2 —0-9130 0-0746 —0-9261 —0-0625 —0-8886 0-2098 —0-2274 0-0090 —0-2295 —0-0376 —0-2210 0-0552
0-3 —0-9847 0-0781 —0-9983 —0-05686 —0-9590 0-2229 —0-2511 0-0101 —0-2533 —0-0399 —0-2443 0-0595
0-4 —1-0192 0-0957 —1-0356 —0-0555 —0-9904 0-2446 —0-2635 0-0137 —0-2663 —0-0379 —0-2559 0-0648
0-5 —1-0230 0-1219 —1-0435 —0-0295 —0-9900 0-2708 —0-2658 0-0191 —0-2696 —0-0327 —0-2572 0-0704
0-6 —0-9961 0-1538 —1-0217 0-0052 —0-9584 0-2985 —0-2580 0-0258 —0-2628 —0-0250 —0-2484 0-0758
0-7 —0-9345 0-1888 —0-9656 0-0498 —0-8920 0-3245 —0-2392 0-0332 —0-2453 —0-0149 —0:2286 0-0805
0-8 —0-8256 0-2207 —0-8617 0-0969 —0-7793 0-3407 —0-2068 0-0399 —0-2139 —0-0035 —0-1955 0-0825
0-9 —0-6381 0-2041 —0-6719 0-1074 —0-5963 0-2975 —0-1543 0-0351 —0-1608 —0-0008 —0-1444 0-0702
A=0-5 .
0-0 —0-5092 —0-0895 —0-4903 —0-2857 —0-4872 0-1031 —0-1168 —0-0517 —0-1027 —0-1278 —0-1117 0-0236
0-1 —0:6262 0-0088 —0-6444 —0-2289 —0-5599 0-2342 —0-1507 —0-0275 —0-1457 —0-1158 —0-1343 0-0578
0-2 —0:7348 0-0631 —0-7730 —0-2129 —0-6416 0-3215 —0-1829 —0-0132 —0-1833 —0-1130 —0-1591 0-0822
0-3 —0-8079 0-0954 —0-8580 —0-2057 —0-6982 0-3757 —0-2058 —0-0048 —0-2094 —0-1127 —0-1773 0-0978
0-4 —0-8427 0-1198 —0-9022 —0-1928 —0-7218 0-4093 —0-2177 0-0009 —0-2236 —0-1111 —0-1861 0-1070
0-5 —0-8406 0-1394 —0-9079 —0-1717 —0-7124 0-4260 —0-2184 0-0049 —0-2261 —0-1073 —0-1851 0-1107
0-6 —0-8024 0-1516 —0-8748 —0-1456 —0-6719 0-4236 —0-2079 0-0067 —0-2166 —0-1017 —0-1745 0-1086
0-7 —0-:7293 0-1478 —0-8009 —0-1234 —0-6048 0-3947 —0-1868 0-0045 —0-1948 —0-0963 —0-1555 0-0992
0-8 —0:6292 0-1118 —0-6878 —0-1240 —0-5245 0-3269 —0-1576 —0-0053 —0-1620 —0-0956 —0-1319 00799
0-9 —0-5343 0-0243 —0-5598 —0-1783 —0-4682 0-2140 —0-1290 —0-0267 —0-1251 —0-1068 —0-1134 0-0504
A=1-0
0-0 —0-4922 —0-189%4 —0-4085 —0-5687 —0-4216 0-1667 —0-1129 —0-1057 —0-0547 —0-2550 —0-0967 0-0382
0-1 —0-5576 —0-1373 —0-5143 —0-5605 —0-4352 0-2421 —0-1343 —0-0940 —0-0856 —0-2582 —0-1043 0-0594
0-2 —0:6150 —0-0943 —0:6048 —0-5561 —0-4494 0-3066 —0-1532 —0-0840 —0-1126 —0-2614 —0-1111 0-0779
0:3 —0-6557 .—0-0622 —0:6702 —0-5507 —0-4585 0-3529 —0-1671 —0-0767 —0-1326 —0-2637 —0-1161 0-0913
0-4 —0-6744 —0-0414 —0:7054 —0-5416 —0-4588 0-3776 —0-1743 —0-0724 —0-1437 —0-2642 —0-1181 0-0984
0-5 —0-6698 —0-0330 —0-7080 —0-5288 —0-4496 0-3792 —0-1740 —0-0712 —0-1448 —0-2627 —0-1168 0-0985
0-6 —0-6437 —0-0388 —0:6785 —0-5157 —0-4337 0-3579 —0-1667 —0-0736 —0-1361 —0-2599 —0-1127 0-0920
07 —0:6019 —0-0607 —0:6209 —0-5087 —0-4170 0-3163 —0-1539 —0-0797 —0-1189 —0-2569 —0-1073 0-0796
08 —0-5546 —0-0988 —0-5447 —0-5148 —0-4069 0-2610 —0-1386 —0-0889 —0-0963 —0-2554 —0-1024 0-0638
09 —0-5149 —0-1467 —0-4672 —0-5375 —0-4094 0-2054 —0-1241 —0-0990 —0-0730 —0-2557 —0-0992 0-0485
=20
0-0 —0-4620 —0-4154 —0-0710 —1-1275 —0-3041 0-1940 —0-1060 —0-2199 0-1395 —0-5078 —0-0697 0-0445
0-1 —0-5081 —0-4051 —0-1400 —1-1760 —0+3040 0-2256 —0-1227 —0-2210 0-1208 —0-5314 —0-0727 0-0551
0-2 —0-5451 —0-3954 —0-1980 —1-2131 —0+3027 0-2505 —0-1362 —0-2218 0-1049 —0-5505 —0-0747 0-0635
0-3 —0-5706 —0-3879 —0-2402 —1-2374 —0-3013 0-2670 —0-1459 —0-2226 0-0935 —0-5644 | —0-0762 0-0690
0-4 —0-5836 --0-3839 —0-2633 —1-2489 —0-3006 0-2740 —0-1510 —0-2237 0-0876 —0-5726 —0-0773 0-0713
0-5 —0-5838 —0-3841 —0-2658 —1-2483 —0-3009 - 0-2717 —0:1517 —0-2251 0-0876 —0-5750 —0-0782 0-0706
0-6 —0-5725 —0-3885 —0-2487 —1-2375 —0-3026 0-2614 —0-1480 —0-2266 0-0931 —0-5717 —0-0787 0-0672
0-7 —0-5518 —0-3963 —0-2148 —1-2185 —0-3052 0-2456 —0:1407 —0-2278 0-1030 —0-5630 —0-0786 0-0619
08 —0-5247 ~—0-4053 —0-1695 —1-1935 —0-3076 0-2272 —0:1307 —0-2277 0-1156 —0-5494 —0-0775 0-0557
0-9 —0-4940 —0-4129 —0-1192 —1-1633 —0-3081 0-2092 —0:1188 —0-2254 0-1285 —0-5311 —0-0748 0-0496




