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1. INTRODUCTION

The importance of polarization control is increasingly being recognized in the
development of optical fiber gyroscopes. In Reference 1, Kintner presented a concise
analysis of a very basic interferometric fiber optic gyroscope (IFOG) arrangement that
demonstrates how the lack of perfect polarizers contributes to an error in the estimate of
the Sagnac phase shift due to polarization. His design is an idealized design that does not
include a model of any of the possible misalignments in the various optical fiber
junctions involved. This simplification leads to a very simple model that allows him to
derive a close form expression for the output intensity where the ideal gyro output and
the error term due to imperfect polarizers are readily identifiable. Thus, he is able to
estimate the most unfavorable error in the Sagnac phase shift due to polarization.

In this paper we consider a more general and realistic design that includes a model of
the misalignment errors at the various optical fiber junctions involved. It also includes a
model of the integrated optics chips and depolarizers as well as a general model for the
coil. We obtain a closed form expression for the output intensity that includes the effects
of the light source coherence. From this expression the ideal gyro output can be deduced
and an expression for the Sagnac phase shift error due to imperfect polarizers is derived.

In Section 2 we obtain an expression for the output intensity of a general IFOG. The
light source is assumed to be non-monocromatic with an arbitrary frequency distribution
function belonging to L*(R). This result is expanded in Section 3 and expresses in terms
of the four entries of the 2x2 complex matrix representing the Jones matrix of the
clockwise loop and further, in terms of the parameters involved in the definition of each
of the four entries of the clockwise Jones matrix for a generic IFOG with an even

frequency distribution function. At this point the Sagnac phase shift error is derived in

Section 3.1. In Sections 3.2, 3.3, and 3.4 we compute the output intensity for three
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particular frequency distributions: a Gaussian distribution, a rectangular distribution, and
a triangular distribution. The theory developed in these sections is illustrated with a
simple example in Section 4 for the case of a rectangular frequency distribution.

The effects of the light source coherence on the Sagnac error are demonstrated in
Section 4.2 by varying the length of a particular section of PM-fiber. We show plots of
the Sagnac error angle as a function of fiber length for five different models of the coil.
Section 4.3 includes a short discussion on how one might model modulation effects.

The Jones matrices of the components of a more general IFOG model are described
in Section 5. The clockwise and counter clockwise loop matrices are defined in terms of
products of the Jones matrices of the components involved. The complete computation of
the clockwise loop matrix is carried out in Appendix A. The end result are the four arrays
of 256 coefficients and four arrays of 256 sets of indices needed to define the four entries
of the clockwise IFOG Jones matrix as defined by Equation 3.3.

We wrote Matlab programs to compute the output intensities given by Equations
3.14, 3.15, and 3.19 and to compute the Sagnac error given by Equation 3.13 for
Gaussian, rectangular, and triangular frequency distribution functions. These programs
are described in Appendix B where we include their listings. The plots in Figures 7, 8,
and 9 were produced using these programs.

2. OUTPUT INTENSITY

Each component of the gyro has a matrix representation, it's Jones matrix
(Reference 2). The clockwise loop of the gyro is represented by a matrix 7 which is
obtained by multiplying the Jones matrices of all the components of the gyro in the
proper order. The counter clockwise loop of the gyro is represented by the matrix

T.=e”-T", where T is the transpose of the clockwise loop matrix T and ¢ is the
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Sagnac phase shift due to rotation. Since some of the optical components of the gyro are

frequency dependent, the matrix T is also frequency dependent. The sum of the clockwise
and counter-clockwise loop matrices is denoted by Q. Thus, Q(@)=T(@)+€“T" (@),

where @ denotes the frequency dependence of the optical components of the gyro.

We will consider an input of the form

e(t) = Re[é ]'g(a) - w,,)e""’”dw] = Re[a ]g(w)e—i(w+w,, ) dw]

a : :
where Re denotes the real part, a =[ '} is a two dimensional complex vector of norm 1;
a,

that is, a,|2 + |a2|2 =1. In the first part of our analysis, the frequency distribution function
g can be any function in L*(R). Later we specialize g to be a step function, a tent

function, or a Gaussian function of the form g(@) = ;"/——;e""'z 'e" that has been normalized

sothat [g(@)dw=1.

Let O(f)= jﬂ(w)ag(w)e‘““’*""’)’dw. Then, the output of the gyro is given by

Re©(r).

Theorem.

(a) If the output intensity is given by 1. = I ©'(¢)O(¢) dt , then
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I.=2x ﬂ|Q(w)6||2g2(w)dw.

(b) If the output intensity is given by [, = j[ReG)(t)]T Re®(f) dt and g is a real

—00

valued function, then
Iy =1I+7 [Rela"Q" (u - ,)Q-u~0,)alg(u - w,)g(~u~ @,)du.

Proof.
Part (a) is based on the following identity satisfied by any function f € L*(R).

f@=% [ [fs)eds do.
which is simply the Fourier inversion formula.

Substituting ©(¢) in the Integral defining 7. gives

b= ]l{ Ta‘g' (w)g(@)e" "™ ”da)]{ ].Q(s)ﬁg (s)e” 0+ )’ds:| dt .

—oo| —oo

Combining the two inner integrals as a double integral gives

I.= ]ﬁ ]a‘g‘(w)g(w)n(s)a g(s)e"""")'da)ds:l dt.

-00 =00
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Writing 7 as a triple integral and switching the order of integration gives

—00 —00 —00

IC = ]5‘9'(w)g(w)[] ]'Q(s)ag(s)e—i(s—w)tdsdt] .

Applying the Identity 2.1 to the inner double integral (note that + and @ are switched)

gives
I.=3x ]a‘n‘(w)g(w)g(w)ag(w)dw =27 °j]|n(a>)a||2 g (wydw.

Part (b) is based on the following identity satisfied by any function f:R— R
belonging to L*(R).

f(@)=5 ] ]f(s)cos(a)— s)tdsdt. 22)

—00 —00

Note that Equation 2.2 is simply the Fourier inversion formula for a real valued function

f.

First we compute Re©(7).

Re®(?) = ]Re[Q(s)c‘z]g(s)cos(s +w)tds — ]-Im[Q(s)a]g(s) sin(s + @), )t ds

[ReO(1)]" = TRe[Q(w)a]T g(w)cos(w+w,)t dw — ]'Im[Q(a))c‘z]T g(w)sin(w+ w,)t dw
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I = ~],|: ]RC[Q(a))a]T g(w)cos(w+ w,)t da)][ °j[Re[Q(s)é]g(s) cos(s + @, )t ds)} dt +

~o0 | —o0

c:..‘Re[Q(a))iz']T g(w)cos(w+w,)t do ]‘Im[Q(s)&]g(s) sin(s +@,)t ds) |dt +

- “r -

?Im[g(w)a]’ g(w)sin(@+w,)t do ?Re[n(s)a]g(s)cos(s +@,)t ds) | dt +

][ ]Im[Q(a))a]T g(@)sin(@ + @, )t dw][ °jlm[n(s)a]g(s) sin(s + @, )t ds):| dt.

—o0| —o0

If we write the above integrals as a triple integral and integrate with respect to ¢ first,
the second and third integrals vanish because cos(w+ @,)!sin(s+®,)t and

sin(@+ @, )t cos(s + @,)t are odd functions of 7. Thus, we are left with the first and fourth

integrals which we write as

o0 oo

Iy= ?Re[ﬂ(w)c‘:]’g(w) [ [Re[Q(s)a)g(s)cos(@+,)t cos(s +a, )t dis dt} dw +

| —o0 —o0

]’hn[Q(w)a]’ 2(®) ] ]hn[ﬂ(s)a]g(s)sin(an @,)t sin(s + w, )t dsdt] dw.

|_—o0 —oo

The identities cos(@+ @, )t cos(s + @, )t = L[cos(w— s)t + cos(w + s + 2w, )t] and
sin(@ + @, )t sin(s + @, )t = +[cos(@— s)t — cos(@w+ s + 2w, )t] yield

- I
I, = 1 [Re[Q@)a] g(@)| | [Re[Qs)alg(s)cos(@—s)t dsdtjl dw +

|_—oc0 —oo

1 °]Re[n(a;)a]’ g(®) j jRe[Q(s)a]g(s)cos(w+ 20, + s)t ds dt} do +

|_—o0 —o0

o0 oo

1 ]Im[g(w)a]’g(w) j jhn[g(s)a]g(s)cos(w—s)t dsdth do +

|_—o00 —o0

-7 ]hn[ﬂ(w)c?]’g(w) ,] ]Im[n(s)a]g(s)cos(w+ 20, + s)t dsdt] do.

| —o0 —eo
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The Identity 2.2 gives

I, = zz]'Re[Q(m)a]T Re[Q(w)alg* () dw +7 ]hn[Q(w)a]T Im[Q(w)alg’(w) do +
r ]Re[Q(w)a]T Re[Q(-w-2w,)adlg(w)g(-0 - 2w,) do +

-5 ]'Im[Q(a))a]T Im[Q(-0 - 20, )a)g(w)g(-0 - 2w,) do.

The identities |Ja|* = a’a=Rea” -Rea+Ima’ -Ima and
Re[a’c]=Rea’ -Rec—Ima’ -Imc, which hold for any two complex vectors a and c,

yield

I,=7 u]]la(a))a"’ g (@) do+r °]Re[a’rn’(a))n(—a) ~20,)dlg(@)g(~0-20,)do,

or

Iy=1I+ 7 [Rela™Q" (- 0,)Q(u~w,)alg(u - 0,)g(~u~o,)du,

where in the last integral we have made the change of variables u =@+ @, .

Corollary. If g is zero outside an interval [-@,,w] and @, <®,, then the product
gu-w)g(-u—-w,)=0 forall ue R, consequently,

I, =31, = 7 [|[Q@)3] ¢*(@)da. (2.3)

Proof. If g is zero outside the interval [-@,,®,], then g(x —@,) can be non zero only
when @, -®w su<®,+w®, and g(-u—w,) can be non zero only when
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-w,-w<us<w -, Since these two sets do not intersect, because
®, - @, <0<m, - a,, the product g(u —,)g(-u—a,) is zero for all ue R.

3. OUTPUT INTENSITY IN TERMS OF THE MATRIX T AND IN TERMS OF
THE PARAMETERS DEFINING THE IFOG

In this section we obtain a closed form expression for the output intensity of the gyro
in terms of the four entries of the complex 2x2 matrix 7 and in terms of the parameters

involved in the four entries of the matrix 7 for three types of function g: a step function,

a tent function, and a Gaussian function.

Part (a) of Theorem 1 holds for any function g € L’(R) while part (b) of Theorem 1
holds for any real valued function ge L*(R). When g is a step or a tent function,

Corollary 1 will apply and the output intensity will be given by Equation 2.3. When g is
the Gaussian function defined in Section 2, g(u-®,)g(-u—-®@,) = g(s/ia)o)g(x/iu) for
all u€ R, so we can write I, as

L= "]]ln(a))a"2 g (w)dw+rg(\2w,) ]Re[a’nf(u — 0,)Q~u - w,)a)g(N2u)du .

Since w, /o is a very large number, g(w/ia)o) is a very small number, thus the second

integral above can be neglected. Therefore, by Equation 2.3, in all three cases it will
suffice to compute /..

We start by defining expressions for the four entries of 7'and compute |Qa IF.

10
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. T;l 7;2
If we write Tas T = , then

21 22

Qa=[T+e*T"la= [T;l +e"T,, T,+e T ][a‘ :l:[(Tll +e“T)a +(T, +€°T))a, ]

T, + ei’ﬂz T, + ei’Tzz a, (7, + ei'T;z)al +(T, + ei’Tzz )a,

3.1)

Hence,

e’ = aQ (wQw)a =
2|’ (1+cos )T, + 2a,|' A+ cosp)T| + [T + [Tl +
2a|’ Re[T;T,e"] + 2lay| RelT;,T,e] +
2Refaa,[T,T;, +T,e*T, I} + 2Relag,[e T, T, + LT, 11+
2Rela [T, T, + e *T,T, 1} + 2Refa@,[T,e*T,, + T, T, 1} (3.2)

Each 7 is a sum of 2" terms, where N is the number of rotations (miss-alignments)

in the fiber splicings. They have the form (see Section 4)

T,(®) = 2Z:C,.j(s)c:xpi(w Zn,f, le). 3.3)

s=1 IEA,-I(.\‘)

Thus, the factor ||Q(w)c‘z||2 in Theorem 1 involves thousands of terms if N >4 . Each C,
is a 2" -array of coefficients and each A,(s) is set of indices, ( s = 1,2, ..., 2"; i,j =
1,2). Let B;(s) be given by

11
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B,(s)= d.ne,lc, for s=12,.,2" and i, j=1,2 (3.4)

reA;(s)

2N
and let T, (@) = »_C,,(p)e”*"* and aa, =|aa,|e” . Then,

p=1
T SES ilate+ - B (s)]@
anazet"ﬂj(w)Tw(w)=|a|6—12|zzcy(s)cw(p)e‘ 20+ P (P)-By (N0}
s=1 p=1
= g ¥
Re[a,Ezei:ﬂ:-j (w)Tw(a))]z laﬁJZZCij (5)C,(p)cos{at g +[B,,(p) - B, (s)]w}
s=1 p=l

and

I1,@)| = Z;cmc (p)cos[B,(p) - B,(s)]w.
Thus,

I|T (@) &*(@) do= ZZZC (s)Cy(p)_Igz(w) cos{[B,(p) - B;()w} do  (3.5)
and

?Re[a,c?ze“"fj ()T, (@)|g* (@) do=

12
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la@| Y. > C,(5)C.0(P) [&* (@)cosiatp+[B,,(p)- B, ()w} dw, (3.6)

s=1 p=1

where g in Equations 3.5 and 3.6 can be any function in L’ .

Since

cos{ato+[p,.(p)- B;(s)lw} =
cos(ar = g)cos[B,,(p) — B;(s)lw—sin(a + @)sin[ B,,(p) — B,(s)]®,

when the function g is an even function Equation 3.6 simplifies to

]Re[a,aze*"’]_jj(a))Tw(a))]gz(a)) dw =

2N 2N oo
la@,|cos@£9)Y. ¥ C,(5)C,(p) [ @)cos[B,,(p)- B ()wdw, (3.7)

s=1 p=l

which implies that when g is even
[Rela@,e**T, ()T, (@)g* (@) do = |ag,|cos(@ £ 9) | Re[T (@), (0)|g* (@) dw. (3.8)

We can now put together Part (a) of Theorem 1 with Equations 3.2 and 3.8 to obtain
an expression for the output intensity in terms of IRe[T—}j(a))Tw(w)]gz (w)dw, for i, j, u,

v =1 or 2 when the function g is an even function.

13
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I.=2x ]|Q(w)a||2 g (w) do=
27e{ 2a’ (1+cosg) ]]T,,F gldo + 2a,|’ (1+cos g) ]]Tzzr gldw +
]’|T,z|2g2dw + ]]TZ,F gldw + 2cos¢]Re[T2,T,2]g2dw +
2|a,a,|[cosax + cos(ar + §)] ]Re(fﬂ}, )g’dw +
2|a,a,|[cosax + cos(a — §)] ]Re(ﬁ,r,,)gzdw +
2|a,a@,|[cosa + cos(a - @)] °j[Re(Tzsz, )g’dw +

2|a,52|[cosa +cos(a +¢)] oj‘Re(T_‘nT}2 )gldw }.

More explicitly, in terms of the integrals
[&* @)cosl B,(5)~ B (P do,
when the function g is an even function using Equations 3.5 and 3.7 we get,

I.=2n ‘]]ln(w)aﬂz g’ (w)dw=

2”22{ zlallz(l+COS¢)C1|(S)C1|(P) Igz(a))cos[ﬂ,,(p)—ﬂ,,(s)]w do +

s=1 p=I
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2a,[ (14 c0s $)C.y (5)C11(p) [g*(@)cos[ B,y (p) - B ()]0 de» +
Ca(9)Ca(p) [ (@)cos[ B, (p) - By (9)]w dw +

Co(9)Car(p) [&* (@)cos[ B, (p) - Boy(9)]w dv +

2cos9 C,(5)C,,(p) Igz(w)cos[ﬂlz(P)-ﬂzl(s)]w do +

2|a,(72|[cosa +cos(a +9)]C,,(s)C,,(p) J‘gz(w) cos[ﬂlz(P) = ﬁn(s)]w dw +
2|a|b-z|[cosa +cos(a—9)]C,,(s)C,,(p) J‘gz(w) cos[ B, (p)— B, (s)lw dw +
2|a|52|[cosa +cos(a —9)]C,, (s)C,, (p) J'gz(w) cos[B,,(p) = B, (s)]w dw +

2la,a,|[cos +cos(@+8)]C,,()C,,(p) [g*(@)cos[ By (p) - By()w dov }.

(3.10)

3.1. THE SAGNAC PHASE SHIFT ERROR

In this Section we derive the Sagnac phase shift error due to polarization. Let 7, (@)

denote the output intensity of the gyro with perfect polarizers (attenuating coefficient £ =
0) as a function of the Sagnac phase shift ¢ and let /,(¢) denote the output intensity of

the gyro with imperfect polarizers (£>0). When the polarizers are perfect, 7, =0,
T,,=0,and T,, =0 (see the examples in Sections 4 and 5). Thus,

1,(¢) = 47 |a|’ (1+cos @) ]]T,,ngdw.
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Since 1,(-/2) = 4 |a ﬂ?},[zgzda), we can write 7, (@) as

I1,(¢)=1,(-7/2) (1+cosg). (3.11)

The difference between I,(¢) and I, (@) is the error induced by having an imperfect

polarizer. This error induces an error in the estimate of the Sagnac phase shift ¢ that we
will call @, . It can be calculated by comparing ,(-7/2) with I,(-7/2+¢@,). The idea
is that there is a rotation angle ¢, such that

I.(—x/2) = 1,(-x/2+¢9,). (3.12)

By Equation 3.11, I (-#/2+¢,) = I,(—7/2)[l+cos(-7/2+¢,)]. Substituting in
Equation 3.12 and solving for ¢, we get,

I.(-x/2) = I,(-x/2)[1+cos(-7/2+¢,)]
1,(=7/2)[1+cos(m/2)cos@, +sin(x/2)sing,]
I,(-x/2)[1+sing,]

o (Lm2)
= @ =sin (Io(—lt/Z) l]. (3.13)

16
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3.2. GAUSSIAN FUNCTION g

According to Equation 3.10, all we need to obtain the intensity /. for an even

function g are the integrals Igz(a)) cos[B,(s)- B, (plwdaw.

When the function g is the Gaussian function defined in Section 2, which is an even

function, we use the following identity (Reference 3).

je"‘z’ 7 cos[ p(x+ A)dx = gvme """ cos pA,

—00

from which we get,

[g*@)cosl B,(5)- B,,(p)w doo =

oo

26t ia? ~[B;(s)-B. (P} 0 /8
L [/ cos[ B,(s) ~ B (P dw=Jpe I ITTLE,

o'n

thus, by Equation 3.10

I.=2x °]]|Q(a))a||2 g (w) do=

17



NAWCWD TP 8592

2N 3N

3 i VTR C) by T 20'2

: ZZ{ 2|a|| (1+cos@)C,,(s)C,,(p)e Pn®O-PupX o™ /8 4
s=1 p=l

2a, [ (14 cos $)Cyy (5)Cyp(p)ePu - Puip /8 o
C,,(5)C,,(p)e P tr-Papn’a?/8 4
C,,(5)C,, (p)e P -BupN /8 o
208 P C,, (5)C, (p)e Pur-Pupc* /8 4
2a,a,|[cosa + cos(a + #)IC,, (s)C,,(p)e P Aot/
2a,a@,|[cosa + cos(@ — #)IC,, (s)C,, (p)e Pn - Pu P /8
2a,a,|[cosa + cos(@ — B)]C, (s)Cyy (p)e P PueW o8
2a,g,|[cosa + cos(@ + $)]C,, (5)Cy (p)e 1Pr O Putpn a8 Y

(3.14)

3.3. STEP FUNCTION g

In this Section we let the frequency distribution function be a step function gg. Let
g be defined as

- for <
gs(w)= - |a4 wls with 0<(0| <@, .
0 otherwise

Since gy is an even function, we only need the integrals

Igz(w) cos[B,(s) - B,,(p)lw dw . We use the following result.

