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Recent developments in symbolic mathematics allow for analytic modeling of rarefied
hypersonic aerodynamic coefficients of nontrivial geometries. These analytic models enable
rapid trajectory propagation and sensitivity analysis for objects in low-Earth orbit. High
fidelity modeling can be accomplished by generating an aerodynamic database via Direct
Simulation Monte Carlo, however this process is computationally intractable considering
the 13,000 pieces of debris in orbit. Analytic modeling provides a rapid alternative to
DSMC with little loss of fidelity. In this investigation, the Schaaf & Chambré model is
applied to geometries composed of conical frustums and cylindrical hulls, validated against
DSMC results, and extended to arbitrary geometries of revolution with errors less than
5% relative to traditional numerical simulation.
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w Wetted

Symbols

Q@ Angle of attack

Oc Half cone angle

0 Local freestream angle

A Mean free path, m

o Accommodation coefficient, see subscripts
Q Surface

I. Introduction

A. Motivation

S the number of objects in orbit about the Earth grows, the likelihood of any two of those objects
Acolliding also increases. Tracking these objects and propagating their motion is an important aspect of
space situational awareness,! though current models for propagating the influence of aerodynamics generally
have poor geometric or physical fidelity. Inclusion of models of the aerodynamic forces and moments acting
on the debris into trajectory propagation tools would benefit the characterization of objects in low Earth
orbit (LEO).

Traditionally, rarefied aerodynamics are obtained through direct simulation Monte Carlo (DSMC), where
a complex shape is gridded and paneled and the interaction with individual gas molecules is modeled.? In
this investigation, an analytic method is developed that involves solving surface integrals; however, the
analytic solutions can be evaluated much faster than a numerical simulation. The decrease in computation
time associated with the analytic solutions enables rapid solution of the equations of motion for objects in
LEO.

This investigation focuses on two general combinations of geometric primitives: the stepped cylinder and
the biconic. Though these are not typical geometries for resident space objects (RSOs), they are the elemental
bases for zeroth- and first-order approximations to surfaces of revolution. Extension of the stepped cylinder
and biconic results to shapes with several cylinders or conical frustums can enable a lossless formulation
for the rarefied aerodynamic coeflicients of any arbitrary axisymmetric body. In this manner, verifying the
analytic approach and results for these shapes is an important step in development of a general solution
technique for the rapid computation of RSO aerodynamics.

B. Overview

In this investigation, analytic expressions for a stepped cylinder and a biconic geometry are derived. The
work focuses primarily on the analytic raytracing required to define the mapping of shadows from one shape
onto another. A key assumption in the derivation of these equations is that self-reflection of molecules in
concave composite geometries is negligible compared to the effect of self-shadowing. There are often cases of
self-reflection where the net effect is diminished because reflections from opposing surfaces negate each other.
This sort of cancellation does not occur with the shadows of the surfaces, so it is reasonable to assume that
self-shadowing is a greater effect than self-reflection. The analytic expressions are provided in the attachment
embedded in the pdf version of this document and can be extracted from AnalyticExpressions.pdf.These
expressions are compared in simulations against numerical results obtained by NASA-developed DSMC
Analysis Code (DAC). The equations for the biconic are extended to approximate the Mars Microprobe
aeroshell geometry, demonstrating the application to arbitrary surfaces of revolution.

II. Background

In general, aerodynamic forces and moments arise from the momentum transferred from a fluid to an
object submerged in that fluid. Fluid flows in a manner which conserves three fundamental quantities: mass,
momentum, and energy.* All fluid flows are governed by the Boltzmann equation, which is a recasting of
the three conservation laws and treats all fluids as a system of particles. The Boltzmann equation is more
appropriate than the well-known Navier-Stokes equations in fluid flows about orbiting satellites due to the
relatively low density of the fluid and high speeds required to maintain orbit. The regime of flows experienced
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by RSOs is generally a rarefied flow, meaning that the density of molecules is so low that the gas no longer
behaves like a continuum. Since Navier-Stokes only applies for continuum flows it cannot be applied in the
rarefied regime and the Boltzmann equation governs the flow.

Traditionally, free-molecular flow theory is based upon the assumption that the flow incident on the
body is independent of any effect of the particles reemitted from the surface of the body after collision.’
Hence, the incident flow is entirely undisturbed by the presence of the body.® Though much of the literature
rests on this assumption,”® there have been investigations into cases where reemitted particles collide with
the surface of the body more than once.”!9 The similarity parameter that is generally used to define the
interfaces between continuum flow, rarefied flow, and the regime between them known as transition flow, is
the Knudsen Number (Kn) of the flow. This dimensionless quantity is defined in Eq. (1) as the ratio between
the mean free path of the gas (A) and the characteristic dimension (Ichay) of the object submerged in the
gas. So long as the Knudsen Number of a flow exceeds a value of 10, the flow regime is considered rarefied.®
For reference, a 1U (10 cm x 10 cm x 10 ecm) picosatellite will experience rarefied flows at altitudes above
approximately 100 km on the Earth.*

A

lchar

Kn = (1)

The accepted model for the coefficients of shear and pressure on a panel in rarefied flow are the Schaaf
& Chambré model given by Egs. (2) and (3).° The molecular speed ratio is defined in Eq. (4) as the ratio
between the freestream velocity and the thermal velocity of the gas. In this equation, || - || is the Euclidean
norm.

2 — Tw 31
<\/7i:Ns sin (0) + U7N Too> o~ (s5in0)

+ {(2 —on) ((ssin9)2 + ;) + ?@ssin@} (1+exf (s sin@))]

orcosO [ _ . m2 . .
C, = v {e (ssin6)” L /rssin6 (1 —l—erf(ssme))] (3)
™
\%
2RT,
09, (u,v)
a
aQ, (p)+1V,
aQ, (p
Figure 1. Diagram illustrating the relationships between Figure 2. Map of the shadow from one surface onto
relevant vector quantities. another.

The pressure and shear coefficients for a flat plate derived by Schaaf & Chambré can be extended to
curved surfaces by considering an infinitesimal element of area as shown in Figure 1. The normal and
tangent vectors are scaled by the pressure and shear coefficients, respectively. This quantity, given in Eq. (5)
describes the infinitesimal area’s contribution to the overall aerodynamic force coefficients. In this equation,
the * over vector quantities indicate unit vectors. Crossing this elemental force contribution by the position
of the element yields the elemental contribution to the moment coefficients as shown in Eq. (6). Integrating
these infinitesimal quantities across the wetted region of the surface, defined by Eq. (7), results in the general
integral definitions for aerodynamic force and moment coefficients given in Egs. (8) and (9). The domain
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of integeration defined in Eq. (7) is generally not the entire surface, €; it is the locus of points where the
freestream velocity is above the local horizon.

1

dCp =—— (Cphr + Crt) dA (5)
ref
1
dCy =71 x dCp (6)
ref
Oy :={r(u,v) : Voo -n > 0} (7)

Cr = / ICy (8)

Cuy = / / dC s (9)
Quw

The normal and tangent vectors shown in Figure 1 can be computed from the parameterization of the
surface. As shown in Eq. (10), the parameterization r maps the variables u and v onto the surface. So long
as r is a regular parameterization, the normal vector fi is defined everywhere on 2 by Eq. (11). The angle
of incidence, 0, between the tangent plane and the freestream vector is computed by Eq. (12). To define the
tangent vector, as in Eq. (13), the normal component of the freestream vector is removed and the difference
is normalized.

r:(u,v) = Q (10)
or Or
. ou " 9o

o o] .
ou Ov

sinf = -V -h (12)

ﬁ(vm.ﬁ)fvm
1—(\700.11)2

These vector definitions and the rarefied aerodynamic models in Eqgs. (2) and (3) fully define the general
integral definitions for aerodynamic force and moment coefficients. The reference quantities A,er and e are
constants of integration and serve to nondimensionalize the aerodynamic coefficients. The definitions given
in Egs. (5)-(7) and (10)-(13) provide explicit definitions for the aerodynamic force and moment integrals
described in Eqgs. (8) and (9). A more thorough derivation is available in the literature.®

For analytic geometries, this formulation provides exact aerodynamic characterization within the limits
of the governing equations (Egs. (2) and (3)), providing accurate sensitivity information and a rapid solution
capability while eliminating the numerical error that is part of any numerical paneling tool. Calculation
of aerodynamic properties in this manner eliminates the traditional use of large aerodynamic tables and
enables use of fast, specialized trajectory optimization methods to be extended to also include vehicle sape.
These techniques can also be used to instantaneously model configuration changes in flight due to breakup
or atmospheric heating.

E:

III. Methodology

A. Geometric Primitives

Analytic hypersonic rarefied aerodynamic coefficients have been previously investigated for the cone and the
cylinder and show overall agreement with the results from DSMC.%7# The plots in Figure 3 show analytic
curves validated against data points generated using DAC.

Analytic solutions for these primitive shapes that predict the aerodynamic coefficients can be obtained
using the methodology outlined previously. This investigation explores applying that methodology to com-
posite geometries and improving it so that arbitrary geometries of revolution can be modeled analytically.
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Figure 3. Analytic curves and DAC data points for various geometric primitives.

B. Approximation of the Exponential and Error Functions

Applying the process defined in the previous section often results in integrals of the forms given by Egs. (14) and (15).
For most values of 7y, these equations have no closed-form solution.

N
/ erf(ssinf)df =~ (14)
0
vy . 5
/ e~ (507 g ~ 0 (15)
0

To obtain a closed-form expression for the cone and the cylinder, the hyperthermal limit is applied in
this investigation, where erf z ~ 1 and exp —x2 = 0 for sufficiently large x. This limit has been applied in
previous investigations, though self-shadowing was neglected in the derivations.>” Over the majority of the
surface of a cylindrical hull or conical frustum, the hyperthermal limit is a valid approximation; however, it
breaks down at extremely low angles of incidence and for high-temperature gases.

C. Shadow Mapping

Piecewise surfaces which are locally convex but globally concave exhibit self-shadowing, where part of the
surface could be invisible to the flow despite being oriented toward it. To map the shadow from one surface
onto another, the locus of shadowed points on the first surface are transported along the freestream vector to
the second surface. This defines a curve on the second surface which represents the boundary of the shadow.
This process is illustrated in Figure 2. Which side of the curve the interior of the shadow maps to can be
determined by testing a value within the shadow of the first surface and determining where it maps to on the
second surface. The system of three equations in Eq. (16) has four unknowns: a coordinate, p, along 9., ,
the parameters u and v of 9, and an arbitrary variable ¢ that scales the freestream vector. These three
equations, one for each entry in the position vector, are shown graphically in Figure 2 and mathematically in
Eq. (16). From these three equations, a relationship between u and v on € is derived to define the shadow
boundary.

O, (1, v) = Oy, (p) + tV oo (16)

D. Composition of the Stepped Cylinder

The stepped cylinder, shown in Figure 4(a), is geometrically defined by two non-intersecting coaxial cylinders
joined at their planar surfaces. The geometry is axisymmetric, so the derivation of the aerodynamic coeffi-
cients assumes that the freestream velocity is in the x-z plane shown in Figure 4(a). This configuration has 5
parameterized surfaces: the forward panel, the forward cylindrical hull, the center panel, the aft cylindrical
hull, and the aft panel. The parameterizations for these surfaces are given by Egs. (17)-(21). It is assumed
that the aft radius is greater than the forward radius for simplicity, since the converse can be handled by
reversing the freestream direction.
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Figure 4. The stepped cylinder and biconic are two compositions of primitive geometries.

Tforward panel = [0, upsinvy, wugcosvy)]T uy € [0,7],v1 € [—7, 7] (17)
Tforward hull = [—Ug2, T18invy, 71 cosvg]’ ug € [0,01], v € [—7, 7] (18)
I'middle panel = [—l1, ugsinvsg, wugcosuvs] uz € [r1,72],v3 € [—, 7] (19)

Taft hul = [—l1 — ug, 7T2sinvg, 7ocosvyl” ug € [0,12),v4 € [—7, 7] (20)
Taft panel = |—l1 — l2, vssinus, v5cosus|’ us € [—m, ], v5 € [0,r9] (21)

1. Mapping from the Forward Cylinder to the Center Panel

The shadow on the center panel created by the forward cylinder is the shadow of a cylinder constrained by
a circular boundary. The boundary of this shadow would be a complex piecewise function, however this is
entirely unnecessary. Since the elemental forces are constant across a panel, it is sufficient to find the area
of the shadow then subtract that area from the area of the center panel. Solving for this area is a matter of
geometry, and the results are provided below.

2071 tan(a) + 7r? Iy tan(a) <rg —1
21171 tan(a) + 7r?
2117 tan(ca)
—2A —r2sec!
Ay =15 — ! —2tan?*(a) — r? + 12 (22)
21379 tan(ar)
+7r2sec™! re — 1 < lp tan(a) < /12 —r2
2 (l%tanQ(a)—r%—i—r% 2 - <htan(@) < Vrg =

2

L;l—l-h\/m-&-r%sin*l (%) /13 —r? <l tan(a)

A= i\/(—ll tan(a) + 71 + r2) (I1 tan(a) + r1 — r2) (Iy tan(a) — r1 + 72) (I tan(@) + 11 + 72) (23)

The complexity of this formula for the wetted area of the center panel is due to calculation of the lune
between the edge of the panel and the edge of the shadow. In the case where the radii are significantly
different in scale, then the second expression could be eliminated without a significant loss of fidelity. This
would not be the case if the cylinders were approximations of a solid of revolution, so the lune area calculation
is kept for completeness. Including the effect of self-shadowing from a cylinder onto a panel is accomplished
by subtracting the area of the shadow from the total area of the panel.

2. Mapping from the Center Panel onto the Forward Cylinder

When the freestream velocity forms an obtuse angle with the x-axis, the center panel shadows the forward
cylinder. Unlike the previous case, the boundary of this shadow can be determined in a straightforward,
analytic raytracing process. The first step in this process is to parameterize the edge of the shadow. This
boundary is a circle given by Eq. (25).

aQw;; =Tmiddle pan01|u3:7_2

0Ny, =[—1l1, rasinwvs, 7rgcos vs]T (25)

6 of 14

American Institute of Aeronautics and Astronautics



Mapping this boundary to the forward shadow using Eq. (16) results in the system of equations in Eqs. (26)-
(28). This system can be used to isolate us and ve and describe the shadow on the forward hull caused by
the aft hull. This relationship between us and v, is given by Eq. (29).

ug =ly + tcos a (26)
71 8in vg =79 Sin v (27)
71 COS Uy =T9 COS V3 — T Sin o (28)

ug(v2) = I} — cot o (\/rg —r?sin® vy + 71 cos v2> (29)

The effect of self-shadowing can be incorporated by considering Eq. (29) to be a limit of integration
in w. Unfortunately, after the u-integration of Eqs. (8) and (9), the v-integrals do not have closed-form
solutions. Another issue with this definition of the shadow boundary arise when the shadow boundary
intersects the natural bound on the cylinder. These issues are overcome by considering the extreme value of
u on the shadow and eliminating the dependence on v. Substituting 7/2 for v yields the result in Eq. (30).
This approximation is also advantageous because the wetted area of the forward surface is approximated
by a shorter cylindrical hull, a surface for which closed-form expressions have been previously derived and

validated.
uz(v2) ~ ug (g) =11 +cotay/r3 —r? (30)

E. Composition of the Biconic

The biconic geometry, shown in Figure 4(b), is defined in this investigation as a conical frustum that is
followed by a second frustum. The parameterizations for each distinct surface on the biconic are given by
Egs. (32)-(38). Whether the cone angle of the aft frustum is greater than or less than that of the forward
frustum will result in different shadow mappings. In the case where the cone angle increases, the forward
frustum casts a shadow onto the aft frustum and reflects air molecules onto it. For a decreasing cone angle,
the two frustums can be superimposed without loss of fidelity because self-reflection cannot occur and the
shadow from the first frustum is entirely contained within the shadow of the aft frustum.

Tforward panel = [0,  u1sinvy, ucosvy)]T (31)
uy € [0,79],v1 € [—7, 7] (32)

Tforward frustum = |70 COt 0o, — Ug,  Ug tande, sinve, ugtand., cosvy]T (33)
ug € [rocotds,, 1 ot de, ], ve € [—7, | (34)

Taft frustum = |71 €Ot 8¢, — (71 — 719) COt 8¢y — u3, wugtand,, sinvs, ustand,, cosvs]’ (35)

uz € [ry cotde,, s COt b, ], v3 € [—7, ] (36)

Taft panel = |— (r1 — 70) cot 8, — (ro — 1) cot 0y,  vasinug, v4cosugl" (37)

uy € [—m, ], v4 € [0,79) (38)

For biconic geometries the integration across the forward conical frustum is the same, while the aft frustum
integration varies. The forward conical frustum naturally shadows itself whenever the freestream angle is
greater than its cone angle. This condition is given by Eq. (39), where the real function, Re, is used to
eliminate the need for a conditional or piecewise function in the limits of integration. When the cone angle
is greater than the freestream angle, the real part of the arccosine is identically 7, so the limits of integration
would be —7 and . With the domain of integration defined by the shadow boundary, closed-form expressions
for the aerodynamic coefficients of the forward conical frustum can be calculated.

v = £Re (cos™" (= cot(a) tan (4., ))) (39)
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1. Increasing Biconic

In this biconic configuration, the forward frustum shadows onto the aft frustum when the freestream angle is
greater than the cone angle of the forward cone. Applying the analytic raytracing technique from Eq. (16),
the shadow on the aft cone is given by Eq. (40).

cot (¢, (cot (Oey) — cot (¢, ) (rocot (8¢, ) +11)m
cot (8, ) cot (8¢, ) n — sin(vs) cot? (d,,) + cot(a) cos(v3) cot (J¢, ) n + cot?(a) sin(v3)

uz = (40)

n= \/1 — cot?(a) tan? (6, ) (41)

The boundary of the shadow given by Eq. (40) describes a hyperbola. The shadow boundary on the
forward conical frustum is linear and the normal vector along that boundary is constant, so there is a
tangent plane along this shadow boundary. This plane intersects the aft conical frustum, generating a conic
section, and due to the geometry of this problem that section is a hyperbola. This hyperbolic bound can be
introduced into the w limits of integration, however the resulting v integral cannot be evaluated closed-form.
To solve this problem, the parameter from Eq. (39) for the front frustum is used as the shadow boundary of the
aft frustum. Geometrically, this approximation is significantly different from the exact hyperbolic solution
in Eq. (40), however the area between the these two boundaries does not contribute significantly to the
overall aerodynamic coefficients. Since the u-integration is unchanged under the asymptote approximation
and the v-integration bounds are constants, the aerodynamic coefficients for the aft frustum can be derived
in closed-form.

2. Decreasing Biconic

The case of the decreasing biconic, where the aft cone angle is less than the forward cone angle, is more
straightforward because two conical frustums can be superimposed without loss of fidelity in the model or
geometry. The shadow from the forward frustum can be mapped onto the aft frustum using the analytic
raytracing method and the result is that the mapped shadow is always contained within the natural shadow
of the aft frustum. In this case, no hyperbolic approximation is necessary; the integration process for the aft
frustum is identical to the process for the forward frustum. This result can be applied directly to any solid
of revolution whose radius function has a monotonically decreasing slope. Geometries including paraboloids,
oblate spheroids, ogives, and sphere-cones can all be discretized and summed by the trapezium formula to
yield their aerodynamic coefficients.!!

F. Arbitrary Axisymmetric Geometry

The methodology above for combining two shape primitives can be extended to any number of primitives
to approximate an arbitrary axisymmetric geometry. For such shapes, the radius at a point on shape is a
function of its axial position. Approximating this function with piecewise-constant values yields a stepped
cylinder geometry. Using a piecewise-linear approximation to the radius function would yield a surface
composed of conical frustums. Consider a surface of revolution defined by Eq. (42). The function f can be
sampled at a list of u values, and between the samplings the function is approximately linear as shown in
Eq. (43). Since the integral is a linear operator, the equations for the force and moment coefficients can be
evaluated on the ith interval and summed to obtain an expression for entire surface.

r = [u, f(u)sinvy, f(u)cosvy)|T (42)
fi+ o= (fa = f) up < u < ug
fot+ =2(fs = fo) uz <u < ug
OEES | (43)
fit o (fir — i) up <u<u;+1
fnfl""%(fn_fnfl) Up—1 S u < Up
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The assumptions made in generating the biconic and stepped cylinder equations tend to break down
when there is a significant variation in the properties of each element. This approximation is appropriate for
radius functions that are piecewise smooth and have a continuous derivative. More specifically, if the radius
function has a monotonically decreasing derivative, then approximating the surface with a series of conical
frustums will produce aerodynamic coefficients without a loss of model fidelity.

IV. Results

To illustrate the application of this composition methodology, the analytic aerodynamic coefficients for
the shapes in Figure 5 were compared against DAC simulation data. The first three shapes are the elemental
compositions, the stepped cylinder and the two biconics, and the fourth is the aeroshell of Mars Microprobe
approximated by a series of conical frustums. The results for each of these composite geometries compare
favorably with the results from DAC simulations in terms of both accuracy and speed. For each of these
shapes, the reference area is the base area, the reference length is the total length, and the moments are
taken about the nose.

z L=5m
0, ,=25°
[;=5m “
5 0. ,=15 7,=0.73 m
r=1m 7mem x r,=0m r;=0.27 m
x> I I,=1m LL,=1m
(a) Stepped Cylinder (b) Increasing Biconic
R gpouiger = 0.00875 m
z Hemispherical Afterbody
5,,=10° R=0.1822m
50’12200 45° Half-Angle
Cone
r,=1m r,=2m r,=3m
B S ——.
[,=2.75m 1,=5.67m Diameter = 0.35 m R o5 = 0.0875 m
(c) Decreasing Biconic (d) Mars Microprobe Aeroshell®

Figure 5. Validation geometries for analytic aerodynamic coefficients.

A. Stepped Cylinder

An aerodynamic database for the stepped cylinder shown in Figure 5(a) was generated using the analytic
models and compared against DAC simulations. The plots in Figure 6 show consistent agreement between
the analytic model and DAC results. The model does not include self-reflection of molecules, a feature
that is apparent in the axial force coefficient at angles of attack of 10° — 20°. The difference between the
analytic and numerical results is more significant for specular reflections. This effect is not apparent for
diffuse molecular reflections, which is more common in nature. For diffuse reflections, self-shadowing is a
more significant effect than self-reflection and the two models consistently predict the same values for the
aerodynamic coefficients within a 5% difference.

B. Increasing Biconic

For the increasing biconic geometry shown in Figure 5(b), there is consistent matching of the DAC and
analytic predictions in the case of diffuse reflections. In Figure 7, the effects of self-reflection are evident in
the error plots at 20°, 150°, and 160°. The magnitude of the error decreases as the accommodation coefficient
increases. For diffuse reflections, the analytic and DAC results are within 5% difference. The analytic model
also accurately predicts the angles of attack where the coefficients become invariant to the accommodation
coefficient, best illustrated in the axial force coefficient plot.
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Figure 6. Comparison of Analytic and DAC estimates of the rarefied aerodynamic coefficients of a stepped cylinder.

C. Decreasing Biconic

Strong agreement between the analytic and DAC results is shown in Figure 8 for the decreasing biconic
geometry. The geometry detailed in Figure 5(c) was analyzed as a representative example. At all angle
of attacks and accommodation coefficients, the analytic equations predict aerodynamic coefficients that
are consistent with the DAC simulations up to 5%. Of the three elemental superpositions of geometric
primitives, the decreasing biconic is the most promising candidate for the basis of modeling an arbitrary
surface of revolution.
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Figure 7. Analytic and DAC estimates for the aerodynamic coefficients of an increasing biconic.

D. Arbitrary Surface of Revolution

The formulation for the arbitrary surface of revolution is applied to the Mars Microprobe aeroshell, shown
in Figure 5(d). The analytic model is compared in Figure 9 against published DSMC results.?
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Figure 8. Aerodynamic coefficients of a decreasing biconic as predicted by the analytic solution and DAC.

12 of 14

American Institute of Aeronautics and Astronautics



Cp vs a for
Mars Microprobe

% Error

Ca % Error vs a for
Mars Microprobe

1.0
\ \ \ \ \ \ \ )
05l 5° 10° 15° 20° 25° 30° 35° 40°
A PPN SOr TR SRR ST
v -t e R ) . »
e :hl,'f“‘-."‘l \"'\f\-,\:d-': n
G 1
00 . . . . . . . ' H i
0° 5° 10° 15° 20° 25° 30° 35° 40° i
[}
----- DSMC — Analytic g
(a) Axial Force Coefficient (b) Axial Force Coefficient Percent Error
Cy vs a for
Mars Microprobe
Cn
141
Cn % Error vs «a for
126 Mars Microprobe
% Error
e m
10 o= i
== = 51"
2z 1
08 == JI:
]
[T
06 o1 Al — . . s s s )
I l‘ell‘, ,ll,‘l‘;d W15 20, 25 30° 35 0
T I - A S B A B WV R R
04+ i ni [\ v/ NS LA WS W T
J: l: 1 Il ,' ! \\I (U Vv \,"\f\\ P
1 ”Il Y] o
fr n v
0.2 5t nul
s ot
iy nt
0.0 L L L L L L L ) g
0° 5° 10° 15° 20° 25° 30° 35° 40° 1' ll : v
byt
_____ — i I
DSMC Analytic ~tof )}
U
(¢) Normal Force Coefficient (d) Normal Force Coefficient Percent Error
Cn, vs a for
Mars Microprobe
Cm \ \ \ \ \ \ \ , Cpm % Error vs a for
a
5° 10° 15° 20° 25° 30° 35° 40° Mars Microprobe
% Error
-0.1F r
L "
-0.2F [ R TN
0 L yIai / L \\ L L L L J
L RS 18 200 250 B0 35° 40°
-0.3F 3 b o~ \ l; RRTERS
S F 'l ‘\JI \ ! N7 \\_,
~Is L 1 d \\ /
-04F 51 ! \ ’
L \ /
S 1 N
s Lo
-0.5F 1
[ ]
-10F
L 1
-06L L 1
L ]
. 1
-=---- DSMC — Analytic [
-15L 1
(e) Pitch Moment Coefficient (f) Pitch Moment Coefficient Percent Error
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13 of 14

American Institute of Aeronautics and Astronautics



The conical frustum approximation to the aeroshell geometry will yield lengthy equations for each of
these aerodynamic coefficients; however, the evaluation process is significantly faster than DSMC. Sampling
the angle of attack range from 0 to 40 degrees took less time to evaluate analytically than a single DAC run
takes. Approximating surfaces of revolution by a series of conical frustums yields aerodynamic coefficients
similar to DSMC generated coefficients with a significant reduction in computation time, shown in Table 1.
These runtimes were taken from a computer with an 2.8 GHz Intel Core 2 Duo processor and 4 GB of
memory. The analytic formulation also enables computation of stability derivatives and rapid trajectory
propagation.

Table 1. Runtime comparison for computing rarefied aerodynamics.

Method | Runtime
Analytic 57 ms
DSMC 11 min

V. Summary

Analytic rarefied aerodynamic coefficients are derived for the stepped cylinder and the biconic geometries.
To map the shadows from one surface to another, an analytic raytracing methodology is developed and ap-
plied in the derivation of the aerodynamic coefficients. The resulting equations compare well with numerical
simulations, within the limits of the governing equations. Extension of the biconic coefficients to an arbitrary
surface of revolution also matches with numerical simulations, at a significantly shorter computation time.