£e

TABLE 2i

sle =2. &= 30deg

B2 Cr, Cro Crw Cirg Cara Cuw
A=02
0:0 —0-5564 —0-0349 —0-5535 —0-1199 —0-5521 0-0498 —0-1313 —0-0208 —0-1291 —0-0534 —0-1303 0-0118
0-1 —0-8338 —0-0030 —0-8352 —0-1292 —0-8219 0-1224 —0-2028 —0-0099 —0-2019 —0-0531 —0-1995 0-0331
0:2 —0-9390 —0-0135 —0-9385 —0-1545 —0-9278 0-1268 —0-2340 —0-0110 —0-2329 —0-0587 —0-2307 0-0364
0-3 —0-9895 0-0132 —0-9931 --0-1346 —0-9737 0-1598 —0-2509 —0:0048 —0-2507 —0-0547 —0-2464 0-0448
0-4 —1-0100 0-0593 —1-0208 —0-0909 —0-9868 0-2079 —0-2588 0-0052 —0-2603 —0-0458 —0-2525 0-0557
0-5 —1-0027 0-1154 —1-0224 —0-0336 —0-9709 0-2619 —0-2580 0:-0172 —0-2615 —0-0336 —0-2498 0-0674
0-6 —0-9654 . 0-1757 —0-9945 0-0323 —0-9245 0-3160 —0-2480 0-0302 —0-2537 —0-0192 —0-2378 0-0787
0-7 —0-8922 0-2353 —0-9306 0-1024 —0-8429 0-3643 —0-2276 0-0433 —0-2353 —0-0031 . —0-2155 0-0837
0-8 —0-7682 0-2815 —0-8137 0-1665 —0-7133 0-3921 —0-1932 0-0537 —0-2025 0-0123 —0-1799 0-0941
0-9 —0-5663 0-:2443 —0-6062 0-1588 —0-5194 0-3259 —0-1389 0-0447 —0-1468 0-0112 —0-1277 0-0772
A=0-5
0-0 —0-5495 —0-0892 —0-5311 —0-2991 —0-5243 01165 —0:1297 —0-0524 —0-1156 —0-1332 —0-1238 0-0275
0-1 —0-6889 —0-0164 —0:6970 —0-2772 —0-6278 0-2334 —0-1674 —0-0325 —0-1603 —0-1271 —0-1518 0-0593
0-2 —0-7858 0-0250 —0-8088 —0-2702 —0-7033 0-3052 —0-1954 —0-0210 —0:1925 —0-1256 —0-1738 0:0797
0-3 —0-8376 0-0628 —0-8748 —0-2500 |. —0-:7379 0-3573 —0-2119 —0-0116 —0-2126 —0-1219 —0-1857 0-0939
0-4 —0-8506 0-1026 —0-9033 —0-2138 —0-7352 -0-3974 —0-2176 —0-0028 —-0:2220 —0-1150 —0-1875 0-1037
0-5 —0-8274 0-1408 —0-8953 —0-1665 —0-6993 0-4234 —0-2129 0-0050 —0:2206 —0-1052 —0-1799 0-1090
0-6 —0-:7689 0-1689 —0-8482 —0-1167 —0-6341 0-4280 —0-1978 0:0102 —0:2079 —0-0945 —0-1636 0-1082
0-7 —0:6775 0-1720 —(0-7588 —0-0802 —0-5475 0-3984 —0-1730 0-0094 —0-1831 —0-0863 —0-1407 0-0987
0-8 —0:5690 0-1258 —0-6333 —0-0872 —0-4634 0-3176 —0-1429 —0-0028 —0-1485 —0-0877 —0-1172 0-0768
0-9 —0-5003 0:0133 —0-5220 —0-1757 —0-4407 0-1906 —0-1221 —0-0300 —0-1172 —0-1075 —0-1080 0-0446