(o2 _— _ 1 sinfam,
gs (x) cos fix dx = cos fik dy = ——L11
b 4o 1 20, Py

18



NAWCWD TP 8592

from which we get,

[g*(@)cos( B, ()~ (P do =

- 1 sin[B,(s)- B ()
()= dw = i v :
o _[ws[ﬂ"(s) APl dn= ()~ Bl

1

thus, by Equation 3.10

r && 2 sin[B,,(s) - B,.(P)),
Io=—— Za| (1 C,(9)C,, o
mZZ L Jaf @+eosh)GuICHD = T2

2 22 1 L sin[3,,(s) — B, (P)lw, i
la,|” (1+ cos9)C,, (s)C,, (p) 6. (5)— B ()
C,,(5)C,y () S0P 9) = By (P)ly

($)C,(p) B () — Bl
C,,(5)C,, sin[ ,,(s) - B,,(p)1w, ”

($)Cy(p) [ﬂzl(s)—ﬂn(p)]a)l

2 Cis(HCs sin[ £, (s) - By (P)]®, +
cos @ C, (5)C,,(p) ) B (o)

2|a,a,|[cosa + cos(a + 9)]C,,(5)C,, (p) S‘E‘éfl( ls()sijB fl(z ;;?])a]:h %

2laa|[cosa +cos(@— #)IC, (5)Cyy (p) S‘[“}fx(ns ()Si-ﬂ f?;gl])‘ah P

S| (cosar+costa~IC, ()Cu(p) T 2L BN
sin[ ,,(s) — B,,(p)]®, }
[ﬂzz ()= B.(p)w,

2|a,a,|[cosa + cos(a + 9)1C,, (s)C,, (P)

(3.15)
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3.4. TENT FUNCTION g

The analysis above can be carried out when the function g is a “tent” function g,

defined as
0 Jor x>,
1 J 1
x)=—<1l+—x for —-w <x<0
gr() o, o, f |
l—ix for 0<x<w,
L wl

Since g, is even, we only need Igz(a))cos[ﬂ,j(s)— B.(p)lwdw. We will use the

next three formulas:

Il-cosﬂxdx=%sinﬁx

J'x cos fx dx =— 2cosﬁx+ﬁxsmﬂx

B
Ixz ~cosﬂxdx——7smﬂx+ 7 xcosﬂx+—/§x sin fx .

From the definition of g, we have

20
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0 for |Jc|>a)l
5 1+ix+ﬁx2 for @ <x<0
1
2 1 5
l——x+—x" for 0E5xsSo)
C w]

When S #0

J‘grz(x)cosﬂxdx=én](l—ix+-a%x2)cosﬁvdx=
2 2x x2 2 2 2
ﬂ["Z o afﬂZ]‘“ﬁ”afﬂz{_

- 4 [l_smﬂa),}
Faol  po |

If =0, then

u]gf(x)dx- -z—zwj(l——x+——x ) dx = p

—o0 lO

Let Z,,, ={(s,p): B,(p)~ B, (s)=0 | and define

2 3C,()C () +

a), (s,PXEZ,, ;
4 % C,)Cop) [, _sint@lB,(p) = Bu()]}
a)l (s,p)eZ,,; [ﬂij(p)_ﬂw(s)]z(s’p)_ w][ﬂy(P)' ﬂw(S)] |
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Note that A ,, = J'Re[T—:.j (a))Tw(a))]gi(a)) dw by Equations 3.7, 3.16, and 3.17.

Then, by Equations 3.10, 3.16, 3.17, and the definition of Ay

I.= 2’[{ 2|aI|2 (I+cos@P)A),,, t+ 2|az|2 (I1+cos@)Ayyp + Apyy + Ay t
2cos @A, ,, + 2ad|[cosa +cos(@+9)IA,,,, +
2|alc_12|[cosa +cos(a@—-9@)IA,,,, + Zla,c_zz|[cosa +cos(@—-9)JA,,,, +
2la,a,|[cosa +cos(@+@)]Ay,,, }- (3.19)

4. AN ELEMENTARY IFOG MODEL

As a first example we consider the simplest possible gyroscope. It consists of an
integrated optics chip (IOC) connected to a length of polarization maintaining (PM) fiber
at a 45° angle. The PM fiber is connected to a coil of single mode (SM) fiber which is
then connected back to the IOC.

4.1. THE MODEL, OUTPUT INTENSITY, AND SAGNAC ERROR

The IOC is modeled by the Jones matrix
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ikl
- i ] 0
M= %[eo ee""b’s}’ with k; =&ng and ks = 2ng.

The PM fiber of length /; and the 45° angle connection are modeled, respectively, by the

Jones matrices

ols ' 1 1
o S | With Ky =27y, by =2y, and RES) = —7=|

0 V2 J ‘
The coil of SM fiber will be modeled by the matrix

jl , with (I -'gn,.jl,, = k,.jlo :

The clockwise loop matrix 7 is modeled by the product of the corresponding Jones

matrices.

1 e”‘sla 0 t“eif“ tlzeifu eik.,ls 0 1 1 eik,l, 0
T(@)=—7= kgl ' ' ikl ikely |
22| 0 gt LW feil @ e™]l~] L] & g

The product of the first three matrices is
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iksly ity i), ikgls i(7)) +ksly+kgls) i(Ty+kgly+kyols)
e 0 t,e t;;€ e 0 | _| ¢e t,e

ikgly iTy)

i3 ikols | — i(T; +kly +kols) (T3 +kgly +kyols)
0 ¢ge l,e e 0 e £ty e Etye

Notice that the diagonal matrices modeling the IOC and the PM fiber do not increase
the number of terms in the resulting matrix, they contribute to the number of terms in the
complex exponential. However, a rotation in general will double the number of terms in

the resulting matrix as can be seen next with the 45° rotation. This explains why, if the

coil is modeled by a full Jones matrix, each 7T,

> is a sum of 2" terms, where N is the

number of rotations (missalignmets) in the fiber splicings along the clockwise loop.

i(7), +kgly+kols)

t”e tlzei(1‘|2+k513+k|015) 1 1 B
£t ei(12,+k,,13+k915) et o/ Fatkelythols) [ 1 1 -
|72} 22
- t lei(r,,+k,l.,+k‘,ls) _tlzei(rn +ksly+kols) [t”ei(t“+k,l3 +kols) 4 tlzei(ru +kgly +k,ol,)]
1
i(Ty, +kely+kgl i kely+kyol i(Ty, +kely+kol i(Tyy +kely +kyol :
_g[tzle'( 21 +kel3+kols) _tzze:(rn+ ol3+ “,,)] 8[1216'( a1 +kgly +kols) +122€'( 22+l + .“)]

Finally, multiplying by the matrix modeling the IOC gives

.
T@) = 242

t ei(f“+2k513+kgls) —t ei(flz"’st/:"‘-'lols)
11 12

e[t o/ (Far+hshythels +hols) _ o ei(rzz+k5l,+k613+kml,)]
21 2

S[t ei(r,,+k51,+k61,+k,ls) +tlzei(r,z+k,l,+k,,l,+k,ol,)]
11

£_’.2 [tuei(rzl +2kgly+kols) + tzzei(ru +2k(,l,+k,ol,)]

4.1)

Thus, for the simple configuration of this example we have

24
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i1y, +2kgly +hols)

7;,(60)=

i(Tyy+2kgly+kyols)
b

=) 1E ) 3
Wikl V5 h2€

] i(Ty +hkgly+kgly +kols) i(7y +hkgly+kgly +kyols)
T,z(a))_mg[,”e ntkslytkely+kols +t12e 12 Hksly +kgly 105],

PREEN | i(Ty) +hgly+kgly+kols) i(Tyy +ksly+kgly +kyols)
Tzl(a))_mg[tﬂe aeidlethe i) g g/ Perbiatththidsl]

T, (w) = _2_1582 [1216“12' +2hgly+hols) o tzze’(’zz+2"e’s +k1015)] ,

and the C,(s) and B,(s) for s=1,2 representing the coefficients and the phases in the

expressions for 7, (@) (see Equations 3.3 and 3.4) are

C=5=t,,  C,@=-Zt,,
Co)=5=et,, C,Q2)==er,,
Cu)=7et,, Cu@)=—F=et,,
Cr) =70, Cp=-=61y,

o B,() =17, + 2k, + ks, @ B,,(2) =1, + 2k, + kol ,
f,D=1,+kd +kl, + ki, @B,(2)=1,+kl +kJ, +k,
L, () =7, +kdy+ ks +kls, @[, (2) =7y +kly + kg, + kL,
o f,(1) =1, +2kJ, + kJl;, @ f,,(2) =7, + 2k, + kyols .

Since we only wish to keep terms of first order in £ or lower, any term in the
expression for HQ(a))&"2 involving 7, or products involving 7;, and/or 7, twice will be

ignored. Thus, Equation 3.2 leads to the simpler expression

25
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[a@al = 2af (1 +cos)T; [ + 2Rela@(TLT,, + Te T 1} +
2Re{a,¢72[e'i"7—'2,7;, + Tlen]} y

When the frequency distribution g of the input is a step function, the results of

Section 3 give

I, =7 [|Q@)d| g*(@)dw =

T A 2 Sin[ﬂn(s)"ﬂn(P)]wl
121 CII Cll *
4w.Z§ U 20+ cosf)C(o)Cu (D)=

2la,a,|(1 . Sin[ﬂll(s)—ﬂn(l’)]‘q %
|aa2|( +cos@)C,,(s)C,(p) [3.(5)- B(p)l

2|alaz|(1 + COoS ¢)Cn (S)Czl (P) S?éfl(;(; z}fz(l’f;)a]:)l }, (4.2)

where we have assumed that both a, and a, are real, thus @ =0.

Next, we compute some of the differences @[ 8;(s) - B,(p)] (s, p=1,2).

o B,() - B,(D]=1,, -7, — A, where As =k, —k,

o [B,(1) - B,(D]=-A,l,, where A, =k, —k;
(l),[ﬂ“(l) - ﬂl2(2)] =T, =Ty — Ay — Al
wl[ﬂn(z) = IBIZ(I)] =T, =T — A, + A
a)l[ﬂl 1 (2)- ﬂlz(z)] = _A313

a5, - B,,D]=1, -7, — A,
wl[ﬂll(l) = ﬂZl(z)] =T, =Ty — Ay — Al

26
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a’l[ﬂn(z) = 1821 (1)] =T =7~ Azls T Asls
a)l[ﬂll(2) = lBZI(z)] =T, =T —Ay;.

. sin x x . : .
Let sinc x=—— and note that sinc x = sinc (- x). Equation 4.2 gives the output
x

intensity as a function of the Sagnac phase shift ¢ for any value of the attenuating
coefficient £; let it be denoted by 1,(¢)

V4 .
1.(9)= I—‘E(l +cosg@) { "l2 [tlzl 'lez =24,t,, sinc(AJs + 7, — 7,,)] +

laya,le [(#] —15) sinc Al +

tato(sinc(Ayy + Al + 7, — 7,,) —sinc (Al — Ads + 7, — 7;,)) +

thty SINC(Ayly + Ty —T,)) — b8y, SINC(Ay + Als + 7y — 7)) +

= lpty, SINC(Asly — Adls + T, — 7)) + 1,1y, SINC(Ay)y + T, — 7,)] } (4.3)

To simplify the notation, define 4 and B as

20,2 4 42 =
A=ap [4), +1, - 241, sinc(AJls + 7, — 7,))],

B= aa,|e[(f) —1}) sinc Ayl +
tats (Sinc (Al + Adls + 7, — 7,,) —sinc (Al — Ads + 7, — 7,,)) +
fty SINC(Ayy + Ty, = 7)) =t ty, SINC(Ay + Agls + Ty = 7,) +
= b5ty SINC(A]; = Ay + T, = T,,) + 8,1, Sinc(A); + 7, —7,5)]

so that we can write 1,(¢) = %a +cosg)[A+B]and I,(§)= 1—”—(1 +cos@) A.

6

The Sagnac phase shift error due to polarization is given by Equation 3.13
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ol LI oY o = | L(8)
@. = sin [_—Iﬂ(—ﬂ'/Z) 1) sin” (B/A) = sin (—_IO(Q) IJ. 4.4)

4.2. THE INTENSITY AS A FUNCTION OF /;; THE OUTPUT COHERENCE

Next, we analyze the error in Equation 4.3, the difference between 7,(#) and 1,(9)
as a function of /.

E=L(#)-1,9) = é(ncoww

The limit of £ as /; — oo is

lg—eo

lim E = %(1 +c0s@) aa,€ [(£3 —13) Sinc AL + 1,1y, sinc (A, + 7, —7,,) +
@,

Lty sinc(A L, + 7, — 7,)].
Assuming 7,, =7,, and 7,, =7,,, this limit is zero provided
2 2
by <l F il Fhats =0, (4.5)

If we assume that the 7, values represent a rotation through an angle @, so that
t,=cosf, f,=sinf, t,=-sinf, and 1, =cosé, then Equation 4.5 implies
cos’@—sin’ @ =0, forcing @ =+45°, +135°,£225°, or +315°. If =45 or —135°, the
error E is zero and hence @, =0. If # =—45° or 135°, then Equation 4.8 is satisfied and
the #, wvalues are, respectively, (#,,,, 0, ty) = (& -5 FHF and

ij
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(—ﬁ, ﬁ, —ﬁ, - ﬁ) . The error angle ¢, as a function of /; for these two sets of values

of #, is the same and is shown in Figure 1.

Examples of other sets of #; values satisfying Equation 4.5 that are not rotations
include the following: (¢,,,1,,%,,%,)=ta-(1,-1,1,1) for any real value «, which
generalize the previous sets of solutions. Note that these are not rotations unless a = -
The sets of values (1,0,—1,1) and (l,%,O, 1) also satisfy Equation 4.5. The error
angles ¢, as a function of /; for these sets of values of 7, are shown in Figures 2, 3, and
4. Figure 5 shows the error angle as a function of /; for a rotation through an angle of 2

radians. Note that the error does not converge to zero as /;, — oo

Whenever Equation 4.5 is satisfied with 7,, =7,, and 7,, =7,,, the error becomes

(1+cos@) aa,e[ t,t,(sinc(AL, + A, +7,, —7,,) —sinc(AL, — A, +7,, —T,,))
=ty SINC(AL, + Al + T, — 7)) — 1,8, SINC(AL, — Agls + 7, — 7,,)]

E=

=
16,

AVAVAVAVAVA\JAUAU/\U{\\j ﬂvﬂuﬂuﬂvf\vf\vf\vf\\]/\v/\/

=

2

-1.5
-100 80 60 -40 -20

FIGURE 1. (1,,, 1,,, t,;, t,) =% (J5, — %5, 5. ) » —45° and 135° Rotations.
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0 b~ V.«V.’\AAA[\ A(\ﬂ[\ﬁf\/\[x[\
T \/\}\)f \j UUUVVVVVUV

FIGURE 2. (¢, ¢,,1,,,t,)=%(1,0,-1,1), not a Rotation.

05 T T T T T T T T T

15} .

25k -

1 1 1 1 1

-3 1
-100 -80  -BO 40 20 0 20 40 60 80 100

FIGURE 3. (1,, 1,, 1,, 1,,) =+ (1,55, 0, 1), not a Rotation.
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x 10

0baoay r\Uz\v/\,\){\V/\Uf‘sK ﬁUﬂU U/ \UAUHU/\V/\V/\VAVJ\VAV

° -\/\/\/\/\f\/\f\/\/\ ANAANM

8t 4

10 1 L L 1 1 1 1 1 1

"o 80 60 -40 -20 0 20 40 60 80 100

FIGURESS. (1,,,1,,1,,, ;) =*(cos2,sin2, —sin2, cos2).
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4.3. MODULATION

To model the effects of modulation rewrite Equation 4.3 as

o .
1(9) = T (A+B)+ 5 (A+ B)cos.

We then replace cosg by cos(¢— ¢, sin@,f) and expand.

cos(¢p—¢,sinw,f) = cosgcos(d,sinw,t)+sin@sin(g, sinw,r)

= cos ¢|:J0 (®,)+ 2i Ju(9,) cos(2ka)pt)} +sin ¢[2i J i1 (@,)sin(2k + l)a)ptjl :

If we replace cos¢ by cos(¢—¢,sin@,t) in the expression for 7,(¢), the only term with
frequency @, ¢ is the one with J,, therefore the demodulated and filtered intensity will be

I,(@)=——J,(4,)(A+B)sing, or
803

/4 i 3
1.(9)= '87-]1 (¢,)sing- { ay [y g =24 sine(A L, +7%5 =, )]+
|

aa,e[(t), —t))sincAl, +

L 1’12(Sinc (Aly + Al + 7, — 7)) —sinc (A, — Ayl + 7, — Tnz)) +

Lty SIDC(AL + T =T, ) =1, 0 SICIAL + A, T =T, ) +
—t,t, SINC(A, — A, + T, —T,,) + 1,15, sinc (A, +7,, — 7,,)] 1.

32
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To obtain an expression for the rotation angle error ¢, when the output of the gyro is

demodulated and filtered, write I.(¢) as I€(¢)581J|(¢p)[A+B]sin¢ and
a)l

I,($)= £J1(¢,,)Asin¢-

If we set 1,(¢) = I,(¢+¢,) and solve for ¢, we get

T

i e S .
80, Ji(¢,)[4+ B]sing = 30 Ji(¢,)Asin(¢+¢,)

sing-[A+ B] = [singcos@, +cos@sing,] 4

sing-[A+B] = [sing+sing, cos@] A

@, =sin™ Being | . Bomp o anl ¢ such that cosg #0.
Acos¢ Acos¢

In particular, if ¢ =45° then ¢, =sin™'(B/4) = sin"[% - 1] as in Equation 4.4.

o

S. AMORE GENERAL IFOG MODEL

Our second example is a more general gyroscope. The clockwise loop in the second
example consists of an IOC connected to a length /, of PM fiber at an angle &, which
represents a miss-alignment and is therefore nominally small, however, in our analysis

and simulation it can have any value. The PM fiber is connected to a second IOC at an
angle «, representing a miss-alignment but may have arbitrary value. The second 10C is
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connected to a length /, of PM fiber at an angle ¢, representing a miss-alignment of a
zero or a 90 degree splicing. This PM fiber is connected to a length /; of PM fiber at a 45
degree angle plus an error angle f, representing a miss-alignment. The PM fiber is
connected to the coil which is then connected to a length /; of PM fiber that is connected
at a (45°+ f3,) angle to a length /, of PM fiber. The last piece of fiber is connected to the
second IOC at an angle «, representing a miss-alignment of a zero or a 90 degree
splicing. The path returns back from the second IOC to the first IOC through the same
forward path connections. The clockwise loop is depicted symbolically in Figure 6.

ki ko, 1, ks, kg, 1y

CHIP-1]6 [0° £ @] > [PMF (ky 4,1,)] <> [0° £ @, ] ¢>[ CHIP - 2] >
g &

L

kS’k6’l3

©[CHIP-2]6[0%r 90° £ az] > [PMF(k,g,1)] <> [45° £ B) > [PMF(ky,o,l5)] >
COIL
&

PN <[0%r 90° £ @] «>[PMF (ki3 ki4,17)] 3[45° £ B,] S [PMF (ky, 15,15)]

FIGURE 6. Interferometric Fiber Optic Gyroscope.