Future work in analytic modeling of rarefied aerodynamic coeflicients would focus on more complicated
geometries and improvement on the elemental force model to capture self-reflection. More advanced geome-
tries could include ellipse cones and, more generally, geometries with varying elliptical cross sections. The
equation for the conical frustum element of an arbitrary surface of revolution is derived with a finite interval
width. Taking the limit as this width goes to zero would yield the integrands for force and moment coef-
ficients of arbitrary surfaces of revolution without the piecewise linear approximation. The elemental force
model currently considers a single freestream velocity; however, there can be multiple sources of particles in a
concave shape. This could be modeled by developing view factors for each surface or possibly by considering
the tangent vector to be distributed probabilistically on the tangent plane.
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cos(2 6.2) Re(cos™ ! (—cot(a) tan(6,»))) oy 3 cos(2 @ + 2 §,5) Re(cos™! (—cot(a@) tan(5))) 0w
+

4 8
cos(2 @) (6, — 6¢1) Re(cos™! (—cot(@) tan(60))) o~ 3082 @ — 2 6e2) 082 — J.1) Re(cos™ ! (—cot(a) tan(S,2))) oy

4r 87
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c08(2 6.2) (8 — 8.1) Re(cos™ (—cot(a) tan(6))) oy 3 cos2 @ + 2 8,2) 862 — 8.1) Re(cos™ (—cot(@) tan(5,))) oy
- +
4 8
00 — 601) Re(cos™ (—cot(@) tan(6))) on 3 0(8 — 8.1) Re(cos™ ! (—cot(a@) tan(5,))) 0w
+ p—
82 47

Re(cos™!(—cot(a) tan(6,))) oy~ 3Re(cos™!(—cot(e) tan(6p))) oy 1

s 4 8

sin(2 tan”™! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’l(—cot(a) tan(d. ))))) 002 — 0c1) —
1

2 Re(cos™" (—cot(@) tan(6,2))) (6.2 — 5c1) + 2 Re(cos ™ (—cot(a) tan(52)))) oy + o
T

sin(2 @+ 2tan”! (cos(Re(cos’l (—cot(a) tan(dcl)))), s1n(Re(cos’l(—cot(a) tan(6cl))))) 002 — 0c1) —
1

200, — 6c1) Re(cos_l( cot(a) tan(6£2))) +2 Re(c s~ (=cot(@) tan(écz)))) oN — K
Vs

sin(2 -2 tan"(cos(Re(cos"1 (—cot(a) tan(écl)))) n(R (cos‘] (—cot(a) tan(6cl))))) 6002 — Oc1) +
2600, — Oc1) Re(cos‘l(—cot(a) tan(6cz))) 2 Re(cos (—cot(a) tan(écz)))) oN —

1
6—sin(2 tan_l(cos(Re(cos_l(—cot(a) tan(6c1)))), sin(Re(cos"1 (—cot(a) tan(écl))))) 002 — 0c1) —
167

2Re(cos™! (—cot(@) tan(6,2))) 862 — Jc1) + 2 Re(cos™ (—cot(a) tan(d.2))) — 2 6e2) oy +

1
;sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
bis

260(0.2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 2 Re(cos ™ (—cot(a) tan(d.2))) — 2 6c) oy —

1
—sin(2 a + tan” (cos(Re(cos’l( cot(a@) tan(6cl))) , sin (Re(cos"(—cot(a) tan(éd))))) 002 — 6c1) —
4

)
(2 — 1) Re(cos ™ (—cot(@) tan(82))) + Re(cos ™! (—cot(@) tan(5c2))) — 2 6c2) oy +
1
—sin(2 a —tan~ (cos(Re(cos’]( cot(a) tan(6cl)))), sin (Re(cos"(—cot(a) tan(écl))))) 002 — 0c1) +
4
Re(

002 — 0c1) Re(cos’l(—cot(a) tan(écz))) Re(cos™ ! (=cot(a) tan(6€2))) 2 652) oy —

ésin(Z @ — 2tan™' (cos(Re(cos ™! (—cot(a) tan(d.1)))), sin(Re(cos ™ (—cot(@) tan(c1))))) 662 — 6c1) +
i 26(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos ™' (—cot(a) tan(8.2))) — 2 6ea) oy —
ﬁsm(z tan~' (cos(Re(cos ™! (—cot(e) tan(d,1)))), sin(Re(cos ™" (—cot(a) tan(d¢1))))) 8(Sc2 — 6¢1) —
2 Re(cos™ (—cot(@) tan(6,2))) (62 — 5c1) + 2 Re(cos™ (—cot(a) tan(5.2))) + 2 6e) oy +
isin(Z @ + 2 tan™' (cos(Re(cos ™! (—cot(a) tan(d.1)))), sin(Re(cos ™ (—cot(@) tan(5.1))))) (G2 — 6c1) —

2005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos" l(=cot(a) tan(écz))) +2 662) on +

1
4—sin(2 @ + tan~ (cos(Re(cos L(—cot(a) tan(écl))) sin (Re(cos"l(—cot(a) tan(dcl))))) 002 — 6c1) —
s

1
—sin(2a/—tan (cos(Re(cos L(—cot(a) tan(6cl)))

4

)

0(5c> — 0c1) Re(cos™ (—cot(a) tan(d.2))) + Re(cos™ (—cot(@) tan(52))) + 2 6c2) o —
) sin (Re(cos’l(—cot(a) tan(6c|))))) 0(6c2 — 6c1) +
Re(

062 — 1) Re(cos™ (—cot(@) tan(82))) — Re(cos™! (—cot(@) tan(6c2))) + 2 6c2) o —
1
—sin(2 @ —2tan”! (cos(Re(cos’l(—cot(a/) tan(661)))), sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 0c1) +

32n
20(5c2 - 6c1) Re(cos™ (—cot(e) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(0c2))) + 2 c2) o —
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1

4\/7s

cos(a + tan’l(cos(Re(cos’l(—cot(a/) tan(d¢; )))), sin(Re(cos’l(—cot(a) tan(6cl))))) 002 — 6c1) —

/ T
(62 — 6c1) Re(cos™ (—cot(@) tan(8.2))) + Re(cos ™ (—cot(@) tan(8.2))) — 6c2) = oyt
To

1

4\/7s

cos(a — tan™! (cos(Re(cos’l(—cot(a/) tan(éd)))), sin(Re(cos"(—cot(a) tan(&cl))))) 002 — 0c1) +

} Ty
00 — 6c1)Re(cos’1(—cot(a/) tan(écz))) - Re(cos’l(—cot(a) tan(6€2))) - 652) — oy —
Too

1
4\/7s

cos(a + tan"l(cos(Re(cos"l(—cot(a) tan((Scl)))), sin(Re(cos"'(—cot(a) tan(5cl))))) 062 — 0c1) —

T,
002 — 0c1) Re(cos’l(—cot(a) tan(6cz))) + Re(cos’l (—cot(a) tan(écg))) + 562) Y on +
Too

1
4Vr s

cos(a — tan’l(cos(Re(cos’l(—cot(a') tan((Scl)))), sin(Re(cos’l(—cot(a) tan(&cl))))) 002 — 0c1) +

[T
2= 08 (@) g(_cos(a)) T—W on

T,
002 — 0c1) Re(cos’l(—cot(a) tan(562))) - Re(cos’l (—cot(a) tan(écg))) + 662) Y oN — -
Too

252

1
2\/7s

T
tan"l(cos(Re(cos"'(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(dcl))))) 00,0 — Oc1) sin(a — 8.2) Y oy +
Te

8(5.2 — 6,1) Re(cos™! (—cot(a) tan(d,,))) sin(a — 6z) _ | ;—Z oN

2\/7s

Re(cos™! (—cot(@) tan(8,))) sin(a — 8,») ;—W oN |

+
2\/7s 2\/7_?

T
tan"l(cos(Re(cos"'(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) 0(0.2 — 0c1) sin(a + 0.2) - oy —

[

0(6c2 — 0¢1) Re(cos™ (—cot(@) tan(8,))) sin(a + 6) _ | % N

2\/?s

+

Re(cos™! (—cot(a) tan(8,2))) sin(e + 6c2) | ;l oy cos(@ — Re(cos™ (—cot(a) tan(0.1))) — 0.1) 73 N ;i on
- +

2V s 4\/;”%
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cos(a + Re(cos™" (—cot(a) tan(6,1))) = 6¢1) 15

oy  cos(a — Re(cos™!(—cot(a) tan(6,;))) + ,1) r(z) , ;—W oN

- +

4\/7“% 4\/7“%

cos(a + Re(cos™! (—cot(@) tan(5,)))) + 0.1) 13 ;—W oy e @ g(cos(a)) I Al ;_W ON
+ - +
4Vr 53 2s°r;
Re(cos™!(—cot(a) tan(6,y))) sin(a — 6,1) 13 ;l on  Re(cos™!(—cot(@) tan(8,1))) sin(a + 6.1) 13 _ | ;l oy

- +

2Vr 53 2Vr 53

cos(a — Re(cos™! (—cot(a) tan(6,;))) — 8¢1) r% 2 on

4\/7“%

;ﬁ

cos(a + Re(cos™! (—cot(a) tan(6,1))) — 6,1) 17 gy cos(@ — Re(cos™! (—cot(@) tan(6,1)) + 61 ", / ;l oN

+ —

4\/75r% 4\/73"1‘%

Ty

cos(a + Re(cos™ (—cot(@) tan(d,1))) + 6c1) r% T

a,
N 1

=

+
4\/75r% 4\/75r%

cos(a + tan“l(cos(Re(cos"l(—cot(a) tan(dcl)))), sin(Re(cos"(—cot(a) tan(6c1))))) 062 — 0c1) —

Ty
062 — 6c1) Re(cos’l(—cot(a) tan(562))) + Re(cos’l (—cot(@) tan(écg))) - 662) r . oN -

o

1
cos(a - tan‘l(cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos"l(—cot(a/) tan(dd))))) 00 — 0c1) +

4\/;sr%

002 — 0c1) Re(cos_l(—cot(a) tan(652))) - Re(cos"l(—cot(a) tan(dcz))) — (552) r% — oy +

o

1
cos(a + tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a/) tan((Scl))))) 002 — 0c1) —

4\/7sr%

T
002 — 0c1) Re(cos" (—cot(a@) tan(6cz))) + Re(cos"'(—cot(af) tan(écz))) + 662) rf - oN —

o

1
cos(a - tan"l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a’) tan(dcl))))) 000 — 0c1) +

4\/7sr%

T
00 — 651)Re(c0s’1(—cot(a/) tan(écz))) - Re(cos’l(—cot(a) tan(652))) + 652) rzf v oN —

o
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Re(cos™!(—cot(a) tan(d,))) sin(a — 6,1) 7 % on  Re(cos™!(—cot(a) tan(6,1))) sin(e + 5¢1) r} % oN

+ +

2Vr 53 2Vr 53

1
tan"'(cos(Re(cos"1 (—cot(a) tan(651)))), sin(Re(cos"(—cot(a) tan(6d))))) 00 — 0¢1) sin(@ — O2) r%

2\/7sr%

00,2 — 61) Re(cos™! (—cot(a) tan(d,.))) sin(@ — 6¢2) r% ;l oN

+

2\/?“%

Re(cos™! (—cot(@) tan(8,))) sin(@ — 8,) r% / ;—W N |

2\/7“’% 2\/756

T,
tan‘l(cos(Re(cos"(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a/) tan(écl))))) 0(0c — Oc1) sin(@ + d,2) r% . oN +
T

o

0(6c» — 601) Re(cos™ (—cot(@) tan(d,,))) sin(e + 6x) r% [ :—W oN

2\/7sr%

erf(s cos(@)) 6(cos(a)) r% ON

Re(cos ™ (~cot(a) tan(602))) sin(e + 62) 1 [ 7= oy

2,2
2V sr} 25715

B(cos(a)) ri oy cos(2 @) Re(cos™ (—cot(@) tan(5,1))) 13 o

+
252}’% 47Tr%

3cos(2 @ — 2 6,.1) Re(cos™! (—cot(a) tan(5.1)) ri on  cos(2 J,1) Re(cos™! (—cot(a) tan(S,))) r3 oy

2 2
8mr3 4mrs

3 cos(2 @ + 2 8,1) Re(cos ™! (—cot(a@) tan(d,1))) r(z) oy  Re(cos™!(—cot(a) tan(d,))) r% ON
+

2 2,2
8mr; nSsTrs

3 Re(cos™!(—cot(a) tan(6.1)) r3 oy sin(2 @ — 2 Re(cos™! (—cot(@) tan(J,)))) r3 oy
+

47} 16 713

sin(2 Re(cos™! (—cot(a) tan(5,1)))) r% oy sin(2 @ + 2 Re(cos™! (—cot(a) tan(d,;)))) r% oN

8} 16 773

sin(2 @ — 2 Re(cos™! (—cot(@) tan(5,))) — 26.) g oy sin(2 @ — Re(cos ™! (—cot(a) tan(6,))) — 2 6¢1) 13 on

3273 473

sin(2 @ + Re(cos™! (—cot(@) tan(6,1))) — 2 51) rg oy sin(2 Re(cos™! (—cot(a) tan(8,1))) — 2 6¢1) 13 o°n
+

4drr3 16713
sin(2 @ + 2 Re(cos™! (—cot(a) tan(6,1))) — 2 1) r% oy sin(2 @ — 2 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% oN
+ +
3273 32713
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sin(2 @ — Re(cos ™ (—cot(@) tan(6,1))) + 2 5,1) r% oy sin(2 a + Re(cos™ ! (=cot(a) tan(6,1))) + 2 6.1) r% N
- +
drr3 drr3

sin(2 Re(cos™! (—cot(@) tan(5,1))) + 26.) 13 oy sin(2 @ + 2 Re(cos™! (—cot(a) tan(5,1))) + 2 8.1) 13 oy

16713 32nr3

1 1
tan™! (cos(Re(cos‘] (—cot(a) tan(d; )))), sin(Re(cos‘ ! (—cot(a) tan(d; ))))) 002 — 0c1) r% oy +
ns’r3 drr3

1

3tan”! (cos(Re(cos"(—cot(a) tan(&cl)))), sin(Re(cos’l (—cot(a) tan(écl))))) 002 — 0c1) r% on + 5
4nrs

1
tan™! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) cos(2 @) 06 — Oc1) r% oy —

813
3tan”! (cos(Re(cos"(—cot(a) tan(d. )))), sin(Re(cos’l (—cot(a) tan(d; ))))) cos(Qa —20.,) 00 — 0c1) r% oN —
1

P tan"l(cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(6€1))))) c08(26,) 8(6c2 — 6¢1) r% oy — 2
nr; 8mry

3 tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) cosQa +20.,) 00 — 0c1) r% oN —

cos(2 @) Re(cos™! (—cot(@) tan(6,1))) 13 o~ 3 cos(2 @ — 2 8,1) Re(cos™ (—cot(a) tan(5,1))) 13 oy
+ +
47} 813

cos(2 8.1) Re(cos™ ! (—cot(a) tan(S,1))) r% oy 3cos2a +26.1)Re(cos™! (—cot(a) tan(S,1))) r% N
+
Y r% 8 r%

Re(cos™!(—cot(a) tan(6.1))) 3 oy~ 3Re(cos™! (—cot(@) tan(5,))) 17 o cos(2 @) Re(cos™! (—cot(@) tan(6))) 13 oy

ns’r3 4713 473

3 cos(2 @ — 2 8,) Re(cos™ (—cot(@) tan(5,))) r% oy cos(28,)Re(cos™ (—cot(@) tan(5,))) r% N

871}% 471'}’%

3cos(2 @ + 2 6.5) Re(cos™! (—cot(a) tan(60))) ri oy cos(2 @) B0 — 0,1) Re(cos™! (—cot(@) tan(8,2))) 12 oy
81} 4rr3 "
3cos2@ —26) 00 — 6.1) Re(cos™! (—cot(a) tan(d,2))) r% oy c0s(20:) 00, — 6¢1) Re(cos™! (—cot(a) tan(d,))) r% oN
813 " 47} '

3cosQa +26,) 08, — 6.1) Re(cos™ ! (—cot(@) tan(S,))) r% oy 08, — 6.1) Re(cos™! (—cot(a) tan(d,,))) r% N

81} 75273
360(5 — 6.1) Re(cos™! (—cot(@) tan(,,))) 17 o Re(cos™ (—cot(a) tan(6,2))) 13 oy
+ +
47} s’ r3

3 Re(cos™! (—cot(a) tan(d,»))) r% oy sin(2 @ — 2 Re(cos™! (—cot(a) tan(d,1)))) r% oN

4nr3 16 773

sin(2 Re(cos™! (—cot(@) tan(6.)))) 17 on  sin(2 @ + 2 Re(cos™! (—cot(a) tan(d,)))) r3 oy 1
+ +

8 r% 167 r% 8 r%
sin(2 tan™! (cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"l (—cot(a) tan(d.q ))))) 00 — 0¢c1) —
2 Re(cos"(—cot(a) tan(écz))) 002 — 0c1) +2 Re(cos"l(—cot(a) tan(égz)))) r% oy —

1
sin(2 a+2 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a) tan((SCl))))) 00 — 0c1) —
16713
26006 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos" (—cot(@) tan(écz)))) oy +
1
2 sin(Z a—2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a') tan(&cl))))) 002 — 0c1) +
16 15
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200, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos’l(—cot(a) tan(écg)))) r% oy —
sin(2 @ — 2 Re(cos™! (—cot(@) tan(5,))) — 26.) 3 oy sin(2 @ — Re(cos™! (—cot(a) tan(6,))) — 2 6¢1) 13 oy
+

327rr% 47”%

sin(2 a + Re(cos™! (—cot(a) tan(6,1))) — 2 6.1) r% oy sin(2 Re(cos™ (—cot(a) tan(d,,))) — 2 61) r% N

4nr3 16 773

sin(2 @ + 2 Re(cos™! (—cot(@) tan(5,))) — 26.) 7 oy sin(2 @ — 2 Re(cos™! (—cot(a) tan(J,1))) + 2 8.1) 12 oy

3273 3273

sin(2 @ — Re(cos™! (—cot(a) tan(d,;))) + 2 6,1) r% oy sin(2 a@ + Re(cos™!(—cot(a) tan(6,))) + 2 6,1) r% oN
+

4 r% 4 r%
sin(2 Re(cos™ ! (—cot(a) tan(S,1))) + 2 6c1) r% oy sin(2 a + 2 Re(cos™! (—cot(@) tan(d,1))) + 2 6¢1) r% N
+ +
16713 32nr3
1
2 sin(2 tan"'(cos(Re(cos"l(—cot(a) tan(651)))), sin(Re(cos"(—cot(a) tan(d¢ ))))) 00 — 0¢1) —
16715

2 Re(cos ™! (—cot(a) tan(62))) 862 — 6¢1) + 2 Re(cos™! (—cot(a) tan(0e2))) — 2 8c2) 11 o —
1

5 sin(2 @+ 2tan”! (cos(Re(cos"1 (—cot(a) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(éd))))) 00 — 0c1) —
32713

260(62 — 0c1) Re(cos™! (—cot(a) tan(6,2))) + 2 Re(cos™ (—cot(a) tan(d.2))) — 2 6c2) 11 oy +
1

sin(2 a+ tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a/) tan(6cl))))) 002 — 0c1) —
4nr;

002 — 0c1) Re(cos’l(—cot(a) tan(662))) + Re(cos’l (—cot(a) tan(écz))) -2 662) r% oN —
1

sin(2 a— tan_l(cos(Re(cos"l(—cot(a) tan(d.; )))), sin(Re(cos_l(—cot(a) tan((Scl))))) 002 — 0c1) +
4mry

002 — Oc1) Re(cos’l(—cot(a) tan(652))) - Re(cos’l(—cot(a) tan(6€2))) -2 652) r% oN +
1

- sin(2 @ — 2 tan™" (cos(Re(cos ™! (—cot(e) tan(J1)))), sin(Re(cos™ (—cot(a) tan(5c1))))) 0(0c2 — 6c1) +

20(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(6e2))) — 2 8c2) 11 oy +
1

sin(2 tan™! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’ !(=cot(@) tan(J, ))))) 002 — 0c1) —
16713

2 Re(cos"(—cot(a/) tan(écz))) 00 — 0c1) + 2 Re(cos"'(—cot(a) tan(écz))) +2 662) rf oN —
1

2 sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(écl))))) 00 — 0c1) —
32nr;

2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) r% oN —
1

sin(2 a+ tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos‘l(—cot(a) tan(6cl))))) 002 — 0c1) —
4mry

002 — Oc1) Re(cos_l(—cot(a) tan(652))) + Re(cos"l(—cot(a) tan(dcz))) +2 (552) r% oN +
1

2 sin(2 a —tan”! cos(Re(cos"l(—cot(a/) tan(é’cl)))), sin(Re(cos‘l(—cot(a) tan(écl))))) 6002 — Oc1) +
4nrs

0(5c> — 0c1) Re(cos™ (—cot(a) tan(d.2))) — Re(cos ™ (—cot(a) tan(62))) + 2 6c2) 1} oy +
1

5 sin(2 a-2 tan’l(cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6cl))))) 00 — 0c1) +
32nr;

1
200, — 6c1) Re(cos’l(—cot(a') tan((Scz))) -2 Re(cos’l(—cot(a) tan(dcz))) +2 652) r% oN — 2—
Vi
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cosz(égz) sinz(a) sin(2 tan"l(cos(Re(cos"(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a) tan(dcl))))) 002 — 0c1) —

1
2 Re(cos’l(—cot(a) tan(6cz))) 002 — 0c1) +2 Re(cos’l(—cot(a) tan(écg)))) or + —
b

c08(2 8c2) cot(2) sin(2 @) sin(tan™" (cos(Re(cos ™! (—cot(a) tan(dc1)))), sin(Re(cos ™! (~cot(@) tan(.1))))) OS2 — 6c1) —

1
Re(cos’l(—cot(a) tan(&cz))) 00 — 0c1) + Re(cos’l(—cot(oz) tan(écz)))) or + —
4
1
tan™! (cos(Re(cos"(—cot(a/) tan(écl)))), sin(Re(cos"1 (—cot(a@) tan(écl))))) cot(0p2) 8(0s2 — O1) SIN(2 ) O + 4—
T

3tan”! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’l(—cot(a) tan(d.; ))))) cos(2 @) cot(0.2) B(0.2 — Oc1) Sin(2 0pp) O +
3 cos(2 @) cot(d,») Re(cos™! (—cot(a) tan(6.2))) sin(2 6.0) o7 cot(dz2) Re(cos™! (—cot(a) tan(d,))) sin(2 8) o
+

4 4n
3 cos(2 @) cot(d) B0 — 0s1) Re(cos™ (—cot(a) tan(d,,))) sin(2 8,2) o7

4
cot(0g) (0 — 6.1) Re(cos™! (—cot(@) tan(8,))) sin(2 6) o1

4r
cos(2 6,1) cot(d,1) sin(2 @) sin(Re(cos ™! (—cot(a) tan(d,,)))) 13 o7

2
Try

cos2(6,1) sin?(a) sin(2 Re(cos ™! (—cot(a) tan(8.1)))) 13 o1

2713

3 cos(2 @) cot(d,1) Re(cos™! (—cot(a) tan(J,1))) sin(2 6¢1) 13 o7 cot(S,1) Re(cos™! (—cot(a) tan(5,y))) sin(2 8.1) 13 or
+

2 2
4nrs 4nrs

cos(2 61) cot(d,1) sin(2 @) sin(Re(cos ™! (—cot(a) tan(d,1)))) r% or

nr%

cos2(d,) sin?(@) sin(2 Re(cos™! (—cot(a) tan(d,)))) r% or 1
+

213 2773
c0s%(8,) sin*(a) sin(2 tan”~! (cos(Re(cos"(—cot(a) tan(c‘)}l)))), sin(Re(cos"1 (—cot(a) tan(écl))))) 00, — 0c1) —
1
2 Re(cos’l(—cot(a) tan(6cz))) 002 — 0c1) +2 Re(cos’l(—cot(a) tan(écg)))) r% or — —
nra

c0s(2 d,) cot(d.2) sin(2 @) sin(tan’l (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 0c1) —
Re(cos’l(—cot(a) tan(écz))) 002 — 0c1) + Re(cos’l(—cot(a) tan(écz)))) r% or +

3 cos(2 @) cot(S1) Re(cos™! (—cot(a) tan(5,1))) sin(2 6. ) 17 o7 cot(S.1) Re(cos™! (—cot(a) tan(5,1))) sin(2 6¢1) 17 o
+

2 2
4nrs 4nrs

1 1
tan™! (cos(Re(cos"(—cot(a) tan(&cl)))), sin(Re(cos’l (—cot(a) tan(écl))))) cot(0s2) 8(0c2 — 1) sin(2 6,2) r% or —
dnrl dnrl

3tan”’ (cos(Re(cos‘ I(=cot(a) tan(écl)))), sin(Re(cos"l (—cot(a) tan(d; ))))) cos(2 @) cot(6.2) B(0.r — Oc1) sin(2 ) r% or —
3 cos(2 @) cot(d,2) Re(cos™! (—cot(a@) tan(d,2))) sin(2 60) 13 07 cot(6e2) Re(cos™ (—cot(a) tan(d,,))) sin(2 8.2) 17 o
- +
473 4nr3

3 cos(2 @) cot(6) (6 — 6¢1) Re(cos™! (—cot(a) tan(d,,))) sin(2 8.0) 17 o7

+
2
4nrs

cot(8,2) (62 — 8¢1) Re(cos™ (—cot(@) tan(8,,))) sin(2 6) r% or
+

2
4rrs
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erf(s cos(@)) O(cos(a)) r% f(cos(a)) r% cos(2 @) Re(cos™! (—cot(a) tan(d,1))) r%
+

5% r% 52 r% 2n r%

3cos(2 @ — 2 6.1) Re(cos™! (—cot(a) tan(6.1))) i3 cos(2 1) Re(cos™! (—cot(a) tan(6,))) 13
+

2 2
4nr; 27rs

3cos(2 @ + 2 6.1) Re(cos™! (—cot(a) tan(6,1))) 3 2 Re(cos™! (—cot(a) tan(,))) r3

2 2.2
4nrs TSTrs

3 Re(cos™ ! (—cot(a) tan(d,,))) r% sin(2 @ — 2 Re(cos™ ! (—cot(@) tan(d,;)))) r%

2713 813
sin(2 Re(cos™! (—cot(@) tan(5:)))) 13 sin(2 @ + 2 Re(cos™ ! (—cot(a) tan(5,)))) r3
+ pa—
4dxr3 813

sin(2 @ — 2 Re(cos™ ! (=cot(a) tan(6,1))) — 2 6.1) r(z) sin(2 @ — Re(cos ™ (—cot(@) tan(6,1))) — 2 8,1) r%
+

16 773 2773

sin(2 @ + Re(cos ™! (—cot(@) tan(d,1))) — 2 6,1) 13 sin(2 Re(cos™! (—cot(@) tan(5,1))) — 2 6¢1) 13
+

2 2
2mr; 8mr;

sin(2 @ + 2 Re(cos™ ! (—cot(a) tan(8,1))) — 2 6.1) r% sin(2 @ — 2 Re(cos™ ! (—cot(a) tan(5,1))) + 2 6.1) r%

16713 16713

sin(2 @ — Re(cos™! (—cot(a) tan(3,1))) + 2 8,1) 5 sin(2 @ + Re(cos™! (—cot(a) tan(d,,))) + 2 5¢1) 3
+

2713 2713

sin(2 Re(cos™! (—cot(a) tan(6))) + 26¢1) 13 sin(2 @ + 2 Re(cos™! (—cot(a) tan(d,,))) + 2 51) 3
+

873 16713
1

2 tan’l(cos(Re(cos’l(—cot(a/) tan(d; )))), sin(Re(cos’l(—cot(a) tan(d. ))))) 002 — 0c1) r% -
s r% 2 r%

3 tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6€]))))) 002 — Oc1) r% - o
nr;

tan_l(cos(Re(cos_l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(af) tan(écl))))) cos(2a) 06 — 6c1) r% + P
nr;

3tan”! (cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l (—cot(a) tan(6€1))))) cos(Qa —20.,) 00 —0c1) r% +

- r% tan~! (cos(Re(cos"(—cot(a) tan(d, )))), sin(Re(cos"1 (—cot(a) tan(d.; ))))) c08(2 02) 002 — O¢1) r% + i r%

3 tan~!(cos(Re(cos ™' (—cot(a) tan(,1)))). sin(Re(cos™ (—cot(a) tan(d,1))))) cos(2 @ + 2 5c2) 8(Be2 — 0c1) 17 +
cos(2 @) Re(cos™! (—cot(a) tan(d,1))) r% 3 cos(2 @ — 2 8,1) Re(cos™! (—cot(a) tan(5,1))) r%

2 2
2nr; 4rr;

cos(2 6.1) Re(cos™! (—cot(a) tan(6.1))) 3 3 cos(2 @ + 2 8,1) Re(cos™! (—cot(a) tan(S,1))) r?