A=1-0
0:0 —0-5304 —0-1891 —0-4486 —0-5942 —0-4488 0-1892 —0-1252 —0-1072 —0-0668 -—0-2655 —0-1059 0-0447
01 —0-5993 —0-1387 —0-5545 —0-5922 —0-4666 0-2682 —0-1457 —0-0939 —0-0969 -—0-2666 —0-1125 0-0671
0:2 —0-6485 —0-0965 —0-6352 —0-5837 —0-4756 0-3281 —0-1614 —0-0832 —0-1206 —0-2667 —0-1169 0-0843
0:3 —0:6735 —0-0622 —0-6865 —0-5653 —0-4716 0-3663 —0-1704 —0-0753 —0-1362 —0-2649 —0-1181 0-0950
0-4 —0-6731 —0-0376 —0-7058 —0-5384 —0-4551 0-3812 —0-1723 —0-0704 —0-1425 —0-2609 —0-1157 0-0989
0-5 —0-6494 —0-0265 —0-6921 —0-5088 —0-4301 0-3719 —0-1671 —0-0692 —0-1391 —0-2557 —0-1107 0-0957
0-6 —0-6082 —0-0337 —0-6470 —0-4857 —0-4042 0-3391 —0-1563 —0-0726 —0-1265 —0-2512 —0-1045 0-0859
0-7 —0-5607 —0-0628 —0-5788 —0-4807 —0-3881 0-2879 —0-1427 —0-0808 —0-1072 —0-2499 —0-0997 0-0713
0-8 —0-5234 —0-1107 —0-5055 —0-5033 —0-3920 0-2313 —0-1308 —0-0928 —0-0861 —0-2537 —0-0989 0-0557
0-9 —0-5126 —0-1621 —0-4546 —0-5499 —0-4177 0-1914 —0-1247 —0-1041 —0:0706 —0-2612 —0-1024 0-0449
A=2-0
0-0 —0-4938 —0-4195 —0-1033 —1-1740 —0-3119 0-2148 —0-1166 —0:2243 0-1321 —0-5276 —0-0736 0-0507
0-1 —0-5303 —0-4035 —0-1658 —1-2054 —0-3053 0-2435 —0-1294 —0-2212 0-1138 —0-5413 —0-0733 0-0605
0-2 —0-5557 —0-3900 —0-2145 —1:2237 —0+2993 0-2619 —0-1389 —0-2194 0-0999 —0-5519 —0-0733 0-0668
0-3 —0-5691 —0-3811 —0-2452 —1-2301, —0-2949 0-2694 —0-1446 —0-2191 0-0914 —0-5590 —0-:0736 0-0697
0-4 —0-5711 —0-3778 . —0-2560 —1-2269 —0-2934 0:2672 —0-1466 —0-2203 0-0800 —0-5626 —0-0746 0-0692
05 —0-5636 —0-3810 —0-2473 —1-2182 —0-2953 0-2574 —0-1450 —0-2229 0-0924 —0-5631 —0-0760 0-0662
0:6 —0:5498 —0-3899 —0-2222 —1-2078 —0-3006 0-2436 —0-1408 —0-2262 0-1004 —0-5610 —0-0777 0-0617
07 —0-:5333 —0-4024 —0-1872 —1-1990 —0-3078 0-2295 —0-1350 —0-2294 0-1110 —0-5567 —0-0791 0-0569
0:8 —0-5175 —0-4146 —0-1503 —1-1924 —0-3144 0-2189 —0-1286 —0-2311 0-1216 —0-5503 —0-0795 0-0530
0-9 —0-5043 —0-4219 —0-1202 —1-1859 —0-3169 0-2139 —0-1223 —0-2298 0-1293 —0-5410 —0-0780 0-0508