5.1. THE JONES MATRICES OF THE COMPONENTS

The Jones matrices of the gyro components are as follows. The forward path of the
two IOCs have Jones matrices M; and M given by

M, = _l_ 1 0 eik|1| O 3 _1—— eik‘1| 0 B e”‘l’l 1 0
1 V2[0 ¢ g & 2| 0 ge*h V2|0 U A

34
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0
0 ¢ ei(ke —ks)ly |?
2

where k, =<%n_for all s and n, is the index of refraction along the respective path. The

return path of the IOCs have Jones matrices M. and M, given by

¥ g
0 0 8lei(lc2 =k )y

0 3 1 eikslx i
eiksls - 7 0 0 ezei(ks —ks)lg |2

The lengths of PM fiber have Jones matrices U;, Uy, ..., Us given by

—e 0 gla 0 B gots 0
| 0 e’**“]’ Uzz{ 0 e”*“"} Ua_{ ¥ B

e 0 U = euh 0
ikpls |’ 3= ikialy |°
0 e 0 e

=l ] 0 .
These matrices can be written in the form U = ¢ |:O i ,} and the factor ¢* can be
e

ignored when computing the output intensity.
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The rotations are represented by Ry, Ry, ...

cose, sing, cosa,
Rl - . ’ R2 = .
—sing, cos¢, —-sina,

cosa, sina, —sina,
Rs=| or
—-sin@, cosa, —cosa,

sina,
cosa,

a rotation through and angle (0° + ;) or (90°+ ;).

Ry= cos(45° + B) sin(45° + )
—sin(45°+ ) cos(45°+ B) |

and

cosa, sing, —-sing,
6 — y or
—sing, cosq, —cosa,

cosq,

—-sing,

a rotation through and angle (0° + a, ) or (90°+ «,).

, R, where

b

cosa,
—sing, |’

. [ cos(45° + f3,)
RS T = 0 0
—sin(45" + f,) cos(45° + S,)

|

sin(45° + 8,)

We use a general 2x2 complex matrix A for the Jones matrix of the coil,

t eiT” t eile
s 11 12
e I:t et e |
21 22

36
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5.2. THE CLOCKWISE AND COUNTER-CLOCKWISE LOOPS

Let C] = Rz'Ul'Rl, C2 - U3'R4-U2-R3, and C3 = R6'U5'R5'U4. Then, the
clockwise-path is given by

T=[(-))-M;"-C;" (i) Ma."]- [C3: A+ Ca]- [Ma- C1- Mj] =- Ty T+ T2 T, (5.1)

where we have set T, =M,-C;-M;, and T,=Cs3-T-C,.
Note that M;"=M; and My." = M.

The counter clockwise-path T is given by

T = [(-)-Mi"-C;T-M5"]- [C5T- AT C3 "] [(-)- Mae- C1- My ].

Comparing Equations 5.1 and 5.2, we conclude that 7. =7".

The four entries Ty, T12, T21, and T, of the clockwise path matrix T are computed in
Appendix A. The end result of that computation are the four arrays C,,, C,,, C,,, C,, of

256 coefficients and four arrays A,,, A, A,,, A,,, of 256 sets of indices needed to

define the four entries of the clockwise IFOG Jones matrix as defined by Equation 3.3.

We wrote Matlab programs to compute the output intensities given by Equations
3.14, 3.15, and 3.19 and to compute the Sagnac error given by Equation 3.13 for the
IFOG model presented here for Gaussian, rectangular, and triangular frequency
distribution functions. These programs are described in Appendix B where we include

their listings. The plots in Figures 7, 8, and 9 were produced using these programs.

Figures 7, 8, and 9 show the output of the function SagnacBias for a Gaussian, step,
and triangular distribution function, respectively. The horizontal axis shows the values of
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the length /, and the vertical axis shows the values of the length /, in meters. The color

bars show the value of the bias angle in radians for the different colors.

— ]
9

L‘l

:

#

i

E

i

g

A

FIGURE 7. Bias Error - Gaussian Distribution.
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FIGURE 8. Bias Error - Step Distribution.
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FIGURE 9. Bias Error - Triangular Distribution.
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Appendix A
THE CLOCKWISE-PATH MATRIX T

In this Appendix we compute the matrix 7 defined by Equation 5.1. As before, we

L. T
write Tas T =[ ol } Since there are 8 rotations along the clockwise path, each I is
21 22

a sum of 2° =256 terms. They have the form (see Example 1, Section 4)

256

T (@)=Y Cy(s)exp(i I.8,),

reA;(s)

where each C; is a 256-array of coefficients, each A (s) is a set of 11 indices, ( s =1,
2,..,256; i,j=1,2),and ¢ =kl, =k, ,=k)l,, §,=kl,, ..., § =k, forr
odd, ¢, =k, for r even, where k, =n.w/c forr=1,2,3, ... 14, and r = 19, 20, 21, and

22.

Let 6, denote the angle in rotation R, and let s, = siné, and ¢, = cosé, forr=1, 2,
... , 6. The four taus, 71, Ti2, T21, and Ty, representing the coil phase shifts will receive the

indices 15, 16, 17, and 18, respectively; that is T; = @5, Ti2= @, T21 = @,, and T2 =

s -

(@, +0, +..40,)

An exponential of the form e will be represented by a row of indices

[#.7.,...,7, ], thus [2, 3, 5] represents e*****) and a product €' ***%) ¢'* will be

represented by [2,3,5][6] = [2,3,5,6] = &' *¥s*9)

g P
The product of the first » Jones matrices will be denoted by P, = L;’” PMZ] g
r,21 22

rv
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1 le 0 [_1|ce” sge®|_1[ qlll s[2]
V2] 0 g€ | J2|-5€* cege” | V2[(=s) qgl2]]

- | & 8 e” 0 L ¢ (1] 5,&[2] -
= RUA "[—sz cj[ 0 e"%} 72 [(—sl)[l] cl€I[2]]

:[ ¢,[3] 82[4]] _1_[ all] S181[2]}_
(

(-] &[41] V2| (=)l ¢gl2]]

}3;:

1 ¢, [1,3]+ 5,(=s,)[1,4] c,8,&[2,3]+ s,¢,6[2,4]
V2| (-5,)c[13]+ ¢y (=s)[L4]  (=s,)s,6[2,3]+ c,c,6[2,4] |

Thus,

Py = 7% { coc1[1,3] + sa(-s1)[1,4] }, Pyp= ﬁ { c2s1€1[2,3] + s2c1€1[2,4] },
Pip1 = £ {(s2)ei[1,3] + ea(-s1)[1,4] }, Pape= £ { (s2)si2,3] + eaciey [2,4] },

where the red symbols indicate small numbers.

1| ¢ s 0 1 G[5]  5:6,[6]
P =RM,P, = — P = = B,
W= RME, ﬁl:—s3 c}li 0 eze""} N [(—s;)[S] cerl6]]
Thus,

Pe11 = 4¢3 [5] Pani + =53¢ [6] Pagy
Pe12= 4¢3 [5] P2 + =53¢ [6] Pa
Ps21 = = (-3)[5] Pa1 + 5362 [6] Pap
Po22 =4 (-83)[5] Pa,12 + 5 €382 [6] Pap2

Pe11 = 5 { cscoc1[1,3,5] + c350(-51)[1,4,5] + 385 (-s2)e1[1,3,6] + s3€2 ¢a(-51)[1,4,6] }
P12 = 1 { c3ca51€1[2,3,5] + c35:¢1€1[2,4,5] + 8365 (-52)s1€1[2,3,6] + s3€2 €2¢1€1[2,4,6] }
P21 = 1 {(-s3)c2c1[1,3,5] + (-s3)52(-51)[1,4,5] + c36x(-s2)c1[1,3,6] + c3e5¢2(-51)[1,4,6] }
Pep2 = 7 {(-s3) c281€1[2,3,5] + (-s3) s201€1[2,4,5] + caea(-s2)s:1€41[2,3,6] +
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C3E2C2C1E) [234,6] } ’

where the blue symbols indicate numbers that could be small.

&:R4U2&:{c4 | 9]},6:{ al7] S“m]-a
=5, p (=s)I7] 8]

Thus,

Pg 11 = c4[7] Pe,11 + 84[8] Ps 21
Pg 12 = c4[7] Pe,12 + 84[8] P22
Pg1 = (-84)[7] Ps,11 + ca[8] P21
Pg 22 = (-84)[7] Ps,12 + €4[8] Ps 22

P&]] = -;— { C4C3C201[1,3,5,7] + C4C3Sg(-S|)[1,4,5,7] + C4S3E2 (-S;)C|[l,3,6,7] =

C4S3E2 Cz(-S|)[1,4,6,7] S E S4(-S3)C2C1[1,3,5,8] + S4(-S3)Sg(-81)[1,4,5,8] +
S4C383(-S:)Cl[1,3,6,8] i S4C38302(-S])[1,4,6,8] }

Pg,lz = % { C4C3Cy S|F|[2,3,5,7] + C4C3 33C181[2,4,5,7] + C4836» (-53)5581[2,3,6,7] =+
C453€ €2€1£1[2,4,6,7] + sa(-s3) c251€1[2,3,5,8] + sa(-s3) s-¢1€1[2,4,5,8] +
S4C3€7(—53)S|€1 [2,3,6,8] + S4C3€,C2C1€ [2,4,6,8] }

Pgo1 = 7 { (-s4)c3c201[1,3,5,7] + (-8a)c3s2(-51)[1,4,5,7] + (-s4)s3€2 (-52)¢1[1,3,6,7] +
(-s4)s3€2 €2(-51)[1,4,6,7] + ca(-s3)c2c1[1,3,5,8] + ca(-s3)s2(-s)[ 1,4,5,8] +
cacsea(-s2)c1[1,3,6,8] + cacseaca(-51)[1,4,6,8] }

Pg 22 = 1 { (-s4)cac281£1[2,3,5,7] + (-s4)c3 52€1€1[2,4,5,7] + (-84)s3€2 (-52)51€1[2,3,6,7] +
(-84)s3€7 €2C1E) [2,4,6,7] + C4(-S3) 0281&[2,3,5,8] + c4(-s3) SjC1€,1[2,4,5,8] G
c4C3€2(-52)81€1[2,3,6,8] + ca4c3e505C1€1[2,4,6,8] }.

g iTy Ty ifg
e 0 t.e t.e e
B, =UJTU,R, = i g

O e’ t21€ 21 tzze 22

t,,[9,1511] ¢,[10,16,11
P”:{”[ I &l J]PB

1,[9.17,12] 1,[10,18,12]
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Thus,

P11’11 =tn [9,15,11] Pg,“ + 12 [10,16,11] P3,21
P12 =t11 [9,15,11] Pg 12 + t12 [10,16,11] Py,
P11 =11 [9,17,12] Pg 11 + 122 [10,18,12] Py 5
P12 =13 [9,17,12] Pg 12+t [10,18,12] P32

P11,11 = % { t { C4C3C2Cl[1,3,5,7,9,15,1 1] 7 C4C3S:(-S|)[1,4,5,7,9,15,1 1] e
c4s362 (-2)e1[1,3,6,7,9,15,11] + casses ea(-51)[1,4,6,7,9,15,11] +
sa(-s3)c2¢1[1,3,5,8,9,15,11] + s4(-s3)s:(-s1)[1,4,5,8,9,15,11] +
s4c3€2(-52)c1[1,3,6,8,9,15,11] + s4caerca(-s1)[1,4,6,8,9,15,11] } +

t12 { (-s4)c3c261[1,3,5,7,10,16,11] + (-sa)c3so(-s1)[1,4,5,7,10,16,11] +
(-s8)s3€2 (-2)c1[1,3,6,7,10,16,11] + (-4)s385 ca(-51)[1,4,6,7,10,16,11] +
ca(-s3)c2¢1[1,3,5,8,10,16,11] + ca(-s3)s:(-51)[1,4,5,8,10,16,11] +
cacsea(-5:)c1[1,3,6,8,10,16,11] + cacseaca(-s))[1,4,6,8,10,16,11] } }

Pi112= 5 { tn { cacscasi€1[2,3,5,7,9,15,11] + cac3 5:01€1[2,4,5,7,9,15,11] +
€483 (-82)s1€1[2,3,6,7,9,15,11] + c4s3€5 c2€1€1[2,4,6,7,9,15,11] +
s4(-s3) €281€/[2,3,5,8,9,15,11] + s4(-s3) s.¢1€1[2,4,5,8,9,15,11] +
s4C3€2(-52)s1€1[2,3,6,8,9,15,11] + s4c3€5C51€1[2,4,6,8,9,15,11] } +

t12 { (-s4)c3c251€/[2,3,5,7,10,16,11] + (-s4)c3s2€1€4[2,4,5,7,10,16,11] +
(-s4)s362 (-52)51€1[2,3,6,7,10,16,11] + (-s4)s3¢5 c2¢1€([2,4,6,7,10,16,11] +
ca(-s3) ¢281€1[2,3,5,8,10,16,11] + c4(-s3) s.¢1€/[2,4,5,8,10,16,11] +
C4C3€2(-52)51€1[2,3,6,8,10,16,11] + cac3e5C5¢:€1[2,4,6,8,10,16,11] } }

Pll,21 :% { t21 { C4C3C2C|[1,3,5,7,9,17,12] + C4C3SZ('S|)[1a4s5,779917112] *
cass€2 (-52)c1[1,3,6,7,9,17,12] + casser ca(-51)[1,4,6,7,9,17,12] +
54(-53)c2¢1[1,3,5,8,9,17,12] + sa(-53)s(-51)[1,4,5,8,9,17,12] +
$4C3€2(-52)¢1[1,3,6,8,9,17,12] + s4c3e5¢2(-51)[1,4,6,8,9,17,12] } +

ta { (-sa)cscaci[1,3,5,7,10,18,12] + (-s4)casa(-s1)[1,4,5,7,10,18,12] +
(-s4)s38> (-52)c1[1,3,6,7,10,18,12] + (-84)836> ca(-51)[1,4,6,7,10,18,12] +
ca(-s3)cze1[1,3,5,8,10,18,12] + ca(-s3)s:(-51)[1,4,5,8,10,18,12] +
cacsex(-52)c1[1,3,6,8,10,18,12] + cacserca(-s1)[1,4,6,8,10,18,12] } }
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P“,zz = % { 21 { C4C3Co S|€1[2,3,5,7,9,17,12] + C4C35:C1€] [2,4,5,7,9,17,12] =+
Cas3€2 (-52)81€1[2,3,6,7,9,17,12] + cassercacien[2,4,6,7,9,17,12] +
s4(-53) €251€1[2,3,5,8,9,17,12] + sa(-s3)s:¢1€1[2,4,5,8,9,17,12] +
S4C3Eg(-Sz)S|81[2,3,6,8,9,17,12] it S4C3€302C]€|[2,4,6,8,9,17,12] } T

ta { (-sa)c3c2 511[2,3,5,7,10,18,12] + (-ss)css:c1€1[2,4,5,7,10,18,12] +
(-54)83€2 (-52)51€1[2,3,6,7,10,18,12] + (-54)83€2 €2¢181[2,4,6,7,10,18,12] +
ca(-s3) €251€1[2,3,5,8,10,18,12] + ca(-s3)s2¢1€1[2,4,5,8,10,18,12] +
CaC32(-52)511[2,3,6,8,10,18,12] + cacseacacie [2,4,6,8,10,18,12] } }

( 16 terms each P, ;)

e 0 c = c[13]  s4[13]
Ry =URF, = o ’ ’ R, = ) ’ £,
0 &% |-s; o ~s,[14] ¢,[14]

Thus,

Pz = [13]{ csPii,11 +ssPiio1 }
P32 = [13]{ csP11,12 + 8sP1122 }
Pi3p1 = [14]{ -ssP11,11 + 5P }
P32 = [14]{ -ssP11,12 + ¢sP1122 }.

Remark. According to Equations 3.3 and 3.4, to define the four entries 7},, 7,,, T,, T,,
of the transfer function 7" and to compute the output intensities for various g functions we
need the four arrays of coefficients Cj;, Ci2, Cz1, Ca2, and the four 256 X 11 arrays of
indices A,,, A,,, A,,, A,,. At this point we start writing the coefficients and the phase

indices in array form as we continue to compute them. When we finish, they will be in a
format that is ready to be scanned or copied for numerical computations. For example,
instead of writing csc4C382(-51) we will write Cs#CqsC3482+(-5)).

Arrays of coefficients and phase indices for Py3 ;. ( 32 terms each P35 )

Py = [13]{ csPii,11 +s5P11o1 }

% « [ ti1 « [ Cs#CqrC3eCasCy [1,3,5,7,9,15,11,13]
- [1,4,5,7,9,15,11,13]




SPR|

tar * |

ty + |
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C5¢C4~S3-82-(-Sg)*01
C5#Cyq*S3%EH tCzw(-S 1)
Cs+S4+(-53)+C+C)
CsxSan(-53)x52%(-5))
Cs-S4-C3-83-(-Sg)¢Cl
C5xS4xC3*E- ~C2t(-S | ) ]

Cs+(-84)+C3+C22C
Cs#(-84)+C3#50%(-5)
C5~(-S4)-S3-83*(-S_~)t01
Cst(-S4)-S3*83 tCz*(-S | )
C5#Cqs(-83)+CxC
C5~C4*(-S3)v$::(-51)
C5#CqrC3xEx%(=52)%Cy
Cs*CqxCysEnxCox(-51) |

85%C4+C3xC2*Cy
S5%C4xC3%52%(-51)
SstC4~S3-t‘3t(-Sg)tC]
S5*C4~S3t€3~Cz*(-S ])
S5+84%(-53)+C2+C
SstS4:(-S3)-S]#(-S ] )
S5¢S4»C3-i’3:(-53)-C]
S5#S4+C3+E0xCox(-51) |

S5:(-S4)-C3:C2-C1
S5+(~84)*C3+5:%(-5)
Ss#(=84)#S3#E7%(=52)%Cy
S5+(~84)*S3+E0%Cox(=51)
85%C4#(-53)xCo+Cy
S5xCax(-83)x52#(-5)
SStC4‘C3tEZ#('S:)#C|

[1,3,6,7,9,15,11,13]
[1,4,6,7,9,15,11,13]
[1,3,5,8,9,15,11,13]
[1,4,5,8,9,15,11,13]
[1,3,6,8,9,15,11,13]
[1,4,6,8,9,15,11,13]

[1,3,5,7,10,16,11,13]
[1,4,5,7,10,16,11,13]
[1,3,6,7,10,16,11,13]
[1,4,6,7,10,16,11,13]
[1,3,5,8,10,16,11,13]
[1,4,5,8,10,16,11,13]
[1,3,6,8,10,16,11,13]
[1,4,6,8,10,16,11,13]

[1,3,5,7,9,17,12,13]
[1,4,5,7,9,17,12,13]
[1,3,6,7,9,17,12,13]
[1,4,6,7,9,17,12,13]
[1,3,5,8,9,17,12,13]
[1,4,5,8,9,17,12,13]
[1,3,6,8,9,17,12,13]
[1,4,6,8,9,17,12,13]

[1,3,5,7,10,18,12,13]
[1,4,5,7,10,18,12,13]
[1,3,6,7,10,18,12,13]
[1,4,6,7,10,18,12,13]
[1,3,5,8,10,18,12,13]
[1,4,5,8,10,18,12,13]
[1,3,6,8,10,18,12,13]

SStC4:C3t83tC2:(-S]) ] ] [1,4,6,8,10,18,12,13]
Arrays of coefficients and phase indices for Py3 ;.