2 2
2rrs 4mrs

2 Re(cos™!(—cot(a) tan(d.1))) 17 3 Re(cos™ (—cot(@) tan(5,))) 17 cos(2 @) Re(cos™! (—cot(a) tan(,2))) r7
+ +

ns?r3 2713 2713

3cos(2 @ — 2 65) Re(cos™! (—cot(a) tan(6))) 7 cos(2 6c2) Re(cos™! (—cot(a) tan(62))) 13
+

47Tr% 27rr%

3 cos(2 @ + 2 6.) Re(cos™ (—cot(a) tan(d,»))) r% cos(2 @) (6,2 — 6,1) Re(cos ™! (—cot(a) tan(d,,))) r%
+

47rr% 27rr%
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3cos(2a —26:) 00 — 6.1) Re(cos™ ! (—cot(e) tan(0,))) r% cos(2 8) 6(6. — 6¢1) Re(cos™ (—cot(a) tan(d,»))) r%

47rr% 27{;'%

3cos2 @ +26,) 00, — 8.1) Re(cos™ (—cot(a) tan(6,2))) 17 2 68(8.2 — 6c1) Re(cos™! (—cot(@) tan(S2))) 13
+ +

4713 Py

360(5, — 8.1) Re(cos™! (—cot(a) tan(0,2))) 17 2 Re(cos™! (—cot(a) tan(d2))) 7

2713 ns?r3
3 Re(cos™ ! (—cot(a) tan(d,2))) r% sin(2 @ — 2 Re(cos ™! (—cot(a) tan(S,1)))) r%
+ +
2713 813

sin(2 Re(cos™!(—cot(a@) tan(d1)))) 7 sin(2 @ + 2 Re(cos™! (—cot(a) tan(5,1)))) 7 1

4nr3 P e
sin(2 tan™"(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos ™ (—cot(@) tan(61))))) 862 — Jc1) —
2 Re(cos™ (—cot(@) tan(6,2))) (62 — Oc1) + 2 Re(cos ™' (—cot(a) tan(82)))) r7 + 7:,2

sin(2 & + 2 tan™" (cos(Re(cos ™! (—cot(e) tan(Jc1)))), sin(Re(cos™" (—cot(a) tan(S.1))))) 6(Sc2 i Su1) —
20053 R s )+ 2R s ) -

sin(2 a—2 tan_l(cos(Re(cos"l(—cot(a) tan(d.; )))), sin(Re(cos_l(—cot(a) tan((Scl))))) 002 — Oc1) +
20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(52)))) 1 +
sin(2 @ — 2 Re(cos™! (—cot(a) tan(6,))) — 26¢1) 17 sin(2 @ — Re(cos™! (—cot(a) tan(5,1))) — 2 6¢1) 17
+

16713 2713

sin(2 @ + Re(cos™! (—cot(@) tan(6,;))) — 2 8,1) r% sin(2 Re(cos™! (—cot(a) tan(d,))) — 2 5,1) r%
+

2713 813

sin(2 @ + 2 Re(cos™! (—cot(a) tan(0,1))) — 2 8.1) 17 sin(2 @ — 2 Re(cos™! (—cot(a@) tan(S,y))) + 2 6¢1)
+

+
16713 16713

sin(2 @ — Re(cos ™ (—cot(@) tan(6,1))) + 2 8,1) r% sin(2 @ + Re(cos ™! (—cot(a@) tan(6,1))) + 2 5,1) r%
- +
2773 2773

sin(2 Re(cos™! (—cot(@) tan(5,))) + 2 5¢1) 13 sin(2 @ + 2 Re(cos™! (—cot(a) tan(5,y))) + 2 5.1) 13

813 16713

1

E sin(2 tan™! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’ !(=cot(@) tan(d, ))))) 002 — 0c1) —
8mr3

2 Re(cos™ (—cot(@) tan(6,2))) (62 — Oc1) + 2 Re(cos ™ (—cot(a) tan(82))) — 2 6c2) 17 +
1

sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(écl))))) 002 — 0c1) —
16713

2005 — 6c1) Re(cos’l(—cot(oz) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) -2 662) r% -
1

sin(2 a+ tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos‘l(—cot(a) tan((Scl))))) 002 — 6c1) —
2nrs

002 — Oc1) Re(cos_l(—cot(a) tan(652))) + Re(cos"l(—cot(a) tan(dcz))) -2 (552) r% +
1

sin(2 a - tan‘l(cos(Re(cos"l(—cot(a/) tan(ésl)))), sin(Re(cos‘l(—cot(a) tan(écl))))) 6002 — Oc1) +
2nr;

0(5c> — 0c1) Re(cos™ (—cot(a) tan(d2))) — Re(cos ™ (—cot(a) tan(62))) — 2 6c2) 1} —
1

sin(2 a-2 tan’l(cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6cl))))) 00 — 0c1) +
16713
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200, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos’l(—cot(a) tan(écg))) -2 662) r% -
1

sin(2 tan™! (cos(Re(cos"l(—cot(a') tan(651)))), sin(Re(cos_l(—cot(a) tan(d¢; ))))) 002 — 0c1) —
8mr;

2 Re(cos_l(—cot(a) tan(&cg))) 002 — 0c1) +2 Rc(cos"'(—cot(a) tan(écz))) +2 652) r% +
1

oo sin(2 a+2 tan‘l(cos(Re(cos"l(—cot(cx) tan(c‘)’cl)))), sin(Re(cos‘l(—cot(a) tan(6cl))))) 06 — 0c1) —
1615

26(0c2 — 61) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(52))) + 2 6ea) 11 +
1

sin(2 @ + tan™! cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(rSCl))))) 002 — 0c1) —
2mr;

002 — 0c1) Re(cos’l(—cot(a) tan(6cz))) + Re(cos’l (—cot(a) tan(écz))) +2 662) r% -
1

sin(2 a— tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a/) tan(651))))) 002 — Oc1) +
2nrs

002 — Oc1) Re(cos’l(—cot(a/) tan(écz))) - Re(cos’l(—cot(a) tan(652))) +2 552) r% —
1

P sin(2 a—-2 tan'l(cos(Re(cos"l(—cot(a/) tan(écl)))), sin(Re(cos_l(—cot(a) tan(écl))))) 00 — 0c1) +
16 w1y

20(5c2 - 6c1) Re(cos™ (—cot(e) tan(6,2))) — 2 Re(cos ™! (—cot(a) tan(6e2))) + 2 8c2) 11
n Cy

1
6—i 005(2 @+ 3tan”! (cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —
96

360(0c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(de2) sin*(2 62) cos*(2 @) —

1
gﬂ' 005(2 a-3 tan"l(cos(Re(cos"(—cot(a) tan(6c1)))), sin(Re(cos"l(—cot(cx) tan(dcl))))) 00, — 0c1) +
bis

306, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -3 Re(cos"l (—cot(a) tan(6cz))) +2 652) cot(d2) sin?(2 0c2) cos’2 a) —

1
;i cos?(2 0r) cos(2 a+3 tan"l(cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a/) tan(dcl))))) 002 — 0c1) —
s

1
3606, — 6c1) Re(cos_l(—cot(a) tan(652))) +3 Re(cos"'(—cot(a) tan(écz))) +2 652) cot(d) cos’2a) - K
b

1cos(20.) 005(2 @ + 3tan™! (cos(Re(cos‘] (—cot(a) tan(6cl)))), sin(Re(cos"' (—cot(a) tan(écl))))) 002 — Oc1) —
3005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +3 Re(cos" l(=cot(a) tan(écz))) +2 662) cot(Sp) cos>(2 @) —

1
—1 cos(2 @+ 3tan”! (cos(Re(cos" (—cot(a) tan((‘)}])))), sin(Re(cos"l (—cot(a) tan(écl))))) 00, — 0c1) —
96
1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(Sp) cos?(2 @) + 6_
1671

icos(20.) cos(2 @ + 2 tan”! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
206, — 6c1) Re(cos_l(—cot(a) tan(&cz))) +2 Re(cos"l (—cot(a) tan(6cz))) +2 652) cot(d2) cos’2a) +
1

6—a' cos(2 @+ 2tan”! (cos(Re(cos" (—cot(a) tan(éfl)))), sin(Re(cos"l (—cot(a) tan(écl))))) 002 — 0c1) —
161

1
260(0c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 2 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(dea) cos*(2 @) — o
T

icos(20.) cos(2 @ —2tan"! (cos(Re(cos’] (—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 0c1) +
2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écg))) +2 662) cot(Sp) cos?(2 @) —

1
Fu‘ cos(2 @ — 2 tan™! (cos(Re(cos ™! (—cot(a) tan(5c1)))), sin(Re(cos ™! (~cot(@) tan(5c1))))) 862 — 6c1) +
T
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1
260 — O¢1) Re(cos" (—cot(a) tan(6cz))) -2 Re(cos" l(—cot(e) tan(écz))) +2 662) cot(6) cos’(2 @) + ——

96
i cosz(2 0c2) cos(2 a-3 tan"'(cos(Re(cos"1 (—cot(a) tan(6cl)))), sin(Re(cos"(—cot(a) tan(6d))))) 062 — 0c1) +
1

3005 — 0c1) Re(cos’l(—cot(a) tan(662))) -3 Re(cos" (—cot(a) tan(écg))) +2 6C2) cot(6) cos’2 @) + ——

48

icos(20) cos(2 @ —3tan! (cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos"'(—cot(a) tan(dcl))))) 002 — Oc1) +
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(82))) + 2 8.2) cot(Sea) cos™(2 @) +

1
;12 cos(2 a-3 tan"l(cos(Re(cos_l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 002 — 0c1) +
bis

1
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™ (—cot(@) tan(82))) + 2 8.2) cot(Se2) cos™(2 @) + p
b
1
tan™! (cos(Re(cos’l(—cot(a) tan(&cl)))), sin(Re(cos’l (—cot(a) tan(d; ))))) cos(2a + 2 9.5) cot(s2) 802 — Oc1) cos’2a) + —
4

tan™" (cos(Re(cos ™! (—cot(e) tan(51)))), sin(Re(cos ™' (—cot(e) tan(5¢1))))) cos(2 5c2) cos(2 @ + 2 8.2) cOt(S,2) (02 — J¢1) cos*(2 @) +
c08(2 6.2) cos(2 @ + 2 8) cot(S) Re(cos™ (—cot(@) tan(d,2))) cos?(2 @)

4r
cos(2 @ + 2 6.2) cot(de2) Re(cos™! (—cot(a) tan(d,,))) cos?(2 a)

4r
c08(2 8.2) coS(2 @ + 2 62) cot(S) A(0er — 601) Re(cos™ (—cot(@) tan(d,,))) cos>(2 @)

4
cos(2 @ + 2 6.2) cot(er) (82 — 6.1) Re(cos™ ! (—cot(a) tan(S,2))) cos?(2 @) 1

4 48
cos(20x) cos(2 a+3 tan"l(cos(Re(cos‘l(—cot(a) tan(5cl)))), sin(Re(cos"l(—cot(cx) tan(écl))))) 062 — 6c1) —
30005 — Oc1) Re(cos" (—cot(a) tan(5cz))) +3 Re(cos" l(~cot(a) tan(écz))) +2 662) cot(S.) sin(2 8,0) cos>(2 @) +

1
ECOSQ a+3 tan"l(cos(Re(cos’l(—cot(a) tan(6cl))) s sin(Re(cos"l(—cot(a) tan(dcl))))) 002 — 0c1) —
Vs

360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(2))) + 2 6c2) cot(de2) sin(2 8,2) cos*(2 @) —

)

(
Ecos@ @ + 2 tan”"(cos(Re(cos ™' (—cot(a) tan(d,1)))), sin(Re(cos ™ (—cot(@) tan(6,1))))) 862 — Sc1) —

20(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(62))) + 2 8c2) cot(G2) sin(2 62) cos*(2 @) +

)

(

1
6—c0s(2 @ —2tan”! (cos(Re(cos’l(—cot(a/) tan(651))) R sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 0c1) +
161

26(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(62))) + 2 5c2) cot(Ge2) sin(2 62) cos*(2 @) —

1
——co0s8(2 ) 005(2 a-3 tan’l(cos(Re(cos" (—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(dcl))))) 002 — 0c1) +
48

3606, — 6c1) Re(cos’l(—cot(a') tan(écz))) -3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d) sin(2 6,7) cos’2 a) —

1
KCOS(Z @ —3tan”! (cos(Re(cos‘] (—cot(a) tan(6cl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 00, — 0c1) +
bis

1
36(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(0e2))) + 2 8c2) cot(Ge2) sin(2 62) cos*(2 @) + p
b/

i tan‘l(cos(Re(cos‘ l(~cot(a) tan(écl)))), sin(Re(cos"1 (—cot(a) tan(dd))))) cos(2 @ + 2 6) cot(8.2) O(Sea — 8.1) sin(2 8,2) cos>(2 @) +
icos(2a + 2 6,) cot(d) Re(cos™ (—cot(a) tan(d,»))) sin(2 §,,) cos?(2 )

4
icos2a +268,)cot(0s) 00, — 6.1) Re(cos™ (—cot(a) tan(d,»))) sin(2 8,) cos2(2 @) 1

4 4
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1
itan”! (cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos"1 (—cot(a) tan(dcl))))) cot(82) O(6er — 61 SN2 @ + 2 6.0) cos’2 @) — —
4r

jtan™! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) c08(2 62) cot(002) B(0cr — Oc1) sSin(2 @ + 2 6,2) cos’(2 @) -
i coS(2 6) cot(8,) Re(cos™ (—cot(@) tan(d,,))) sin(2 @ + 2 8,2) cos2(2 @)

4
i cot(d,2) Re(cos™ ! (—cot(a) tan(d,»))) sin(2 & + 2 8) cos?(2 @)

+
4

i coS(2 6) cot(8) B(8.2 — 601) Re(cos™! (—cot(@) tan(d,,))) sin(2 @ + 2 §,2) cos2(2 @)

+
4

i cot(d.2) (8 — 8,1) Re(cos™ ! (—cot(a) tan(8,))) sin(2 & + 2 6,) cos?(2 @) 1

4 4n
tan’l(cos(Re(cos’l(—cot(a) tan((Scl)))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) cot(0s2) 0(0c2 — O¢1) SIN(2 62) sin(2 @ + 2 6,7) cos’(2 ) +
cot(,2) Re(cos™! (—cot(@) tan(8,))) sin(2 6.) sin(2 @ + 2 6) cos?(2 @)

¥
cot(8) 00z — 6.1) Re(cos™! (—cot(@) tan(8,))) sin(2 6) sin(2 @ + 2 8,2) cos?(2 @) 1

4r 6 7
cot(8e2) sin*(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(Sc1)))), sin(Re(cos’l(—th(a) tan(81))))) 002 — 1) —
36(0c2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 3 Re(cos ™' (—cot(a) tan(82))) + 2 8ez) cos*(2 @) — 96%
cos*(2 8c2) cot(dc2) sin(2 @ + 3 tan™!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) OS2 — 1) —
36(Sc2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 3 Re(cos ™' (—cot(a) tan(8e2))) + 2 6ca) cos*(2 @) — é

c0s8(2 ) cot(d.2) sin(2 a+3 tan"l(cos(Re(cos"'(—cot(oz) tan(dcl)))), sin(Re(cos"l(—cot(a) tan(écl))) 002 — 0c1) —

N
—

360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 62 cos*(2 @) — v
/s

cot(d) sin(2 a+3 tan"l(cos(Re(cos_l(—cot(a) tan(6cl)))), sin(Re(cos_l(—cot(a) tan(6c1))))) 002 — 0c1) —

1
3005 — Oc1) Re(cos" (—cot(a) tan(5cz))) +3 Re(cos"'(—cot(a) tan(écz))) +2 662) cos’Qa) - —

i c08(2 0c2) cot(dc2) sin(2 6,2 sin(2 @ + 3 tan™" (cos(Re(cos ™ (~cot(@) tan(61)))). sin(Re(cos’l(—cot(;)gt;rn(écl))))) 0(0c2 = Oc1) —
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 52 cos*(2 @) — ﬁ
i cot(d.2) $in(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(Jc1)))), sin(Re(cos ™ (—cot(a) tan(S¢1))))) (Sc2 — 6¢1) —
30(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) + 3 Re(cos ™! (—cot(a) tan(62))) + 2 82 cos*(2 @) + é
co8(2 62) cot(S2) sin(2 e + 2 tan ™" (cos(Re(cos ™' (—cot(a) tan(dc1)))), sin(Re(cos ™! (—cot(a) tan(Sc1))))) 0(Sc2 — 6c1) —
26(5c2 - 6c1) Re(cos™ (—cot(e) tan(6,2))) + 2 Re(cos ™! (—cot(a) tan(02))) + 2 52 cos*(2 @) + ﬁ
cot(dc2) sin(2 @ + 2 tan~!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) 062 — 1) —
26(Sc2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 2 Re(cos ™' (—cot(a) tan(8e2))) + 2 8ca) cos*(2 @) + ﬁ
i cot(d.2) $in(2 62) sin(2 @ + 2 tan™" (cos(Re(cos ™! (—cot(e) tan(J,1)))), sin(Re(cos™ (—cot(a) tan(d¢1))))) 8(Sc2 — 6c1) —
26(5c2 — 6c1) Re(cos™! (—cot(@) tan(62))) + 2 Re(cos™' (—cot(@) tan(82))) + 2 8cz) cos*(2 @) — ﬁ

c0s(2 6,) cot(d,2) sin(2 a—-2 tan"l(cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) 002 — 0c1) +
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1
2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos’l(—cot(a) tan(écg))) +2 662) cos’2a) - 6_
167

cot(d) sin(2 a—-2 tan"l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a) tan(dcl))))) 002 — Oc1) +

1
2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écz))) +2 662) 0052(2 @) — 6_
167

i cot(dcp) sin(2 0,2) sin(2 a—2 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos_l(—cot(a') tan(d; ))))) 002 — 0c1) +

1
200, — 6c1) Re(cos’l(—cot(a/) tan(écz))) -2 Re(cos’l(—cot(a) tan(dcz))) +2 652) cos’(2 @) - ;
s

cot(S2) sin®(2 62) sin(2 @ -3tan”! (cos(Re(cos’l(—cot(a) tan(5cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 00, — 0c1) +

1
3005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écz))) +2 662) cos’Qa) + —

96
cos*(2 8¢2) cot(dc2) sin(2 @ — 3 tan™!(cos(Re(cos ™ (—cot(a) tan(,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (6.2 — 6c1) +
1
300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cos’Qa) + —
48

c0s(2 6,) cot(d,2) sin(2 a-3 tan"l(cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) 002 — 0c1) +

1
36(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 3 Re(cos ™! (—cot(a) tan(02))) + 2 52 cos*(2 @) + ——

cot(dc2) sin(2 @ — 3 tan™!(cos(Re(cos ™' (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (6.2 — zj ;T +
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) — 3 Re(cos ™ (—cot(a) tan(52))) + 2 6ea) cos*(2 @) + ﬁ

i c08(2 0c2) cot(d2) sin(2 6,2) sin(2 @ — 3 tan™" (cos(Re(cos ™! (—cot(e) tan(5)))), sin(Re(cos ™! (—cot(e) tan(5c1))))) 6(Sc2 — 6c1) +
36(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 3 Re(cos ™! (—cot(a) tan(0r2))) + 2 82 cos*(2 @) + é

I cot(dg,) sin(2 8.») sin(2 @ —3tan”! (cos(Re(cos"'(—cot(cx) tan(écl)))), sin(Re(cos‘1 (—cot(a@) tan(b'd))))) 00 — 0c1) +
30005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écz))) +2 662) cos’2a) -
1

a‘cos(Z @+ 3tan”! (cos(Re(cos’I (—cot(a) tan(6€1)))), sin(Re(cos’l (—cot(a) tan(écl))))) 00, — 0c1) —
1921

360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 6e2) cot(de2) sin*(2 62) oy cos*(2 @) +
1

- icos(2 @ — 3 tan™! (cos(Re(cos ™! (—cot(a) tan(Jc1)))), sin(Re(cos ™! (—cot(@) tan(5.1))))) OS2 — 6c1) +
T

3600, — 6c1) Re(cos’l(—cot(a') tan(écz))) -3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d) sin?(2 0n) ON cos’(2 ) +

" icos?(2 0r) 005(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) —
s

3005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +3 Re(cos"' (—cot(a) tan(écz))) +2 662) cot(8n) oy cos?(2 @) +
1
6—a' cos(2 d2) cos(2 a+3tan”! (cos(Re(cos"l (—cot(a) tan(éd)))), sin(Re(cos‘l(—cot(a) tan(5d))))) 00 — 0c1) —
96
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(Ge2) oy cos*(2 @) +
1

10 u‘cos(Z @ + 3tan™! (cos(Re(cos"(—cot(a) tan(dd)))), sin(Re(cos"l(—cot(a) tan(dcl))))) 002 — 6c1) —
s

300, — 6c1) Re(cos’l(—cot(a') tan((SCz))) +3 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(dp) oy cos’(2 ) —

1
32—n' cos(2 62) cos(2 a + 2 tan~'(cos(Re(cos ™! (—cot(a) tan(d,1)))). sin(Re(cos™" (—cot(a) tan(d,1))))) 662 — 5c1) —
T

2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos" (—cot(a) tan(écg))) +2 662) cot(6) oy cos>(2 @) —

1
;y‘ cos(2 @ + 2 tan™! (cos(Re(cos"(—cot(a) tan(dd)))), sin(Re(cos"l(—cot(cx) tan(écl))))) 002 — 6c1) —
s
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206, — 6c1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos"1 (—cot(a) tan(dcz))) +2 662) cot(0p) o 0052(2 ) +

1
——1icos(26s) cos(2 a—2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d. ))))) 002 — 0c1) +

32n
20(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(Gez) oy cos*(2 @) +
1
—i cos(2 @—2tan”! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
32n
1
200, — 6c1) Re(cos’l(—cot(a') tan((SCz))) -2 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(dp) oy cos’(2a) - 0
192 7

icos?(28,) cos(2 @ —3tan”! (cos(Re(cos’l(—cot(a/) tan(éd)))), sin(Re(cos’I (—cot(a) tan(d; ))))) 002 — 0c1) +
3005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 662) cot(6) oy cos>(2 @) —

1
G—i cos(2 ) cos(2 a-3 tan’l(cos(Re(cos" (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(cy) tan(6d))))) 00 — 0c1) +
96

300, — 0c1) Re(cos‘l(—cot(a) tan(6cz))) -3 Re(cos"1 (—cot(a) tan(dcz))) +2 662) cot(0p) o 0052(2 ) —
1

10 n'cos(2 a-3 tan"l(cos(Re(cos"(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(cx) tan(dcl))))) 000 — 0c1) +
s

1
300 — 0c1) Re(cos‘l(—cot(a) tan(6cz))) -3 Re(cos"l(—cot(cx) tan(écz))) +2 662) cot(0p) oy 0052(2 ) — 8_
b

tan™! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) cos(2a + 2 0.) cot(0.2) 0(02 — Oc1) TN 0052(2 @) —

1
8—tan"(cos(Re(cos'1 (~cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1)))))
n

c08(2 02) cos(2a + 2 6,) cot(0.2) (02 — Oc1) ON cos’2 a) —
c08(2 6.2) cos(2 @ + 2 6) cot(S) Re(cos™ (—cot(@) tan(8))) oy cos?(2 @)

8
cos(2 @ + 2 6,2) cot(de2) Re(cos™! (—cot(a) tan(d,2))) oy cos?(2 a) 1

8 8
€o8(2 62) cO8(2 @ + 2 52) cot(0c) B(c2 — 6¢1) Re(cos™ (—cot(@) tan(6,2))) oy cos*(2 @) +

cos(2 @ + 2 8,) cot(e) 08,2 — 6.1) Re(cos™ ! (—cot(a) tan(S,2))) oy cos?(2 @) 1

8 96
cos(2 8:) cos(2 @ + 3 tan™! (cos(Re(cos ™! (—cot(a) tan(dc1)))), sin(Re(cos ™ (—cot(@) tan(.1))))) 662 — 6c1) —
360(0c2 — 6¢c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos™ (—cot(a) tan(d.2))) + 2 6ca) cot(de2) in(2 62) oy cos*(2 @) —

1
gcos(Z a+3 tan"l(cos(Re(cos'l(—cot(a) tan(6cl))) R sin(Re(cos"l(—cot(a) tan(égl))))) 002 — 0c1) —
s

306, — 6c1) Re(cos_l(—cot(a) tan(&cz))) + 3 Re(cos ™! (—cot(a) tan(6cz))) +2 652) cot(ds2) sin(2 6,) oy cos’2a) +

32n
200, — 6c1) Re(cos’l(—cot(a') tan((SCz))) + 2 Re(cos ™! (—cot(a) tan(6cg))) +2 652) cot(s2) sin(2 ) oy cos’2 a) —

1
32—005(2 a—-2 tan"l(cos(Re(cos‘l(—cot(a) tan(6cl))) R sin(Re(cos"l(—cot(a) tan(égl))))) 00 — 0c1) +
s

)
(
1—cos(z a + 2 tan”"(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(@) tan(6,1))))) 862 — Ic1) —
(
)
260(5c2 — 6c1) Re(cos ™! (—cot(e) tan(52))) — 2 Re(cos ™ (—cot(@) tan(8c2))) + 2 8ea) cot(Se2) Sin(2 62) oy cos*(2 @) +

1
——c0s8(2 02) cos(2 a-3 tan’l(cos(Re(cos" (—cot(a) tan(d; )))), sin(Re(cos’l (—cot(a) tan(écl))))) 00 — 0c1) +

96
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) — 3 Re(cos™ (—cot(a) tan(d.2))) + 2 6ca) cot(de2) Sin(2 62) oy cos*(2 @) +
1
gcos(Z a-3 tan"l(cos(Re(cos'l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a) tan(égl))))) 002 — 0c1) +
/s

306, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -3 Re(cos"l(—cot(a) tan(6cz))) +2 652) cot(d2) sin(2 ) oy cos’2a) —
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1
—i tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) cos(2 @ + 2 0) cot(ds2) B(0c2 — 1)
8

i cos(2 @ + 2 8.) cot(Sz) Re(cos™ (—cot(@) tan(d,,))) sin(2 8,2) oy cos2(2 @)
$in(2 6.0) oy cos>(2 @) — +
87
1 1
—icos(2a +26p)cot(d.2) 000 — Oc1) Re(cos‘ I(=cot(a) tan(écz))) sin(2 6) oy cos’(2 @) + —
8r 8

itan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) cot(0s2) 0(0c2 — 1) SIN2 @ + 2 0.2) O cos’2 a) +