te

TABLE 2j

sfe = 2. & =45 deg

B2x Cr, Cra Crw Cary Cya Cuw
A=02
0-0 —0-6338 —0-0341 —0-6312 —0-1295 —0-6285 0-0610 —0-1565 —0-0210 —0-1543 —0-0571 —0-1552 0-0151
0-1 —0-8891 —0-1100 —0-8744 —0-2437 —0-8926 0-0242 —0-2205 —0-0367 —0:2157 —0-0824 —0-2210 0-0091
02 —0-9496 —0-1111 —0-9345 —0-2536 —0-9528 0-0318 —0-2372 —0-0357 —0-2324 —0-0838 —0-2374 0-0125
03 —0-9786 —0-0572 —0-9717 —0-2038 —0-9733 0-0891 —0-2458 —0-0227 —0-2429 —0-0720 —0-2440 0-0264
0-4 —0-9862 0-0189 —0-9910 —0-1287 —0-9691 0-1652 —0-2486 —0-0053 —0-2485 —0-0550 —0-2440 0-0440
0-5 —0-9692 0-1046 —0-9874 —0-0402 —0-9392 0-2472 —0-2449 0-0140 —0-2479 —0-0350 —0-2373 0-0625
0:6 —0-9232 0-1928 —0-9550 0-0548 —0-8802 0-3274 —0-2334 0-0340 —0-2396 —0-0134 —0-2228 0-0805
0-7 —0-8408 0-2759 —0-8854 0-1502 —0-7861 0-3972 —0-2124 0-0533 —0-2216 0-0090 —0-1990 0-0964
0-8 —0-7046 0-3358 —0-7582 0-2304 —0-6425 0-4362 —0-1775 0-0679 —0-1889 0-0288 —0-1623 0-1057
0-9 —0-4887 0-2736 —0-5327 0-2003 —0-4388 0-3428 —0-1221 0-0535 —0-1313 0-0226 —0-1099 0-0834
A= 0-5
0-0 —0-6261 —0-0870 —0-6091 —0-3228 —0-5946 0-1436 —0-1546 —0-0529 —0-1406 —0-1426 —0-1468 0-0354
0-1 —0-7684 —0-0569 —0-7613  —0-3459 —0-7163 0-2235 —0-1902 —0-0428 —0-1794 —0-1457 —0-1766 0-0579
0-2 —0-8384 —0-0261 —0-8423 —0-3409 —0-7705 0:2770 —0-2088 —0-0338 —0-2011 —0-1435 —0-1908 0-0727
0-3 —0-8627 0-0229 —0-8850 —0-3004 —0-7751 0-3304 —0-2161 —0-0218 —0-2130 —0-1340 —0-1932 0-0862
0-4 —0-8519 0-0828 —0-8974 —0-2359 —0-7428 0-3811 —0-2145 —0-0082 —0-2168 —0-1195 —0-1864 0-0979
0-5 —0-8073 0-1428 —0-8762 —0-1589 —0-6791 0-4197 —0-2040 0-0050 —0-2117 -—0-1023 —0-1716 0-1060
0-6 —0-7279 0-1888 —0-8149 —0-0830 —0-5883 0-4330 —0-1843 0-0148 —0-1960 —0-0852 —0-1494 0-1078
0-7 —0-6164 0-1982 —0-7075 —0-0320 —0-4813 0-4012 —0-1559 0-0160 —0-1684 —0-0735 —0-1225 0-0987
0-8 —0-4985 0-1337 —0-5655 —0-0529 —0-3957 0-2993 —0-1253 —0-0003 —0-1318 —0-0786 —0-1001 0-0727
0-9 —0-4728 —0-0180 —0-4826 —0-1957 —0-4273 0-1508 —0-1174 —0-0375 —0-1097 —0-1131 —0-1064 0-0358
A=10
0-0 —0-6032 —0-1848 —0-5269 ~0-6391 —0-4988 0-2348 —0-1490 —0-1085 —0-0908 —0-2836 —0-1232 0-0580
0-1 —0-6619 —0-1417 —0-6157 —0-6397 —0-5137 0-3051 —~0-1639 —0-0955 —0-1144 —0-2815 —0-1262 0-0774
0-2 —0:6903 —0-0991 —0-6752 —0-6176 —0-5068 0-3539 —0-1718 —0-0840 —0-1306 —0-2754 —0-1247 0-0907
0-3 —0-6899 —0-0588 —0-7054 —0-5759 —0-4800 0-3811 —0-1727 —0-0742 —0-1391 —0-2659 —0-1189 0-0977
04 —0-6631 —0-0269 —0-7036 —0-5231 —0-4395 0-3846 —0-1669 —0-0674 —0-1390 —0-2545 —0-1099 0-0981
05 —0-6149 —0-0125 —0-6677 —0-4721 —0:3949 0-3616 —0-1554 —0-0653 —0-1298 —0-2436 —0-0998 0-0914
0:6 —0-5556 —0-0250 —0-6005 —0-4402 —0-3601 0-3128 —0-1405 —0-0699 —0-1123 -—-0-2372 —0-0916 0-0780
0:7 —0-5046 —0-0698 —0-5169 —0-4473 —0-3526 0-2474 —0-1271 —0-0820 —0-0903 —0-2396 —0-0896 0-0606
0-8 —0-4895 —0-1371 —0-4515 —0-5044 —0-3857 0-1905 —0-1222 —0-0991 —0-0727 —0-2536 —0-0971 0-0457
0-9 —0-5291 —0-1910 —0-4500 —0-5891 —0-4493 0-1798 —0-1310 —0-1120 —0-0714 —0-2734 —0-1119 0-0430
A=2-0 ’
0-0 —0-5528 —0-4193 —0-1728 —1-2519 —0-3205 0-2552 —0+1365 —0-2293 0-1144 —0-5606 —0-0791 0-0630
0-1 —0-5650 —0-3969 —0:2149 —1-2467 —0-3036 0-2694 —0-1402 —0-2219 0-1016 —0-5577 —0-0742 0-0678
0-2 —0-5663 —0-3790 —0-2422 12288 —0-2897 0-2713 —0-1414 —0-2170 0-0934 —0-5536 —0-0709 0-0690
0-3 —0-5579 —0-3687 —0-2504 —1-2042 —0-2813 0-2628 —0-1402 —0-2150 0-0909 —0-5490 —0-0695 0-0671
0-4 —0-5430 —0-3683 —0-2385 —1-1802 —0-2805 0-2474 —0-1370 —0-2160 0-0943 —0-5450 —0-0701 0-0631
0-5 —0-5265 —0-3782 —0-2099 —1-1651 —0-2878 0-2301 —0-1330 —0-2199 0-1025 —0-5431 —0-0727 0-0581
0-6 —0-5141 —0-3961 —0-1730 —1-1652 —0-3015 0-2167 —0-1295 —0-2256 0-1132 —0-5442 —0-0766 0-0539
0-7 —0-5106 —0-4165 —0-1404 —1-1820 —0-3175 0-2122 —0-1278 —0-2314 0-1228 —0-5486 —0-0806 0-0519
0-8 —0-5180 —0-4317 —0-1251 —1:2103 —0-3295 0-2188 —0-1287 —0-2353 0-1278 —0-5547 —0-0832 0-0530
0-9 —0-5340 —0-4341 —0-1359 —1-2383 —0-3316 0-2348 —0-1319 —0-2350 0-1252 —0-5598 —0-0830 0-0570