P32 = [13]{ csP11,12 + ssP1122 }

%* [ ti1 « [ Cs5+CqsC3xCoxs £, [2:3,5,7.9,15,1 1,13]
C5xCygrC3xSoxCpxE [2,4,5,7,9,15,1 1,13]
CstC4~S3t€.j*(-Sj)*s 1*E] [2,3,6,7,9,15,1 1,13]
C5#CyqxS3*E7xCoxC %L | [2,4,6,7,9,15,1 1,13]

A-6



e

hl![
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C5*S4#(~83)+CoxS+€
C5+84%(-53)*52+C1#E
Cs*84+C3E2x(-52)5 #€
C5%84#C3#E)+Co*C1=E

Cs#(-84)%C3Cox 5 +€
C5*(-S4)*C3 *S)*C1*E |
Cs#(=S4)+S3#E24(=52)a5 | 4E
Cs#(~54)#834€2+C2+C1+E
C5#Cqx(-53)+Co*5+€
CsxCqx(-53)5,+C*E
C5*C4-C3~83-(-53)’-Sl *E£|
C5#Cq*C3+E24CosC1*E| |

S5%CqxC3xCoxS | +E |
S5#C4*C3*S7*C1+E
S5#CqxS3xEo%(=52)*5 +€
S5#CyxS3+E7xCoxC*E |
S5tS4*(-S3)~Cz~S; *£ |
S5#S4+(-S3)*S2#C+E)
S5#S4+C3+E7%(=57)#5 4
S5x84xC3*E0+CosC1+E| |

S5#(=S4)*C3%CoxS [ *E£ |
S5+(~84)*C3#8%C*E)
S5+(=54)#S3xE2%(=52 )5 %€
S5+(-84)*S3+E24CoxC#E |
$5+Cqx(-83)*CaxS | +E
$5+Cqx(-53)%52+C1#E |
SS#C4*C3¥€}#(-S:)#S 1#€]
S5xC4qxC3*E7*CoxC*E ]

[2,3,5,8,9,15,11,13]
[2,4,5,8,9,15,11,13]
[2,3,6,8,9,15,11,13]
[2,4,6,8,9,15,11,13]

[2,3,5,7,10,16,11,13]
[2,4,5,7,10,16,11,13]
[2,3,6,7,10,16,11,13]
[2,4,6,7,10,16,11,13]
[2,3,5,8,10,16,11,13]
[2,4,5,8,10,16,11,13]
[2,3,6,8,10,16,11,13]
[2,4,6,8,10,16,11,13]

[2,3,5,7,9,17,12,13]
[2,4,5,7,9,17,12,13]
[2,3,6,7,9,17,12,13]
[2,4,6,7,9,17,12,13]
[2,3,5,8,9,17,12,13]
[2,4,5,8,9,17,12,13]
[2,3,6,8,9,17,12,13]
[2,4,6,8,9,17,12,13]

[2,3,5,7,10,18,12,13]
[2,4,5,7,10,18,12,13]
[2,3,6,7,10,18,12,13]
[2,4,6,7,10,18,12,13]
[2,3,5,8,10,18,12,13]
[2,4,5,8,10,18,12,13]
[2,3,6,8,10,18,12,13]
[2,4,6,8,10,18,12,13]

Arrays of coefficients and phase indices for P;3,;.

Pi321 = [14]{ -ssP11,11 + csPyi21 }

Lo tin« [ (-s5)scasCincorc [1,3,5,7,9,15,11,14]
(-85)*CaxC3nson(-51) [1,4,5,7,9,15,11,14]
(-85)*CasS39E2+(-52)xCy [1,3,6,7,9,15,11,14]
(-85)+C4xS3%E2+Co2(-5)) [1,4,6,7,9,15,11,14]
(~85)+84+(-83)+C2xC) [1,3,5,8,9,15,11,14]
(~55)+84+(-83)%s2+(-5) [1,4,5,8,9,15,11,14]
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(-85)#84xC3x€08(-52)%C
(-85)*84+C3xExCox(-51)

ha[ (-85)+(-s4)+C32Coxc
(-85)%(-84)+C325%(-5 1)
(-85)*(-84)*s32E2%(-52)xC)
(-85)#(-84)*53+E2%Cos(-5 1)
(-85)*Cqx(-53)+CoCy
(-85)+Cqx(-53)*50%(-51)
(-85)xCqsC3xE0x(=52)sC)
(-85)+CqsC3ersCoe(-51)

h«| csxCqsC3xCoxCy

CS-C4tC3t53t(-S 1 )
CStC4#S3*€:#(-Sj)tC1
C5#CqxS3+E2%Cox(-51)
Cs#84%(-53)+CosC)
Cs+S4x(-S3)*52%(-5)
C5#84+C3+E7%(-52)sCy
C5#84+C3sE0Cox(-51) |

Cs#(~84)*C3+Ca+Cy
C5#(-S4)—C3¢SQ~(-S 1 )
Cs+(-84)+83+E2%(-52)Cy
Cs+(~84)*53+E24Cox(-5)
Cs5+Cyx(-S3)*CaxC)
Cs#Cax(=53)#52%(-5))
C5+CqxC3xE#(-52)+Cy
Cs5+CqsCaxnnCax(-5)) |

]

[1,3,6,8,9,15,11,14]
[1,4,6,8,9,15,11,14]

[1,3,5,7,10,16,11,14]
[1,4,5,7,10,16,11,14]
[1,3,6,7,10,16,11,14]
[1,4,6,7,10,16,11,14]
[1,3,5,8,10,16,11,14]
[1,4,5,8,10,16,11,14]
[1,3,6,8,10,16,11,14]
[1,4,6,8,10,16,11,14]

[1,3,5,7,9,17,12,14]
[1,4,5,7,9,17,12,14]
[1,3,6,7,9,17,12,14]
[1,4,6,7,9,17,12,14]
[1,3,5,8,9,17,12,14]
[1,4,5,8,9,17,12,14]
[1,3,6,8,9,17,12,14]
[1,4,6,8,9,17,12,14]

[1,3,5,7,10,18,12,14]
[1,4,5,7,10,18,12,14]
[1,3,6,7,10,18,12,14]
[1,4,6,7,10,18,12,14]
[1,3,5,8,10,18,12,14]
[1,4,5,8,10,18,12,14]
[1,3,6,8,10,18,12,14]
[1,4,6,8,10,18,12,14]

Arrays of coefficients and phase indices for Py; ;.

P32 = [14]{ -s5P11,12 + csP1122 }

T o[t « [ (-85)+CqnC3sCoes ot

(~85)%Cq*C3#575C+E
(-85)+Cqxs3xE2%(-52 )5 5€
(-Ss)*C4wS3*83-02*C1~81
(-S5)tS4-(-S3)*CztS 1*E]
(-85)*84%(=S3)#S2%C €
(-Ss)#S4tC3tE‘3t(-S_w)-S 1*€]
(-55)+54+C3+E9C20C1oE

[2,3,5,7,9,15,11,14]
[2,4,5,7,9,15,11,14]
[2,3,6,7,9,15,11,14]
[2,4,6,7,9,15,11,14]
[2,3,5,8,9,15,11,14]
[2,4,5,8,9,15,11,14]
[2,3,6,8,9,15,11,14]
[2,4,6,8,9,15,11,14]
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h-[ (-85)-(-84)tC3~02*S 1*€]

(-85)+(-84)xC3#5%C1 %€

(-85)*(-84)+53+E2%(-52)#51+€

(-55)#(-54)#53+E25CosC €

(-85)+Ca#(-53)Co*5 | +€
(-85)+C4x(-83)*52#C1+€

(-85)+C4xC3sE%(-52 )5 £

(-85)*C4*C3+E2#CxC+E

hx[ C5#CyqxC3xCoxS | xE

C5+CqxCy%S7#C+E |
CsxCqrS3+E0%(=52)xS %€
C5+CyxS3xE7xCoxC*E
Cs#S4(=S3)*CoxS *E
Cs5#S4x(-83)*52%C+E |
Cs*S4+C3+Erx(=57)S +E
C5*84#C3+E7*CoxC+E |

Cs#(~54)*C3#Co*5 | +E
Cs#(-84)*C3#52%C*E |

]

]

Cs*(=84)*S3+E2%(=52)x5 | *E |

05-(-54)-53*83*02*01*81
C5#C4t(-S3)*CztS|*E|
05'04*(—53)*87}01*91
Cs#CqeC3+En(=57)*S  #E
C5xCyqxC3xExCoxCxE

]

[2,3,5,7,10,16,11,14]
[2,4,5,7,10,16,11,14]
[2,3,6,7,10,16,11,14]
[2,4,6,7,10,16,11,14]
[2,3,5,8,10,16,11,14]
[2,4,5,8,10,16,11,14]
[2,3,6,8,10,16,11,14]
[2,4,6,8,10,16,11,14]

[2,3,5,7,9,17,12,14]
[2,4,5,7,9,17,12,14]
[2,3,6,7,9,17,12,14]
[2,4,6,7,9,17,12,14]
[2,3,5,8,9,17,12,14]
[2,4,5,8,9,17,12,14]
[2,3,6,8,9,17,12,14]
[2,4,6,8,9,17,12,14]

[2,3,5,7,10,18,12,14]
[2,4,5,7,10,18,12,14]
[2,3,6,7,10,18,12,14]
[2,4,6,7,10,18,12,14]
[2,3,5,8,10,18,12,14]
[2,4,5,8,10,18,12,14]
[2,3,6.8,10,18,12,14]
[2,4,6,8,10,18,12,14]

Thus,

Pisn=
Pis12=
P51 =

P52 =

1 |
Pls = M2R61)13 =g 0 e
2

NG

0

4 [191{ c6Pian + seP1321 }
+ [191{ c6Pi3,12 + s6P13.22 }
+[20]e2{ (-se)P13,n1 + C6Pi3 1 }
75 [20]e2{ (-s6)P13,12 + CoPr322 }

|

Cs

Sg p - 1 cs[19]
| B V2| 6(=56)20] £,¢4[20]

s,[19]

I




Arrays of coefficients and phase indices for Pjs ;. ( 64 terms each Ps jj )
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P51 = [19]{ c6P13,11 + s6P1321 }

1
242

1

242

* [ ti1s] cesCseCancsecancy

SPR |

C6#C5#c4tc3¢82#(-5 | )
Co*C5*CqrS3+Erx(=52)+C)
Cp*CsxCyxS3*EH tCz#(-S | )
Ce*Cs+S4x(-S3)+Ca*Cy
C(,tC5mS4t(-S3)-Sg t(-S | )
Cp*Cs*84#C3#E0%(-52)+Cy
06-05tS4tC3t83¢02t(-5 | ) ]

CexCs#(-84)+C3+C2+C)
06¢C5t(-S4)*C3¢53:(-S I )
C6tC5~(-S4)-S3t£3 #(-S:)#C]
CoxCs#(~84)+S3+€2+Cox(-5)
Co*Cs#Car(=83)+Co+C)
Ce*CsxCqr(=S3)*S2%(-51)
Cp*CsxCyxC3xE) #(-S:)#C]
Cﬁ‘CS*C4*C3*€1"CQ*(-S|) I

hs[ cexs5+CqsC32CoxCy

C6tS5tC4-C3tS;‘t(-S 1 )
Ce*S5%C4qxS3 tE'_{t(-S])*Cl
Co*S5+C4xS3#E2+Cox(-51)
C6t85tS4t(-S3)*C2*C1
CG#SS#S4#('S3)*S:‘(-S 1 )
C(;*SS#S4‘C3*SQ#(-S:)#C1

C6*S5tS4*C3-EQ~02*(-S 1 ) ]

Ce*S5+(=S4)*C3+Co*Cy
C6*SS*(-S4)tC3tSZt(-S | )
C(,*Sst(-S4)tS3~Ej -(-Sz)*Cl
06¢S5~(-S4)t53t83~02~(-s 1 )
Cp*S5+Cqx(-83)+CoxC)
Ce*S5#C4x(=53)%52%(-5)
Co*S5+CqrC3xE0x(=52)%C)
Cé*S5*C4tC3*€3*CZt(-S | )

s[ ti1=] Sex(-S5)xCqsC3xCrncy

11

A-10

[1,3,5,7,9,15,11,13,19]

[1,4,5,7,9,15,11,13,19]
[1,3,6,7,9,15,11,13,19]
[1,4,6,7,9,15,11,13,19]
[1,3,5,8,9,15,11,13,19]
[1,4,5,8,9,15,11,13,19]
[1,3,6,8,9,15,11,13,19]
[1,4,6,8,9,15,11,13,19]

[1,3,5,7,10,16,11,13,19]
[1,4,5,7,10,16,11,13,19]
[1,3,6,7,10,16,11,13,19]
[1,4,6,7,10,16,11,13,19]
[1,3,5,8,10,16,11,13,19]
[1,4,5,8,10,16,11,13,19]
[1,3,6,8,10,16,11,13,19]
[1,4,6,8,10,16,11,13,19]

[1,3,5,7,9,17,12,13,19]
[1,4,5,7,9,17,12,13,19]
[1,3,6,7,9,17,12,13,19]
[1,4,6,7,9,17,12,13,19]
[1,3,5,8,9,17,12,13,19]
[1,4,5,8,9,17,12,13,19]
[1,3,6,8,9,17,12,13,19]
[1,4,6,8,9,17,12,13,19]

[1,3,5,7,10,18,12,13,19]
[1,4,5,7,10,18,12,13,19]
[1:3,6,7,10,18,12,13,19]
[1,4,6,7,10,18,12,13,19]
[1,3,5,8,10,18,12,13,19]
[1,4,5,8,10,18,12,13,19]
[1,3,6,8,10,18,12,13,19]
[1,4,6,8,10,18,12,13,19]

[1,3,5,7,9,15,11,14,19]
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Se+(-85)*C4xC3257%(-51)
So*(~85)*CaxS3+E2%(~52)%C)
S(,t(-S5)tC4tS3t€2t02t(-S ] )
S6+(-85)xS4x(~83)+CoxCy
S()t(-S5)*S4#(-S3)-Sg t(-S 1 )
Se*(=85)*S4+C3+E2+(=57)*Cy
Sﬁ*(-SS)*S4-C3 *£) #Cz-(-S 1 ) ]

tizx [ Se+(-85)+(-84)*C3xCoxCy
S6t(-S5)t(-S4)-C3tSQ-(-S 1 )
S6+(~85)*(~84)*S3+E2%(-52)+C)
S6*(~85)x(~84)xS3+E2+Cox(-5 1)
Sex(-85)+Cqs(-53)+CaxC)
SG#(-SS)#C4Q(-S3)*S:1¢('S | )
S6%(-85)*CqrC3sEr+(-52)*C
S6x(-85)*Cq+C3+E2+Cox(-51) |

i« SeeCs#CqrC3eCaaC)
56*05*c4*c3'5'_‘*(‘5 |)
S(,*C§~C4*S3*€3*(-Sg)~cl
SE*C5%C4xS3%E2+Co*(-51)
Se*CsxS4x(-83)+Co+C)
S(,tC5tS4~(-S3)t53 *(-S 1 )
S(,-xCSmS4*C3*€1t(-5:,).Cl
S{,tC5tS4tC3t€31C2*(-S|) ]

S6*Cs*(=84)*C3+C2*Cy
Se*Cs*(-S4)*C3+5:%(-5))
SexCs+(=S4)*S3xE0#(=5)+Cy
S()tC5v(-S4)tS3tE‘g tCZt(-S 1 )
S6+Cs*Cax(-83)+C2+C)
86-:05*04-(-83)‘83*(-8 1 )
Se*Cs#Cq*C3*En+(=57)*C
Sg*xCsxCyxC3xEH #02-(-5 | ) ] ]

[1,4,5,7,9,15,11,14,19]
[1,3,6,7,9,15,11,14,19]
[1,4,6,7,9,15,11,14,19]
[1,3,5,8,9,15,11,14,19]
[1,4,5,8,9,15,11,14,19]
[1,3,6,8,9,15,11,14,19]
[1,4,6,8,9,15,11,14,19]

[1,3,5,7,10,16,11,14,19]
[1,4,5,7,10,16,11,14,19]
[1,3,6,7,10,16,11,14,19]
[1,4,6,7,10,16,11,14,19]
[1,3,5,8,10,16,11,14,19]
[1,4,5,8,10,16,11,14,19]
[1,3,6,8,10,16,11,14,19]
[1,4,6,8,10,16,11,14,19]

[1,3,5,7,9,17,12,14,19]
[1,4,5,7,9,17,12,14,19]
[1,3,6,7,9,17,12,14,19]
[1,4,6,7,9,17,12,14,19]
[1,3,5,8,9,17,12,14,19]
[1,4,5,8,9,17,12,14,19]
[1,3,6,8,9,17,12,14,19]
[1,4,6,8,9,17,12,14,19]

[1,3,5,7,10,18,12,14,19]
[1,4,5,7,10,18,12,14,19]
[1,3,6,7,10,18,12,14,19]
[1,4,6,7,10,18,12,14,19]
[1,3,5,8,10,18,12,14,19]
[1,4,5,8,10,18,12,14,19]
[1,3,6,8,10,18,12,14,19]
[1,4,6,8,10,18,12,14,19] |

Arrays of coefficients and phase indices for Pys .