1
—itan”! (cos(Re(cos"1 (—cot(a) tan(écl)))), sin(Re(cos‘l(—cot(a) tan((‘)}l)))))
8m

c08(2 02) cot(02) (62 — Oc1) SN2 + 2 6,) on c052(2 ) +
i cos(2 6) cot(d) Re(cos™ (—cot(@) tan(d,,))) sin(2 @ + 2 §,2) oy cos>(2 @)

+
8n

i cot(8) Re(cos™ (—cot(a) tan(d,2))) sinR @ + 2 6) oy cos?Q @) 1

8 8
i c08(2 0c2) cot(0c2) B(0c2 — 6¢1) Re(cos™ (—cot(@) tan(6,2))) sin(2 @ + 2 62) oy cos*(2 @) —
i cot(0p) 00z — 601) Re(cos™! (—cot(a) tan(S,»))) sin(2 & + 2 8,2) oy cos3(2 @)

8

1
8—tan_1 (cos(Re(cos"1 (—cot(a) tan(d; )))), sin(Re(cos_l(—cot(a) tan(d. )))))
s

cot(0s2) B(0c2 — O¢1) SIN(2 On) sSin(2 @ + 2 6) O N cos’2 a) —

cot(d,2) Re(cos™! (—cot(a@) tan(5,))) sin(2 6,) sin(2 @ + 2 6,,) oy cos?(2 @) 1
+—

87 87
cot(8e2) B(0c2 — S.1) Re(cos™ (—cot(@) tan(6,2))) sin(2 6c2) sin(2 @ + 2 6c) oy cos*(2 @) — 1912 .
cot(0e2) sin*(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(J1)))), sin(Re(cos ™" (—cot(a) tan(d¢1))))) (Se2 — 6c1) —
360(0c2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) + 3 Re(cos ™' (—cot(@) tan(82))) + 2 6ea) oy cos*(2 @) + 912 .
cos?(2 8c2) cot(de2) sin(2 @ + 3 tan™!(cos(Re(cos ™ (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (6.2 — 1) —
1

36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos™! (—cot(@) tan(8c2))) + 2 6.2) oy cos*(2 @) + P
T

c0s(2 6,) cot(d,2) sin(Z a+3 tan’l(cos(Re(cos’l(—cot(a) tan(6c1)))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —
3606, — 6c1) Re(cos_l(—cot(a) tan(écz))) +3 Re(cos"l(—cot(a) tan(6cz))) +2 652) oy cos*(2a) +

” cot(d2) sin(2 a+3 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos_l(—cot(a') tan(écl))))) 002 — 0c1) —
s

1
3005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +3 Re(cos"'(—cot(a) tan(écz))) +2 662) oy cos’(2 @) + 6_
96
i c08(2 8,2) cot(Sc2) sin(2 5c2) sin(2 @ + 3 tan ™" (cos(Re(cos ™ (—cot(e) tan(d,1)))), sin(Re(cos™ (—cot(e) tan(6,1))))) 8(Sc2 — 8c1) —

1
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(0c2))) + 2 c2) oy cos* (2 @) + ——

9% 1
i cot(dcp) sin(2 0,2) sin(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d; ))))) 002 — 0c1) —
1
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 6ea) oy cos*(2 @) — o
/s

c0s(2 6,) cot(d.2) sin(2 a+2 tan’l(cos(Re(cos" (—cot(a) tan(d; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —
200, — 6c1) Re(cos’l(—cot(a) tan(écz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 652) oy cos?(2 @) —
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1
3—c0t(6[2) sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —
2

1
2005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos" l(=cot(a) tan(écz))) +2 662) oy cos’2 @) — —
32n

i cot(dcp) sin(2 0,2) sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d¢; ))))) 002 — 0c1) —

1
206, — 601) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos"1 (—cot(a) tan(dcz))) +2 662) oN 0052(2 @) + 32—
s

c0s(2 6,) cot(d.2) sin(2 a-2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
200, — 6c1) Re(cos’l(—cot(a') tan((SCz))) -2 Re(cos’l(—cot(a) tan(écg))) +2 652) oy cos*(2 @) +

1
32—c0t(6c2) sin(2 a—-2 tan"l(cos(Re(cos"l(—cot(a) tan(égl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 000 — 0c1) +
s

1
200, — 6c1) Re(cos‘l(—cot(a) tan(6£2))) -2 Re(cos"'(—cot(a) tan(écz))) +2 652) ON cos2(2 @) + ;
bis
I cot(dz) sin(2 8.») sin(2 @ —2tan”! (cos(Re(cos"'(—cot(a) tan(écl)))), sin(Re(cos‘1 (—cot(@) tan(écl))))) 00 — 0c1) +

1
2606, — 601) Re(cos‘] (—cot(a@) tan(6cz))) -2 Re(cos" l(=cot(a) tan(écz))) +2 662) oN 0052(2 @) +

1927
cot(d) sin2(2 0c2) sin(2 a-3 tan"l(cos(Re(cos_l(—cot(a) tan(6cl)))), sin(Re(cos"'(—cot(a) tan(6cl))))) 002 — 6c1) +

306, — 6c1) Re(cos_l(—cot(a) tan(6[2))) -3 Re(cos"'(—cot(a) tan(6cz))) +2 652) oy cos’(2a) - ”
192 7

cos2(2 8,2) cot(8,2) sin(2 @ —3tan”! (cos(Re(cos’l(—cot(a/) tan(661)))), sin(Re(cos" (—cot(a) tan(d.; ))))) 002 — 0c1) +
1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 662) oy cos’(2 @) — 6_
96 7
c0s(2 d,) cot(d.2) sin(2 a-3 tan"l(cos(Re(cos"l(—cot(oz) tan(écl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 000 — 0c1) +
36(0: — Oc1) Re(cos" (—cot(a) tan(6cz))) -3 Re(cos" l(—cot(a) tan(écz))) +2 662) oy cos’2a) —
1

cot(6s) sin(2 - 3tan”! (cos(Re(cos"'(—cot(a) tan(écl)))), sin(Re(cos‘1 (—cot(a) tan(écl))))) 00 — 0c1) +
2

1
306, — 6c1) Re(cos_l(—cot(a/) tan(&cz))) -3 Re(cos"l(—cot(a) tan(6cz))) +2 652) oy cos’(2a) — ;
bis

1 co8(2 d¢2) cot(d,) sin(2 d,,) sin(2 @ —3tan”! (cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6cl))))) 002 — 0c1) +

1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 6C2) oy cos’(2 @) — 6_
96 7

i cot(d.2) $in(2 62) sin(2 & — 3 tan™" (cos(Re(cos ™! (—cot(e) tan(J,1)))), sin(Re(cos ™ (—cot(a) tan(d¢1))))) 8(3c2 — 6c1) +
3005 — Oc1) Re(cos‘] (—cot(a@) tan(6cz))) -3 Re(cos"'(—cot(a) tan(écz))) +2 662) oN 0052(2 @) —
i cos(2 @ — 3 Re(cos™! (—cot(@) tan(8.1))) + 2 6,1) cot(S,1) sin*(2 6.1) 73 oy cos?(2 @)

192713 "
icos(2 @ + 3 Re(cos™! (—cot(a) tan(d,1))) + 2 61) cot(Sg1) sin?(2 Oc1) r% oy cos2(2 )

192 7 73 ’
i cos?(2 8.1) cos(2 @ — 3Re(cos™! (—cot(@) tan(5,1))) + 2 6¢1) cot(S.1) 13 oy cos(2 @)

192713 "
i cos(26,1) cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(S,))) + 2 5,1) cot(Ser) r% oy cos2(2 @) .

96113

i cos(2 @ — 3 Re(cos™! (—cot(a) tan(d,,))) + 2 8.1) cot(S,1) 13 T cos>(2 )

192773
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i cos(26,1) cos(2 @ — 2 Re(cos™ ! (—cot(a) tan(Se1))) + 2 5,1) cot(Ser) r% oy cos2(2 @)

327rr%

i cos(2 @ — 2 Re(cos™! (—cot(a) tan(d,,))) + 2 8.1) cot(S,1) 13 T cos>(2 @)

+
32713

icos(26,1) cos(2 @ + 2 Re(cos™ ! (—cot(a) tan(S))) + 2 5,1) cot(Ser) r(z) oy cos2(2 @)

+
327rr%

icos(2 @ + 2 Re(cos™ (—cot(a) tan(d,,))) + 2 6.1) cot(S,1) r(2) oy cos2(2 )

32nr3

i cos?(2 §.1) cos(2 @ + 3 Re(cos™! (—cot(@) tan(5,1))) + 2 S¢1) cot(,1) 13 oy cos(2 @)

192 7t 13
icos(2 61) cos(2 @ + 3 Re(cos™! (—cot(a) tan(S1))) + 2 5,1) cot(Ser) r(z) oy cos2(2 @)
9613 -
i cos(2 @ + 3 Re(cos™! (—cot(a) tan(d,,))) + 2 8.1) cot(S,1) 13 o cos>(2 @)
192713 ’
cos(2 6¢1) cos(2 a + 2 6,1) cot(S,1) Re(cos™! (—cot(a) tan(d,1))) r% oy cos2(2 @)
8nr3 "
cos(2 @ + 2 6,;) cot(d,1) Re(cos™! (—cot(@) tan(d,))) 13 o cos(2 @) 1
8113 B 96113

cos(26.1) cos(2 a-3 Re(cos"l(—cot(a) tan(&cl))) +2 661) cot(d.1) sin(2 6.1) rﬁ oy cos’2a) —
cos(2 @ — 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,1) sin(2 5,1) r% oy cos2(2 @)

+
96713

cos(2 @ — 2 Re(cos™! (—cot(@) tan(,1))) + 2 6,1) cot(J¢1) sin(2 6,1) 13 o cos>(2 )
32713 -

cos(2 a + 2 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,;) sin(2 ;) r(z) oy cos2(2 ) 1
32773 " 96nr3

cos(2 d.1) cos(2 a+3 Re(cos‘ l(—cot(a) tan(écl))) +2 651) cot(d¢1) sin(2 d,1) r(z) oy cos’2a) +

cos(2 @ + 3 Re(cos™! (—cot(@) tan(,1))) + 2 6,1) cot(S¢1) sin(2 6,1) 13 o cos>(2 )

+
96113

icos(2 @ + 2 8,1) cot(d1) Re(cos™! (—cot(a) tan(5,))) sin(2 8.1) r3 oy cos?(2 @)

2
8mr;

i cos(2 6¢1) cot(d.1) Re(cos™ (—cot(@) tan(d,))) sin2 @ + 2 ,1) r% oy cos2(2 @)

2
8mr;

i cot(d,1) Re(cos™! (—cot(a) tan(d,y))) sin(2 @ + 2 8,1) 13 o cos(2 @)

+
2
8mry

cot(d.1) Re(cos™! (—cot(a) tan(d,1))) sin(2 6,1) sin(2 @ + 2 6,1) r% oy cos2(2 )

2
8nry

cot(d,1) sin*(2 8,1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(8,1))) + 2 6¢1) 13 oy cos*(2 @)

+
]927‘[}‘%

c0s2(2 6¢1) cot(S,1) sin(2 @ — 3 Re(cos ™ (—cot(@) tan(d,1))) + 2 6¢1) r(z) oy cos2(2 @)

+
l927rr%
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cos(2 61) cot(d,1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(51))) + 2 5.1) r% oy cos2(2 @)

+
96 7 13
cot(d,1) sin(2 @ — 3 Re(cos™! (—cot(@) tan(d,1))) + 2 6,1) 13 T cos>(2 @) 1
+
192 712 96713

i c08(2 8,1) cot(S1) sin(2 51 sin(2 @ — 3 Re(cos ™! (—cot(@) tan(Sc1))) + 2 6.1) 15 oy cos* (2 @) +
i cot(d,1) sin(2 8,1) sin(2 @ — 3 Re(cos ™! (—cot(a) tan(d,1))) + 2 5¢1) r% oy cos2(2 @)

96113

c08(2 6,1) cot(d,1) sin(2 @ — 2 Re(cos™! (—cot(@) tan(,))) + 2 6,1) 13 T cos>(2 )

327713

cot(d) sin(2 & — 2 Re(cos ™! (—cot(a) tan(d,))) + 2 61) r(2) oy cos?(2 @)

32713
i cot(d,1) sin(2 8,) sin(2 @ — 2 Re(cos ™! (—cot(a) tan(d,,))) + 2 8,1) r(z) oy cos2(2 @)
3273 ’
c08(2 6,1) cot(d.1) sin(2 @ + 2 Re(cos ™! (—cot(@) tan(J,))) + 2 6,1) 13 o cos>(2 @) .

327713

cot(d1) sin(2 & + 2 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% oy cos2(2 @)

+
32713

i cot(d,) sin(2 d,1) sin(2 @ + 2 Re(cos™! (—cot(@) tan(,))) + 2 6,1) 13 o cos>(2 )

+
327}

cot(d¢1) sin?(2 8.1) sin(2 @ + 3 Re(cos ™! (—cot(a@) tan(5,1))) + 2 5,1) r(z) oy cos2(2 @)

192773
c0s(2 8,1) cot(d,) sin(2 @ + 3 Re(cos™! (—cot(a) tan(d,y))) + 2 8¢1) 13 oy cos*(2 @)
192713 B
cos(2 6,1) cot(d,1) sin(2 @ + 3 Re(cos™! (—cot(a) tan(S¢1))) + 2 5,1) r% oy cos2(2 @)
96713 -
cot(d,1) sin(2 @ + 3 Re(cos™! (—cot(@) tan(d,1))) + 2 6,1) 13 T cos>(2 @) 1
192 7 13 - 96113

i c08(2 8,1) cot(Sc1) sin(2 51 sin(2 @ + 3 Re(cos™! (—cot(@) tan(5c1))) + 2 6.1) 15 o cos*(2 @) —

i cot(d,1) sin(2 8,) sin(2 @ + 3 Re(cos™! (—cot(a) tan(d,))) + 2 5,1) r(z) oy cos2(2 @)

+
96113

i cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(d,))) + 2 8.1) cot(d,1) sin?(2 &) 17 oy cos?(2 )

192 773
i cos(2 @ + 3 Re(cos™! (—cot(@) tan(8,1))) + 2 6,1) cot(S,1) sin®(2 6.1) 7 oy cos>(2 @) 1
+
192 7 13 192713

icos(2 a+3 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a) tan(écl))))) 002 — 6c1) —
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(0c2))) + 2 8c2) cot(e2) sin*(2 5e2) 1 oy cos*(2 @) —
1

2 i cos(2 - 3tan”! (cos(Re(cos"1 (—cot(a) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(6cl))))) 6002 — 0c1) +
192 w1y

360(0c2 — 61) Re(cos ™! (—cot(e) tan(5,2))) — 3 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(de2) sin*(2 6e2) 17 oy cos*(2 @) —
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i cos2(2 6,1) cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(8,1))) + 2 6.1) cot(Se1) r% oy cos2(2 )

192713

i cos(2 0,1) cos(2 @ — 3 Re(cos ™! (—cot(a) tan(d,y))) + 2 6¢1) cot(S,1) 17 Ty cos>(2 )

96113

icos(2 @ — 3 Re(cos™! (—cot(a) tan(d,;))) + 2 6¢1) cot(d,1) r% oy cos?(2 @)

+
192713

i cos(2 6¢1) cos(2 @ — 2 Re(cos ™! (—cot(@) tan(5,1))) + 2 8,1) cot(S,1) r% oy cos2(2 @)

+
3213

i cos(2 @ — 2 Re(cos™! (—cot(a@) tan(d,))) + 2 6¢1) cot(Se1) 17 o cos>(2 @)

327713

icos(2 61) cos(2 @ + 2 Re(cos™ ! (—cot(a) tan(S1))) + 2 5,1) cot(Ser) r% oy cos2(2 @)

327}

i cos(2 @ + 2 Re(cos™! (—cot(a) tan(d,,))) + 2 8.1) cot(S,1) 7 T cos>(2 @)

+
32713

i cos2(2 6,) cos(2 @ + 3 Re(cos™ ! (—cot(a) tan(8,1))) + 2 6.1) cot(Se1) r% oy cos?(2 @)

+
192713

i cos(2 8,1) cos(2 @ + 3 Re(cos™ ! (—cot(a) tan(d,))) + 2 8,1) cot(Sep) r% oy cos2(2 @)

+
96113

i cos(2 @ + 3 Re(cos™! (—cot(a@) tan(d,))) + 2 61) cot(Se1) 17 o cos>(2 @) 1

192713 B 192713
i cos®(2 8,) cos(2 @+ 3tan”! (cos(Re(cos‘1 (—cot(a) tan(dd)))), sin(Re(cos‘ I(=cot(a) tan(6, ))))) 602 — 0c1) —
3005 — 0c1) Re(cos’l(—cot(a) tan(5cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(0s) r% oy cos’(2 @) —

1

5 i cos(20.) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a/) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 6c1) —
96 7t r;

300, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(d) r% oy cos’(2 @) —
1

3 i cos(2 a+3 tan"'(cos(Re(cos"1 (—cot(a@) tan(dcl)))), sin(Re(cos_l(—cot(a) tan(6d))))) 062 — 0c1) —
192 w13

306, — 6c1) Re(cos‘l(—cot(a) tan(6£2))) +3 Re(cos"l(—cot(a) tan(écz))) +2 652) cot(d) r% ON cos2(2 @) +
1

3 i cos(20.) 005(2 @ + 2 tan™! (cos(Re(cos‘] (—cot(a) tan(d; )))), sin(Re(cos‘ ! (—cot(a) tan(6, ))))) 002 — 6c1) —
2mr;

200, — 0c1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos"1 (—cot(a) tan(dcz))) +2 662) cot(ds) rf oN cos2(2 @) +
1

5 i cos(2 a+2 tan’l(cos(Re(cos’l (—cot(a) tan(dd)))), sin(Re(cos’l(—cot(a) tan(651))))) 002 — 0c1) —
32nr;

2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos" (—cot(a) tan(écz))) +2 662) cot(ds) r% oy cos’(2 @) —
1

3 i cos(20.) cos(2 @ —2tan"! (cos(Re(cos’1 (—cot(a) tan(d,; )))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) +
32nr;

200 — 6c1) Re(cos’l(—cot(a') tan(écz))) -2 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d) rf oy cos’(2 @) —
1

2 i cos(2 @ — 2 tan™"(cos(Re(cos ™ (—cot(a) tan(51)))), sin(Re(cos ™! (~cot(a) tan(5¢1))))) 862 — 6c1) +

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(Gep) 1 oy cos*(2 @) +

5 i cos>(2 6) 005(2 @ —3tan”! ((:os(Re(cos"l (—cot(a) tan(dd)))), sin(Re(cos‘] (—cot(a) tan(écl))))) 002 — 0c1) +
192 15
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3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d) r% oy cos?(2 @) +

o0 :{ > i co8(2 8.2) cos(2 @ — 3 tan™! (cos(Re(cos ™! (—cot(a) tan(Jc1)))), sin(Re(cos ™ (—cot(@) tan(5.1))))) (G2 — 6c1) +

Z 0(6c2 — 6c1) Re(cos™ (—cot(a) tan(d.2))) — 3 Re(cos™ (—cot(@) tan(6,2))) + 2 62) cot(62) ri oy cos*(2 @) +
192]71 > i cos(2 a — 3 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™! (=cot(@) tan(51))))) 8(c2 — Jc1) +

2

360(0c2 — 6c1) Re(cos™! (—cot(e) tan(6,2))) — 3 Re(cos™ (—cot(@) tan(5.2))) + 2 8ea) cot(de) 17 oy cos*(2 @) + : 7: -
tan™' (cos(Re(cos ™! (—cot(e) tan(d)))), sin(Re(cos ™" (—cot(a) tan(6¢1))))) cos(2 @ + 2 62) cot(B2) 8Bz — Oc1) 17 Oy cos*(2 @) +
: ;r tan™" (cos(Re(cos ™! (—cot(e) tan(dc1)))), sin(Re(cos ™" (—cot(a) tan(dc1)))))

3

c08(2 622) cOS(2 @ + 2 8.9) cot(S2) O(0er — 0cr) 17 oy cos*(2 @) —

cos(26.1) cos(2 @ + 2 6,1) cot(S,1) Re(cos™ (—cot(a@) tan(d,1))) r% oy cos2(2 )

2
8mry

cos(2 @ + 2 6,1) cot(d,1) Re(cos™! (—cot(@) tan(d,))) 12 oy cos(2 @)

+
2
8mr;

c0s(2 6) cos(2 @ + 2 6,) cot(S,2) Re(cos™! (—cot(a) tan(5,))) r% oy cos2(2 )

+
2
8nr;

cos(2 @ + 2 6,) cot(d,2) Re(cos™! (—cot(@) tan(8,2))) 12 oy cos?(2 @) 1

8713 B 8113
€08(2 8c2) cos(2 @ + 2 6,2) c0t(Sc2) B2 — Oc1) Re(cos™ (—cot(e) tan(8,2))) 1 oy cos*(2 @) —
cos(2 @ + 2 8,5) cot(6z) (0 — 6.1) Re(cos™! (—cot(e) tan(6,))) r% oy cos3(2 @) 1
8nr3 v 9613
cos(26.1) cos(2 a-3 Re(cos’l(—cot(a) tan(d. ))) +2 6C|) cot(d1) sin(2 6.1) r% oy cos’(2 ) +

cos(2 @ — 3 Re(cos™! (—cot(@) tan(5,1))) + 2 6,1) cot(¢1) sin(2 6,1) 17 Ty cos>(2 )

96713

cos(2 @ — 2 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,1) sin(2 5,1) r% oy cos2(2 @)
3277} ’

cos(2 @ + 2 Re(cos™! (—cot(@) tan(,1))) + 2 6,1) cot(S¢1) sin(2 6,1) 17 Ty cos>(2 ) 1
327713 - 96113

cos(26.1) cos(2 a+3 Re(cos_l(—cot(a) tan(d¢; ))) +2 661) cot(d.1) sin(2 6.1) rf oy cos’2a) -
cos(2 a + 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(,1) sin(2 ;1) r% oy cos>(2 )

96713
icos(2a + 2 68,1) cot(d.1) Re(cos™ (—cot(a) tan(d,,))) sin(2 &,;) r% oy cos2(2 @)
8113 ’
i cos(2 8.1) cot(,1) Re(cos™! (—cot(@) tan(d,))) sin(2 & + 2 §.1) 17 oy cos’(2 @)
813 "
i cot(6.1) Re(cos™ (—cot(a) tan(d,1))) sin(2 & + 2 6,1) r% oy cos2(2 @)
813 -
cot(d,1) Re(cos™! (—cot(@) tan(6,))) sin(2 &) sin(2 @ + 2 8.1) r? oy cos?(2 @) .

2
8nr;
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cot(d,1) sin?(2 8,1) sin(2 a — 3 Re(cos™ (—cot(a) tan(8,1))) + 2 6¢1) 77 oy cos?(2 @)

192773
c0s%(2 8,1) cot(d.1) sin(2 @ — 3 Re(cos ™ (—cot(a) tan())) + 2 8.1) 17 oy cos?(2 )
192713 B
c0s(2 6,.1) cot(d1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) r% oy cos2(2 @)
96113 -
cot(d,1) sin(2 @ — 3 Re(cos™! (—cot(@) tan(5,1))) + 2 61) 13 o cos>(2 @) 1
192 7 13 967 3

i c08(2 0¢1) cot(d1) sin(2 6,1) sin(2 @ — 3 Re(cos ™! (—cot(@) tan(¢1))) + 2 61 ) 1} oy cos* 2 @) —

i cot(d,1) sin(2 &,1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) r% oy cos2(2 @)

+
9613

c08(2 6,1) cot(d,1) sin(2 @ — 2 Re(cos ™! (—cot(@) tan(,))) + 2 6,1) 17 o cos>(2 @)

+
327713

cot(d1) sin(2 & — 2 Re(cos ™ (—cot(a) tan(d,))) + 2 6¢1) r% oy cos2(2 )

+
32713

i cot(d,y) sin(2 8,1) sin(2 @ — 2 Re(cos™! (—cot(@) tan(S,1))) + 2 6,1) 17 o cos>(2 )

3273

cos(2 6,1) cot(d,;) sin(2 @ + 2 Re(cos™ ! (—cot(a) tan(5,))) + 2 5,1) r% oy cos2(2 )

32773

cot(d,1) sin(2 @ + 2 Re(cos ™! (—cot(a@) tan(5,1))) + 2 5,1) r% oy cos2(2 )

3213

i cot(S,;) sin(2 6¢1) sin(2 @ + 2 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) 1} oy cos>(2 @)

327}

cot(d,1) sin?(2 8,1) sin(2 @ + 3 Re(cos™ (—cot(a) tan(8,1))) + 2 6¢1) 7 oy cos>(2 @)

192773 ’
c0s%(2 8,1) cot(d.1) sin(2 & + 3 Re(cos ™! (—cot(a) tan())) + 2 8.1) 17 oy cos?(2 @)

192713 "
c0s(2 8,1) cot(de1) sin(2 @ + 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) r% oy cos2(2 @)

96713 ’
cot(d,1) sin(2 @ + 3 Re(cos™! (—cot(@) tan(5,1))) + 2 61) 13 oy cos>(2 @) 1

192 7 13 ’ 96113

i c08(2 0¢1) cot(d1) sin(2 6,1) sin(2 @ + 3 Re(cos ™! (—cot(@) tan(51))) + 2 61 ) 1} oy cos*(2 @) +
i cot(d,1) sin(2 &,1) sin(2 @ + 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) r% oy cos2(2 @) 1

96 7 13 ’ 96 7 13

cos(26,) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a/) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d. ))))) 002 — 0c1) —
306, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l (—cot(a) tan(6cz))) +2 652) cot(d) sin(2 d,7) r% oy cos*2 ) +
1

p—_ cos(2 a + 3 tan™" (cos(Re(cos ™ (—cot(a) tan(5c1)))), sin(Re(cos ™! (~cot(a) tan(5c1))))) €S2 — 6c1) —
96 r;

36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(0e2))) + 2 8c2) cot(Ge2) sin(2 62) 11 oy cos*(2 @) —
1

5 cos(2 @+ 2tan”! (cos(Re(cos"l (—cot(a) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(5d))))) 00 — 0c1) —
32713
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200, — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d) sin(2 d,,) r% oN 0052(2 @) +

- :{ - cos(2 @ — 2 tan™"(cos(Re(cos ™ (—cot(a) tan(5,1)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) €S2 — 6c1) +
22 0(5c2 — 6c1) Re(cos™ (—cot(a) tan(d.2))) — 2 Re(cos™ (—cot(@) tan(6,2))) + 2 62) cot(S2) sin(2 6ea) 17 oy cos*(2 @) —
> :T ; cos(2 62) cos(2 @ — 3 tan~!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (62 — 6c1) +
360(0c2 — 61) Re(cos™! (—cot(@) tan(6,2))) — 3 Re(cos ™ (—cot(a) tan(52))) + 2 6c2) cot(e2) Sin(2 8,2) 17 oy cos*(2 @) —
o :T r% cos(2 @ — 3 tan™' (cos(Re(cos ™" (—cot(@) tan(6,1)))), sin(Re(cos ™ (=cot(@) tan(61))))) 6(0c2 — Je1) +
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) — 3 Re(cos ™' (—cot(a) tan(2))) + 2 6ez) cotl2) sin(2 ,2) 17 oy cos*(2 @) +
1

itan”! (cos(Re(cos’l(—cot(a) tan(6c1)))), sin(Re(cos’l (—cot(a) tan(d; ))))) cos(2a + 2 9.2) cot(2) 862 — Oc1)
8mr;

i cos(2 @ + 2 8,2) cot(e) Re(cos™ (—cot(a) tan(d,))) sin(2 8,2) 17 oy cos?(2 @)

sin(2 6,,) r% oy cos*(2 @) +

83
1 1
icos(Qa + 2 0.) cot(ds) 00 — I¢1) Re(cos"l (—cot(a) tan(dcz))) sin(2 d,,) r% oy cos’2a) —
8nrs; 813
itan”! (cos(Re(cos"(—cot(cz) tan(écl)))), sin(Re(cos"1 (—cot(a) tan(écl))))) cot(0:2) B(Ocr — Oc1) sSin2 @ + 2 62) r% oy cos’2a) —