g€

TABLE 2k

sfe =2, &= 60deg -

B2z Cry Cra Crw Ciq Cua Cirw
A=0-2
0-0 —0-7648 —0-0308 —0-7628 —0-1439 —0-7575 0-0818 —0-1994 —0-0206 —0-1973 —0-0626 —0-1975 0-0213
0-1 —0-9324 —0-2337 —0-8999 —0-3728 —0-9532 —0-0928 —0-2372 —0-0713 —0-2274 —0-1192 —0-2424 —0-0229
0-2 —0-9436 —0-2118 —0-9141 —0-3533 —0-9612 —0-0686 —0-2361 —0-0643 —0-2273 —0-1122 —0-2404 —0-0160
0-3 —0-9531 —0-1279 —0-9361 —0-2713 —0-9581 0-0162 —0-2359 —0-0430 —0-2302 —0-0910 —0-2370 0-0051
0-4 —0-9500 —0-0225 —0-9490 —0-1657 —0-9391 0-1201 —0-2337 —0-0173 —0:2320 —0-0650 —0-2309 0-0302
0-5 —0-9258 0-0912 —0-9420 —0-0485 —0-8980 0-2287 —0-2274 0-0100 —0-2298 —0-0368 —0-2205 0-0562
0-6 —0-8738 0-2050 —0-9074 0-0732 —0-8295 0-3331 —0-2151 0-0373 —0-2218 —0-0076 —0-:2043 0-0814
0-7 —0-7854 0-3097 —0-8347 0-1916 —0-7266 0-4231 ~—0-1947 0-0632 . -—0-2052 0-0214 —0-1802 0-1038
0-8 —0-6401 0-3835 —0-7003 0:2876 —0-5722 0-4739 —0-1605 0-0826 —0-1739 0-0460 —0-1436 0-1178
0-9 —0-4018 0-2955 —0-4484 0-2356 —0-3504 0-3511 —0-1024 0-0623 —0-1127 0-0345 —0-0894 0-0890
A=0-5 - .
0-0 —0-7558 —0-0787 —0-7424 —0-3581 —0-7124 0-1935 —0-1970 —0-0519 —0-1837 —0-1562 —0-1857 0-0504
0-1 —0-8686 —0-1166 —0-8405 —0-4405 —0-8301 0-2018 —0-2208 —0-0603 —0-2041 —0-1740 —0-2109 0-0519
0-2 —0-8932 —0-0918 —0-8739 —0-4268 —0-8437 0-2355 —0-2233 —0-0532 —0-2090 —0-1682 —0-2106 0-0599
0-3 —0-8847 —0-0249 —0-8904 --0-3579 —0-8111 0-2953 —0-2188 —0-0363 —0-2107 —0-1498 —0-2003 0-0740
0-4 —0-8498 0-0599 —0-8876 —0-2605 —0-7476 0-3613 —0:2089 —0-0158 —0-2087 —0-1257 —0-1836 0-0894
0-5 —0-7848 0-1454 —0-8552 —0-1506 —0-6560 0-4165 —0-1927 0-0046 —0-2003 —0:0992 —0-1611 0-1023
0-6 —0-6846 0-2128 —0-7807 —0-0452 —0-5388 0-4417 —0-1686 0-0207 —0-1824 —0:0740 —0-1329 0-1083
0-7 —0-5484 0-2306 —0-6511 0-0244 —0-4069 0-4079 —0-1361 0-0252 —0-1516 —0:0572 —0-1011 0-1004
0-8 —0-4105 0-1371 —0-4778 —0-0167 —0-3141 0-2709 —0-1029 0-0025 —0-1099 —0:-0674 —0-0788 0-0673
0-9 —0-4500 —0-0879 —0-4331 —0-2557 —0-4325 0-0767 —0-1144 —0-0541 —0-1003 —0-1281 —0-1100 0-0192
=10