Pis12= [19]{ c6P13,12 + seP1322 }

S5 *[ tine] CorCsaCancsacresue

Cp*C5*CqxC3*5*C *E
C(,#CstCuS}*E::(-Sg)*S 1*€]

[2,3,5,7,9,15,11,13,19]

[2,4,5,7,9,15,11,13,19]
[2,3,6,7,9,15,11,13,19]




1
242

tia«|

tor« [

1572 |

[ ti«]
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C*Cs#CqxS3*Er%Co*C =L
C6t05aS4t(-S3)#62-S 1*€1
C6#C5tS4t('Sj)*S:lCl *£|
CoaCswS4eC3wE#(-52 oS 5E
Co*C5¥84xC3sE0*CoxCpE |

Co*Csx(~84)%C3xCox 5 %€
Cg*Cs+(-84)%C3 #57#C+E

C6¢05-(-S4)t53t83 *('Sj)*s 1*€|

Cp*Cs(=S4)+S34E2+CoaC+E |
C(,tCstC4-(-S3):C2-S 1*€
C6~C5#C4t(-S3)tSQ¢Cl *£ |
Cp*CsaCqnC3Erw(=52)as 2
Ce*C5xCyrC3+E0xCoxC*E)

C*S5%C4xC3xCoxS  *E |
Cp*S5+C4xC3*5%C1E
Cp*S5#C4xS3+Ew(=52)aS #E
C*S5*Cq*S3%E7%CoxC*E |
C6tSStS4t('S3)#02#S 1*€1
Co*85%84%(=83)*52#C#E )
Co*S5#84%C3+E0e(=52)#5 €
Cp*85%84*C3*xE7xCo+C=E |

CoxS5#(=84)%C3#Cox5 £ |
C6*SS'('S4)'C3*S:*C] *£|

]

]

CerS5+(-84)xS3#E0%(=52)5 1 #€ |

C(,tS5t(-S4):S3~83 *CoxC1*E£
Ce*S5+C4*(~S3)*Coxs 1+
Ce*S5#C4x(-S3)*52%C1+E
C()#Ss*C4*C3*Ej*(-Sj)tS 1*E]
Cp*S5%CqxC3+E0*Co*C*E

Se+(~85)+C4sC35Cs5 | #E

Se*(=85)*CqxC39524C9E |

I

SG#(‘SS)#C4‘S3¢E:t(-Sz)tS 1*€

Sﬁ‘(-SS)*C4‘S3t€3#C2tC1 *£)
Se+(-85)xS4#(~53)+C2s5  +€
Sox(=85)+84%(~83)#52%Cy#E

SG-(-S5)¢S4*C3-83#(-53)-5 1*€]

S@t(-55)t84*C3t83tCZ-C1tE 1

]

A-12

[2,4,6,7,9,15,11,13,19]
[2,3,5,8,9,15,11,13,19]
[2,4,5,8,9,15,11,13,19]
[2,3,6,8,9,15,11,13,19]
[2,4,6,8,9,15,11,13,19]

[2,3,5,7,10,16,11,13,19]
[2,4,5,7,10,16,11,13,19]
[2,3,6,7,10,16,11,13,19]
[2,4,6,7,10,16,11,13,19]
[2,3,5,8,10,16,11,13,19]
[2,4,5,8,10,16,11,13,19]
[2,3,6,8,10,16,11,13,19]
[2,4,6,8,10,16,11,13,19]

[2,3,5,7,9,17,12,13,19]
[2,4,5,7,9,17,12,13,19]
[2,3,6,7,9,17,12,13,19]
[2,4,6,7,9,17,12,13,19]
[2,3,5,8,9,17,12,13,19]
[2,4,5,8,9,17,12,13,19]
[2,3,6,8,9,17,12,13,19]
[2,4,6,8,9,17,12,13,19]

[2,3,5,7,10,18,12,13,19]
[2,4,5,7,10,18,12,13,19]
[2,3,6,7,10,18,12,13,19]
[2,4,6,7,10,18,12,13,19]
[2,3,5,8,10,18,12,13,19]
[2,4,5,8,10,18,12,13,19]
[2,3,6,8,10,18,12,13,19]
[2,4,6,8,10,18,12,13,19]

[2,3,5,7,9,15,11,14,19]

[2,4,5,7,9,15,11,14,19]
[2,3,6,7,9,15,11,14,19]
[2,4,6,7,9,15,11,14,19]
[2,3,5,8,9,15,11,14,19]
[2,4,5,8,9,15,11,14,19]
[2,3,6,8,9,15,11,14,19]
[2,4,6,8,9,15,11,14,19]
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S6#(=85)+(~54)+C3#Cos5 o€
Se*(=85)%(=84)+C3x57+C5€
Se+(-85)*(=84)#S35E2%(=52 )45 #€
Se*(=S5)+(=84)+S34E7+CoaC+E |
S6t(-S5):«(34”-(-5_’4)"‘(:2“S 1*E1
Se(=85)+Cax(=53)*S2#C1+E
Se*(~85)#C4*C3+E- #(=52)%5+€
Se*(~S5)#C4xC3#E22CosC12E; |

Se*C5%CqxC3#CxS | +E
Se*C5xCqxCa*Sr*C*E |
Se*Cs*CaxS3+Eox(=57)S |+
Sg*C5xCqxS3+ExCoxC+E |
So#Cs#S4(-53)CoxS |+
S6*C5*S4*(-S3)t83 *C1*E
Se*C5#S4#C3+Erx(=52)S +€
S*Cs5xS4xC3*xE2xCoxC*E ]

Se*Cs*(=S4)*C3xCo#S | #E |
So*Cs+(~84)*Cy# S2xC+€ |
56-05-(-54)-53:83:(-53)-5 1*€1
S(,-tC5*(-S4)tS3~€3302-=C1*E’ 1
Se#Cs*Cax(=53)*CosS ) +E
S(,-C5*C4*(-S3)*Sjt0|*8 1
Se*C5*CaxCixEnn(=52)#S | £
Se*C5*xCqxCaxErxCoxC1x€; | |

[2,3,5,7,10,16,11,14,19]
[2,4,5,7,10,16,11,14,19]
[2,3,6,7,10,16,11,14,19]
[2,4,6,7,10,16,11,14,19]
[2,3,5,8,10,16,11,14,19]
[2,4,5,8,10,16,11,14,19]
[2,3,6,8,10,16,11,14,19]
[2,4,6,8,10,16,11,14,19]

[2,3,5,7,9,17,12,14,19]
[2,4,5,7,9,17,12,14,19]
[2,3,6,7,9,17,12,14,19]
[2,4,6,7,9,17,12,14,19]
[2,3,5,8,9,17,12,14,19]
[2,4,5,8,9,17,12,14,19]
[2,3,6,8,9,17,12,14,19]
[2,4,6,8,9,17,12,14,19]

[2,3,5,7,10,18,12,14,19]
[2,4,5,7,10,18,12,14,19]
[2,3,6,7,10,18,12,14,19]
[2,4,6,7,10,18,12,14,19]
[2,3,5,8,10,18,12,14,19]
[2,4,5,8,10,18,12,14,19]
[2,3,6,8,10,18,12,14,19]
[2,4,6,8,10,18,12,14,19] |

Arrays of coefficients and phase indices for Ps;.

Pis21 = [20]e2{ (-s6)P13,11 + c6P1321 }

2\‘/5 «[ ti1s] €24(-S¢)*Cs*CqxC3xCC)

€ '(-S(,)tC5-c4-C3*53.(-s | )
£9%(~S6)*C52CqxS3%Ex+(=57)+C)
£2#(-S6)*C5*Cqr533E0+Cox(-5) )
€ *('36)*05*54*(-53)~02*C1
£2%(-86)*C5+84+(-53)%52%(-5 )
£2%(~S6)*C5+84+C3+E2#(-52)+C)
€2+(-56)*C5*84+C3+E2%Cox(-51) |

[1,3,5,7,9,15,11,13,20]

[1,4,5,7,9,15,11,13,20]
[1,3,6,7,9,15,11,13,20]
[1,4,6,7,9,15,11,13,20]
[1,3,5,8,9,15,11,13,20]
[1,4,5,8,9,15,11,13,20]
[1,3,6,8,9,15,11,13,20]
[1,4,6,8,9,15,11,13,20]
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€2%(-86)%C5+(-84)+C3+Co+C
& ‘('S(,)tC5t(-S4)-C3¢SQ -(-S 1 )

82‘('86)*(:5‘('34)#53:82 '('SZ)‘C]
€ ‘(-56)'(:5'('84)‘33‘82 -Czt(-s 1 )

€2#(-86)*C5xCax(=53)+CoxC)

€2%(=86)+C5xCax(-83)*52%(~5 1)
£2%(=86)*C55C4rC3xE2%(-52)C)
€2#(-86)*C5%C4xC3+E22Cx(~5 )

83*(-86)-S5tC4tC3tC2-01

& t('Sb)tSStC4tC3tS:‘('S I )
83:(-86)':85*04*83*83 :(-s3)~c,
£2+(-56)+S5+C4xS3+E25Co%(-5 )
€2+(-86)*S5+84%(~83)+CaxC)
€2%(-86)*S5+84+(-53)+5%(-51)
ﬁgt(-S(,)tS5tS4~C3 *£> —(-S:)-C1
£2%(~86)#S5%84+C3+£#Cx(-5 )

€2%(-86)#85+(-84)+C3+CoxC
& t(-S(,)tS5*(-S4)tC3th t(-S | )

€2%(~S6)*85%(~84)*S3+E2%(~52)*Cy
&‘_7_m(-Sé)-S5t(-S4)*S3“EZ"CZ"('S I )

Ej‘(-S())‘S5-C4t(-53)*02tc1
& *('Sﬁ)*SS!C4t(-S3)tSjt(-s 1 )
€ t(-Sﬁ)tSStC‘;*C}*EJ ‘(-52)*01

83m(-S6)tSStC4tC3#€3tCzt(-S|) l ]

2—'5 * [ ti#] €25Cor(-85)*CqrC3xCanCy

£2+Cex(=85)*CqxC305:4(-51)
£2%Cex(-85)*CyqrS3xEw(=57)*Cy
£2#Ce+(-85)*Cqr53+€2+Cox(-5 )
£7#Coe(-85)*84%(=53)*C+C)
£7#Cea(-S5)+S4%(-53)+524(-5))
& tC(,t(-S5)tS4-C3-€3t(-S3)*01

£2+Cge(~85)#84xC3xExCox(-51) |

€2+Ce+(-85)+(-84)+C3+CoxC)
€23Ce(-85)*(-84)+C3952%(-51)

£2#Cea(-85)*(-S4)+83+€24(-52)+C)
) tC6~(-S5)¢(-S4)-S3-Egth(-S 1 )

£xCex(-85)*Car(-53)*Ca*Cy

[1,3,5,7,10,16,11,13,20]
[1,4,5,7,10,16,11,13,20]
[1,3,6,7,10,16,11,13,20]
[1,4,6,7,10,16,11,13,20]
[1,3,5,8,10,16,11,13,20]
[1,4,5,8,10,16,11,13,20]
[1,3,6,8,10,16,11,13,20]
[1,4,6,8,10,16,11,13,20]

[1,3,5,7,9,17,12,13,20]
[1,4,5,7,9,17,12,13,20]
[1,3,6,7,9,17,12,13,20]
[1,4,6,7,9,17,12,13,20]
[1,3,5,8,9,17,12,13,20]
[1,4,5,8,9,17,12,13,20]
[1,3,6,8,9,17,12,13,20]
[1,4,6,8,9,17,12,13,20]

[1,3,5,7,10,18,12,13,20]
[1,4,5,7,10,18,12,13,20]
[1,3,6,7,10,18,12,13,20]
[1,4,6,7,10,18,12,13,20]
[1,3,5,8,10,18,12,13,20]
[1,4,5,8,10,18,12,13,20]
[1,3,6,8,10,18,12,13,20]
[1,4,6,8,10,18,12,13,20]

[1,3,5,7,9,15,11,14,20]

[1,4,5,7,9,15,11,14,20]
[1,3,6,7,9,15,11,14,20]
[1,4,6,7,9,15,11,14,20]
[1,3,5,8,9,15,11,14,20]
[1,4,5,8,9,15,11,14,20]
[1,3,6,8,9,15,11,14,20]
[1,4,6,8,9,15,11,14,20]

[1,3,5,7,10,16,11,14,20]
[1,4,5,7,10,16,11,14,20]
[1,3,6,7,10,16,11,14,20]
[1,4,6,7,10,16,11,14,20]
[1,3,5,8,10,16,11,14,20]
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E2 mC(,t(-S5)*C4t(-S3)#Sgt(-s] )
& -C(,t(-S5)tC4*03'€2 *('52)‘(:1
€9%Cex(-85)*CqrC3sE9xCox(-51) |

E2%CxC5xCqxC3*CxC
E£2#CCs*CqxC3xS%(-5))
£7#C6*Cs#CqxS3+E7%(=57)+Cy
E£2%Ce*CsxCqxS3#E9xCox(~5)
8:*0(,-05*84*(-53)‘02‘(:1
E‘J#C6tCS#S4*(-S3)*SZ*('S 1 )
E7*xCexC5xS4xC3 "82"‘(‘32)"(:1
E£7xC*C5x84*C3*En "‘(52"('S I )

£7+CexCsx(=84)*C3+Co*C]
EJ*C6tC5-(-S4)-CJ*53 *(-5 1 )
£2#Ce*Csa(=S4)#S3#E2%(=5)+C
€2#C6+Cs%(-84)+S3+€24Cox(-5))
£7+C#C5#Cqs(=53)*Co*Cy
£2%Ce*C5xCqx(-53)%52%(-5))
E:*C()‘CS*C4‘C3:§8:#(-S:)*CI
82‘C6*CS'C4*C3*83*CZ~(-S]) ] ]

[1,4,5,8,10,16,11,14,20]
[1,3,6,8,10,16,11,14,20]
[1,4,6,8,10,16,11,14,20]

[1,3,5,7,9,17,12,14,20]
[1,4,5,7,9,17,12,14,20]
[1,3,6,7,9,17,12,14,20]
[1,4,6,7,9,17,12,14,20]
[1,3,5,8,9,17,12,14,20]
[1,4,5,8,9,17,12,14,20]
[1,3,6,8,9,17,12,14,20]
[1,4,6,8,9,17,12,14,20]

[1,3,5,7,10,18,12,14,20]
[1,4,5,7,10,18,12,14,20]
[1,3,6,7,10,18,12,14,20]
[1,4,6,7,10,18,12,14,20]
[1,3,5,8,10,18,12,14,20]
[1,4,5,8,10,18,12,14,20]
[1,3,6,8,10,18,12,14,20]
[1,4,6,8,10,18,12,14,20]

Arrays of coefficients and phase indices for Pjs s,
Pi522 = [20]e2{ (-s6)P13,12 + c6P13 22 }

2\1[5 *[ t”*[ 8;:(-5(,)*C5-C4tC3tCZ-SI*8] [2,3,5,7,9,]5,1 1,13,20]

£2+(=86)*C5xCqrC3+S7*C € [2,4,5,7,9,15,11,13,20]
£#(=S6)*C5+Cqr833E%(=52)*S | +€ [2,3:6,7.9,15,11,13.20]
£2%(~S6)*C5+C4xS3+E2+CsC*E | [2,4,6,7,9,15,11,13,20]
£2%(~86)*C5#S4+(-S3)*CosS | +€ [2,3,5,8,9,15,11,13,20]
£2+(~56)+C5*S4(-53)*52%C1+€ [2,4,5,8,9,15,11,13,20]
£2%(~86)*C5*S4+C3+Exx(=52)xS | +E [2,3,6,8,9,15,11,13,20]
£2%(=S6)*C5*84+C3+E2*CoxC+E| | [2,4,6,8,9,15,11,13,20]

£20(-S6)sCsn(-54)9C30C2s 81 o€ [2,3,5,7,10,16,11,13,20]
€2+(~56)#C5+(~84)C3+52+C1 o€ [2,4,5,7,10,16,11,13,20]
& t(-S())*CS*('54)*83*82*('53)'5 1*E [2,3,6,7, 1 0, 1 6, 11 5 1 3,20]
€20(-S6)sCse(-Sa)eS3eEnCoeC1oE  [2,4,6,7,10,16,11,13,20]
€+(~86)*CsxCyx(=S3)+Co#S | *€ | [2,3,5,8,10,16,11,13,20]
£2+(-56)+C3+Cas(-53)s52+C1 €, [2,4,5,8,10,16,11,13,20]
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£2%(=86)#C5#Cq*C3xErs(=52)*5 | +E |
83*(-S(,)*C5tC4*C3t€3tCZtC1*E1 ]

& t(-S(,)tS5tC4~C3tCztS 1*€]

& t(-S(,)¢85tC4*C3*Sz*01 *£
8:*('S6)tSStC4tS3tezt(‘sz)ts 1*€)
83t(-SG)~S5~C4-S34-83002-C1#8 |
83t(-S())*S5tS4*(-S3)#CrS %€

& *(-86)-:85:S4-(-S3)-Sg *C1*E
83‘('56)‘55*54‘(:3*82‘('SQ)*S 1*£]
Egt(-S())-S5tS4*C3t€3tCz»CltE| ]

£%(~56)*S5+(~84)+C3+CsS | +E |
E24(=S6)*S5%(=S4)*C3%52%C+E |
£2%(~S6)*S5#(~S4)*S3+E2+(=52 )45 | +E
£2#(-S6)+S5+(~84)*S39€2+C2C1+E
€4(~S6)*85#C4#(~53)*Co*S | #€ |

& '('S6)‘SS*C4*(‘S3)*S]#C] *E)
£2%(~86)#85%CaxC3+Ex(=52)x5 |+
8_3*(-86)~S5t04*C3-€3*C2-C1*8; ] ]

€% Cor(~85)*C4xC3#Co*5 | +E

g:tC(,#(-S5)*C4*C3*Sj*C] *£
Ej*CG*('SS)*C4*S3‘83*('S])*5 | *E
%) tC6-(-S5)~C4t83*82:C2-C1-E1
€2#Ceow(=S5)*S4#(=S3)*Coss | *E |
83#Ce*(-Ss)*S‘v(-S})*Sz*C]tE]
€2%Cox(-85)xS4xC3xEnn(-52)5 #€|
£2%C6#(-85)+84+C3+E20CoxC+E | ]

E2xCon(-85)+(-84)%C32Cox5  +E
E2#Cer(=85)*(-84)+C3052%C12E |
Ej*Cﬁ‘('SS)‘("S4)*S3*82*('5])*5 1*E]
£2#Co*(-S5)+(~S4)+S3+E24C*C+E |
£2%Ce+(-85)xCar(-53)+Coxs | *E

€ #06-(-85)-64*(-83)-53 *C1xE
£2#C6¥(~85)*Cq#C32E0%(-52)+5 1 4€ |
£7#Cex(-85)*CqsC3eExCoxC1oE |

E7xCexCo#CyxC3yxCoxS %L
£7%Ce*C5xCxC3xSH*C1*E

[2,3,6,8,10,16,11,13,20]
[2,4,6,8,10,16,11,13,20]

[2,3,5,7,9,17,12,13,20]
[2,4,5,7,9,17,12,13,20]
[2,3,6,7,9,17,12,13,20]
[2,4,6,7,9,17,12,13,20]
[2,3,5,8,9,17,12,13,20]
[2,4,5,8,9,17,12,13,20]
[2,3,6,8,9,17,12,13,20]
[2,4,6,8,9,17,12,13,20]

[2,3,5,7,10,18,12,13,20]
[2,4,5,7,10,18,12,13,20]
[2,3,6,7,10,18,12,13,20]
[2,4,6,7,10,18,12,13,20]
[2,3,5,8,10,18,12,13,20]
[2,4,5,8,10,18,12,13,20]
[2,3,6.8,10,18,12,13,20]
[2,4,6,8,10,18,12,13,20]

[2,3,5,7,9,15,11,14,20]

[2,4,5,7,9,15,11,14,20]
[2,3,6,7,9,15,11,14,20]
[2,4,6,7,9,15,11,14,20]
[2,3,5,8,9,15,11,14,20]
[2,4,5,8,9,15,11,14,20]
[2,3,6,8,9,15,11,14,20]
[2,4,6,8,9,15,11,14,20]

[2,3,5,7,10,16,11,14,20]
[2,4,5,7,10,16,11,14,20]
[2,3,6,7,10,16,11,14,20]
[2,4,6,7,10,16,11,14,20]
[2,3,5,8,10,16,11,14,20]
[2,4,5,8,10,16,11,14,20]
[2,3,6,8,10,16,11,14,20]
[2,4,6,8,10,16,11,14,20]

[2,3,5,7,9,17,12,14,20]
[2,4,5,7,9,17,12,14,20]
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£7%Ce*xCs5xCyxS3xEH -(-Sg)-s 1*E]
£7#Ce*C5*CqrS3+E)*CoxC+E |
£7%CeaCs#S4#(=53)*CosS €
83-C6‘05~S4-(-S3)~Szt01 *£ |
£74C#Cs#S4*C3aErx(=52 )*5 #E
E£7*%CxC5xS4*+C3*ExCoxC1*E ]