1

> i tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; )))))
8mr;

c08(2 6c2) COt(8e2) B(Sc2 — 61) SN @ + 2 52) 13 oy cos>(2 @) —

i cos(2 6) cot(d) Re(cos™ (—cot(@) tan(d,,))) sin(2 @ + 2 8,2) r% oy cos2(2 @)

8113
i cot(d.2) Re(cos™! (—cot(a) tan(d,,))) sin(2 @ + 2 8,2) 12 oy cos(2 @) 1
+
813 83

i c08(2 0c2) cot(0c2) B(0c2 — J¢1) Re(cos™ (—cot(@) tan(6,2))) sin(2 @ + 2 6,2) 1 oy cos*(2 @) +

i cot(d.2) (8 — 8,1) Re(cos™! (—cot(a@) tan(5,))) sin(2 @ + 2 6,) r% oy cos3(2 @)

+
813
1
tan™! (cos(Re(cos_l(—cot(a) tan(d¢; )))), sin(Re(cos"l(—cot(a) tan(d.; )))))
8mr;
cot(S2) 0(0er — 0c1) sin(2 8ea) sin(2 @ + 2 5ep) 17 oy cos*(2 @) +
cot(d,2) Re(cos™! (—cot(@) tan(5,2))) sin(2 §2) sin(2 @ + 2 8,2) 17 oy cos?(2 @) 1
813 813
1
cot(0e2) B(0c2 — 6.1) Re(cos™ (—cot(@) tan(8,2))) sin(2 6c2) sin(2 @ + 2 6c2) 17 oy cos*(2 @) + ;
192 ry
cot(de2) sin*(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(3,1)))), sin(Re(cos ™" (—cot(a) tan(6c1))))) (0c2 — 6c1) —
1
30005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) r% oy cos’(2 @) —
192 7 13
c0s%(2 8,2) cot(8,2) sin(2 @+ 3tan”! (cos(Re(cos’] (—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 002 — 0c1) —
1
3606, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(6cz))) +2 652) r% oy cost2 a) — 2
96t r;

c0s(2 6,,) cot(d.2) sin(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) —
306, — 6c1) Re(cos’l(—cot(a') tan((SCz))) +3 Re(cos’l(—cot(a) tan(dcz))) +2 652) r% oy cost2a) —
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1921n r2 cot(S2) sin(2 @ + 3 tan™" (cos(Re(cos ™! (~cot(@) tan(6.1)))), sin(Re(cos ™" (—cot(@) tan(5.1))))) (62 — 6c1) —

3
30022 = 6a) Re(cos™ (—cot(@) tan(32)) + 3 Re(cos™ (~cot(@) tan(Gea))) + 2dz) rf o cos’(2 @) - 9% jr r

i COS(2 §.2) COt(6.2) SIN(2 6,2) sin(2 @ + 3 tan~! (cos(Re(cos ™! (~cot(@) tan(6,1)))), sin(Re(cos ™ (—cot(@) tan(6,1))))) 62 — 6c1) —
36(5c2 — 6c1) Re(cos™ (—cot(a) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 6.2) 11 oy cos*(2 @) — - :r .

i cot(0e2) sin(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™ (—cot(@) tan(6.1)))), sin(Re(cos ™ (—cot(@) tan(8.1))))) 8(6c2 — 6cr) —
36(6:2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos™! (~cot(@) tan(6,2))) + 2 .2) 13 oy cos>(2 @) + — :r -

c0s(2 62) cot(S2) sin(2 e + 2 tan ™" (cos(Re(cos ™" (—cot(a) tan(dc1)))), sin(Re(cos™' (—cot(a) tan(Sc1))))) 0(Sc2 — 6c1) —
26(6c2 — 6c1) Re(cos’l(—cot(a') tan((SCz))) +2 Re(cos’l(—cot(a) taﬂ(5c2))) +2 552) 2 oy cos?(2 @) +
1

. Cot(6,2) sin(2 @ + 2 tan~! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™! (~cot(@) tan(8.1))))) 862 — 61) —
32nrs

1

260(62 — 6c1) Re(cos ™ (—cot(a) tan(82))) + 2 Re(cos™ (—cot(@) tan(6,2))) + 2 6.2) 7 oy cos*(2 @) +

2 r%
i cot(dc2) sin(2 d,2) sin(2 a+?2 tan‘l(cos(Re(cos"1 (—cot(@) tan(d, )))), sin(Re(cos‘1 (—cot(a) tan@d))))) 06 — 6.1)
1
26(0c2 — 6c1) Re(cos ™! (—cot(e) tan(62))) + 2 Re(cos ™! (—cot(@) tan(8e2))) + 2 8ea) 17 oy cos*(2 @) — -
32nr;

c0s(2 ) cot(d,n) sin(2 a-2 tan’l(cos(Re(cosfl (—cot(a) tan(&cl)))), sin(Re(cos’l (—cot(a) tan(o, Cl))))) 060 — 6c1) +
26(0c2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos™' (—cot(@) tan(8e2))) + 2 8ea) 17 oy cos*(2 @) —
1

5 cot(0c2) sin(2 @ - 2 tan" (cos(Re(cos ™! (~cot(@) tan(6,1)))), sin(Re(cos ™ (~cot(@) tan(6,1))))) 6e2 = 501) +
32715

26522 ~ 821) Re{cos™ (~eot(@) tan(8,2))) ~ 2 Re{cos™ (~cot(@) tan(d2))) + 28.2) 7 7y cos*2 ) - 32:rr5
i cot(62) sin(2 6p) sin(2 o — 2 tan ™" (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™" (—cot(@) tan(5c1))))) 6z — bc1) +
20(0c2 = 81) Re(cos™ (—cot(@) tan(62))) = 2 Re(cos™ (—cot(@) tan(6:2)) + 2 8¢2) 1 oy cos? (2 @) - 19217r 3
cot(d,2) sin?(2 62) sin(2 @ — 3 tan™" (cos(Re(cos ™' (—cot(a) tan(5,1)))), sin(Re(cos™ (—cot(@) tan(5.1))))) 662 — 51 +
30(0e2 ~ 6c1) Re(cos™ (~cot(@) tan(6,2)) — 3 Re(cos™ (~cot(@) tan(§c2))) + 2 6e2) 17 oy cos*(2 @) + 19217r 3
c0s*(2 6c2) cot(dc2) sin(2 @ — 3 tan™!(cos(Re(cos ™' (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(5,1))))) OS2 — 1) +
36(0c2 = 6c1) Re(cos™ (—cot(@) tan(8c2))) — 3 Re(cos™ " (~cot(@) tan(§2))) + 2 6o 11 oy cos*(2 @) + 96 jr e

€0S(2 62) cOt(82) sin(2 @ — 3 tan™" (cos(Re(cos ™' (—cot(@) tan(61)))), sin(Re(cos ™" (—cot(@) tan(6,1))))) 662 — 6,1) +
36(6c2 — 6c1) Re(cos ™ (—cot(e) tan(6cz))) — 3 Re(cos™" (—cot(@) tan(5.2))) + 2 6c2) 2 oy cos’(2 @) +
1

. cot(dc2) sin(2 @ — 3 tan~!(cos(Re(cos ™! (—cot(a) tan(,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (6.2 — 6c1) +
1927 r5

1

36(5c2 = 6c1) Re(cos™ (—cot(@) tan(d2))) — 3 Re(cos™ (—cot(@) tan(§2))) + 2 6c2) 17 oy cos*2 @) + >
96 nr;

i c08(2 6,2) cot(Sc2) sin(2 52) sin(2 @ — 3 tan ™" (cos(Re(cos ™ (—cot(e) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(6,1))))) 8(5c2 — Jc1) +

36(0c2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 3 Re(cos ™! (—cot(@) tan(8c2))) + 2 8ea) 17 oy cos*(2 @) + 2
96 r;
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i cot(dsp) sin(2 0,2) sin(2 a-3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
3606, — 6c1) Re(cos’l(—cot(a') tan(écz))) -3 Re(cos’l(—cot(a) tan(6cz))) +2 652) r% oy cost2 a) +

icos(2 @ — 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6,1) cot(S,1) sin®(2 8,1) r% cos2(2 @)

9613

i cos(2 @ + 3 Re(cos™! (—cot(@) tan(§,1))) + 2 6,1) cot(d,1) sin*(2 6,1) 13 cos?(2 @)

96113

i cos?(2 6,1) cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(5,1))) + 2 1) cot(Se1) r% cos2(2 @)

9613

i cos(2 0,1) cos(2 @ — 3 Re(cos ™! (—cot(a) tan(d,1))) + 2 1) cot(S,1) 13 cos?(2 @)

48 713

icos(2 @ — 3 Re(cos™! (—cot(a) tan(d,))) + 2 6¢1) cot(J,1) r(z) cos?(2 @)

+
96713

i cos(2 6¢1) cos(2 @ — 2 Re(cos ™! (—cot(@) tan(8,1))) + 2 8,1) cot(S,1) r(z) cos2(2 @)

+
16 773

i cos(2 @ — 2 Re(cos™! (—cot(a) tan(d,y))) + 2 1) cot(S,1) 13 cos’(2 @)

16713

icos(261) cos(2 @ + 2 Re(cos™ ! (—cot(a) tan(51))) + 2 5,1) cot(Ser) r% cos2(2 @)

16713

i cos(2 @ + 2 Re(cos™! (—cot(a) tan(d,1))) + 2 1) cot(S,1) 13 cos?(2 @)

+
16 713

i cos?(2 6,) cos(2 @ + 3 Re(cos™ ! (—cot(a) tan(5,1))) + 2 6.1) cot(Se1) r% cos2(2 @)

+
9613

i cos(2 8,1) cos(2 @ + 3 Re(cos™ ! (—cot(a) tan(d,))) + 2 8,1) cot(S1) r% cos?(2 @)

+
48713

i cos(2 @ + 3 Re(cos™! (—cot(a) tan(5,y))) + 2 1) cot(S,1) 3 cos?(2 @)

96713

cos(2 8.1) cos(2 @ + 2 8,1) cot(S,1) Re(cos™ (—cot(a@) tan(d,1))) r% cos2(2 @)

2
4rr;

cos(2 @ + 2 8,1) cot(d,1) Re(cos ™! (—cot(a) tan(J,))) r3 cos*(2 @) 1
+

4rrs 48713
cos(2 6,1) cos(2 @ — 3 Re(cos ™ (—cot(@) tan(d,1))) + 2 J1) cot(S1) sin(2 5¢p) 1§ cos*(2 @) +
cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(S,1))) + 2 6¢1) cot(der) sin(2 d1) r% cos2(2 @)

48 7113

cos(2 @ — 2 Re(cos™! (—cot(@) tan(,))) + 2 6,1) cot(J¢1) sin(2 6,1) 13 cos?(2 @)

+
16713
cos(2 a + 2 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,1) sin(2 5,1) r% cos2(2 @) 1
16 773 48 v}

cos(26.1) cos(2 a+3 Re(cos" (—cot(a) tan(d.; ))) +2 6“) cot(d.1) sin(2 6.1) r(z) cos’2a) -
cos(2 @ + 3 Re(cos™! (—cot(@) tan(,))) + 2 6,1) cot(d) sin(2 6,1) 13 cos?(2 @)

4813
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icos(2a + 26,1) cot(d.1) Re(cos™ (—cot(a) tan(d,))) sin(2 1) r% cos2(2 @)

+
47}
i cos(2 0,1) cot(d1) Re(cos™! (—cot(a) tan(d,))) sin(2 @ + 2 §.1) 13 cos*>(2 @)
47} ’
i cot(6,1) Re(cos™ (—cot(a) tan(d,,))) sin(2 & + 2 6,1) r(z) cos?(2 @)
47} -
cot(d,1) Re(cos™! (—cot(a) tan(J,))) sin(2 6,1) sin(2 @ + 2 §.1) 1§ cos*>(2 @) .

47Tr%

cot(d,1) sin(2 8,1) sin(2 @ — 3 Re(cos™ ! (—cot(a) tan(S,1))) + 2 1) r(z) cos?(2 )

96 7 13

c0s(2 6,1) cot(d,) sin(2 @ — 3 Re(cos™! (—cot(a) tan(5,1))) + 2 8.1) 1§ cos*(2 @)

96113

cos(2 6,1) cot(d,;) sin(2 @ — 3 Re(cos ™! (—cot(a) tan(d))) + 2 5,1) r(z) cos?(2 @)

4813
cot(d,1) sin(2 @ — 3 Re(cos ™! (—cot(a@) tan(5,1))) + 2 5,1) r(z) cos?(2 ) 1
96 7 13 48 w13

i cos(2 6¢1) cot(d.1) sin(2 6.1) sin(2 a-3 Re(cos’l(—cot(a/) tan(écl))) +2 6C1) r% cos’(2 @) —
i cot(d,) sin(2 6,1) sin(2 @ — 3 Re(cos ™! (—cot(@) tan(J,))) + 2 6,1) 13 cos*(2 @)

+
48 3
c0s(2 8,.1) cot(de1) sin(2 @ — 2 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) r% cos2(2 @)
16 773 ’
cot(d.1) sin(2 @ — 2 Re(cos™! (—cot(@) tan(,1))) + 2 6,1) 1§ cos*(2 @)
16 713 "
i cot(d,1) sin(2 8,1) sin(2 @ — 2 Re(cos ™! (—cot(a) tan(d,1))) + 2 5,1) r% cos2(2 @)
16 773 B
c0s(2 61) cot(d.1) sin(2 @ + 2 Re(cos™! (—cot(@) tan(,))) + 2 6,1) 13 cos?(2 @)
16713 -
cot(d1) sin(2 @ + 2 Re(cos™! (—cot(a) tan(d,))) + 2 6,1) r(2) cos?(2 @)
16713 -
i cot(d) sin(2 8,1) sin(2 @ + 2 Re(cos™! (—cot(@) tan(,1))) + 2 8,1) 13 cos?(2 @)
16713 -
cot(d,1) sin(2 8,1) sin(2 @ + 3 Re(cos™ ! (—cot(a) tan(S,1))) + 2 1) r(z) cos?(2 )
96713 "
c0s(2 6,1) cot(d) sin(2 @ + 3 Re(cos™! (—cot(a) tan(d,1))) + 2 8.1) 1§ cos*(2 @)
96113 ’
c0s(2 61) cot(d.1) sin(2 @ + 3 Re(cos™! (—cot(@) tan(J,))) + 2 6,1) 13 cos*(2 @)
4813 "
cot(dz1) sin(2 & + 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% cos?(2 ) 1
96113 ’ 48 w13

i cos(2 d¢1) cot(d.1) sin(2 6.1) sin(2 a+3 Re(cos’l(—cot(a/) tan(d. ))) +2 651) r(z) cos’(2 @) +

Printed by Wolfram Mathematica Student Edition





30| analytic_expressions_2.nb

i cot(d,1) sin(2 8,) sin(2 @ + 3 Re(cos ™! (—cot(a) tan(d,))) + 2 5¢1) r(z) cos2(2 @)

48 r%
i cos(2 @ — 3 Re(cos™ ! (=cot(a) tan(d,,))) + 2 8.1) cot(d,;) sin?(2 &) 17 cos>(2 a)
96113 ’
icos(2 @ + 3 Re(cos™ (—cot(a@) tan(d,,))) + 2 6.1) cot(S,1) sin2(2 Oc1) r% cos?(2 @) 1
96 713 B 96713

icos(Z a+3 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a) tan(écl))))) 002 — 6c1) —
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(62))) + 2 6.2) cot(Ge2) sin*(2 5e2) 1 cos*(2 @) +
1

o i cos(2 @ —3tan™! (cos(Re(cos"1 (—cot(@) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(6cl))))) 06 — 6c1) +
96 r;

360(0c2 — 6c1) Re(cos ™! (—cot(@) tan(5,2))) — 3 Re(cos ™ (—cot(a) tan(d.2))) + 2 6ca) cot(de2) sin*(2 6c2) 17 cos*(2 @) +
i cos?(2 6,1) cos(2 @ — 3 Re(cos™ ! (—cot(a) tan(,1))) + 2 6.1) cot(der) r% cos2(2 @)

+
9613
i cos(2 0,1) cos(2 @ — 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) cot(S,1) 17 cos?(2 @)
48 73 ’
icos(2 @ — 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) cot(d,1) r% cos2(2 @)
96713 -
i cos(2 0,1) cos(2 @ — 2 Re(cos ™! (—cot(a) tan(d,))) + 2 1) cot(S,1) 7 cos?(2 @)
16713 B
icos(2 @ — 2 Re(cos™! (—cot(a@) tan(d,))) + 2 6¢1) cot(d,1) r% cos?(2 @)
16713 ’
icos(2 6¢1) cos(2 @ + 2 Re(cos ™! (—cot(@) tan(5,1))) + 2 8,1) cot(S,1) r% cos2(2 @) .

16713

i cos(2 @ + 2 Re(cos™! (—cot(a@) tan(d,1))) + 2 6¢1) cot(de1) 17 cos>(2 @)

16713

i cos?(2 6,1) cos(2 @ + 3 Re(cos™ ! (—cot(a) tan(5,1))) + 2 6.1) cot(Se1) r% cos2(2 @)

967rr%

i cos(2 0,1) cos(2 @ + 3 Re(cos ™! (—cot(a) tan(d,1))) + 2 1) cot(S,1) 7 cos?(2 @)

48713
icos(2 @ + 3 Re(cos™! (—cot(a) tan(d,))) + 2 6¢1) cot(d,1) r% cos2(2 @) 1
+
96713 96713

i cos®(2 8,) cos(2 @+ 3tan”! (cos(Re(cos’l (—cot(a) tan(éd)))), sin(Re(cos’I (—cot(a) tan(&cl))))) 602 — 0c1) —
1

300, — 6c1) Re(cos’l(—cot(a/) tan(&cz))) +3 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d2) rf cos’(2 @) + 3
48 tr;

icos(20.) cos(2 @ + 3tan™! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — Oc1) —
3606, — 6c1) Re(cos_l(—cot(a) tan(&cz))) +3 Re(cos"l(—cot(a) tan(6cz))) +2 652) cot(d) r% cos’(2 @) +
1

o i cos(2 a+3 tan"'(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos'l(—cot(a) tan(6cl))))) 062 — 6c1) —
96 r;

1
3005 — Oc1) Re(cos" (—cot(a) tan(6cz))) +3 Re(cos" l(~cot(a) tan(écz))) +2 662) cot(s) rf cos’2a) -

16 773

i cos(20.) cos(2 @+ 2tan”! (cos(Re(cos‘] (—cot(a) tan(d; )))), sin(Re(cos" I (—cot(a) tan(6, ))))) 062 — 6c1) —
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200 —‘661) Re(cos‘lt—cét(aj tan(6cz))) +2 Re(cos"‘1 (—cotta) fan(dcz))) +2 662) cot(ééé)l rf 0052(2 @) —
1

i‘cos(Z a+2 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a) tan(651))))) 002 — 0c1) —

16773
2002 = 6c1) Re(cos™ (~cot(@) tan(§2) + 2 Re(cos ™ (=cot(@) tan(§2))) + 2 5z cot(62) ri cos*(2 @) + 16 jr r
i cos(2 0c2) cos(2 @ — 2 tan”™" (cos(Re(cos ™" (—cot(@) tan(S,1)))), sin(Re(cos ™ (=cot(@) tan(6,1))))) 862 — Se1) +
2662 — 6c1) Re(cos™ (—cot(@) tan(6.))) — 2 Re(cos™ (—cot(@) tan(8.2))) + 2 6.2) cot(de2) 1 cos>(2 @) +
6 i e i cos(2 @ — 2 tan™"(cos(Re(cos ™" (=cot(@) tan(6,1)))), sin(Re(cos™" (=cot(@) tan(6c1))))) (62 = 61) +
26622 = ) Re{cos™ (~cot(@) an(8e2) ~ 2 Refeos™ (~col(@) tan(Bea))) + 2 bcr) cotlBea) rf cos’2 ) = — ]
i cos*(2 6c2) cos(2 @ — 3 tan™"(cos(Re(cos ™ (—cot(@) tan(d1)))), sin(Re(cos ™ (—cot(e) tan(5c1))))) 0(0c2 — 6c1) +
36(6c2 — 6c1) Re(cos™" (~cot(@) tan(6,2))) — 3 Re(cos™' (~cot(@) tan(6:2))) + 2 8¢z cot(6.2) rf cos*(2 @) — 48 :T r
i co8(2 0cp) cos(2 @ — 3 tan™(cos(Re(cos ™" (—cot(@) tan(51)))), sin(Re(cos ™ (—cot(e) tan(6c1))))) 0(0c2 — 6c1) +
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(8c2))) + 2 6ca) cot(ep) 1 cos*(2 @) —
> :r > i cos(2 @ — 3 tan™"(cos(Re(cos ™! (—cot(e) tan(.1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) 8(S.2 — Jc1) +
2
36(0c2 = 6c1) Re(cos™ (—cot(@) tan(é2))) — 3 Re(cos™ (~cot(@) tan(§ca)) + 2 62 cot(Gca) 1 cos*(2 @) - 4;: r

tan"l(cos(Re(cos"l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(écl))))) cos(2a + 2 9.,) cot(s2) 862 — Oc1) r% cos2(2 @) —
1

> tan™"! (cos(Re(cos‘ I(~cot(a) tan(J, )))), sin(Re(cos"1 (—cot(@) tan(d.; ))))) cos(20,) cos(Qa +26.)
4rr;

c08(2 6¢1) cos(2 @ + 2 6,1) cot(d,1) Re(cos™ (—cot(a) tan(J,1))) r7 cos*(2 @)
cot(S2) 0(er — 8c1) 12 cos?(2 @) +

2
4rrs

cos(2 @ + 2 8,1) cot(d,1) Re(cos™! (—cot(a) tan(J,))) 77 cos*(2 @)

2
4nrs

cos(2 6) cos(2 @ + 2 8,) cot(S,2) Re(cos™! (—cot(a) tan(5,))) r% cos2(2 @)

2
4nry

cos(2 @ + 2 8,) cot(d,2) Re(cos™! (—cot(a) tan(4,2))) 77 cos*(2 @) 1
+

4 r% 4 r%
€08(2 8c2) cOS(2 @ + 2 6,2) c0t(Sc2) OS2 — Gc1) Re(cos™ (—cot(e) tan(8.2))) 77 cos*(2 @) +
cos(2 @ + 2 8,5) cot(6z) (0 — 6.1) Re(cos™! (—cot(e) tan(8,))) r% cos?(2 @) 1

4 r% - 48 r%
cos(26.1) cos(2 a-3 Re(cos’ I(=cot(a) tan(J, ))) +2 651) cot(d1) sin(2 6.1) r% cos’(2a) -
cos(2 @ — 3 Re(cos™! (—cot(@) tan())) + 2 &,1) cot(J1) sin(2 6,1) 17 cos?(2 @)

+
4813

cos(2 @ — 2 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,1) sin(2 5,;) r% cos?(2 @)

16 773
cos(2 @ + 2 Re(cos™! (—cot(@) tan(,1))) + 2 6,1) cot(J1) sin(2 6,1) 77 cos?(2 @) 1
+
16713 48713

cos(26.1) cos(2 a+3 Re(cos_l(—cot(a) tan(d.; ))) +2 661) cot(d.1) sin(2 6.1) rf cos’(2 @) +
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cos(2 a + 3 Re(cos™! (—cot(a) tan(S,1))) + 2 6¢1) cot(S,1) sin(2 5,1) r% cos2(2 @)

2 +
48 r;

icos(2 @ + 2 d,1) cot(d.;) Re(cos™! (—cot(a) tan(d,)))) sin(2 81) r7 cos’(2 @)

47rr%

i cos(2 8,1) cot(d,;) Re(cos™! (—cot(e) tan(d,;))) sin(2 @ + 2 5,;) r% cos?(2 @)

2
4nrs

i cot(d1) Re(cos™! (—cot(a) tan(d,y))) sin(2 & + 2 8,1) 17 cos*(2 @)

+
4nrs

cot(d.1) Re(cos™! (—cot(a) tan(d,;))) sin(2 8,1) sin(2 & + 2 6.1) 17 cos’(2 @)

473

cot(d,1) sin?(2 8,1) sin(2 a — 3 Re(cos™ ! (—cot(a) tan(8,1))) + 2 6¢1) 77 cos>(2 @)

96113 ’
c0s%(2 8.1) cot(d,1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(J,1))) + 2 8.1) 17 cos?(2 @)

96113 ’
cos(2 8,1) cot(de1) sin(2 @ — 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% cos2(2 @)

48 7113 ’
cot(d.1) sin(2 @ — 3 Re(cos™! (—cot(@) tan(5,1))) + 2 6,1) 13 cos(2 @) 1

96 1 13 " 48 v}

i c08(2 8,1) cot(S1) sin(2 51 sin(2 @ — 3 Re(cos ™! (—cot(@) tan(c1))) + 2 5.1 ) 17 cos*(2 @) +
i cot(d,1) sin(2 &) sin(2 @ — 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% cos2(2 @)

487rr%

c08(2 6,1) cot(d.1) sin(2 @ — 2 Re(cos™! (—cot(@) tan(,))) + 2 6,1) 17 cos?(2 @)

16713

cot(d1) sin(2 & — 2 Re(cos ™ (—cot(a) tan(d,))) + 2 6,1) r% cos?(2 @)

16713
i cot(d,.1) sin(2 &,1) sin(2 @ — 2 Re(cos™ ! (—cot(a) tan(S,1))) + 2 6¢1) r% cos?(2 @)
16713 ’
co8(2 8,1) cot(S,1) sin(2 @ + 2 Re(cos™! (—cot(a) tan(5,1))) + 2 6¢1) 17 cos?(2 @)
16713 "
cot(d1) sin(2 & + 2 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% cos?(2 )
16 773 ’
i cot(d,) sin(2 d,1) sin(2 @ + 2 Re(cos ™! (—cot(@) tan(,))) + 2 6,1) 17 cos*(2 @) N

16 7w 13

cot(d,1) sin?(2 8,1) sin(2 @ + 3 Re(cos™ ' (—cot(a) tan(8,1))) + 2 6¢1) 77 cos?(2 @)

96113

c0s%(2 8,1) cot(d,1) sin(2 & + 3 Re(cos™! (—cot(a) tan(J,))) + 2 8.1) 17 cos*(2 @)

96113

cos(2 61) cot(d,1) sin(2 @ + 3 Re(cos™! (—cot(a) tan(5¢1))) + 2 5,1) r% cos2(2 @)

4871)%
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cot(d1) sin(2 & + 3 Re(cos™! (—cot(a) tan(d,1))) + 2 6¢1) r% cos?(2 ) 1
96 7 13 B 48713
1 c08(2 d¢1) cot(d.1) sin(2 6.1) sin(2 a+3 Re(cos’1 (—cot(a) tan(d; ))) +2 651) r% 0052(2 @) —
i cot(d,1) sin(2 d,1) sin(2 @ + 3 Re(cos ™! (—cot(@) tan(,))) + 2 6,1) 17 cos*(2 @) 1
48 7 r3 e 3

cos(20x) cos(2 a+3 tan"l(cos(Re(cos‘l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a) tan(&cl))))) 062 — 6c1) —
36(0c2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(82))) + 2 52 cot(d2) sin(2 6,2) i cos*(2 @) —
1

5 cos(2 a+3 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a) tan(6cl))))) 00 — 0c1) —
48 tr;