0-0 —0-7269 —0-1678 —0-6657 —0-7053 —0-5788 0-3198 —0-1895 —0-1066 —0-1343 —0-3095 —0-1509 0-0834
0-1 —0-7574 —0-1426 —0-7133 —0-7074 —0-5825 0-3626 —0-1925 —0-0984 —0-1424 —0-3047 —0-1478 0-0926
0-2 —0-7499 —0-0985 —0-7377 —0-6611 —0-5469 0-3919 —0-1873 —0-0863 —0-1456 —0-2894 —0-1362 0-0986
0-3 —0-7132 —0-0469 —0:7395 —0-5838 —0-4858 0-4058 —0-1763 —0-0731 —0-1442 —0-2682 —0-1197 0-1010
0-4 —0-6508 —0-0027 —0:7106 —0-4935 —0-4117 0-3961 —0-1600 —0-0625 —0-1360 —0-2454 —~0-1010 0-0977
0-5 —0-5684 0-0167 —0:6433 —0-4121 —0-3402 0-3547 —0-1396 —0-0581 —0-1191 —0-2257 —{0-0836 0-0871
0:6 —0-4813 —0-0072 —0-5385 —0-3699 —0-2946 0-2794 —0-1185 —0-0644 —0-0935 —0-2160 —0-0727 0-0685
0-7 —0-4241 —0-0856 —0-4226 —0-4046 —0-3065 0-1854 —0-1050 —0-0841 —0-0655 —0-2255 —0:0760 0-0455
0-8 —0-4502 —0-1940 —0-3678 —0-5317 —0-3971 © 0-1250 —0-1125 —0-1116 —0-0527 —0-2586 —0-0994 0-0308
0-9 —0-5791 —0-2464 —0-4586 —0-6784 —0-5235 0-1708 —0-1472 —0-1258 —0'_0772 —0-2984 —0-1332 0-0430
A= 20 .
0-0 | —0-6488 —0-3961 | —0-3144 —1-3554 | —0-3160  0-3267 | —0-1691 —0-2289 0-0750 —0-6046 | —0-0824  0-0852
0-1 | —0-6170 -0-3694 | —0-3160 —1-2808 | —0-2856  0-3078 | —0-1369 —0.2180 0-0760 —0-5783 | —0-0724  0-0785
0-2 | —0-5764 —0-3485 | —0-3026 —1.2132 | —0-2620 0-2779 | —0-1440 "—0-2116 0-0802 —0-5527 | —0-0651  0-0698
0-3 | —0-5316 —0-3409 | —0-2668 —1-1411 | —0-2515  0-2414 | —0-1315 -0-2085 0-0896° —0-5311 | —0-0619  0-0600
04 | —0-4903 —0-3517 | —0-2084 —1-0910 | —0-2585  0-2056 | —0-1208 —0-2107 0-1042 —0-5170 | —-0-0634  0-0508
0-5 —0-4632 —0-3805 —0-1380 —1-0794 —0-:2826 0-1806 —0-1138 —0-2179 0-1217 —0-5140 —0-0694 0-0444
0-6 —0-4611 —0-4197 —0-0779 —1-1150 —0-3170 0-1763 —0-1134 —0-2281 0-1368 —0-5238 —0-0781 0-0431
0-7 —0-4890 —0-4540 —0-0563 —1-:1903 —0-3488 0-1976 —0-1209 —0-2377 0-1426 —0-5446 —0-0865 0-0485
0-8 —0:5412 —0-4660 —0-0938 —1-2781 —0-3629 0-2397 —0-1352 —0-2423 0-1336 —0-5704 —0-0910 0-0595
0-9 —0:6009 —0-4454 —0-1885 —1-3418 '—0-3508 0-2884 —0-1527 —0-2392 0-1093 —0-5926 —0-0894 0-0730