£7#C#Csx(=S4)*C3#Co*S | *E£
£2#Ce*Cs+(=54)*C3#52#C1+E |

) ¢06:C5¢(-S4)*S3t83*(-SZ)*S 1*€]
gth6#c5$(-s4)tS3*€j*CZ*CI*8‘
£7%Ce#CsxCar(=83)*CoxS |+
£2#C6+Cs+C4x(-53)*52+C+E
6‘,3tC6~C5*C4*C3*?3*('52)*3 1*E)
£2%CC5xCqrCaxE2+CxC1+E| | ]

[2,3,6,7,9,17,12,14,20]
[2,4,6,7,9,17,12,14,20]
[2,3,5,8,9,17,12,14,20]
[2,4,5,8,9,17,12,14,20]
[2,3,6,8,9,17,12,14,20]
[2,4,6,8,9,17,12,14,20]

[2,3,5,7,10,18,12,14,20]
[2,4,5,7,10,18,12,14,20]
[2,3,6,7,10,18,12,14,20]
[2,4,6,7,10,18,12,14,20]
[2,3,5,8,10,18,12,14,20]
[2,4,5,8,10,18,12,14,20]
[2,3,6,8,10,18,12,14,20]
[2,4,6,8,10,18,12,14,20] |

Thus,

P71 = ¢2[3] Pis,in + (-52) [3] Pis,1
Pi7,12= ¢2[3] P52 + (-52) [3] Pis22
P1721 = s [4] P51+ c2[4] Pisa
P1122= s, [4] P15s12 + ¢c2[4] P15

Arrays of coefficients and phase indices for Py7,1;. ( 128 terms each Py7 )

Pz = ¢2[3] Pisa1 + (-52) [3] Pis

1

5 {czm —sz[sl} P,

s,[4]  ¢,[4]

WE ..[ t|1~[ Co*Cp*Cs*CyxC3#Co*C [1,3,5,7,9,15,1 1,13,19,3]

Co#C*CsxCaxC3xSo+(-51)
C2#C6#C5+CarS3+E2%(=52)+C)
Cz*C(,tC5*C4nS3t€3*CZ*(-S | )
C2xCe*CsxS4x(~S3)+CoxCy
C2+C6*Cs+S4+(-53)%52#(=5 1)
C2#Ce*Cs#84+C39E2#(=52)+Cy
C2#CeCs*S4sC3+E2#Cox(=51) |

[1,4,5,7,9,15,11,13,19,3]
[1,3,6,7,9,15,11,13,19,3]
[1,4,6,7,9,15,11,13,19,3]
[1,3,5,8,9,15,11,13,19,3]
[1,4,5,8,9,15,11,13,19,3]
[1,3,6,8,9,15,11,13,19,3]
[1,4,6,8,9,15,11,13,19,3]




tiz «|

tar « |

t |

ISP |

ti2 |
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C2*CoxCse(-84)*C3+CoxCy
Cth6iC5—(-S4)tC3tSQ_-(-S ] )
CoxCoxCsn(-84)+83%E2+(~52)+Cy
Cz-CGtC5t(-S4)*S3t83.Cz-(-s|)
02106:05-C4a(-83)~02-01
C2xCe*CsxCar(-S3)x50%(~51)
C2*CpxC53C4xC3xEr#(=52)*C)
Cz*CstCstC4-C3t83-02*(-S|) ]

Co*C*S5%C4*C3*Co*C)
Co*CgxS5xCyxC3%SH t(-S | )
Co*Cp*S5#CyqxS3+EH t(-S:)tC]
C2*Ce*85+C4+S3+E25Co+(-5 )
C2#Cg#S5#S4+(~S3)*Co*C)
02-06*85*84*(-53)t53t(-51)
Cth(,~55*S4¢C3t83‘(’SJ)*C]
C2xCe*85+84+C3+E2#Cox(-51) |

C2*Cg*85+(=54)#C3+C2+C)
Cth6tSSt(-S4)tCB#SZ#('S 1 )
C2xCoxS5x(-84)+S3+E0+(-57)+C)
C2+Ce#S5+(~S4)+S3#E2Co2(-51)
Co#Ce*S5#C4*(-S3)+Co+Cy
C#Ce*S5+Ca»(-53)#52%(=5)
Co*Cp*S5*CyqxC3xEH t(-S:)tC]
C2*Cq*S5%CqrC3+E2+Cox(-51) |

C2xS6x(~85)*C4+C3%CoxC|
02'56‘('55)-C4t03-53 *(-S 1 )
C2#86(~85)+CarS39E2%(~52)+C
02"56‘(-85)-C4¢S3*83 tCz#(-S 1 )
C2#S6+(~85)#84#(~53)+CaxC
Co*Se*(=S5)*S4x(=53)+52#(~51)
Co*Sg+(~85)+S4+C3%Eo%(~52 )=y

C2#S6+(~85)+84+C3+E24Co0(-51) |

C2+S6+(=85)*(-84)*C3#CaxC
C2#S6t(-85)t(-S4)tC3-S1 #(-S | )

Cz#SGt(-S5)~(-S4)tS3tE3#(-53)*C1
CztSG#(-Ss)*(-S4)tS3*£3tCzt(-S1)

C2#S6x(=85)*Cax(~83)+CoxC
C2*Sg+(-85)*Cas(-83)w52%(-51)

A-18

[1,3,5,7,10,16,11,13,19,3]
[1,4,5,7,10,16,11,13,19,3]
[1,3,6,7,10,16,11,13,19,3]
[1,4,6,7,10,16,11,13,19,3]
[1,3,5,8,10,16,11,13,19,3]
[1,4,5,8,10,16,11,13,19,3]
[1,3,6,8,10,16,11,13,19,3]
[1,4,6,8,10,16,11,13,19,3]

[1,3,5,7,9,17,12,13,19,3]
[1,4,5,7,9,17,12,13,19,3]
[1,3,6,7,9,17,12,13,19,3]
[1,4,6,7,9,17,12,13,19,3]
[1,3,5,8,9,17,12,13,19,3]
[1,4,5,8,9,17,12,13,19,3]
[1,3,6,8,9,17,12,13,19,3]
[1,4,6,8,9,17,12,13,19,3]

[1,3,5,7,10,18,12,13,19,3]
[1,4,5,7,10,18,12,13,19,3]
[1,3,6,7,10,18,12,13,19,3]
[1,4,6,7,10,18,12,13,19,3]
[1,3,5,8,10,18,12,13,19,3]
[1,4,5,8,10,18,12,13,19,3]
[1,3,6,8,10,18,12,13,19,3]

[1,4,6,8,10,18,12,13,19,3] _

[1,3,5,7,9,15,11,14,19,3]
[1,4,5,7,9,15,11,14,19,3]
[1,3,6,7,9,15,11,14,19,3]
[1,4,6,7,9,15,11,14,19,3]
[1,3,5,8,9,15,11,14,19,3]
[1,4,5,8,9,15,11,14,19,3]
[1,3,6,8,9,15,11,14,19,3]
[1,4,6,8,9,15,11,14,19,3]

[1,3,5,7,10,16,11,14,19,3]
[1,4,5,7,10,16,11,14,19,3]
[1,3,6,7,10,16,11,14,19,3]
[1,4,6,7,10,16,11,14,19,3]
[1,3,5,8,10,16,11,14,19,3]
[1,4,5,8,10,16,11,14,19,3]
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Cz*S(,*(-S5)tC4tC3*€3 *(-Sg)*cl
CztS6t(-Ss)-C4*C3t€3 tCz*(-S] ) ]

C2#S6*C5%CqxC3xCoxC
C2-S6tCStC4aC3-S:#(-S | )
Co*Se*CsxCyxS3*EH -(-Sz)-cl
C2#86#C5+CqrS3#E+Co%(-51)
C2#86*Cs+84%(-83)*Co+Cy
C2#S6+Cse84x(~83)x52+(~5 1)
C#S6*C5*S4+C3sE+(=52)+Cy
C2#86+C5+84xC3+E2#Cx(-5)) |

C2*86-05-(-S4)-C3tC2#C1
Co*S6*Cs#(=S4)*C3+52%(-5))
Co*SexCs(=84)+S3+E2%(=57)*C)
02-86*05*(-54)#53*82 tCzt(-S 1 )
C2*S6xCs#Cqx(-53)%CoxCy
Co#S6+Cs#Cqx(=S3)*52%(-51)
Co*Sp+C5#CqnC3+E2%(=57)+C)
Co*Sp*Cs*CyxC3 *83*02*(-8 | ) ]

(-52)+€2%(-86)*C5+C4#C3#C*Cy
(-82)%E%(~S)*C5*C4xC3#57%(-5) )
(-52)#E2%(=S6)*C5+CaxS32E2%(=55)+Cy
(-52)%€2%(~86)*C5+Cqr83+E2%Cox(~5))
(-52)%€2%(~86)*C5%84%(~53)*CaxCy
(-52)5E24(~S6)*Cs+84x(-53)+52#(-5))
(-S,g)-Egt(-S())tC5tS4*C3 *£) t(-S])*Cl
(-S;)*Eg #(~S6)*Cs5+S4+C3+E «Cox(-5) ) |

(-52)x€2#(-86)*Cs#(-84)*C3+C2xC)
(-52)%€2#(=86)*Cs+(~84)+C3#52+(=5 )
(-S:)-E: #(-Sﬁ)tCSt(-S4)~S3 *E9 *(-Sg)'@]
(=52)%€2%(=86)*Csx(=S4)+S3%E2%Cox(-51)
(-52)#€2%(-Sg)*Cs+Ca*(-53)*C2*C}
(-52)#€24(-86)*C5+Cqx(-53)#52%(-51)
(-52)%€2%(~86)#C52CqrC32E2%(-52)+C
(-52)x€2+(~86)*C5+CarC3sErnCar(-51) |

('SI )t82 t(-S6)#SstC4*C3tCZ*C]
(-52)+€2+(-86)+85+C4#C3#52+(-51)
(-53).83 t(-S6)tS5tC4¢S3#€1 *('SZ)*C]

[1,3,6,8,10,16,11,14,19,3]
[1,4,6,8,10,16,11,14,19,3]

[1,3,5,7,9,17,12,14,19,3]
[1,4,5,7,9,17,12,14,19,3]
[1,3,6,7,9,17,12,14,19,3]
[1,4,6,7,9,17,12,14,19,3]
[1,3,5,8,9,17,12,14,19,3]
[1,4,5,8,9,17,12,14,19,3]
[1,3,6,8,9,17,12,14,19,3]
[1,4,6,8,9,17,12,14,19,3]

[1,3,5,7,10,18,12,14,19,3]
[1,4,5,7,10,18,12,14,19,3]
[1,3,6,7,10,18,12,14,19,3]
[1,4,6,7,10,18,12,14,19,3]
[1,3,5,8,10,18,12,14,19,3]
[1,4,5,8,10,18,12,14,19,3]
[1,3,6,8,10,18,12,14,19,3]

[1,4,6,8,10,18,12,14,19,3] _ i

[1,3,5,7,9,15,11,13,20,3]
[1,4,5,7,9,15,11,13,20,3]
[1,3,6,7,9,15,11,13,20,3]
[1,4,6,7,9,15,11,13,20,3]
[1,3,5,8,9,15,11,13,20,3]
[1,4,5,8,9,15,11,13,20,3]
[1,3,6,8,9,15,11,13,20,3]
[1,4,6,8,9,15,11,13,20,3]

[1,3,5,7,10,16,11,13,20,3]
[1,4,5,7,10,16,11,13,20,3]
[1,3,6,7,10,16,11,13,20,3]
[1,4,6,7,10,16,11,13,20,3]
[1,3,5,8,10,16,11,13,20,3]
[1,4,5,8,10,16,11,13,20,3]
[1,3,6,8,10,16,11,13,20,3]
[1,4,6,8,10,16,11,13,20,3]

[1,3,5,7,9;,17,12,13,20,3]
[1,4,5,7,9,17,12,13,20,3]
[1,3,6,7.9,17,12,13,20,3]




t « |

ti |

tio «|

tor «|

NAWCWD TP 8592

(-82)%€2%(~S6)*S55C4#S33E0Cox(=51)
(-52)%€2+(-86)*S5+84%(~83)+C*C)
(-52)+€2%(~86)*85+84%(-83)#5%(-51)
(-52)#€2+(~86)*S5+84+C32E2#(~5)+Cy
(-S2)*87_r(-S6)tS5tS4-C3*82*02t(-S 1 ) ]

(-52)#€2%(=85)+S5+(~84)*C3%C22Cy
(-52)#€2%(-56)+85+(-84)*C352%(-51)
(-52)+E2%(-86)*85+(~84)*S3+E2%(=52)+Cy
(-52)+€2%(-86)+85(~S4)834E29C2x(=51)
(-52)%€2%(-56)#S5+Cq2(-53)xCaxC)
(-52)2+(-56)+85+Cas(~53)52%(-51)
('SZ)*SZ‘('S6)‘SS"C4‘C3*E:"‘("Sj)'cl
(=52)E25(~S5)+S5+C4sC34E24Coe(=51) |

(-52)%€2+C6(-85)*C4xC32CoeC
(-82)*E20Cea(=S5)*CqxC350%(-5))
(-S1)*83:06-(-85%04-53-83 -(-Sg)-Cl
('Sj)‘81*CG*('SS)*C4*S3*83‘02*(-5 | )
(-52)x€2%Cx(~85)+54+(~83)+C2xC)
(-52)%E0#Cea(-85)#S4#(-83)*52%(-5 )
(-52)#€2%Cer(=85)xS4xC3xEr+(=52)%C)
(-52)#E2#Ce#(=S5)*84*C3xExCo2(-51) |

(-82)*E2#Cox(-85)*(-84)+C3%CoxCy
(-52)+€29Cex(-85)%(-84)+C3+52+(-51)
(-52)+€25Cex(-85)+(-84)+83+E2+(-52)5C1
(-52)#E2+Coa(-85)%(-54)+53+E2+C22(-51)
(-52)%€2%Ce#(-85)*Cq(-53)%CoxCy
(-52)*E22Cex(=85)xCax(=S3)*52%(-5))
(-52)%€2+Ce(-85)%CanC3sE2(-52)0Cy
(—S:)tEg *CG‘('SS)"CAPC}'SZ -Czt(-s I ) ]

(-52)*E2#C#C5#C4rC3#C*C
(-52)+€2#CerC53C4sC3%52#(-51)
(-52)#E2#Ce*Cs#CqrS35E2%(-52)+C)
(-82)%€2*CqxC5#CqxS3%E2#Cox(-51)
(-Sg)*i':}*C6#05*S4*(-S3)t02*c]
(-52)+E2+CexC5+84x(~83)x52%(-5 )
(-52)*E25Co*C*84+C3xEo5(-52)+Cy
(-82)#E2%CxCs384%C35E22Cox(-5) |

A-20

[1,4,6,7,9,17,12,13,20,3]
[1,3,5,8,9,17,12,13,20,3]
[1,4,5,8,9,17,12,13,20,3]
[1,3,6,8,9,17,12,13,20,3]
[1,4,6,8,9,17,12,13,20,3]

[1,3,5,7,10,18,12,13,20,3]
[1,4,5,7,10,18,12,13,20,3]
[1,3,6,7,10,18,12,13,20,3]
[1,4,6,7,10,18,12,13,20,3]
[1,3,5,8,10,18,12,13,20,3]
[1,4,5,8,10,18,12,13,20,3]
[1,3,6,8,10,18,12,13,20,3]
[1,4,6,8,10,18,12,13,20,3] _

[1,3,5,7,9,15,11,14,20,3]
[1,4,5,7,9,15,11,14,20,3]
[1,3,6,7,9,15,11,14,20,3]
[1,4,6,7,9,15,11,14,20,3]
[1,3,5,8,9,15,11,14,20,3]
[1,4,5,8,9,15,11,14,20,3]
[1,3,6,8,9,15,11,14,20,3]
[1,4,6,8,9,15,11,14,20,3]

[1,3,5,7,10,16,11,14,20,3]
[1,4,5,7,10,16,11,14,20,3]
[1,3,6,7,10,16,11,14,20,3]
[1,4,6,7,10,16,11,14,20,3]
[1,3,5,8,10,16,11,14,20,3]
[1,4,5,8,10,16,11,14,20,3]
[1,3,6,8,10,16,11,14,20,3]
[1,4,6,8,10,16,11,14,20,3]

[1,3,5,7,9,17,12,14,20,3]
[1,4,5,7,9,17,12,14,20,3]
[1,3,6,7,9,17,12,14,20,3]
[1,4,6,7,9,17,12,14,20,3]
[1,3,5,8,9,17,12,14,20,3]
[1,4,5,8,9,17,12,14,20,3]
[1,3,6,8,9,17,12,14,20,3]
[1,4,6,8,9,17,12,14,20,3]



ta « [

Arrays of coefficients and phase indices for P;72,

NAWCWD TP 8592

('52)‘82 ‘CG'CS*(-S4)'C3-C2tC 1
(—Sg)th '06*05'('54)*03 nSQt(-S 1 )

(-Sg)#ﬁj tC(,tC§t(-S4)tS3-€3 ~(-sz)—cl
(-82)+€2#C#Csx(=84)*S3*E2+Co*(-5))

(-Sz)-Ej "'C6"‘05"‘C4"‘('S3)‘02*01
(-SZ)tSZtC(,mCStC4*(-S3)'S: *(-S 1 )
(-SZ)—E: tC6*C5#C4tC3#82#(-SZ)*c]

(-52)+€2+CeuCseCqrC3sEr+Cox(-51) | ]

Pi712= ¢2[3] Pis12 + (-52) [3] Pi5,22

ﬁ [ 1] CoxCerCssCanCisCoss *E

tia«|

tor |

C2*C*C5xCqxC3xS)*C1+E
C2-CG*C5*C4~S3t83*(-Sg)*s 1*£
Co*Ce*CsxCyxS3+E+CoxC*E
CoxCi*Cs*84+(=53)xCoss | +€
C2+Co*Cs*S4n(~53)#52+C+E
Co*Co*C#S4#C3#E0#(=57 )45 #E
Co*Cp*Cs5xS4xC3*+E)*CxC1+E | ]

Co*C#Cs#(=S4)*C3#Cos S4E
C2+C6+C5%(=84)*C3 #52+C+E
Cz*Cﬁ*Cs#(-S4)-S3~E‘g*(-Sg)-S 1*€)
C2#C*Csx(~84)*S34E2Co*C*E |
C2+C*CssCqr(=53)*Coxs %€
02*06'105*04*(-83)#53#01*E.]
Cz*C6*C5*C4*C3*t‘3*(-Sg)*s 1*€]
C2#C6+Cs*C4sC3+E2+Co*CoE | |

Co*Ce*S5*xCyxC3yxCoxS |+
Co*C*S5*xCyqxC3xSH*C x|
Cth6¢S5tC4tS3t?jt(-Sz)*S 1*€1
Co*Cp*S5*CqxS3*E+CoxC+E
Co*C*S5+S4+(=53)+Coss +E
C2#C6*S5+84+(-83)*52+C 1+
C#Ce*S5384+C33E0x(=57)#8 £
C23C4+85+S43C3+E03CoxC+E | |