300, — Oc1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écg))) +2 662) cot(d) sin(2 6,,) r% cos’(2 @) +
1

o r% cos(2 a+2 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos‘l(—cot(a) tan(écl))))) 002 — 0c1) —

200, — 6c1) Re(cos’l(—cot(a/) tan(&cz))) +2 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d) sin(2 6,7) r% cos’(2 ) —
1

o cos(2 a-2 tan‘l(cos(Re(cos"l(—cot(a) tan(dcl)))), sin(Re(cos‘l(—cot(a) tan(écl))))) 00 — 001) +
16 w1y

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(82))) + 2 8.2) cot(Se2) sin(2 5ep) 1 cos*(2 @) +
1

5 cos(20,) cos(2 @ —3tan”! (cos(Re(cos’l(—cot(a) tan(dd)))), sin(Re(cos’ I(=cot(@) tan(J, ))))) 002 — 0c1) +
48t rs

30005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) -3 Re(cos" l(=cot(a) tan(écz))) +2 662) cot(d) sin(2 ) r% cos’2 ) +
1

> cos(2 a-3 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a') tan((SCl))))) 002 — 0c1) +
48 tr;

300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d) sin(2 d,,) r% 0052(2 @) —
1

u'tan"l(cos(Re(cos"l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) cos(2a + 2 9.,) cot(s2) 862 — Oc1)

4mry
i cos(2 @ + 2 6,) cot(S.) Re(cos™! (—cot(a) tan(5,,))) sin(2 6.) 17 cos(2 )
sin(2 6,,) r% 0052(2 @) — +
4 r%
1 1
icos(2a +20dx) cot(d) (0 — Oc1) Re(cos’l (—cot(a) tan(écz))) sin(2 6,,) r% cos’Qa) +
4nr; 473

itan’l(cos(Re(cos" (—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(écl))))) cot(0s2) 0(0c2 — 1) SIN2 @ + 2 6,) r% cos’(2a) +
1

itan”! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) c08(2 67) cot(d.2) 002 — Oc1)
4mr;

2t 264 02 ) i cos(2 0,2) cot(d.2) Re(cos™! (—cot(a) tan(,))) sin(2 @ + 2 5,5) 17 cos*(2 @)
sin @ + 26,) 3 cos’(2 @) + +
o 47 r%

i cot(6.) Re(cos™ (—cot(a) tan(d,»))) sin(2 @ + 2 6.2) r% cos?(2 ) 1

4 r% - 4 r%
7 co8(2 0¢p) cot(d.2) B(02 — 1) Re(cos’1 (—cot(a) tan(662))) sin2 @ + 2 9.) r% cos’Qa) —
i cot(8e2) (02 — 0.1) Re(cos™ (—cot(a) tan(d,,))) sin(2 @ + 2 60) 13 cos(2 @) 1

2 2
4nrs 4nr;

|33

tan™" (cos(Re(cos ™! (—cot(e) tan(d)))), sin(Re(cos ™" (—cot(a) tan(6¢1))))) cot(d,2) 8(Sc2 — b¢1) sin(2 6.) sin(2 @ + 2 6.) 77 cos*(2 @) —

cot(8,2) Re(cos™ (—cot(a) tan(8,2))) sin(2 62) sin(2 @ + 2 8.9) 17 cos*(2 @) 1
+
4 r% 4 r%
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COt(6,2) 66,2 — 6.1) Re(cos™ (=cot(@) tan(6,))) sin(2 6,2) sin(2 @ + 2 6,0) 17 cos>2 @) — ” i .

cot(S2) sin*(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(@) tan(S.1)))), sin(Re(cos ™ (—cot(@) tan(.1))))) (62 — 6c1) —
36(0c2 = 8c1) Re(cos™" (—cot(@) tan(62)) + 3 Re(cos™ (—cot(@) tan(§2))) + 2 6c2) 1] cos’(2 @) + 96 1r s

c0s?(2 5c2) cot(d2) sin(2 @ + 3 tan™ (cos(Re(cos ™" (—cot(@) tan(S1)))), sin(Re(cos™ (—cot(e) tan(6c1))))) 0(0e2 = 6c1) —
36(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(2))) + 3 Re(cos ™ (—cot(a) tan(8.2))) + 2 6ea) 17 cos*(2 @) + " jr g

€0S(2 8c2) cOt(d2) sin(2 @ + 3 tan™!(cos(Re(cos ™ (~cot(@) tan(8,1)))), sin(Re(cos™" (—cot(@) tan(d.1))))) #Jcr = 6¢1) —
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(82)) + 3 Re(cos™ (—cot(@) tan(8c2)) + 2 6,2) 17 cos*2 ) + 96 jr 3

cot(S2) sin(2 @ + 3 tan™" (cos(Re(cos ™! (~cot(a) tan(S.1)))), sin(Re(cos ™ (—cot(@) tan(5.1))))) (62 — 6c1) —
3682 — 8c1) Refcos™ (—cot(@) tan(d2))) + 3 Re(cos™ (~cot(@) tan(8,2))) + 2 6¢2) 1] cos*(2 @) + 48 ir e

i COS(2 8.2) COl(3,2) SIN(2 5,2) sin(2 a + 3 tan™ (cos(Re(cos™ (~cot(@) tan(d1))), sin(Re(cos™ (~cot(@) tan(@1))) 662 = 1) -
36(5c2 — 61) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(@) tan(6c2))) + 2 6¢p) 17 cos™(2 @) + " :T g

§ 0L6.2) in(2 bz sin(2 a + 3 tan” (cos(Re{cos ™ (~cott@) tan(ér)). sin(Re{cos™ (~cot() tan8)) 6662 = 6er) =

36(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(2))) + 3 Re(cos ™' (—cot(a) tan(8.2))) + 2 6ea) 17 cos*(2 @) — :
16 wr;

05(2 872) c0t(62)sin(2 @ + 2 tan” (cos(Re(cos ™ (~cot(@) tan(é1)). sin(Re{cos ™" (~cot(@) tan8) 6662 = 6ev) =

20(0e2 = 8e1) Re(cos™ (—cot(@) tan(62))) + 2 Re(cos ™ (—cot(@) tan(6))) + 2 8z ] cos’(2 ) =

1677
Cot(§2) sin(2 e + 2 tan™!(cos(Re(cos ™ (—cot(@) tan(6;.)))). sin(Re(cos ™ (~cot(@) tan(6.1)))) BGe2 — 1) 2
26(6c2 — 6c1) Re(cos™" (~cot(@) tan(5,2)) + 2 Re(cos ™ (=cot(@) tan(8c2))) + 2 bcz) i cos’2 @) — 16 :r s
i COtc2) in(2 6c2)sin2 e + 2 tan™ (cos(Re{cos™ (~cot(@) tan(8cy)))). sin(Re(cos™ (~cot(@) tan(6.1)))) 662 ~ 8cr) ~
2602 = Gt Refeos”™ (-cot(@) an(6)) + 2 Re{eos™ (—cot(@) an2) + 262) rf cos’2 ) + — ; -
€08(2 6.2) cot(62) sin(2 @ - 2 tan™" (cos(Re(cos ™' (~cot(@) tan(8,1)))). sin(Re(cos™ (~cot(a) tan(Sc1)))) 66cz — 6.1) +
20(0c2 = 6c1) Re(cos ™ (—cot(@) tan(8c2))) — 2 Re(cos ™' (—cot(@) tan(§ca))) + 2 6o ri cos*(2 @) + 16 jr e
cot(6.2) sin(2 @ — 2 tan™"(cos(Re(cos ™! (—cot(@) tan(6.1)))), sin(Re(cos ™ (=cot(@) tan(81))))) 8(Se2 — Scr) +
2662 = 8cr) Re{cos™ (~cot(@) tan(3c2))) ~ 2 Re{cos™ (~cot(@) tan(Gea))) + 260 rf cos™@ ) + — i 3
i c0t(3c2) sin(2 8.2) sin(2 @ — 2 tan ™" (cos(Re(cos ™ (~cot(@) tan(31)))). sin(Re(cos™ (~cot(@) tan(61))))) 62 — 5c1) +
26(6e2 = 6c1) Re{cos ™ (—cot(@) tan(§,2) — 2 Re(cos™ (~cot(@) tan(dc2))) + 2 62 ) rf cos’(2 ) + 96 1r r
cot(62) sin’(2 ) sin(2 @ = 3 tan™ cos(Re(cos ™! (~cot(@) tan(1)))), sin(Re(cos ™! (~cot(@) tan(5,1)))) 662 = 8.1) +
36(6c2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) — 3 Re(cos™ (—cot(@) tan(8:2))) + 2 6.2) ri cos’2 @) — - jr E

¢05%(2 6¢2) cot(62) sin(2 a — 3 tan™"(cos(Re(cos ™ (~cot(@) tan(6.1)))). sin(Re(cos™ (~cot(a) tan(5;1))))) (62 = 6c1) +
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1

30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(a) tan(0e2))) + 2 8c2) 17 cos>(2 @) — ;
48 mrs;

c0s(2 6,) cot(d,2) sin(2 a-3 tan"l(cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) 002 — 0c1) +

3005 — Oc1) Re(cos" (—cot(a) tan(écz))) -3 Re(cos"'(—cot(cx) tan(écz))) +2 662) rf 0052(2 ) —

96113
cot(0p) sin(2 @ —3tan”! (cos(Re(cos‘] (—cot(a) tan(6cl)))), sin(Re(cos"' (—cot(a@) tan(écl))))) 00 — 0c1) +
1

300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 662) r% cos’2a) — S

48 rry

1 c08(2 O¢2) cot(d,) sin(2 6,,) sin(2 @ —3tan”! (cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6cl))))) 002 — 0c1) +

36(6.2 — 6c1) Re(cos™ (—cot(a) tan(6.2))) — 3 Re(cos™ (—cot(@) tan(d,2))) + 2 6c2) i cos“(2 @) —
1 1 2 .2

48 73
i cot(d¢p) sin(2 0,2) sin(2 a-3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) 002 — 0c1) +
306, — 6c1) Re(cos_l(—cot(a) tan(652))) -3 Re(cos"'(—cot(a) tan(écz))) +2 652) r% cos’2a) —

1
—i cos(2 @+ 3tan”! (cos(Re(cos’I (—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(c‘)’cl))))) 002 — 0c1) —
48

3606, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d) sin?(2 0c2) cos(2 a) +

1
—i 005(2 @+ 2tan”! (cos(Re(cos" (—cot(a) tan(6c1)))), sin(Re(cos"1 (—cot(a) tan(é’cl))))) 00, — 0c1) —
16

2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d) sin?(2 0c) cos(2a) —

1
Fzz cos(2 @ — 2 tan™! (cos(Re(cos ™! (—cot(a) tan(5c1)))), sin(Re(cos ™! (~cot(@) tan(5c1))))) 862 — 6c1) +
bis
2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écz))) +2 662) cot(S) sin®(2 6.) cos(2 @) +
1

Kﬂ' cos(2 a-3 tan"l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 002 — 0c1) +
s

1
300, — 6c1) Re(cos’l(—cot(a') tan((SCz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(d) sin?(2 0n)cos(2a) + —
4

tan™! (cos(Re(cos ™! (—cot(a) tan(Jc1)))), sin(Re(cos ™! (~cot(@) tan(c1))))) cos(2 @ + 2 6,2) cot(Se2) OS2 — 1) sin*(2 52) cos(2 @) +
cos(2 @ + 2 8,2) cot(8.2) Re(cos™ ! (—cot(a) tan(8,2))) sin®(2 8,5) cos(2 @)

4
cos(2 @ + 2 8,2) cot(S.2) 08, — 6.1) Re(cos™ ! (—cot(a) tan(S,,))) sin®(2 §,5) cos(2 @) 1

4 48
cos(2 a+3 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a/) tan(6cl))))) 002 — 0¢1) —
300, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(6cg))) +2 652) cot(d,,) sin(2 @) sin’(2 0s2) cos(Qa) +

1
KCOS(Z a-3 tan"l(cos(Re(cos‘l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 00, — 0c1) +
bis

1
30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(5c2))) + 2 8.2 cot(2) sin(2 @) sin*(2 6.) cos(2 @) — .
b/
1
tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) cot(0s2) 8(6c2 — O¢1) sin?Qa + 2 0n)cosQa) — —
4

tan™! (cos(Re(cos ™! (—cot(a) tan(Jc1)))), sin(Re(cos ™! (=cot(@) tan(Sc1))))) cos(2 6c2) cot(Gea) BBz — 6c1) sin*(2 @ + 2 52) cos(2 @) —
cos(2 8,2) cot(8.2) Re(cos™! (—cot(a) tan(d,2))) sin®(2 @ + 2 §,5) cos(2 @)

4
cot(8,2) Re(cos™! (—cot(@) tan(8))) sin?(2 @ + 2 6) cos(2 @)

+
4
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c0s(2 8,2) cot(8.2) 08 — 6.1) Re(cos™ ! (—cot(a) tan(S,2))) sin®(2 @ + 2 8,5) cos(2 @)

+
4

cot(8,2) (6.2 — 8.1) Re(cos™ (—cot(@) tan(8,,))) sin?(2 @ + 2 6,,) cos(2 @) 1

47 4n
itan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) cot(0s2) 8(0c — 0c1) Sin(2 6,2) si”Qa + 2 ) cos(2a) —

i cot(d.2) Re(cos™ ! (—cot(a) tan(d,»))) sin(2 8) sin®(2 @ + 2 §,5) cos(2 @)

+
4

i cot(de2) 08,2 — 0.1) Re(cos™! (—cot(a) tan(d,,))) sin(2 6,2) sin®(2 & + 2 6,2) cos(2 &) 1
+—
4 48
i 0052(2 o) cos(2 « + 3 tan™! (cos(Re(cos"l(—cot(a) tan(dd)))), sin(Re(cos‘l(—cot(a) tan(écl))))) 062 — 0c1) —

1
3600, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(ds) cos(2 @) + 2—
4

i cos(2 8,2) cos(2 @ + 3 tan™! (cos(Re(cos ™! (—cot(@) tan(Sc1)))), sin(Re(cos ™ (—cot(@) tan(.1))))) OS2 — 6c1) —
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(a) tan(52))) + 2 5c2) cot(Ge2) cos(2 @) +
1

8—i 005(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
48

1
3005 — 0c1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(ds) cos(2 @) — 6_
1671
icos?(2 (3 cos(2 a+2 tan’l(cos(Re(cos’1 (—cot(a@) tan(d; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 6c1) —

1
26(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(62))) + 2 6c2) cot(Se2) cos(2 @) — o
T

icos(20.) cos(2 a+2 tan’l(cos(Re(cos’l(—cot(a/) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —

1
260(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(62))) + 2 6c2) cot(Gea) cos(2 @) — o
T

i1 cos(20,)cos2a +26,) cos(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —

1
20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(0e2))) + 2 8c2) cot(Gez) cos(2 @) — o
161

icos(Qa +206.) cos(2 @+ 2tan”! (cos(Re(cos‘l(—cot(a) tan(5d)))), sin(Re(cos‘ I(—cot(a) tan(écl))))) 002 — 0c1) —
2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos" (—cot(a) tan(écz))) +2 662) cot(ds) cos(2 @) —

1
FIZ cos(2 a+ tan"l(cos(Re(cos"'(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a’) tan(écl))))) 002 — 0c1) —
s

002 — 0c1) Re(cos" (—cot(a) tan(6cz))) + Re(cos"1 (—cot(a@) tan(écz))) +2 662) cot(s) cos(2 @) +

éi cos(2 a — tan™" (cos(Re(cos ™! (—cot(e) tan(6¢1)))), sin(Re(cos ™ (—cot(@) tan(6c1))))) (Se2 — Sc1) +
0(5c2 — 0c1) Re(cos™ (—cot(a) tan(d.2))) — Re(cos ™ (—cot(@) tan(6e2))) + 2 6c2) cot(Ge2) cos(2 @) + t
i c0s*(2 6,2) cos(2 @ — 2 tan ™" (cos(Re(cos ™! (—cot(e) tan(d,1)))), sin(Re(cos ™! (—cot(e) tan(6,1))))) 8(Sc2 — Jc1) +
26(3c2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) — 2 Re(cos ™' (—cot(a) tan(62))) + 2 5c2) cot(e2) cos(2 @) + 161_,,
i c0s(2 0c2) cos(2 @ — 2 tan™! (cos(Re(cos ™" (—cot(@) tan(S,1)))), sin(Re(cos ™ (=cot(@) tan(6,1))))) 862 — Sc1) +
260(62 — 6c1) Re(cos ™! (—cot(a) tan(6,2))) — 2 Re(cos ™ (—cot(@) tan(d.2))) + 2 J.2) cot(d.2) cos(2 @) + é
i c0s(2 0c2) cos(2 @ + 2 8c) cos(2 @ — 2 tan™" (cos(Re(cos ™! (—cot(@) tan(5¢1)))), sin(Re(cos ™' (—cot(@) tan(6¢1))))) (Se2 — 6e1) +
260(0c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™ (—cot(a) tan(52))) + 2 6c2) cot(Ge2) cos(2 @) + é
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icos2a+20x) cos(2 a—2tan”! (cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"(—cot(a) tan(d.; ))))) 002 — 0c1) +

1
200, — 6c1) Re(cos’l(—cot(a') tan((SCz))) -2 Re(cos’l(—cot(a) tan(6cg))) +2 652) cot(ds) cos(2 @) — 8_
48

i cosz(2 0c2) cos(2 a-3 tan"'(cos(Re(cos"l(—cot(a) tan(651)))), sin(Re(cos"(—cot(a) tan(d¢1 ))))) 00 — 0¢1) +

1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 662) cot(ds) cosQa) — ——
241

icos(20) cos(2 a-3 tan"l(cos(Re(cos_l(—cot(a) tan((Scl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 002 — Oc1) +
36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(0e2))) + 2 82 cot(Gez) cos(2 @) —
1

—i cos(2 @ —3tan™! (cos(Re(cos"(—cot(a) tan(d. )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
48

I
36(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) — 3 Re(cos™ (—cot(a) tan(62))) + 2 6c2) cot(e2) cos(2 @) — -
T

1
tan™! (cos(Re(cos"'(—cot(a) tan(&cl)))), sin(Re(cos"1 (—cot(a) tan(écl))))) cos’Qa +2 0c2) cot(0p2) B(0n — O¢1) cos(2 @) — 4—
bis
tan™! (cos(Re(cos"(—cot(a) tan(écl)))), sin(Re(cos"l (—cot(a) tan(é’cl))))) c08(2 6¢2) 0822 @ + 2 6,2) cot(8e2) (6 — e1) cos(2 @) —

1
4—tan_1(cos(Re(cos"1 (—cot(a) tan(d; )))), sin(Re(cos_l(—cot(a) tan(d; )))))
s

1
cosz(2 0c2) cos(2a + 2 6.,) cot(0p2) (02 — Oc1) cos(RQ @) — —
4

tan™! (cos(Re(cos ™! (—cot(a) tan(5c1)))), sin(Re(cos ™! (—cot(@) tan(Sc1))))) cos(2 6.2) cos(2 @ + 2 62) c0t(S.2) (e — Gc1) cos(2 @) —
c08(2 8.2) cos2(2 @ + 2 8,5) cot(d,2) Re(cos™! (—cot(a) tan(5))) cos(2 @)

4r
cos2(2 @ + 2 6) cot(8) Re(cos™ (—cot(@) tan(d,))) cos(2 @)

dn
c082(2 8e2) cos(2 @ + 2 8,5) cot(d,2) Re(cos™! (—cot(a) tan(5))) cos(2 @)

¥
c0s(2 6) cos(2 @ + 2 6) cot(d,2) Re(cos™! (—cot(a) tan(d,»))) cos(2 @)
+

4
c08(2 8.2) c0s2(2 @ + 2 8,2) cot(8,2) 862 — 0¢1) Re(cos™ (—cot(@) tan(5,,))) cos(2 @)
+

4
cos2(2 @ + 2 ) cot(6z) B(8,2 — d¢1) Re(cos™! (—cot(a) tan(d,2))) cos(2 @)
+

4r
c082(2 82) cos(2 @ + 2 8,2) cot(8,2) OS2 — b¢1) Re(cos™ (—cot(@) tan(5,,))) cos(2 @)
+

4
c0s(2 62) cos(2 @ + 2 6) cot(d,2) 8(8.2 — 8,1) Re(cos™! (—cot(a) tan(d,,))) cos(2 a) 1
+

4 48
cos*(2 5¢2) cos(2 @ + 3 tan™" (cos(Re(cos ™ (—cot(a) tan(6,1)))), sin(Re(cos ™! (=cot(@) tan(61))))) O(c2 — Jc1) —
360(0c2 — 61) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(a) tan(d.2))) + 2 6c2) cot(de2) sin(2 @) cos(2 @) +

1
2—cos(2 0c2) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) —
4

30(5c2 — 6c1) Re(cos™ (—cot(a) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(5c2))) + 2 Jc2) cotl2) sin(2 @) cos(2 @) +
1
—cos(2 @+ 3tan”! (cos(Re(cos’l(—cot(a/) tan(651)))), sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 6c1) —
48
306, — 6c1) Re(cos_1 (—cot(a@) tan(6£2))) +3 Re(cos"'(—cot(a) tan(6cz))) +2 652) cot(d,) sin(2 @) cos(2 @) —
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1
—cos(2 d.2) cos(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 00 — 0c1) —
8

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(62))) + 2 6.2 cotld2) sin(2 @) cos(2 @) —

1
—cos(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 00, — 0c1) —
8n

200, — 6c1) Re(cos_l(—cot(a) tan(&cz))) +2 Re(cos"l (—cot(a) tan(6cz))) +2 602) cot(d) sin(2 @) cos(2 @) +

1
—co8(2 ) cos(2 a-2 tan‘l(cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos"1 (—cot(@) tan(dd))))) 062 — 6c1) +
8

200, — 6c1) Re(cos’1 (—cot(a) tan((SCz))) -2 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(d) sin(2 @) cos(2 @) +

1
8—005(2 a-2 tan"l(cos(Re(cos'l(—cot(a) tan((Scl)))), sin(Re(cos"l(—cot(a) tan(égl))))) 002 — 0c1) +
g

2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écg))) +2 662) cot(d) sin(2 @) cos(2 @) —
1
ECOSZ(Z 0:2) cos(2 a-3 tan"l(cos(Re(cos_l(—cot(a) tan(6£1)))), sin(Re(cos"l(—cot(a) tan(écl))))) 00 — 0c1) +
s

3005 — Oc1) Re(cos’l(—cot(a) tan(5cz))) -3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(d) sin(2 @) cos(2 @) —

1
———cos(2d.) cos(Z a-3 tan_l(cos(Re(cos_l(—cot(a) tan(6c1)))), sin(Re(cos"1 (—cot(a@) tan(&cl))))) 002 — 0c1) +

241
360(0c2 — 6c1) Re(cos™! (—cot(e) tan(5,2))) — 3 Re(cos™ (—cot(@) tan(d.2))) + 2 62 cot(de2) sin(2 @) cos(2 @) —
1
8—c0s(2 @ —3tan”™! (cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — Oc1) +
48

1
3005 — Oc1) Re(cos’l(—cot(a) tan(écz))) -3 Re(cos" (—cot(a) tan(écg))) +2 6C2) cot(d) sin(2 @) cos(2 @) + —
2

i tan_l(cos(Re(cos_l (—cot(a) tan(d,; )))), sin(Re(cos"1 (—cot(a) tan(d; ))))) cos(2a + 2 9.,) cot(ds2) 8(6s2 — O¢1) sin(2 @) cos(2 @) +

1
— i tan™! ((:os(Re(cos‘l (—cot(a) tan(b'd)))), sin(Re(cos‘] (—cot(a) tan(écl)))))
2

c08(2 02) cos(2 @ + 2 6,) cot(dp2) B(02 — Oc1) sin(2 @) cos(2 @) +
i cos(26) cos(2 @ + 2 8) cot(d,2) Re(cos™ ! (—cot(a) tan(d,))) sin(2 @) cos(2 )
+

2n
icos(2a + 2 8,) cot(d.) Re(cos™ (—cot(a) tan(d,,))) sin(2 @) cos(2 @) 1

2 2
1c08(20,) cos(2a + 2 6,) cot(d.2) 0(02 — Oc1) Re(cos’1 (—cot(a) tan(6cz))) sin(2 @) cos(2 @) —

icos(2a +268,)cot(ds) 00 — 601) Re(cos™ (—cot() tan(8,))) sin(2 &) cos(2 @) 1

2 241
cos(26.,) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6c1))))) 002 — 0c1) —
30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(2) sin(2 62) cos(2 @) —

1
—c05(2 @+ 3tan”! (cos(Re(cos’] (—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 00, — 0c1) —
24

306, — 6c1) Re(cos’l(—cot(a') tan(écz))) +3 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d) sin(2 d,,) cos(2 @) +
1

8—005(2 00) cos(2 @+ 2tan”! (cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos"1 (—cot(a@) tan(écl))))) 00 — 0c1) —
s

1
20(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(2) sin(2 62) cos(2 @) + o
T

cos(2a +26.) cos(2 a+2 tan"(cos(Re(cos"l (—cot(a) tan(dcl)))), sin(Re(cos‘] (—cot(a) tan(6cl))))) 602 — 6c1) —
200, — Oc1) Re(cos’l(—cot(a) tan(écz))) +2 Re(cos" (—cot(a) tan(écg))) +2 6C2) cot(d) sin(2 d,,) cos(2 @) +

1
FCOS(Z @ + 2 tan”! (cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 002 — 6c1) —
s
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260(0:2 — 61) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(@) tan(52))) + 2 5ca) cot(d2) sin(2 6,2) cos(2 @) —

1
8—cos(2 0c2) cos(2 a-2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) +
s

2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écz))) +2 662) cot(d) sin(2 d) cos(2 @) — ——

cosQa +29.) cos(2 a—2 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a) tan(écl))))) 002 — Oc1) +
26(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(0e2))) + 2 Jc2) cot(2) sin(2 62) cos(2 @) —

1
6—c05(2 @ —2tan"! (cos(Re(cos’] (—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 002 — 0c1) +
161

200, — 6c1) Re(cos’1 (—cot(a) tan((SCz))) -2 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d.) sin(2 d,,) cos(2 @) +

1
;005(2 0c) cos(2 @ —3tan”! (cos(Re(cos"'(—cot(a) tan(écl)))), sin(Re(cos"1 (—cot(a@) tan(dcl))))) 000 — 0c1) +
s

300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d.) sin(2 d,,) cos(2 @) +

1
Icos(z a - 3 tan™!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos ™ (—cot(@) tan(6,1))))) 862 — Jc1) +
T

1
3600, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -3 Re(cos"l(—cot(a) tan(6cz))) +2 652) cot(d) sin(2 ) cos(2 @) — —

|39

4
itan"l(cos(Re(cos"l(—cot(a) tan(égl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 0052(2 @+ 208.,) cot(0p) 00 — 61) Sin(2 6,n) cos(2 @) —
1
—itan”! (cos(Re(cos’1 (—cot(a) tan(d; )))), sin(Re(cos’1 (—cot(a) tan(d; )))))
4

1
cos(2 @ + 2 0.2) cot(0s2) 8(0s — 0¢1) sin(2 6,,) cos(2 @) — —
2

i tan’l(cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) c0s(20,) cos(2a + 2 6,) cot(d,.2)

icos?(2 a + 2 6,) cot(S,) Re(cos™ (—cot(@) tan(d,,))) sin(2 6.2) cos(2 @)
(0.2 — 001) sin(2 6») cos(2 @) — -
dr

icos(2 ) cos(2a + 2 8) cot(d.2) Re(cos™! (—cot(e) tan(5,))) sin(2 6,) cos(2 @)