9¢

TABLE 2]

sfe =2, &=75deg

b2x Cry Cra Crw Carg Ci o Caw
A=0-2
0-0 —0-9734 —0-0215 —0-9728 —0-1629 —0-9625 0-1191 —0-2664 —0-0184 —0:2647" —0-0695 —0-2634 0-0326
0-1 —0-9609 —0-3525 —0-9119 —0-:4947 —0-9979 —0-2072 —0-2502 —0-1076 —0-2355 —0-1571 —0-2602 —0-0572
0-2 —0-9284 —0-2972 —0-8871 —0-4364 —0-9578 —0-1553 —0-2321 —0-0911 —0-2198 —0-1385 —0-2400 —0-0431
0-3 —0-9234 —0-1859 —0-8985 —0-3257 —0-9365 —0-0448 —0-2245 —0-0614 —0-2165 —0-1079 —0-2281 —0-0145
0-4 —0-9132 —0-0566 —0-9075 —0-1955 —0-9072 0-0821 —0-2183 -—-0-0281 —0-2151 —0:0738 —0-2171 0-0176
0-5, —0-8846 0-0790 —0-8992 —0-0559 —0-8588 0-2120 —0-2101 0-0062 —0-2120 —0-0383 —0-2040 0-0503
0-6 —0-8296 0-2127 —0-8641 0-0864 —0-7847 0-3355 —0-1978 0-0402 —0-2047 —0-0025 —0-1869 0-0820
0-7 —0-7385 0-3350 —0-7911 0-2230 —0-6768 0-4420 —0-1786 0-0720 —0-1902 0-0324 —0-1633 0-1103
0-8 —0-5869 0-4234 —0-6523 0-3351 —0-5145 0-5057 —0-1455 0-0964 —0-1606 0-0620 —0-1271 0-1293
09 —0-3033 0-3218 —0-3532 0-2767 —0-2500- 0-3624 —0-0782 0:0726 —0-0897 0-0485 —0-:0642 0-0955
A=05
0-0 —0-9626 —0-0551 —0-9581 —0-4046 —0:8967 0-2835 —0-2634 —0-0462 —0-2525 —0-1731 —0-2454 0:0776
0-1 —0-9876 —0-1914 —0-9341 —0-5563 —0-9658 0-1719 —0-2578 —0-0843 —0-2332 —0-2107 —0-2530 0:0419
0-2 —0-9494 —0-1624. —0-9063 —0-5180 —0-9189 0-1896 —0-2382 —0-0761 '} —0-2165 —0-1966 —0-2317 0-0437
0:3 —0-9074 —0-0722 —0-8975 —0-4153 —0-8468 0-2609 —0-2212 —0-0524 —0-2080 —0-1673 T —0-2074 0-0603
0-4 —0-8518 0-0391 —0-8832 —0-2849 —0:7548 0-3450 —0-2039 —0-0239 —0-2011 —0-1328 —0-1813 0-0808
0-5 —0-7705 0-1510 —0-8437 —0-1428 —0-6392 0-4191 —0-1830 0-0045 —0-1906 —0-0966 —Q-1518 0-0995
0-6 —0-6519 0-2432 —0-7594 —0-0052 —0-4968 0-4603 —0-1552 0-0283 —0-1714 —0-0621 —0-1178 0-1112
0-7 —0:4847 0-2772 —0-6042 0-0932 —0-3312 04295 —0-1168 0-0382 —0-1365 —0-0374 —0-0791 0-1060
0-8 —0+2923 0-1488 —0-3630 0-0389 —0-2016 0-2395 —0-0725 0-0074 —0-0806 —0-0510 —0-0496 0-0610
0-9 —0-4152 —0-2438 —0-3401 —0-3969 —0-4573 —0-0816 —0-1090 —0-0936 —0:0798 —0-1650 —0-1198 —0-0199
A=1-0