A-21

[1,3,5,7,10,18,12,14,20,3]
[1,4,5,7,10,18,12,14,20,3]
[1,3,6,7,10,18,12,14,20,3]
[1,4,6,7,10,18,12,14,20,3]
[1,3,5,8,10,18,12,14,20,3]
[1,4,5,8,10,18,12,14,20,3]
[1,3,6,8,10,18,12,14,20,3]

[1,4,6,8,10,18,12,14,20,3] _ I}

[2:3,5,7,9,15,11,13,19,3]

[2,4,5,7,9,15,11,13,19,3]
[2,3,6,7,9,15,11,13,19,3]
[2,4,6,7,9,15,11,13,19,3]
[2,3,5,8,9,15,11,13,19,3]
[2,4,5,8,9,15,11,13,19,3]
[2,3,6,8,9,15,11,13,19,3]
[2,4,6,8,9,15,11,13,19,3]

[2,3,5,7,10,16,11,13,19,3]
[2,4,5,7,10,16,11,13,19,3]
[2,3,6,7,10,16,11,13,19,3]
[2,4,6,7,10,16,11,13,19,3]
[2,3,5,8,10,16,11,13,19,3]
[2,4,5,8,10,16,11,13,19,3]
[2,3,6,8,10,16,11,13,19,3]
[2,4,6,8,10,16,11,13,19,3]

[2,3,5,7,9,17,12,13,19,3]
[2,4,5,7,9,17,12,13,19,3]
[2,3,6,7,9,17,12,13,19,3]
[2,4,6,7,9,17,12,13,19,3]
[2,3,5,8,9,17,12,13,19,3]
[2,4,5,8,9,17,12,13,19,3]
[2,3,6,8,9,17,12,13,19,3]
[2,4,6,8,9,17,12,13,19,3]




NAWCWD TP 8592

CZ*C6tSSt('S4)tC3-CZ¢S 1*€1
cz-cé.s5.(-S4).c3.53.c1 *£)
02106*85-(-54):'33&3 t(-Sz)‘S 1*E]
C2*Cp+S5+(~84)*S34E2+CosC+E |
szC6tS5*C4t(-S3)*CztS 1*E)
C2+C6*S5+Cqx(-83)%52+C1+E
Co*Cp*S5*Cq*C3*EH -(-Sz)ts 1*€|
Co*Cp*S5*CyqxC3xE*CxC1*E ]

C2+Sg*(=S5)*C4xC3xCoas 5
C2$S6‘('SS)#C4’&C3‘SZ#C] *£|
02-86-(-85):(34-53vEgt(-Sg)-S %€
C2-56*(-S5)t04-53t83 *CoxC1*E
C2let(‘SS)tS4‘('S3)#C2*S 1*€1
02*56*(-85)-S4t(-53)-82-c| *E
C2#S6x(-85)*84+C3+E04(=52) 5 1#€
Co#Se*(-85)#84+C3*E0#Co*C1+E ] |

Co#Spx(=85)*(=S4)#C3+Co#5 | #E |
c2"56"('55)*('84)‘03*52*c] *£
C2#86+(~85)%(-84)+S34€2%(=52) 5 1 #€
C2#S6+(~85)+(~84)#S3+E24CosC €
Co#Sex(=S5)*Cqn(=S3)*Coes +£
CztS(,t(-Ss)*C4*(-S3)*SgtClt&‘ 1
Co#Sp*(=85)*CaxC3aE#(=57)*S £
C2-86¢(-S5)t04-03 *E7%CoxC*E ]

C2*S+C5#C4rC3+Co*S | +E
Co*SexCsxCyxC3xSr*C*E
C2*S(+C5xCaxS3*Ex (=52 )5 %€
C2*S6*Cs#CyqxS3xE2#CoxC+E
Czt55*05~84t(-83)t02t8 1*E]
c2‘S(,tCS-S4‘('S3)'Sj *C*E
C*SE*C5#S4xCaxEow(=52)#S 1 *E |
C2*Sg#Cs#S4+C3+E2#CaC e |

C2-S6-C5a(-S4)*C3:C215 1*E |
C2#S6%Cs#(=84)+C3% SoxC#E |
Cz*S(,*C5*(-S4)tS3t83 t(-Sz)tS 1*€)
C2#86+C5#(~84)#S3+E2%CoxC#E |

[2,3,5,7,10,18,12,13,19,3]
[2,4,5,7,10,18,12,13,19,3]
[2,3,6,7,10,18,12,13,19,3]
[2,4,6,7,10,18,12,13,19,3]
[2,3,5,8,10,18,12,13,19,3]
[2,4,5,8,10,18,12,13,19,3]
[2,3,6,8,10,18,12,13,19,3]
[2,4,6,8,10,18,12,13,19,3] |

[2,3,5,7,9,15,11,14,19,3]
[2,4,5,7,9,15,11,14,19,3]
[2,3,6,7,9,15,11,14,19,3]
[2,4,6,7,9,15,11,14,19,3]
[2,3,5,8,9,15,11,14,19,3]
[2,4,5,8,9,15,11,14,19,3]
[2,3,6,8,9,15,11,14,19,3]
[2,4,6,8,9,15,11,14,19,3]

[2,3,5,7,10,16,11,14,19,3]
[2,4,5,7,10,16,11,14,19,3]
[2,3,6,7,10,16,11,14,19,3]
[2,4,6,7,10,16,11,14,19,3]
[2,3,5,8,10,16,11,14,19,3]
[2,4,5,8,10,16,11,14,19,3]
[2,3,6,8,10,16,11,14,19,3]
[2,4,6,8,10,16,11,14,19,3]

[2,3,5,7,9,17,12,14,19,3]
[2,4,5,7,9,17,12,14,19,3]
[2,3,6,7,9,17,12,14,19,3]
[2,4,6,7,9,17,12,14,19,3]
[2,3,5,8,9,17,12,14,19,3]
[2,4,5,8,9,17,12,14,19,3]
[2,3,6,8,9,17,12,14,19,3]
[2,4,6,8,9,17,12,14,19,3]

[2,3,5,7,10,18,12,14,19,3]
[2,4,5,7,10,18,12,14,19,3]
[2,3,6,7,10,18,12,14,19,3]
[2,4,6,7,10,18,12,14,19,3]




NAWCWD TP 8592

C2#S6*C5*Cqr(~83)+CoxS £
CZ‘SG'CS‘C4*(‘S3)'SZ *C1*E
Co*S*C5xCyqxCa*EH :(-Sz)-s 1*£]
C#Se*Cs*CqxCyaEnsCosCaE) |

(-52)%€2%(~86)#C5+C4rC3#Co25 €
(—Sg)*gg *(-S(,)~C5*C4*C3*Sz *C1*E£)
(-Sj.)t?,g -(-Se)-CstC4tS3t€3t(-Sj)*S 1*€1
(-52)#€2%(~56)*C5+C4#S34E2#CxC+E
(-52)%€2#(=86)*C5*84%(~83)*Coxs | +€|
(-Sg)tG3*(-86)*051-84*(-83)*83 *C1*E
(—Sg)*E:m(-SG)-Cf,*SuCg -8;*(-8;)*8 1*€)
(-S:)*Ejt(-S6)*C5*S4*C3*€]*CZ‘C]‘8] ]

(-S:)t{—fj t('Sﬁ)#CSt(‘S4)#C3 *Cox S5 1*E)
(-52)%€2%(~86)*C5x(-84)*C3#5%C1+E
(-52)#€2%(=S6)+Cs#(-84)#S3+E24(=52)*5 | #E
(-52)#E2%(-S6)*C5%(~54)*S3%E2%Co*C €|
(-S:):Egt(-S(,)tC5*C4t(-S3)*02*S | *E |
(-53):83*(-S(,)tC5*C4-(-S3)t53*C1*8|
(-Sg)tt‘:*(-86):05*C4~C3t&‘1*(-.\'3)*81 *£ |
(-52)#E25(~S6)*C5+C4xC3+E75Co+C14E| |

£2%(-86)#S5+C4#C33C¥S | +E
£2%(-86)#85+C4*C3%5%C+E |
2)+E2%(=S6)*S54Cq#S3+E04(=52 xS |+
£2#(=86)*S5+xC4xS3%E)xCo*C+E |
2)*E24(~86)+S5%S4#(=53)+Co*s |+ |
2)%€2%(=S6)*S5%S4%(=S3)*5#C+E
) )*E2%(=S6)#S5%84+C 35 #(=52 xS +€
2 JE2#(=86)+85%84+C3+E2xCoxC1xE | ]

+€2%(~86)#85%(-84)+C3+C225 | *€ |
£20(=56)+S5%(=S4)+C3%574C#E |
£2%(~86)*85+(~84)*83+E2%(-52)#5 4€
'f"(‘56)‘35‘( $4)*S3+E2*CoxC#E
+£2%(-56)#85%C4x(-53)%Co5 €|
n-( S6)'S5*C4t(-S3)*§prE]
-S2 *&3*( S6)#85%C4+C3*Ex%(=57)*5 1 +E |
52 )xE0%(=56)#85+C4xC3xExxCoxC *E ) |

[2,3,5,8,10,18,12,14,19,3]
[2,4,5,8,10,18,12,14,19,3]
[2,3,6,8,10,18,12,14,19,3]
[2,4,6,8,10,18,12,14,19,3] _ I

[2,3,5,7,9,15,11,13,20,3]
[2,4,5,7,9,15,11,13,20,3]
[2,3,6,7,9,15,11,13,20,3]
[2,4,6,7,9,15,11,13,20,3]
[2,3,5,8,9,15,11,13,20,3]
[2,4,5,8,9,15,11,13,20,3]
[2,3,6,8,9,15,11,13,20,3]
[2,4,6,8,9,15,11,13,20,3]

[2,3,5,7,10,16,11,13,20,3]
[2,4,5,7,10,16,11,13,20,3]
[2,3,6,7,10,16,11,13,20,3]
[2,4,6,7,10,16,11,13,20,3]
[2,3,5,8,10,16,11,13,20,3]
[2,4,5,8,10,16,11,13,20,3]
[2,3,6,8,10,16,11,13,20,3]
[2,4,6,8,10,16,11,13,20,3]

[2,3,5,7,9,17,12,13,20,3]
[2,4,5,7,9,17,12,13,20,3]
[2,3,6,7,9,17,12,13,20,3]
[2,4,6,7,9,17,12,13,20,3]
[2,3,5,8,9,17,12,13,20,3]
[2,4,5,8,9,17,12,13,20,3]
[2,3,6,8,9,17,12,13,20,3]
[2,4,6,8,9,17,12,13,20,3]

[2,3,5,7,10,18,12,13,20,3]
[2,4,5,7,10,18,12,13,20,3]
[2,3,6,7,10,18,12,13,20,3]
[2,4,6,7,10,18,12,13,20,3]
[2,3,5,8,10,18,12,13,20,3]
[2,4,5,8,10,18,12,13,20,3]
[2,3,6,8,10,18,12,13,20,3]
[2,4,6,8,10,18,12,13,20,3] _




NAWCWD TP 8592

t1g = [ (-Sg)aﬁgt CG*(-S5):~C4~C3¢CZ:S|‘€|
(-52)#E25Cex(~85)*C4xC3#522C+E |

(-52)#E2%Con(-85)xCarS3xE0(=52)5 €

(-52)5€2%Cps(-85)*Cq#S3+E%Co*C+E |
(-52)#E2%Ce(~85)+84%(-53)*Cox5 +€
(-52)+€2%Ce#(~85)+84%(-83)*52+C1+€

(-52)#E2%Cx(=85)x84xC3xEx#(=52)xS | #€|
(-52)+€2+Cae(-85)+84+C3s€24C2+C € |

t1o = [ (-S:)tggtC6t(-85)-(-S4)nC3tCZtS| *£ |
(-52)x€2%Cex(~85)#(-84)*C3#50%C+E |

(-S:)-Eg #C6t(-ss)t('s4)*S}*EZ‘('S]_)#S 1*€]
(-52)%€2+Co»(-85)%(-84)*S3+E2#CorC4E |

(-52)%€2%Cex(-85)xCar(-53)+Cax5 1 #€
(-S3)tE:*C6t(-85)*C4*(-S3)t53-C1 *E)

(-82)4€2+Cae(-55)+CarC3E2s(-52 )05 14€,
(-52)E29Cen(-85)CqrC3sErsCoxCIoE | |

ta) « [ (=52)%E2#CerCsaCarC3aCo*S #E
(-s:).e:.C6¢C5mC4tC3t53*01*8|

(-52)+€25C6xCs+C4rS35E25(~52)*S | +E
(=82)*E2#C*CsaCqrS34E2#C*C#E
(=52)#E2+C+Cs+S4#(=53)#Co#S 5
(-52)*E2+CpxCsS4x(-53)%525C1#E
('52)*52*C()*C5-S4~C3-83 t(-S:)tS 1#€)
(-52)+E2%C(+Cs+84+C3+E29C*C 4L |

o « | (-52)*E2+CoxCsx(-84)*C3#CoxS %€
(-52)%€2%CexCs*(~54)*C355%C €

(-S:)*sztC(,tC5t(-S4)~S3t83 *(-Sg)tS 1*€]

(-53)183 ~C6-C5~(-S4)~S3 *E7xCoxCE
(-Sz)tEg tCG*C5-C4t(-S3)-CztS 1*€|
(-S:)t&g *06-05-C4t(-83)~SZ*C| *£)
(=52)+E2%C*CorCaxC3oEx(=52 )*S #E

[2,3,5,7,9,15,11,14,20,3]
[2,4,5,7,9,15,11,14,20,3]
[2,3,6,7,9,15,11,14,20,3]
[2,4,6,7,9,15,11,14,20,3]
[2,3,5,8,9,15,11,14,20,3]
[2,4,5,8,9,15,11,14,20,3]
[2,3,6,8,9,15,11,14,20,3]
[2,4,6,8,9,15,11,14,20,3]

[2,3,5,7,10,16,11,14,20,3]
[2,4,5,7,10,16,11,14,20,3]
[2,3,6,7,10,16,11,14,20,3]
[2,4,6,7,10,16,11,14,20,3]
[2,3,5,8,10,16,11,14,20,3]
[2,4,5,8,10,16,11,14,20,3]
[2,3,6,8,10,16,11,14,20,3]
[2,4,6,8,10,16,11,14,20,3]

[2,3,5,7,9,17,12,14,20,3]
[2,4,5,7,9,17,12,14,20,3]
[2,3,6,7,9,17,12,14,20,3]
[2,4,6,7,9,17,12,14,20,3]
[2,3,5.8,9,17,12,14,20,3]
[2,4,5,8,9,17,12,14,20,3]
[2,3,6,8,9,17,12,14,20,3]
[2,4,6,8,9,17,12,14,20,3]

[2,3,5,7,10,18,12,14,20,3]
[2,4,5,7,10,18,12,14,20,3]
[2,3,6,7,10,18,12,14,20,3]
[2,4,6,7,10,18,12,14,20,3]
[2,3,5,8,10,18,12,14,20,3]
[2,4,5,8,10,18,12,14,20,3]
[2,3,6,8,10,18,12,14,20,3]

(-Sg)*SgtCﬁtC5-C4tC3t€1~02t01tE] ] ] [2,4,6,8,10, 1 8,12, 14,20,3] | | I I

Arrays of coefficients and phase indices for P;7;.

Pi721= 5, [4] Pis,11 + c2[4] Pisa

A-24



1

2\2

NAWCWD TP 8592

"[ t1 I"‘[ So*Ce*C5xCqxC3%CoxCy

$2#Ce*C5#CqxC3x52%(=5 )
S2#Ce+Cs*C4xS3+E(=52)4Cy

S2 ‘C6*C5*C4#S3-82tC2m(-S I )
Sgl06tC5¢S4t(-S3)*C2:cl
S52#Co+Cs*S4*(=S3)#52#(-5))
S2*%C*CsxS4xC3+En t(-S:)tCl
S2#CewCs*SqrCaaEr+Cox(-51) |

53*06*05-(-84)#C3¢02~c1
S2#Ce*Csx(=84)=C3+52+(-5)
S:"‘CG‘CS‘('S4)#S3 ) *(-Sj)tCl
S2%CoxCsx(-84)+83+E2%Cox(~5))
SZ*C(,-C5*C4-(-S3)~C2‘cl
S2#Co*CsxCan(=S3)+52%(-5)
5)*Cp*CsxCyqxC3*EH t(-Sj)#Cl
S2#Ce*CsxCqrC3ErxCox(-51) |

S7*xCgxS5xCqxC3xCoxCy
S2"C(J"‘S5="C4="C3t5gm(-s 1 )
52#Ce*S55C4+S3+E25(=57)+C
52#C6*85+CqrS3%En tCzt(-s 1 )
S2‘C(ﬂ'S5xn:S4-u(-S3)m(;2.(;l
S7#C#S5+Sqx(-53)#5+(-5 )
S2%C*85%84%C3+E) "‘('Sj)tCl
5?*C6*85*S4t(}3¢83:02¢(-s | ) ]

57%Ce*S5+(-84)*C3%CoxC
S2#Ce*S5+(-S4)+C3x525(=5 1)
S}*C(,-S5*(—S4)*S3 .83.(-33);@1
57%Ce*S5%(=S4)#S3+E7+Cox(-5 )
52#C4#85+C4+(~53)*C2+C)
$2%Co*S5#C4x(-S3)*S2#(-5))
$2#C*S5+C4*C3+E0%(=57)+Cy
S2%CexS5xCyxC3En *Czt(-s 1 ) ]

S:*S6*(‘SS)*C4#C3*C2*CI
S2#86%(~S5)+C4sC352%(-51)
SjtS(,*(-Ss)*C4-S3t83 t(-Sz)tcl
52+86%(-85)+Cqr83+E2%Cx(-51)
S1"86*('55)*S4#(‘S3)$C2#C1
S2#S6#(-85)#84+(-53)+52+(-5 1)

[1,3,5,7,9,15,11,13,19,4]

[1,4,5,7,9,15,11,13,19,4]
[1,3,6,7,9,15,11,13,19,4]
[1,4,6,7,9,15,11,13,19,4]
[1,3,5,8,9,15,11,13,19,4]
[1,4,5,8,9,15,11,13,19,4]
[1,3,6,8,9,15,11,13,19,4]
[1,4,6,8,9,15,11,13,19,4]

[1,3,5,7,10,16,11,13,19,4]
[1,4,5,7,10,16,11,13,19,4]
[1,3,6,7,10,16,11,13,19,4]
[1,4,6,7,10,16,11,13,19,4]
[1,3,5,8,10,16,11,13,19,4]
[1,4,5,8,10,16,11,13,19,4]
[1,3,6,8,10,16,11,13,19,4]
[1,4,6,8,10,16,11,13,19,4]

[1,3,5,7,9,17,12,13,19,4]
[1,4,5,7,9,17,12,13,19,4]
[1,3,6,7,9,17,12,13,19,4]
[1,4,6,7,9,17,12,13,19,4]
[1,3,5,8.9,17,12,13,19.4]
[1,4,5,8,9,17,12,13,19,4]
[1,3,6,8,9,17,12,13,19,4]
[1,4,6,8,9,17,12,13,19,4]

[1,3,5,7,10,18,12,13,19,4]
[1,4,5,7,10,18,12,13,19,4]
[1,3,6,7,10,18,12,13,19,4]
[1,4,6,7,10,18,12,13,19,4]
[1,3,5,8,10,18,12,13,19,4]
[1,4,5,8,10,18,12,13,19,4]
[1,3,6,8,10,18,12,13,19,4]
[1,4,6,8,10,18,12,13,19,4] _