2n
icos(2 @ + 2 6,) cot(d.) Re(cos™ (—cot(a) tan(d,»))) sin(2 §,) cos(2 @)
+

4
icos2(2 @ + 2 6) cot(S) 0 — 6¢1) Re(cos™ (—cot(@) tan(8,,))) sin(2 6.2) cos(2 @) 1
+

4r 2n
i c08(2 0c2) cos(2 @ + 2 8c2) Cot(S.2) (Sc2 — 1) Re(cos ™ (—cot(@) tan(62))) sin(2 6,2) cos(2 @) +

icos(2a + 2 6.) cot(0x) 8(0 — 6c1) Re(cos™! (—cot(a) tan(d,))) sin(2 6) cos(2 @) 1

4n 24
i c0s(2 8,2) cos(2 a + 3 tan™! (cos(Re(cos ™! (—cot(@) tan(Sc1)))), sin(Re(cos ™ (—cot(@) tan(8.1))))) (62 — 6c1) —
36(3c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(@) tan(5.2))) + 2 5c2) cot(de2) sin(2 @) sin(2 6,2) cos(2 @) +

1
—i 005(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
24 1

30(5c2 — 6c1) Re(cos ™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(82))) + 2 8.2) cot(Se2) sin(2 @) sin(2 62) cos(2 @) —

8Li cos(2 @ + 2 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™ (=cot(@) tan(61))))) 862 = Sc1) —

i 26(Sc2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 2 Re(cos ™' (—cot(@) tan(82))) + 2 8ca) cot(Sea) sin(2 @) sin(2 8,2) cos(2 @) +
8Lzz cos(2 a — 2 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™ (=cot(@) tan(61))))) 862 — Jc1) +
i 26(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos™' (—cot(@) tan(82))) + 2 8ea) cot(Se2) sin(2 @) sin(2 8,2) cos(2 @) —
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1
——1icos(2 ) cos(2 a-3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(6cl))))) 00 — 0c1) +
24 1

30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™ (—cot(@) tan(82))) + 2 8.2) cot(S2) sin(2 @) sin(2 62) cos(2 @) —

1
—i cos(2 @ —-3tan”! (cos(Re(cos’I (—cot(a) tan(&cl)))), sin(Re(cos’l (—cot(a) tan(écl))))) 002 — 0c1) +
241

306, — Oc1) Re(cos_l(—cot(a/) tan(&cz))) -3 Re(cos"l (—cot(a) tan(6cz))) +2 652) cot(d,,) sin(2 @) sin(2 ) cos(2 @) —
1

—tan™! (cos(Re(cos"l (—cot(a) tan(dcl)))), sin(Re(cos‘] (—cot(a) tan(6cl))))) cos(2a + 2 9) cot(ds) (02 — O¢1)
2

cos(2 @ + 2 6,2) cot(d) Re(cos™ (—cot(a) tan(d,2))) sin(2 @) sin(2 d,,) cos(2 @)
sin(2 @) sin(2 d.,) cos(2 @) — > +
bis

1 1
—c08(2 @ + 2 62) cot(S2) OS2 — Ic1) Re(cos™ (—cot(a) tan(d2))) sin(2 @) sin(2 6,2) cos(2 @) — —
2n 4r

itan’l(cos(Re(cos" (—cot(a) tan(ésl)))), sin(Re(cos’l (—cot(a) tan(écl))))) Cot(8) 08 — 601) sin®(2 80) sin(2 @ + 2 8,5) cos(2 @) —
i cot(d,2) Re(cos™ ! (—cot(a) tan(d,»))) sin®(2 8,5) sin(2 @ + 2 §,5) cos(2 @)

+
4

i cot(d.2) (8 — 8.1) Re(cos™! (—cot(a) tan(8,»))) sin?(2 8,5) sin(2 @ + 2 §,5) cos(2 @) 1

47 167
cos(26) cos(2 @ + 2 tan™! (cos(Re(cos_1 (—cot(a) tan(&cl)))), sin(Re(cos"'(—cot(a) tan(dcl))))) 002 — 6c1) —
260(0.2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(52))) + 2 5ea) cot(de2) sin(2 @ + 2 5c2) cos(2 @) +

1
6—c0s(2 @+ 2tan”! (cos(Re(cos’l(—cot(a/) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
167

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(Gez) sin(2 @ + 2 52) cos(2 @) —
1

6—c05(2 0c2) 005(2 a-2 tan’l(cos(Re(cos" (—cot(a) tan(ésl)))), sin(Re(cos’l (—cot(a) tan(éd))))) 00 — 0c1) +
161

200, — 6c1) Re(cos’l(—cot(a/) tan(écz))) -2 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(ds) sin(2 @ + 2 0.,) cos(2 @) —
1

—005(2 @ —2tan"! (cos(Re(cos‘] (—cot(a) tan(écl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 00, — 0c1) +
167

1
20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(0e2))) + 2 8c2) cot(Ge2) sin(2 @ + 2 52) cos(2 @) + py
T

i tan’l(cos(Re(cos" (—cot(a) tan(d; )))), sin(Re(cos’l (—cot(a) tan(écl))))) c0s2(2 8,2) cot(8,2) 06,2 — 8,1) sin(2 @ + 2 8.2) cos(2 @) +
1

4—u’ tan_l(cos(Re(cos_1 (—cot(a) tan(écl)))), sin(Re(cos_l(—cot(a) tan(d.; ))))) c08(2 6,) cot(d¢2) 002 — Oc1)
Vs

i c0s2(2 8,) cot(d,2) Re(cos ™ (—cot(@) tan(8,))) sin(2 @ + 2 §,5) cos(2 @)
sin2 @ + 2 .,) cos(2 @) + +
4r

i cos(2 8,) cot(d,2) Re(cos™ ! (—cot(@) tan(d,))) sin(2 @ + 2 §,) cos(2 @)

4
i c0s2(2 8,) cot(d.2) 8.2 — 6,1) Re(cos™ ! (—cot(@) tan(8,,))) sin(2 @ + 2 §,5) cos(2 @)

4r
i cos(2 8,) cot(d,2) 88,2 — 8,1) Re(cos™! (—cot(a) tan(d,,))) sin(2 @ + 2 8,) cos(2 @) 1
+—
4r 2n

tan™! (cos(Re(cos‘ ! (—cot(a) tan(d; )))), sin(Re(cos"1 (—cot(a@) tan(écl))))) cot(0s2) 8(0s — 041) sin(2 @) sin(2 @ + 2 d,) cos(2 @) +

1
2—tan’l (cos(Re(cos’1 (—cot(a) tan(d; )))), sin(Re(cos’1 (—cot(a) tan(d; )))))
bis

c08(2 02) cot(0n) B(0cr — O¢1) sin(2 @) sin2 @ + 2 5.») cos(2 @) +
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cos(2 6) cot(d,2) Re(cos™! (—cot(a) tan(d))) sin(2 @) sin(2 @ + 2 6) cos(2 @)

+
2r

cot(d,2) Re(cos™! (—cot(@) tan(5,))) sin(2 @) sin(2 & + 2 §,,) cos(2 @) 1

2r 2
co8(2 62) cot(S2) 862 — Jc1) Re(cos™ (—cot(@) tan(8.2))) sin(2 @) sin(2 @ + 2 5.) cos(2 @) —
cot(8,2) 862 — 8.1) Re(cos™ (—cot(@) tan(8,,))) sin(2 @) sin(2 & + 2 5) cos(2 @) 1

2n 167
i cos(2 @+ 2tan”! (cos(Re(cos"1 (—cot(a) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(écl))))) 002 — 0c1) —
26(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(@) tan(82))) + 2 8c2) cot(de2) sin(2 62) sin(2 @ + 2 6,2) cos(2 @) —

1
6—i cos(2 a-2 tan"l(cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(6€1))))) 002 — 0c1) +
167

260(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) — 2 Re(cos ™ (—cot(@) tan(5:2))) + 2 5ca) cot(dea) in(2 62) sin(2 @ + 2 6,2) cos(2 @) —
1

—tan! (cos(Re(cos’1 (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(a/) tan(d. ))))) cot(0:2) B(0c2 — 001) sin(2 62) sin(2 @ + 2 6,) cos(2 @) —
4

1
—tan™! (cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(6cl)))))
2r

c08(2 6) cot(d.2) B(0cr — Oc1) SIN(2 02) sin(2 @ + 2 0.5) cos(2 @) —
cos(2 6) cot(d,2) Re(cos™! (—cot(a) tan(d,,))) sin(2 d.2) sin(2 @ + 2 §,) cos(2 @)

2
cot(dz) Re(cos™ (—cot(a) tan(d,,))) sin(2 8) sin(2 @ + 2 6.2) cos(2 @) 1
b —
4 2n
c08(2 62) cot(c2) 862 — Sc1) Re(cos ™ (—cot(@) tan(c2))) sin(2 62) sin(2 @ + 2 62) cos(2 @) +

cot(6z) 0(0 — 6¢1) Re(cos™! (—cot(a) tan(6))) sin(2 6) sin(2 @ + 2 6.») cos(2 @)

+
4

1
— i tan”™! (cos(Re(cos‘l (—cot(a) tan(écl)))), sin(Re(cos‘ I(=cot(a) tan(J, )))))
2

cot(0s2) 8(0c2 — O¢1) sin(2 @) sin(2 d,,) sin(2 @ + 2 8.5) cos(2 @) +
i cot(0) Re(cos™ (—cot(a) tan(d,2))) sin(2 @) sin(2 6) sin(2 & + 2 6.2) cos(2 @) 1

2 2

1
i cot(0e2) OS2 — 6¢1) Re(cos™! (—cot(@) tan(2))) sin(2 @) sin(2 J.2) sin(2 @ + 2 J.) cos(2 @) — ——
48

cot(Sz) sin®(2 6,2) sin(2 @+ 3tan”! (cos(Re(cos’] (—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 002 — 6c1) —

1
306, — 6c1) Re(cos_l(—cot(a) tan(6£2))) +3 Re(cos"'(—cot(a) tan(6cz))) +2 652) cos(2a) + K
b

i cot(8,) sin(2 @) sin’(2 6,2) sin(2 a +3tan”! (cos(Re(cos" ! (—cot(e) tan(d, )))), sin(Re(cos‘] (—cot(a) tan(d ))))) 00 — 0c1) —

1
3606, — Oc1) Re(cos’l(—cot(a') tan((SCz))) +3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cos2a) + K
b

cos*(2 82) cot(dc2) sin(2 @ + 3 tan™!(cos(Re(cos ™ (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) (6.2 — 1) —

1
300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos’l(—cot(a) tan(écg))) +2 662) cosQa) + —
24

c0s(2 6,) cot(d,2) sin(2 a+3 tan"l(cos(Re(cos"l(—cot(a) tan(6cl)))), sin(Re(cos"l(—cot(a') tan(écl))))) 002 — 0c1) —

1
30005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cosQa) + —
48

cot(d) sin(2 a+3 tan"l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos_l(—cot(a) tan(6c1))))) 002 — 6c1) —

1
360 — Oc1) Re(cos" (—cot(a) tan(écz))) +3 Re(cos"'(—cot(a) tan(écz))) +2 662) cosQa) - —
48
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i 0052(2 02) cot(dpn) sin(2 @) sin(2 a+3 tan'l(cos(Re(cos"1 (—cot(a) tan(dy )))), sin(Re(cos"l(—cot(a) tan(6cl))))) 00 — 0c1) —

1
3005 — 6c1) Re(cos’l(—cot(a') tan((SCz))) +3 Re(cos’l(—cot(a) tan(6cg))) +2 652) cosQa) — 2—
4

i c08(2 8,2) cot(Sc2) sin(2 @) sin(2 e + 3 tan™" (cos(Re(cos ™ (—cot(a) tan(5c1)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) 862 — 6c1) —

1
300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écg))) +2 662) cosQa) — —
48

i cot(d) sin(2 @) sin(2 a+3 tan_l(cos(Re(cos"l(—cot(a) tan(dcl)))), sin(Re(cos_l(—cot(cz) tan(écl))))) 002 — 0c1) —

1
3005 — Oc1) Re(cos’l(—cot(a) tan(5cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cosQa) + —
241

i c08(2 0c2) cot(2) sin(2 6,2) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(6¢1)))), sin(Re(cos ™! (—cot(@) tan(dc1))))) 6(Sc2 — 6c1) —
360(0c2 — 6c1) Re(cos™! (—cot(e) tan(6,2))) + 3 Re(cos ™ (—cot(@) tan(d.2))) + 2 6c) cos(2 @) + 241_,,
i cot(d.2) sin(2 62) sin(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(Jc1)))), sin(Re(cos™' (—cot(a) tan(S¢1))))) (Sc2 — 6c1) —
360(0.2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(a) tan(5.))) + 2 6c) cos(2 @) + icos@ 62) cot(S2)
sin(2 @) sin(2 6c2) sin(2 @ + 3 tan™!(cos(Re(cos ™' (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(5,1))))) OS2 — bc1) —

1
360(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) + 3 Re(cos ™! (—cot(@) tan(0e2))) + 2 52 cos(2 @) + ——

cot(dc2) sin(2 @) sin(2 J.2) sin(2 @ + 3 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™! (—cot(e) f;lfad))))) (6 — 0c1) —
36(6c2 — 6c1) Re(cos ™! (—cot(e) tan(62))) + 3 Re(cos ™' (—cot(a) tan(8.2))) + 2 6ea) cos(2 @) + é

cot(de2) sin*(2 62) sin(2 @ + 2 tan™" (cos(Re(cos ™! (—cot(e) tan(31)))), sin(Re(cos ™ (—cot(a) tan(6¢1))))) (Se2 — 6c1) —
26(0c2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 2 Re(cos ™' (—cot(a) tan(8c2))) + 2 8ea) cos(2 @) — é

c0s*(2 8.2) cot(Sc2) sin(2 @ + 2 tan™!(cos(Re(cos ™ (—cot(e) tan(d,1)))), sin(Re(cos™" (—cot(e) tan(61))))) 8(Sc2 — Sc1) —
26(0:2 — 6c1) Re(cos ™! (—cot(e) tan(62))) + 2 Re(cos ™ (—cot(@) tan(8.2))) + 2 6ca) cos(2 @) — 161—n

c0s(2 6,) cot(d,2) sin(Z a+2 tan_l(cos(Rc(cos_l(—cot(a) tan(6c1)))), sin(Re(cos"1 (—cot(a) tan(&cl))))) 002 — 0c1) —

1
2005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos"' (—cot(a) tan(écz))) +2 662) cosQa) — —

16 1
c0s(2 02) cos(2a + 2 6,,) cot(d,2) sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) 002 — 0c1) —
1
26(0.2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 2 Re(cos ™ (—cot(a) tan(5.2))) + 2 6c) cos(2 @) — o
T
cos(2a + 2 d,.,) cot(d) sin(2 @+ 2tan”! (cos(Re(cos’l(—cot(a/) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —

20(0.2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(d.2))) + 2 5c) cos(2 @) + é
i c0s(2 0c2) cot(dc2) sin(2 @) sin(2 e + 2 tan ™' (cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) OS2 — 6c1) —
26(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(62))) + 2 J.2) cos(2 @) + é
i cot(d.2) sin(2 @) sin(2 @ + 2 tan™" (cos(Re(cos ™" (—cot(@) tan(6,)))), sin(Re(cos ™! (=cot(@) tan(51))))) 8(0c2 — Se1) —
1

200, — 6c1) Re(cos’l(—cot(a/) tan(écz))) +2 Re(cos’l(—cot(a) tan(dcz))) +2 652) cosQa)— —

8
i c08(2 0c2) cot(2) sin(2 6,2) sin(2 @ + 2 tan™" (cos(Re(cos ™! (—cot(e) tan(5)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) (0c2 — 6c1) —
1
200, — 6c1) Re(cos’1 (—cot(a) tan(652))) +2 Re(cos’l(—cot(a) tan(écg))) +2 652) cos(2 ) — 6—u' cosQa +29.)
167

cot(S2) sin(2 62) sin(2 @ + 2 tan™" (cos(Re(cos ™! (—cot(a) tan(d.1)))), sin(Re(cos ™! (—cot(@) tan(5.1))))) 862 — 6c1) —

Printed by Wolfram Mathematica Student Edition





analytic_expressions_2.nb | 43

1
2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) cos(2 ) — 6_
167

i cot(d¢p) Sin(2 0,2) sin(2 a+2 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a') tan(651))))) 002 — 0c1) —

1
2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos" (—cot(a) tan(écz))) +2 662) cosRQa) - —
8

cot(d,,) sin(2 @) sin(2 6,,) sin(2 a+2 tan_l(cos(Re(cos"1 (—cot(a) tan(d; )))), sin(Re(cos_l(—cot(a) tan(d¢ ))))) 002 — 0c1) —
1
26(0.2 — 6c1) Re(cos™! (—cot(e) tan(62))) + 2 Re(cos ™ (—cot(a) tan(5.2))) + 2 6c) cos(2 @) — 6—11 coS(2 8,2) cot(S)
16
sin2 @ + 2 9.) sin(2 a+2 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a') tan((SCl))))) 002 — 0c1) —

1
20(0.2 — 6c1) Re(cos™! (—cot(e) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(d.2))) + 2 6c) cos(2 @) — o
T

i cot(dgn) sSin(2 a + 2 6) sin(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(d. )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) —

1
26(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(6c2))) + 2 Jc2) cos(2 @) + o
T

cot(0) Sin(2 6n) sin(2 @ + 2 6,,) sin(2 a+2 tan’l(cos(Re(cos’ I(=cot(@) tan(d, )))), sin(Re(cos’l (—cot(a) tan(dcl))))) 00 — 0c1) —

1
200, — 6c1) Re(cos_l(—cot(a) tan(652))) + 2 Re(cos ™! (—cot(a) tan(écz))) +2 652) cosQa)— —

( 167
)

cot(0p) sin(2 @ + tan”! (cos(Re(cos‘] (—cot(a) tan(d,1)) ), sin(Re(cos"' (—cot(a@) tan(écl))))) 002 — 0c1) —

1
002 — Oc1) Re(cos’l(—cot(a/) tan(écz))) + Re(cos’l (—cot(a) tan(6€2))) +2 652) cosQa) + 6_
167

cot(d2) sin(2 @ — tan™" (cos(Re(cos ™! (—cot(@) tan(6;1)))), sin(Re(cos ™! (—cot(e) tan(31))))) (5c2 — 6¢1) +

0(5c2 — 6c1) Re(cos™ (—cot(a) tan(d.2))) — Re(cos ™ (—cot(e) tan(62))) + 2 6c2) cos(2 @) — ﬁ
cot(S2) sin*(2 62) sin(2 @ — 2 tan™! (cos(Re(cos ™! (—cot(@) tan(S.1)))), sin(Re(cos ™ (—cot(@) tan(5.1))))) (62 — Gc1) +
260(0:2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos ™ (—cot(a) tan(d.2))) + 2 6c) cos(2 @) + ﬁ
€0s*(2 6c2) cot(dc2) sin(2 @ — 2 tan™!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™" (—cot(a) tan(5,1))))) OS2 — 6c1) +
260(0.2 — 6c1) Re(cos ™! (—cot(e) tan(5,2))) — 2 Re(cos ™ (—cot(a) tan(d.2))) + 2 6c) cos(2 @) + 16]—ﬂ

c0s(2 6,) cot(d.2) sin(2 a-2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) +
1
26(0.2 — 6c1) Re(cos™! (—cot(e) tan(6,2))) — 2 Re(cos ™ (—cot(a) tan(d.2))) + 2 6c) cos(2 @) + o
b

c08(2 0,) cos(2a + 2 6,) cot(d.2) sin(2 a-2 tan’l(cos(Re(cos" (—cot(a) tan(d; )))), sin(Re(cos’l (—cot(a) tan(éd))))) 00 — 0c1) +

1
26(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(0e2))) + 2 82 cos(2 @) + ——

1671
cos(2a + 2 d.,) cot(d) sin(2 @ —2tan"! (cos(Re(cos‘] (—cot(a) tan(6cl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 002 — 0c1) +
1
200, — 6c1) Re(cos_1 (—cot(a) tan(&cz))) -2 Re(cos"l(—cot(a) tan(6cz))) +2 652) cosQa) — 8_
b

i cos(2 d¢) cot(d,;) sin(2 @) sin(2 @ —2tan”! (cos(Re(cos"l(—cot(a) tan(cScl)))), sin(Re(cos‘l(—cot(oz) tan(écl))))) 002 — 0c1) +

1
200, — 6c1) Re(cos’l(—cot(a') tan(écz))) -2 Re(cos’l(—cot(a) tan(6cg))) +2 652) cosQa) — 8_
n
i cot(0e2) sin(2 @) sin(2 & — 2 tan™"(cos(Re(cos ™ (—cot(a) tan(5,1)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) €S2 — 6c1) +
1

2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écg))) +2 662) cosQa) + —
8

i c0s(2 0¢2) cot(d,2) sin(2 6,7) sin(2 a—2 tan_l(cos(Re(cos"1 (—cot(a@) tan(&cl)))), sin(Re(cos_1 (—cot(a) tan(d; ))))) 002 — 0c1) +
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1
2005 — 6c1) Re(cos’l (—cot(a) tan(6cz))) -2 Re(cos’l(—cot(a) tan(écg))) +2 662) cos(2a) + 6—u’ cosQa +29d.)
167

cot(d.) sin(2 6,) sin(2 a—-2 tan"l(cos(Re(cos"l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(cz) tan(écl))))) 002 — 0c1) +

1
2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écz))) +2 662) cos(2a) + 6_
16

i cot(J.2) $in(2 62) sin(2 @ — 2 tan™" (cos(Re(cos ™! (—cot(@) tan(dc1)))), sin(Re(cos ™ (—cot(a) tan(Sc1))))) (Sc2 — 6c1) +
260(0.2 — 6c1) Re(cos ™! (—cot(e) tan(6,2))) — 2 Re(cos ™ (—cot(a) tan(5.2))) + 2 6c) cos(2 @) + é
cot(8e2) sin(2 @) sin(2 6.2) sin(2 @ — 2 tan™' (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™ (—cot(@) tan(6,1))))) 6(0c2 = Jc1) +
26(0.2 — 6c1) Re(cos™! (—cot(e) tan(5,2))) — 2 Re(cos ™ (—cot(a) tan(d.))) + 2 6c) cos(2 @) + ézz cos(2 8c2) cot(S2)
sin(2 @ + 2 6,2) sin(2 @ — 2 tan™" (cos(Re(cos ™! (—cot(e) tan(3c1)))), sin(Re(cos ™' (—cot(a) tan(Sc1))))) (Sc2 — 6c1) +

1
260(5c2 — 6c1) Re(cos™ (—cot(e) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(0e2))) + 2 52 cos(2 @) + ——

i cot(d.2) Sin(2 @ + 2 6.) sin(2 @ — 2 tan™! (cos(Re(cos ™' (—cot(@) tan(d,1)))), sin(Re(cos™" (—cot(a) t;:(g“))))) 0(6n — 6c1) +
26(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos ™' (—cot(a) tan(8c2))) + 2 8ea) cos(2 @) — é

cot(0e2) Sin(2 6,2) sin(2 @ + 2 6,2) sin(2 @ — 2 tan™" (cos(Re(cos ™' (=cot() tan(6,1)))), sin(Re(cos™! (—cot(@) tan(5¢1))))) 6(0e2 — Je1) +
26(Sc2 — 6c1) Re(cos ™! (—cot(@) tan(62))) — 2 Re(cos ™' (—cot(a) tan(8.2))) + 2 6ea) cos(2 @) + ﬁ

cot(de2) sin*(2 62) sin(2 @ — 3 tan™" (cos(Re(cos ™! (—cot(e) tan(5,1)))), sin(Re(cos ™' (—cot(a) tan(5¢1))))) (0c2 — 6c1) +
36(0c2 — 6c1) Re(cos™! (—cot(e) tan(62))) — 3 Re(cos ™ (—cot(a) tan(8.2))) + 2 6ca) cos(2 @) — é

i cot(d) sin(2 @) sin2(2 0c2) sin(2 a-3 tan_l(cos(Re(cos"l(—cot(a) tan(dcl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 002 — 0c1) +

1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écz))) +2 662) cosQa) — —

€0s*(2 6c2) cot(c2) sin(2 @ — 3 tan™! (cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos ™ (—cot(a) tan(éclf)f;)])rﬁ(écg —60) +
360(0c2 — 6c1) Re(cos ™! (—cot(e) tan(J,2))) — 3 Re(cos ™ (—cot(a) tan(5.2))) + 2 6ca) cos(2 @) — 241—”
c0s(2 62) cot(S2) sin(2 @ — 3 tan ™" (cos(Re(cos ™' (—cot(a) tan(dc1)))), sin(Re(cos ™! (—cot(a) tan(Sc1))))) 0(Sc2 — 6c1) +
3652 — 61) Re(cos™ (—cot(@) tan(6,))) — 3 Re(cos ™! (—cot(@) tan(8c2))) + 2 6c2) cos(2 @) — é
cot(dc2) sin(2 @ — 3 tan™!(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(5,1))))) OS2 — 6c1) +
1

36(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(6c2))) + 2 Jc2) cos(2 @) + o
T
i c0s2(2 8,2) cot(d,2) sin(2 @) sin(2 @ —3tan”! (cos(Re(cos"l (—cot(a) tan(d; )))), sin(Re(cos‘l(—cot(a) tan(éd))))) 00 — 0c1) +
1

306, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -3 Re(cos"l(—cot(a) tan(6cz))) +2 652) cos(2a) + ;
b

i cos(2 d¢) cot(d,;) sin(2 @) sin(2 @ —3tan”! (cos(Re(cos"l(—cot(a) tan(cScl)))), sin(Re(cos‘l(—cot(oz) tan(écl))))) 002 — 0c1) +

1
306, — 6c1) Re(cos’l(—cot(a') tan(écz))) -3 Re(cos’l(—cot(a) tan(6cg))) +2 652) cos(2a) + 8_
48

i cot(0e2) sin(2 @) sin(2 & — 3 tan™"(cos(Re(cos ™ (—cot(a) tan(5,1)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) €S2 — 6c1) +

1
3005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écg))) +2 662) cosQa) — —
241

i c0s(2 0¢2) cot(d,2) sin(2 6,7) sin(2 a-3 tan_l(cos(Re(cos"1 (—cot(a@) tan(&cl)))), sin(Re(cos_1 (—cot(a) tan(d; ))))) 002 — 0c1) +
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1
300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cosQa) — —
24

i cot(d¢p) Sin(2 0,2) sin(2 a-3 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a') tan(651))))) 002 — 0c1) +
1
3005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos" (—cot(a) tan(écz))) +2 662) cos(2 @) — ——co0s(2 6) cot(d2)
24
sin(2 @) sin(2 d.,) sin(2 a-3 tan_l(cos(Re(cos_l(—cot(a) tan((Scl)))), sin(Re(cos"l(—cot(a/) tan(d.; ))))) 002 — 0c1) +

1
36(0: — Oc1) Re(cos" (—cot(a) tan(écz))) -3 Re(cos"'(—cot(a) tan(écz))) +2 662) cosQa) - —
241

cot(ds,) sin(2 @) sin(2 d,,) sin(2 a-3 tan’l(cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(651))))) 002 — 0c1) +
306, — 6c1) Re(cos’l(—cot(a/) tan(écz))) -3 Re(cos’l(—cot(a) tan(dcz))) +2 652) cosQa) +

1
;i cos(2 @ + 3 tan™! (cos(Re(cos’l(—cot(a) tan(d.1)) ) sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
bis

30005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(S) sin*(2 8p0) oy cos(2 @) —

1
;u’ cos(2 a+2 tan"l(cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 002 — 6c1) —
bis

260(0:2 — 6c1) Re(cos ™! (—cot(e) tan(5,2))) + 2 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(dea) sin*(2 5e2) oy cos(2 @) +