0-0 —0-9252 —0-1188 —0-9013 —0-7908 —0-6941 0-4743 —0-2532 -—0-0948 —0-2077 —0-3411 —0-1900 0-1298
0-1 —0-9015 —0-1324 —0-8688 —0-7982 - —0-6785 0-4573 —0-2357 —0-0998 —0-1867 —0-3364 ~0-1788 0-1174
0-2 —0-8413 —0-0868 —0-8424 —0-7164 —0-6011 0-4571 —0-2118 —0-0879 —0-1710 —0-3090 ~—0-1530 0-1123
0-3 —0-7590 —0-0174 —0-8113 —0-5908 —0-4943 0-4566 —0-1856 —0-0697 —0-1577 —0-2726 —0-1222 0-1094
0-4 —0-6526 0-0475 —0-7528 —0-4486 —0-3752 0+4343 —0-1565 —0-0527 —0-1406 —0-2344 —0-0907 0-1030
0-5 —0-5214 0-0789 —0-6442 —0-3187 —0-2625 0-3700 —0-1239 —0-0439 —0-1139 —0-2010 —0-0624 0-0879
0-6 —0-3806 0-0393 —0-4723 —0-2508 —0-1914 0-2480 —0-0906 —0-0524 —0-0736 —0-1839 —0-0452 0-0597
0-7 —0-2916 —0-1099 —0-2700 —0-3306 —0-2299 0-0823 —0-0709 —0-0882 —0:0267 —0-2043. —0-0557 0-0209
0-8 —0-3894 —0-3247 —0-2071 —0-6156 —0-4428 —0-0077 —0-0985 —0-1424 —0-0142 —0-2782 —0-1113 --0-0000
0-9 —0-6994 —0-3613 —0-4927 —0-8772 —0-6881 0-1642 —0-1834 —0-1546 —0-0915 —0-3521 —0-1793 0-0450
A=2-0
0-0 —0-7975 —0-:3022 —0-6078 -—~1-4606 —0-2591 0-4513 —(0-2183 —0-2073 —0-0105 —0-6490 —0-0709 0-1235
0-1 —0-6967 —0-2773 —0-5409 —1-3061 —0-2149 0-3730 —0-1823 —0-1994 0-0165 —0-5938 —0-0573 0-0968
0-2 —0-5874 —0-2570 —0-4575 —1-1359 —0-1814 0-2855 —0-1479 —0-1920 0-0432 —0-5390 —0-0468 0-0710
0-3 —0-4782 —0-+2621 —0-3356 —0-9850 —0-1761 0-1954 —0-1168 —0-1908 0-0758 —0-4932 —0-0437 0-0470
0-4 —0-3863 —0-3078 —0-1701 —0-8957 —0-2115 0-1176 —0-0924 —0-1997 0-1164 —0-4660 —0-0508 0-0276
0-5 —0-3402 -—-0-3952 0-0117 —0-9140 —0-2878 0-0772 —0-0808 —0-2192 0-1594 —0-4677 —0-0684 0-0183
0-6 —0-3706 —0-4985 0-1392 —1-0617 —0-3821 0-1013 —0-0890 —0-2436 0-1889 —0-5038 —0-0911 0-0251
0-7 —0-4826 —0-5643 0-1244 —1-2923 —0-4473 0-1948 —0-1185 —0-2608 0-1842 —0-5641 —0-1083 0-0492
0-8 —0-6323 —0-5442 —0-0618 —1-4893 —0-4409 0-3200 —0-1598 —0-2589 0-1371 —0-6220 —0-1094 0-0823
0-9 —0-7510 -—-0-4404 —0-3452 —1-5492 ; —0-3643 0-4174 —0-1966 —0-2375 0-0630 —0-6520- —0-0939 0-1102
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