1
;i cos(2 a—-2 tan’l(cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) +
bis

260(0c2 — 6c1) Re(cos ™! (—cot(e) tan(5,2))) — 2 Re(cos ™ (—cot(@) tan(d.2))) + 2 6ca) cot(de2) sin*(2 6e2) oy cos(2 @) —

1
;zz cos(2 @ — 3 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™ (=cot() tan(61))))) 862 — Ic1) +
s
306, — 6c1) Re(cos’l(—cot(a/) tan(écz))) -3 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d2) sin?(2 0c2) Oy cos(2a) —

1
8—tan‘ ! (cos(Re(cos"1 (—cot(a@) tan(écl)))), sin(Re(cos‘] (—cot(a) tan(d; ))))) cos(2a + 26) cot(6.2) B(0r — 601)

s

cos(2 @ + 2 6.) cot(8) Re(cos™ (—cot(@) tan(d,,))) sin?(2 8.2) oy cos(2 @)
sin?(2 6) o cos(2 @) — +
8

1 1
8—c0s(2 @+ 20.) cot(0s2) B(0c2 — 1) Re(cos’1 (—cot(a) tan(652))) sin?(2 0c2) oy cos(2a) + 96_

T n

005(2 @+ 3tan”! (cos(Re(cos’l (—cot(a) tan(dcl)))), sin Re(cos" (—cot(a) tan(6cl))))) 002 — 0¢1) —

3005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) + 3 Re(cos™ ! (—cot(a) tan(écg))) +2 652) cot(6) sin(2 @) sin’(2 6) oy cos(2 @) —

(
1
6—cos(2 @ —-3tan”! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 002 — 0c1) +
96

(

360(0c2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) — 3 Re(cos ™ (—cot(@) tan(5.2))) + 2 5ca) cot(de2) sin(2 @) sin*(2 62) oy cos(2 @) +

1
—tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(écl))))) cot(0s2) 0(0c2 — 1) sin”Qa +2 0c) Oy cos(2 @) +
8

1
—tan™! (cos(Re(cos’l (—cot(a@) tan(d; )))), sin(Re(cos’] (—cot(a) tan(d; )))))
8

c08(2 ) cot(62) B(0cr — Oc1) sin2(2 @+ 20pn)0ncos(2a) +
c0s(2 8,2) cot(de2) Re(cos™! (—cot(a) tan(d,,))) sin®(2 @ + 2 8,,) oy cos(2 @)

+
8n

cot(d,2) Re(cos™! (—cot(@) tan(8,))) sin(2 & + 2 8) oy cos(2 @) 1

8r 8
c0s8(2 6,) cot(d.2) B(02 — Oc1) Re(cos‘l(—cot(a) tan(6£2))) sin2(2 a+20,)0ycos2a) —

cot(8,2) (6.0 — 6,1) Re(cos™ (—cot(@) tan(8,,))) sin*(2 @ + 2 8,,) oy cos(2 @)

+
8
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1
—i tan™! (cos(Re(cos‘1 (—cot(a) tan(écl)))), sin(Re(cos‘ I(=cot(a) tan(6, )))))
8m

cot(0) 8(0.0 — 01) SIN(2 62) sin2(2 @ +20,)0ycos(2a)+
i cot(d,2) Re(cos™ ! (—cot(a) tan(,»))) sin(2 6) sin®(2 @ + 2 8,5) oy cos(2 @) 1

8 8

1
i cot(dp) 00 — Oc1) Re(cos’l (—cot(a) tan(écg))) Sin(2 6) sin*(2 @ + 2 6,0) oy cos(2 @) — ——
96 1

i cos*(2 6.) cos(2 @ + 3 tan™" (cos(Re(cos ™! (—cot(e) tan(5)))), sin(Re(cos ™! (—cot(a) tan(5c1))))) (Sc2 — 6c1) —
300 — Oc1) Re(cos‘] (—cot(a@) tan(6cz))) +3 Re(cos"' (—cot(a) tan(écz))) +2 662) cot(dp) oy cos(2 @) —

1
—1icos(26s) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d¢; ))))) 002 — 0c1) —

48
360(3c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(a) tan(d.2))) + 2 6ca) cot(de2) oy cos(2 @) —
1
;ﬁ cos(2 e + 3 tan™! (cos(Re(cos ™! (—cot(a) tan(dc1)))), sin(Re(cos ™! (~cot(@) tan(5c1))))) OS2 — 6c1) —
T

1
36(0.2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(@) tan(5.2))) + 2 6c2) cot(de2) oy cos(2 @) + oo
T

icos?(28,) cos(2 @+ 2tan”! (cos(Re(cos’l (—cot(a) tan(éd)))), sin(Re(cos’I (—cot(a) tan(§cl))))) 002 — 0c1) —
2005 — 6c1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(ds) oy cos(2 @) +

1
32—1z cos(2 62) cos(2 @ + 2 tan~!(cos(Re(cos ™ (—cot(a) tan(d,1)))). sin(Re(cos™ (—cot(a) tan(d,1))))) 062 — 5¢c1) —
T

1
206, — 6c1) Re(cos_l(—cot(a/) tan(&cz))) +2 Re(cos"l(—cot(a) tan(écz))) +2 652) cot(ds) oy cos(2 @) + ;
b

1cos(20,)cos2a +26,) 005(2 @ + 2 tan™! (cos(Re(cos‘l(—cot(a) tan(d. )))), sin(Re(cos"1 (—cot(a) tan(dy ))))) 002 — 6c1) —

1
200, — 6c1) Re(cos’l(—cot(a') tan((SCz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(ds) oy cos(2 @) + ;
b

icosQa+20s) cos(2 a+2 tan"'(cos(Re(cos"l(—cot(a) tan(651)))), sin(Re(cos"(—cot(a) tan(d¢q ))))) 00 — 0¢1) —
260(0.2 — 6c1) Re(cos ™! (—cot(e) tan(5,2))) + 2 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(de2) oy cos(2 @) +

1
—i 005(2 @ + tan”! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l(—cot(a/) tan(d.; ))))) 002 — 0c1) —

32n
(62 — 6c1) Re(cos ™ (—cot(@) tan(82))) + Re(cos™! (—cot(@) tan(6c2))) + 2 8.2 ) cot(Gea) oy cos(2 @) —
1
—i cos(2 @ — tan”! (cos(Re(cos" (—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
32n

1
002 — 0c1) Re(cos‘] (—cot(a) tan(662))) - Re(cos"1 (—cot(a@) tan(é’cz))) +2 662) cot(0p) oy cos(2 @) — 32—
n

icos?(2 0:2) cos(Z a-2 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
200, — 6c1) Re(cos’l(—cot(a') tan(écz))) -2 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(ds) oy cos(2 @) —

1
——1¢c0s(26.) cos(2 a—-2 tan‘l(cos(Re(cos"l(—cot(a) tan(é’cl)))), sin(Re(cos"l(—cot(a) tan(cScl))))) 00 — 0c1) +

327
20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(52))) + 2 8c2) cot(Ge2) oy cos(2 @) — i

i c0s(2 0c2) cos(2 @ + 2 8c) cos(2 @ — 2 tan™! (cos(Re(cos ™! (—cot(@) tan(5)))), sin(Re(cos ™! (—cot(e) tan(5¢1))))) (Se2 — 6c1) +
26(Sc2 — 6c1) Re(cos ™! (—cot(e) tan(62))) — 2 Re(cos ™! (—cot(@) tan(82))) + 2 6ca) cot(Sea) oy cos(2 @) — é

i cos(2 @ + 2 6,5) cos(2 @ — 2 tan ™ (cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (—cot(a) tan(d,1))))) 8(S.2 — 6c1) +
260(0.2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) — 2 Re(cos ™ (—cot(@) tan(d.2))) + 2 6ca) cot(de2) oy cos(2 @) + é
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i c052(2 0:2) cos(2 a-3 tan"(cos(Re(cos‘1 (—cot(a) tan(écl)))), sin(Re(cos_l(—cot(a) tan(d¢; ))))) 002 — 0c1) +
30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(6c2))) + 2 Jc2) cot(Gez) oy cos(2 @) +

1
——1ic0s(2 ) cos(2 a-3 tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’l(—cot(cy) tan(6cl))))) 00 — 0c1) +
48

3606, — 6c1) Re(cos_l(—cot(a) tan(6£2))) -3 Re(cos"'(—cot(a) tan(6cz))) +2 652) cot(ds,) oy cos(2 @) +

1
;i cos(2 @ —3tan™! (cos(Re(cos_l(—cot(a) tan(&cl)))), sin(Re(cos"l(—cot(a) tan(dcl))))) 002 — Oc1) +
Vs

1
306, — 6c1) Re(cos‘l(—cot(a) tan(6£2))) -3 Re(cos"'(—cot(a) tan(dcz))) +2 652) cot(ds,) oy cos(2 ) + 8_
b

tan™! (cos(Re(cos‘ ! (—cot(a) tan(d; )))), sin(Re(cos"1 (—cot(a@) tan(écl))))) 0052(2 @+ 208,)cot(0s) 80 — 001) oy cos(2 @) +

1
8—tan’1 (cos(Re(cos’1 (—cot(a) tan(d; )))), sin(Re(cos’1 (—cot(a) tan(d,; )))))
bis

1
cos(20,) cos’Qa+2 0¢c2) cot(0.2) 0(0cr — Oc1) oy cos(R @) + —
8
tan™! (cos(Re(cos_l(—cot(a) tan(d.; )))), sin(Re(cos"1 (—cot(a) tan(d,; ))))) cos?(2 0c2) cos(2a + 2 6.,) cot(d.2)

1
002 — 0c1) on cOsS2 @) + —tan"(cos(Re(cos‘l(—cot(a) tan(5d)))), sin(Re(cos"(—cot(a) tan(écl)))))
81

c08(2 02) cos(2a + 2 6,) cot(d.2) (02 — Oc1) On cos(2 @) +
c0s(2 6) cos>(2 @ + 2 8,) cot(d,2) Re(cos™ ! (—cot(a) tan(S))) oy cos(2 @)

+
8n

cos?(2 a + 2 6,2) cot(d) Re(cos™ (—cot(a) tan(d,2))) on cos(2 @)

81
c0s2(2 8) cos(2 @ + 2 8,) cot(d,2) Re(cos™! (—cot(a) tan(d))) oy cos(2 @)

+
87

cos(2 6) cos(2 @ + 2 6,,) cot(d,2) Re(cos™! (—cot(a) tan(d))) oy cos(2 ) 1

8n 8
cos(26.) cos’Qa+2 0c2) cot(0¢n) O(Oen — O¢1) Re(cos’l (—cot(a@) tan((Scz))) oy cos2a) —

cos2(2 @ + 2 6) cot(6) B(8 2 — 6¢1) Re(cos™! (—cot(a) tan(d,))) oy cos(2 @) 1

8 8

1
0052(2 0c2) Cos(2a + 2 0,) cot(0n) (0 — Oc1) Re(cos"1 (—cot(a@) tan(écz))) oycosQa)— —
8r

1
c08(20,) cos(2a + 2 6) cot(d.2) B0 — Oc1) Re(cos’l(—cot(a) tan(662))) oycosRQa) — —
96

cos*(2 5¢2) cos(2 @ + 3 tan™" (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™! (=cot(@) tan(61))))) 8(c2 = Jc1) —
300 — 0c1) Re(cos‘] (—cot(a@) tan(6cz))) +3 Re(cos" l(=cot(a) tan(écz))) +2 652) cot(d) sin(2 @) oy cos(2 @) —

1
KCOS(Z 0c2) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) 002 — 0c1) —
bis

36(0c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) + 3 Re(cos ™ (—cot(a) tan(5.2))) + 2 5c2) cot(de2) sin(2 @) oy cos(2 @) —
1

;cos(z a + 3 tan™"(cos(Re(cos ™! (—cot(a) tan(d,1)))), sin(Re(cos™ (=cot() tan(6,1))))) 8(Sc2 — Ic1) —
T

300, — 6c1) Re(cos’l(—cot(a') tan((SCz))) +3 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d) sin(2 @) oy cos(2 @) +

1
Fcos@ 0c) cos(2 @+ 2tan”! (cos(Re(cos"'(—cot(a) tan(écl)))), sin(Re(cos"1 (—cot(a@) tan(dcl))))) 000 — 0c1) —
s

2005 — 6c1) Re(cos’l (—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(d) sin(2 @) oy cos(2 @) +
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1
6—c0s(2 @+ 2tan”! (cos(Re(cos’l(—cot(a/) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) —
167

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(@) tan(82))) + 2 8.2) cot(Se2) sin(2 @) oy cos(2 @) —

1
6—c05(2 0c2) cos(2 a-2 tan’l(cos(Re(cos" (—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(écl))))) 002 — 0c1) +
16

200, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -2 Re(cos"l(—cot(a) tan(6cz))) +2 602) cot(d) sin(2 @) oy cos(2 @) —

1
—cos(2 @ —2tan"! (cos(Re(cos‘] (—cot(a) tan(écl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 00, — 0c1) +
167

200, — 6c1) Re(cos’1 (—cot(a) tan((SCz))) -2 Re(cos’l(—cot(a) tan(écg))) +2 652) cot(d) sin(2 @) oy cos(2 @) +
1
6—cos2(2 0s) cos(2 a-3 tan’l(cos(Re(cos’l(—cot(a/) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) +
96
36(0: — Oc1) Re(cos" (—cot(a) tan(écz))) -3 Re(cos" l(—cot(a) tan(écz))) +2 662) cot(d.2) sin(2 @) oy cos(2 @) +

1
——co0s(26.,) cos(Z a-3 tan_l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(aI) tan(d.; ))))) 002 — 0c1) +

48
360(0c2 — 6c1) Re(cos™! (—cot(@) tan(5,2))) — 3 Re(cos ™ (—cot(a) tan(5.2))) + 2 5ca) cot(de2) sin(2 @) oy cos(2 @) +
1
gcos(Z a-3 tan"l(cos(Re(cos'l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a) tan(égl))))) 00 — 0c1) +
71'

300, — 6c1) Re(cos_l(—cot(a) tan(&cz))) -3 Re(cos"l(—cot(a) tan(6cz))) +2 602) cot(d) sin(2 @) oy cos(2 @) —
1

—i tan™! (cos(Re(cos‘l (—cot(a) tan(dd)))), sin(Re(cos‘] (—cot(a) tan(d. ))))) cos(2 @ + 2 6,,) cot(ds) (02 — O¢1)
4

1
sin(2 @) oy cos(2 @) — 4—:2 tan™! (cos(Re(cos ™! (—cot(a) tan(dc1)))), sin(Re(cos ™! (—cot(a) tan(S.1)))))
T

€08(2 02) cos(2 @ + 2 6) cot(0p2) B(0n — Oc1) sin(2 @) oy cos(2 @) —
i cos(2 6) cos(2 @ + 2 8,5) cot(5,2) Re(cos ™! (—cot(a@) tan(5,))) sin(2 @) oy cos(2 @)

4

icos(2 @ + 2 8,) cot(dz) Re(cos™ (—cot(a) tan(d,»))) sin(2 @) oy cos(2 @) 1
+—
4 4rn
1 c08(20,) cos(2a + 2 6) cot(d.2) (02 — Oc1) Re(cos" (—cot(a) tan(662))) sin(2 @) oy cos(2 @) +
1 1
—icos(2 @ + 2 8c) cot(S2) B(0ca — 1) Re(cos™ (—cot(a) tan(6,2))) sin(2 @) oy cos(2 @) + ——
4r 48

cos(2 9.7) 005(2 a+3 tan"'(cos(Re(cos‘] (—cot(a) tan(5cl)))), sin(Re(cos"(—cot(cx) tan(écl))))) 002 — 0c1) —
3005 — Oc1) Re(cos’l(—cot(a) tan(5cz))) +3 Re(cos" (—cot(a) tan(écz))) +2 662) cot(0) sin(2 ) oy cos(2 @) +

1
ECOS(2 a+3 tan"l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 002 — 6c1) —
s

36(0c2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 3 Re(cos ™ (—cot(@) tan(52))) + 2 5ea) cot(d2) sin(2 6,2) oy cos(2 @) —

1
6—c0s(2 0c2) cos(2 a+2 tan’l(cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) 6002 — 0c1) —
167

260(0.2 — 6c1) Re(cos™! (—cot(@) tan(6,2))) + 2 Re(cos ™ (—cot(a) tan(52))) + 2 5ea) cot(de2) sin(2 6,2) oy cos(2 @) —

1
3—c0s(2 a+20.) cos(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 6c1) —
2

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) + 2 Re(cos ™! (—cot(@) tan(5c2))) + 2 8.2) cot(Se2) sin(2 5ez) oy cos(2 @) —

1
—c05(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos" (—cot(a) tan(écl))))) 002 — 6c1) —
32n

200, — 6c1) Re(cos’l(—cot(a/) tan(&cz))) +2 Re(cos’l(—cot(a) tan(dcz))) +2 652) cot(d) sin(2 d,) oy cos(2 @) +
1
——c0s8(2 6) cos(2 @ —2tan”! (cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos"1 (—cot(a) tan(dcl))))) 00 — 0c1) +
1671
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26(0:2 — 6c1) Re(cos ™! (—cot(@) tan(6,2))) — 2 Re(cos ™ (—cot(a) tan(52))) + 2 5z cot(de2) sin(2 6,2) oy cos(2 @) +

1
;cos(Z a+20.) cos(2 a-2 tan’l(cos(Re(cos’l(—cot(a) tan(6cl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) +
s

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™ (—cot(@) tan(82))) + 2 8.2) cot(Se2) sin(2 6ep) oy cos(2 @) +

1
—cos(2 @ —2tan”! (cos(Re(cos’l(—cot(a) tan(651)))), sin(Re(cos" (—cot(a) tan(d; ))))) 002 — 0c1) +
32n

20(5c2 - 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(8c2))) + 2 8.2) cot(Se2) sin(2 5ez) oy cos(2 @) —

1
——c0s8(2 0) 005(2 a-3 tan’l(cos(Re(cos"(—cot(cx) tan(écl)))), sin(Re(cos’l (—cot(a) tan(écl))))) 002 — 0c1) +
48

3600, — 6c1) Re(cos’l(—cot(a') tan((SCz))) -3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d) sin(2 d,) oy cos(2 @) —

1
KCOS(Z @ —3tan”! (cos(Re(cos‘] (—cot(a) tan(6cl)))), sin(Re(cos"'(—cot(a) tan(écl))))) 00, — 0c1) +
bis

300, — 6c1) Re(cos’l(—cot(a) tan(6cz))) -3 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d) sin(2 d,) oy cos(2 @) +

1
8—u' tan™" (cos(Re(cos ™! (—cot(e) tan(d,1)))), sin(Re(cos ™" (—cot(a) tan(5c1))))) cos*(2 @ + 2 62) cot(Ge2) 8B — I1)
T

1
sin(2 d,,) oy cos(2 @) + S—i tan_l(cos(Re(cos"l(—cot(a) tan(dcl)))), sin(Re(cos_l(—cot(a') tan(écl)))))
T
1
cos(2 @ + 2 0.5) cot(0s2) B(0c2 — 1) Sin(2 6,) oy cos(2 @) + —
4

i tam"l(cos(Re(cos"l (—cot(a) tan(d,; )))), sin(Re(cos"1 (—cot(a@) tan(&cl))))) cos(26)
cos(2 @ + 2 0.2) cot(6s2) 8(6sp — 001) sin(2 6,) oy cos(2 @) +
icos?(2 a + 2 6,) cot(S) Re(cos™ (—cot(@) tan(8,,))) sin(2 8.2) oy cos(2 @) 1

8 4n
i C08(2 6,2) cOs(2 @ + 2 62) cot(J.2) Re(cos ™ (—cot(@) tan(8c2))) sin(2 6.2) oy cos(2 @) +

icos(2a + 2 6.) cot(d.) Re(cos™ (—cot(a) tan(d,»))) sin(2 5,,) o cos(2 @) 1

8 8
1
icos’Qa+2 0c2) cot(0.2) B(0cr — 1) Re(cos’l (—cot(a) tan(écg))) sin(2 0.,) oy cosQa) — —
4dr
i c08(2 0c2) co8(2 @ + 2 8c) Cot(S.2) (Sc2 — 1) Re(cos™ (—cot(@) tan(62))) sin(2 62) oy cos(2 @) —

1 1
—icos(2a +206p)cot(d.) 000 — 1) Re(cos’ I(=cot(a) tan(&cz))) sin(2 6pp) oy cos(2 @) — ——
8 48

icos(20.) cos(2 a+3 tan’l(cos(Re(cos’l(—cot(O/) tan((Scl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 6c1) —
36(Sc2 — 6c1) Re(cos ™! (—cot(@) tan(62))) + 3 Re(cos ™' (—cot(@) tan(8c2))) + 2 6cz) cot(dea) sin(2 @) sin(2 8e2) oy cos(2 @) —

1
—1 cos(2 @+ 3tan”! (cos(Re(cos’I (—cot(a) tan(écl)))), sin(Re(cos’l (—cot(a) tan(c‘)’cl))))) 002 — 0c1) —
48

306, — 6c1) Re(cos’1 (—cot(@) tan(écz))) +3 Re(cos’l(—cot(a) tan(6cz))) +2 652) cot(d,) sin(2 @) sin(2 d,) oy cos(2 @) +

1
—i 005(2 @+ 2tan”! (cos(Re(cos" (—cot(a) tan(6c1)))), sin(Re(cos"1 (—cot(a) tan(é’cl))))) 00, — 0c1) —
16w

2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) +2 Re(cos’l(—cot(a) tan(écg))) +2 662) cot(d¢) sin(2 @) sin(2 .,) oy cos(2 @) —

1
Fzz cos(2 @ — 2 tan™! (cos(Re(cos ™ (—cot(@) tan(6,1)))), sin(Re(cos ™ (=cot(@) tan(61))))) 862 — Ic1) +
v/

2005 — Oc1) Re(cos’l(—cot(a) tan(6cz))) -2 Re(cos" (—cot(a) tan(écz))) +2 662) cot(d) sin(2 @) sin(2 6.,) oy cos(2 @) +

1
Kﬂ' cos(26) cos(2 a-3 tan_l(cos(Re(cos"l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a) tan(écl))))) 002 — 0c1) +
s

36(0: — Oc1) Re(cos" (—cot(a) tan(écz))) -3 Re(cos" l(—cot(e) tan(écz))) +2 662) cot(d2) sin(2 @) sin(2 6,) oy cos(2 @) +
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1
—i 005(2 @—3tan”! (cos(Re(cos’l(—cot(a) tan(d.; )))), sin(Re(cos’l (—cot(a) tan(d; ))))) 002 — 0c1) +
48

30(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 3 Re(cos ™! (—cot(@) tan(02))) + 2 8c2) cot(2) sin(2 @) sin(2 5e2) oy cos(2 @) +

1
—tan™! (cos(Re(cos’l (—cot(a) tan(écl)))), sin(Re(cos’l(—cot(a) tan(rSCl))))) cosQa +20.)
4

cot(0s2) B(0s2 — O¢1) sin(2 @) sin(2 6,) oy cos(2 @) +
cos(2 a + 2 8,3) cot(dz) Re(cos™ (—cot(a) tan(d,»))) sin(2 @) sin(2 6z,) oy cos(2 @) 1

4r 4n
cos(2a + 2 9.,) cot(s2) 062 — Oc1) Re(cos"l(—cot(a) tan((Scz))) sin(2 @) sin(2 8.,) oy cos(2 @) +

1
—itan”! (cos(Re(cos‘l (—cot(@) tan(é’cl)))), sin(Re(cos‘] (—cot(a) tan(, )))))
8

cot(0p) 8(02 — O¢1) sin2(2 0) Sin2a + 2 6y,) oy cos(2a) +
i cot(d,2) Re(cos™ ! (—cot(a) tan(S,»))) sin®(2 8,5) sin(2 @ + 2 8,5) oy cos(2 @) 1

8 8

1
i cot(0e2) 862 — 6¢1) Re(cos™! (—cot(@) tan($.2))) sin*(2 6c2) sin(2 @ + 2 6c) oy cos(2 @) = ——
2

cos(20x) cos(2 @+ 2tan”! (cos(Re(cos’l(—cot(a) tan(6c1)))), sin(Re(cos"(—cot(a) tan(écl))))) 002 — 0c1) —
200, — 6c1) Re(cos’l(—cot(a) tan(662))) +2 Re(cos" (—cot(a) tan(écg))) +2 6C2) cot(0s) sin2 @ + 2 6.,) oy cos(2 @) —

1
;cos(Z @+ 2tan”! (cos(Re(cos_l(—cot(a) tan(6d)))), sin(Re(cos"'(—cot(a) tan(écl))))) 002 — 6c1) —
g

2005 — Oc1) Re(cos‘l(—cot(a) tan(6cz))) +2 Re(cos" l(=cot(a) tan(écz))) +2 662) cot(0s) sin2 @ + 2 8.,) oy cos(2 @) +

1
;cos(Z 0c2) cos(Z a—2 tan_l(cos(Re(cos_l(—cot(a) tan(écl)))), sin(Re(cos"l(—cot(a') tan(d.; ))))) 002 — 0c1) +
s

260(0.2 — 6c1) Re(cos™! (—cot(e) tan(5,2))) — 2 Re(cos ™ (—cot(@) tan(5.2))) + 2 6ca) cot(de) Sin(2 @ + 2 6.0) oy cos(2 @) +

1
;cos(Z a—-2 tan’l(cos(Re(cos’l(—cot(a/) tan(écl)))), sin(Re(cos’l(—cot(a) tan(d.; ))))) 002 — 0c1) +
T
20(5c2 — 6c1) Re(cos™ (—cot(@) tan(6,2))) — 2 Re(cos ™! (—cot(@) tan(6e2))) + 2 Jc2) cot(Ge2) sin(2 @ + 2 5e2) oy cos(2 @) —

1
—i tan’l(cos(Re(cos’l (—cot(a) tan(d; )))), sin(Re(cos’1 (—cot(a) tan(d; ))))) c0s%(2 8,2) cot(82) (82 — 6¢1)
8

1
sin(2 @ + 2 8) oy cos(2 @) — —i tan™! (cos(Re(cos‘ I (—cot(a) tan(d, )))), sin(Re(cos"1 (—cot(@) tan(écl)))))
81

c08(2 62) cot(0.2) B(0cr — Oc1) sSin(2 @ + 2 6,) oy cos(2 @) —
i cos?(2 8) cot(d.2) Re(cos™! (—cot(@) tan(8,))) sin(2 & + 2 8,2) oy cos(2 @)

81
i cos(2 8) cot(d,2) Re(cos™! (—cot(@) tan(d,))) sin(2 a + 2 5,,) oy cos(2 @) 1
81 81
1
i c08*(2 6,2) cot(3:2) B2 — Oc1) Re(cos™ (—cot(e) tan(6,2))) sin(2 @ + 2 6,2) oy cos(2 @) + —
81
1

i c08(2 0¢2) cot(d.2) B(02 — Oc1) Re(cos’1 (—cot(a) tan(6cz))) sin2a +29,) oy cosQa) — —
4

tan™' (cos(Re(cos ™! (—cot(e) tan(d)))), sin(Re(cos ™" (—cot(a) tan(d¢1))))) cot(S,2) Sz — 5¢1) sin(2 @) sin(2 @ + 2 6,2) oy cos(2 @) —

1
—tan! (cos(Re(cos’l(—cot(a/) tan(d.; )))), sin(Re(cos’1 (—cot(a) tan(d; )))))
4

c08(2 02) cot(0n) B(0cr — O¢1) sin(2 @) sin2 @ + 2 8.5) on cos(2 @) —
cos(2 6) cot(d,2) Re(cos™! (—cot(a) tan(d))) sin(2 @) sin(2 @ + 2 6¢) oy cos(2 @)

4
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