[1,3,5,7,9,15,11,14,19,4]
[1,4,5,7,9,15,11,14,19,4]
[1,3,6,7,9,15,11,14,19,4]
[1,4,6,7,9,15,11,14,19,4]
[1,3,5,8,9,15,11,14,19,4]
[1,4,5,8,9,15,11,14,19,4]




NAWCWD TP 8592

S2 *55*(-55)184¢C3*83*(-52)*01
S2#86+(-85)*S4xC3xE2%Cox(-5)) |

S2#86+(-85)#(-84)+C3+CosC)
So#S6+(-85)*(-S4)*C3+524(-51)

S7 -861(-85)::(-84)*53 *82‘('52)‘C1
So*S6%(-85)x(~84)+53+E9+Cox(-5 )
So#86+(~85)*Cqx(-S3)*CaeCy
S2#S6#(-85)*Can(-53)x52%(-51)
S2#S6+(=85)+C4xC3Er(=5)+Cy
S2#86#(~85)*CqxC3E0xCox(-51) |

S7#S6*C5*C4xC3+Co*C|
S2%8%C5xCqxC3xS2%(-5 1)
S2#S6#Cs*C4*S3+E2#(=57)sC)
S7#S6*Cs+CarS3Er+Co*(-5))
S2#Sg#Cs#S4+(=53)*Co*Cy
83‘56*(:5*54*(-83)*52:(-3 | )
S2#S*Cs#S4+C3*Erw(=5) )xC)
S2xSe*CaxSqxC3*E)H *Czt(-S | ) ]

S2#86+#Cs*(=84)*C3+CxC)
$2x86+Cs#(-84)*C3+5%(-5))
82x86+Cs*(~54)*S3%E24(~52)%C)
S2#S6#Cse(-S4)*S3+E%Cox(-5))
S2#S6*Cs*C4x(=S3)*Co*C)
$2%86+C5#Can(-53)*52%(-5))
S2#SG#C5#C4rC3*Er%(=52)+Cy
S2#S6*C5xCqxCaxErsCox(-51) |

Czth:(-Sé)~C5~C4*C3-02*C1

C2*E> :(-sé)-C5tC4¢C3-s3-(-s 1 )
C2+E2+(=86)*C5*CarS3xE0%(~52)+Cy
C2E#(~86)+C5+CqrS3+€2+Co+(-51)
CoxEx%(=86)*Csx84+(-83)+Ca*Cy
Co*En t(-S6)-CstS4*(-Sg)tS)_ t(-S ] )
Co#Ex%(~86)*#C5+84+C3+E23(-52)+Cy

Co+E#(~86)*Cs#84%C3+E25Cos(-51) |

Co*En t(-S6)*C5t(-S4)*C3tCZ-C]
CoxEn t(-S6)-05-(-S4)-C3n53 «(-51)

Co*En :(-So)*c5t(-S4)tS3*8_v *(-Sg)*Cl

[1,3,6,8,9,15,11,14,19,4]
[1,4,6,8,9,15,11,14,19,4]

[1,3,5,7,10,16,11,14,19,4]
[1,4,5,7,10,16,11,14,19,4]
[1,3,6,7,10,16,11,14,19,4]
[1,4,6,7,10,16,11,14,19,4]
[1,3,5,8,10,16,11,14,19,4]
[1,4,5,8,10,16,11,14,19,4]
[1,3,6,8,10,16,11,14,19,4]
[1,4,6,8,10,16,11,14,19,4]

[1,3,5,7,9,17,12,14,19,4]
[1,4,5,7,9,17,12,14,19,4]
[1,3,6,7,9,17,12,14,19,4]
[1,4,6,7,9,17,12,14,19,4]
[1,3,5,8,9,17,12,14,19,4]
[1,4,5,8,9,17,12,14,19,4]
[1,3,6,8,9,17,12,14,19,4]
[1,4,6,8,9,17,12,14,19,4]

[1,3,5,7,10,18,12,14,19,4]
[1,4,5,7,10,18,12,14,19,4]
[1,3,6,7,10,18,12,14,19,4]
[1,4,6,7,10,18,12,14,19,4]
[1,3,5,8,10,18,12,14,19,4]
[1,4,5,8,10,18,12,14,19,4]
[1,3,6,8,10,18,12,14,19,4]
[1,4,6,8,10,18,12,14,19,4] _|}

[1,3,5,7,9,15,11,13,20,4]
[1,4,5,7,9,15,11,13,20,4]
[1,3,6,7,9,15,11,13,20,4]
[1,4,6,7,9,15,11,13,20,4]
[1,3,5,8,9,15,11,13,20,4]
[1,4,5,8,9,15,11,13,20,4]
[1,3,6,8,9,15,11,13,20,4]
[1,4,6,8,9,15,11,13,20,4]

[1,3,5,7,10,16,11,13,20,4]
[1’495a7910’16,1 1,]3,20,4]
[1,3,6,7,10,16,11,13,20,4]




tor + |

ta * |

tin o«

tio «|

NAWCWD TP 8592

CosEr4(=S6)+Csx(-S4)+S3+E25Co*(-5 )
Co#E9+(~86)+C55Cqx(-53)+C2+C)
Co+E2#(~86)#CsxCqx(-53)*52%(-5)
CoxEn t(-S6)¢C5-C4tC3 ~83~(-Sz)t01
CoxEx%(=86)*Cs5xCqxC3#ExxCox(-51) |

Co*En :(-S(,)-S5-C4¢C3 *Co*Cy

Co*En v(-S6)*S5tC4tC3*SZ*(-S ] )
CoE2%(=86)*85+C4#S3+E2%(-52)+C]
CoxEn t(-S6)*S5-C4tS3thtCz*(-S 1 )
CoxE2#(-86)*85+84+(-53)+CaxCy
CoxEn t(-S(,)tS5*S4*(-S3)*S3 t(-S 1 )
Co+E2+(~86)*S5+84xC3+E#(-52)xC)
Cz*Egt(-S6)*85*S4*C3t€3 *Cz*(-s 1 ) ]

Cz*Ej-(-56):S5t(-54)¢C3.02*C|
Co#E2#(-56)+S5+(=84)+C3#52%(-5))
Co+Ex(=86)+S5+(~84)*S3%E2%(=5 )+Cy
Cz*E::(-Sé)tS5*(-S4)tS3 *E9 tCz*(-S | )
Czt&‘g:(-Sé)-S5-C4-(-S3)*C2t01
Co#E2%(=86)*S5+Cax(=S3)*52%(-5))
Co*Er#(=56)#S5+C4+C3xEr%(-52)+Cy
Cz*E;#(-S(,)-S5tC4tC3*€3 tCz*(-S | ) ]

Co*E2#Cp*(=S5)#CqrC3#CoxC)
Co*Ex%Cex(-85)+CqsC357%(-5)
Co*E> tC(,*(-SS)*C‘;*S} ) t(-Sg)*Cl
C2#E‘3#Cw(-$5)*C4tS3 *£) *Cz*(-S | )
Co*E2+Ce#(~85)*S4+(~83)*CoxC)
C2+E2%Cox(~85)*Sq#(-53)#52%(~51)
Co+E2+CeH(~85)*S4+C3+E-+(~57 )*Cy
Co*En -C(,t(-S5)tS4tC3t83 tCz*(-S | ) ]

Co*E9#Cex(-S5)*(~84)+C3%Co+Cy
Co*E0#Cex(=S5)*(=S4)*C3+52%(-5))
CoxEr *06*(-55)*(-84)63-83 *(-S:)tC|
C2+E2#Ce*(=85)+(~84)+S3#€2+Co%(-5 1)
C2*£3*C(,t(-S5)*C4*(-S3)*C2*C]

Co*E) *C(,*('S5)*C4*('S})*Sj*('S 1 )
Co*E2#Ce+(-85)*CarC3xErn(-52)+Cy
C2*83*06*(-S5)*C4*C3*83 *Cz*(-S l ) ]

A-27

[1,4,6,7,10,16,11,13,20,4]
[1,3,5,8,10,16,11,13,20,4]
[1,4,5,8,10,16,11,13,20,4]
[1,3,6,8,10,16,11,13,20,4]
[1,4,6,8,10,16,11,13,20,4]

[1,3,5,7,9,17,12,13,20,4]
[1,4,5,7,9,17,12,13,20,4]
[1,3,6,7,9,17,12,13,20,4]
[1,4,6,7,9,17,12,13,20,4]
[1,3,5,8,9,17,12,13,20,4]
[1,4,5,8,9,17,12,13,20,4]
[1,3,6,8,9,17,12,13,20,4]
[1,4,6,8,9,17,12,13,20,4]

[1,3,5,7,10,18,12,13,20,4]
[1,4,5,7,10,18,12,13,20,4]
[1,3,6,7,10,18,12,13,20,4]
[1,4,6,7,10,18,12,13,20,4]
[1,3,5,8,10,18,12,13,20,4]
[1,4,5,8,10,18,12,13,20,4]
[1,3,6,8,10,18,12,13,20,4]
[1,4,6,8,10,18,12,13,20,4]

[1,3,5,7,9,15,11,14,20,4]
[1,4,5,7,9,15,11,14,20,4]
[1,3,6,7,9,15,11,14,20,4]
[1,4,6,7,9,15,11,14,20,4]
[1,3,5,8,9,15,11,14,20,4]
[1,4,5,8,9,15,11,14,20,4]
[1,3,6,8,9,15,11,14,20,4]
[1,4,6,8,9,15,11,14,20,4]

[1,3,5,7,10,16,11,14,20,4]
[1,4,5,7,10,16,11,14,20,4]
[1,3,6,7,10,16,11,14,20,4]
[1,4,6,7,10,16,11,14,20,4]
[1,3,5,8,10,16,11,14,20,4]
[1,4,5,8,10,16,11,14,20,4]
[1,3,6,8,10,16,11,14,20,4]
[1,4,6,8,10,16,11,14,20,4]




Arrays of coefficients and phase indices for Py7;.

NAWCWD TP 8592

C*E9#C*C5+Cy*C3xCoCy
Co*E#Ce*CseCyrCaaSo#(-S|)
Co*E2#Ca*Cs#CarS3E(=52)+C)
Co*E#CaxCs*C4xS3+E2*Cos(=5 1)
02*82'06'05'54*('83)'#(:2:(:1
Co*E2#CexCs#Sq+(=S3)%52%(-5 )
C2+€2 'c6‘05‘s4*03#€1t(-83)¢cl
Co#E2#C*Cs*S4+C3xEx+Cx(-51) |

Co*E2#CexCo(-S4)+C3#Co*C)
Co+E7%CCs+(=84)+C34524(-5))
Co*E0#CaxCsx(-S4)*S3xE+(=57)+Cy
C2*82*C6"‘CS"(-S4)*S3#€3*Czw(-s ] )
C2"‘82‘CG‘CS*C4*(-S3)tCZtCl
Co+E7#CeaC5xC4x(-S3)*S2%(-51)
C*E7*CerCsaCqrCaErn(=52)+C)

C*E7%CexCsxCyxC3xEn *czt(-s 1 ) ] ]

P72 = 55 [4] P15,12 + ¢c2[4] Pisx

1
242

[ ti#] S2#CexCseCaxCasCoxs *E

So*CexC5xCyqxC3xSr%xC*E
So*CexCs%CqxS3*EH t('Sj)tS 1*€]
S7#Ce*C5*C4xS3*ErwCosC*E |
53*06105:84-(-53)*62-5 1*E|
S2#Ce*CsxS4#(=S3)*S#C14E
S2#CE*Co*SqrCxEn(=57)S £
S7*Ce*Cs#S4xC3+E0%CoxC*E| |

$2#Ce*Cs+(=84)*C35Co» 5+E
Sgt06~05t(-54)-C3 *SoxC*E
$2%CexCs*(-84)#S3+E0%(=52)#8 %€
Sg*C6t05#(-S4)*S3#83*C2*C1*81
S2#CewCorCan(=S3)*Cos | +E
§2%CE*CsxCax(=S3)xS2+C*E |
§2%CorCs*CaxCaxErn(=52)sS €
SoxCgxCaxCyxC3+ErxCoxC*E | ]

[1,3,5,7,9,17,12,14,20,4]
[1,4,5,7,9,17,12,14,20,4]
[1,3,6,7,9,17,12,14,20,4]
[1,4,6,7,9,17,12,14,20,4]
[1,3,5,8,9,17,12,14,20,4]
[1,4,5,8,9,17,12,14,20,4]
[1,3,6,8,9,17,12,14,20,4]
[1,4,6,8,9,17,12,14,20,4]

[1,3,5,7,10,18,12,14,20,4]
[1,4,5,7,10,18,12,14,20,4]
[1,3,6,7,10,18,12,14,20,4]
[1,4,6,7,10,18,12,14,20,4]
[1,3,5,8,10,18,12,14,20,4]
[1,4,5,8,10,18,12,14,20,4]
[1,3,6,8,10,18,12,14,20,4]

[1,4,6,8,10,18,12,14,20,4] _ 1}l

[2,3,5,7,9,15,11,13,19,4]

[2,4,5,7,9,15,11,13,19,4]
[2,3,6,7,9,15,11,13,19,4]
[2,4,6,7,9,15,11,13,19,4]
[2,3,5,8,9,15,11,13,19,4]
[2,4,5,8,9,15,11,13,19,4]
[2,3,6,8,9,15,11,13,19,4]
[2,4,6,8,9,15,11,13,19,4]

[2,3,5,7,10,16,11,13,19,4]
[2,4,5,7,10,16,11,13,19,4]
[2,3,6,7,10,16,11,13,19,4]
[2,4,6,7,10,16,11,13,19,4]
[2,3,5,8,10,16,11,13,19,4]
[2,4,5,8,10,16,11,13,19,4]
[2,3,6,8,10,16,11,13,19,4]
[2,4,6,8,10,16,11,13,19,4]




tay [

to « |

ti =

SPRY|

tor « |

NAWCWD TP 8592

S7*Ce*S5*CanC3#C*S | +E |
$2%Cg*S5#C4*C3xS7*C L |
$2#Ce*S5+Cq»S3E#(=52 )45+
S2%C*S5*C4xS3#E7%Co*C1*E |
52#Ce*85+84#(-83)5C55 €
S7#Ce*S5+S4+(=53)*52#C14E |
Sz'CG*SS"'S‘t‘C}‘gZ*('S:)*S 1*€)
So*Ce*S5%S4+C34E2#Co+C1+E| |

So#CexS5x(=S4)*C3*CoxS | +E |
S2#Ce*S5#(=S4)*C3%524C#E

S2 "‘C()‘SS‘('S4)*S3*83 *(-S:)*S 1%E)
53*06‘85*('34)*53*83 *C*C1*E
S24Ce*S5#Cq(~53)+CosS | #E |
S2#C#S5#C4#(~53)*52#C+E |
S2#Ce*S5*CaxCaaEr(=5) )aS | €|
S2#CexS5+C4#C3#E2#Co+C1+E | |

S#S6x(=85)*C4*C3xCoxS | +E |
$2486#(~85)*C4xC3x52#C+E
S2#Sg#(=S5)*CaxS34E#(=52)*S | £
S:*Sét(-S5)~C4t83t83 *CoxC1*E
S2#So#(=S5)*S4x(=53)*Coss | #E

S? *56‘('85)‘84*('53)*51*0 1*€1
S2#S6#(~85)#S4+C3#E0x(-52) 5 %€
$2+S6%(~85)*S4%C3#E2#CoeC1+E| |

S:*SG*('SS)*(‘S4)*C3*CZ'S 1*€]
$2#86+(~85)*(-84)+C34524C1+€

S2 *S@t(-S5)t(-S4)*S3*€3t(-Sg)tS 1*€]

5#86+(=85)#(~84)*S34E2*Co*C €
S2#Se#(=85)*Cax(-53)*Coss +€
S2#86%(~85)+C4s(-53)*52+C15E |
S2 tSe*(-Ss)*CuCrEg t(-Sz)*S 1*€)
S:*S@*('SS)*C4*C3‘€] *CoxC*E ]

S2*xS*CoxCyqxC3xC*S 1 +E
S2#S*C5*CqxC3xSo*C1+E
52*S*CsaCarS3¥E#(=52)S | +€
§2#8*C5*CqxS33E)xCoxC1+E |

A-29

[2,3,5,7,9,17,12,13,19,4]
[2,4,5,7,9,17,12,13,19,4]
[2,3,6,7,9,17,12,13,19,4]
[2,4,6,7,9,17,12,13,19,4]
[2,3,5,8,9,17,12,13,19,4]
[2,4,5,8,9,17,12,13,19,4]
[2,3,6,8,9,17,12,13,19,4]
[2,4,6,8,9,17,12,13,19.4]

[2,3,5,7,10,18,12,13,19,4]
[2,4,5,7,10,18,12,13,19,4]
[2,3,6,7,10,18,12,13,19,4]
[2,4,6,7,10,18,12,13,19,4]
[2,3,5,8,10,18,12,13,19,4]
[2,4,5,8,10,18,12,13,19,4]
[2,3,6,8,10,18,12,13,19,4]
[2,4,6,8,10,18,12,13,19,4]

[2,3,5,7,9,15,11,14,19,4]
[2,4,5,7,9,15,11,14,19,4]
[2,3,6,7,9,15,11,14,19,4]
[2,4,6,7,9,15,11,14,19,4]
[2,3,5,8,9,15,11,14,19,4]
[2,4,5,8,9,15,11,14,19,4]
[2,3,6,8,9,15,11,14,19,4]
[2,4,6,8,9,15,11,14,19,4]

[2,3,5,7,10,16,11,14,19,4]
[2,4,5,7,10,16,11,14,19,4]
[2,3,6,7,10,16,11,14,19,4]
[2,4,6,7,10,16,11,14,19,4]
[2,3,5,8,10,16,11,14,19,4]
[2,4,5,8,10,16,11,14,19,4]
[2,3,6,8,10,16,11,14,19,4]
[2,4,6,8,10,16,11,14,19,4]

[2,3,5,7,9,17,12,14,19,4]
[2,4,5,7,9,17,12,14,19,4]
[2,3,6,7,9,17,12,14,19,4]
[2,4,6,7,9,17,12,14,19,4]




to |

tin =

tio«|

tor + [

NAWCWD TP 8592

S2 -S6t05*S4*(-S3)’-C2*S 1*€|
S)#S6#Cs*S4%(=S3)#So#C14E |
Sz*Se*Cs*S4*C3*83*(-5:)~S 1*€1
S7#86#C5%Sq#C3+E2#CorC1+E | |

S:tS(,*Cst(-S4)*C3t02tS 1*E£)
S2#86#Cs*(=S4)*C3* S2#C+E

S> ¢56¢C5*(-S4)v53tEQ-(-Sz)'S 1*€]
S2#86*Cs#(-54)*S3+E2+C2+C+€ |
S7#S6+Cs#C4x(=S3)*CoS 4

Sa #56*05*C4~(-S3)*Szt01t8 1
$2%86+C5*CarC3+E0x(=5)#5 *E
S7%86*C5*Cq+C3+E25Co*C1+E | |

CoxEr t(-S())t05tC4tC3~02tS 1*E]
Co*Er%(=86)*Cs#CqrC3*S2#C1#E |
CoxE0x(=86)*C5*CqrS3E0(=52)*S #€ |
02*82t('S6)'C5#C4tS}*82-CZ#C 1*€]
C2t83‘(-56)-C5tS4*(-S3)*Cz'S 1*€1
Co*En t(-S6)-CStS4-(-S3)tSth1 *E|
CoxEo#(=S6)*Cs#SqrCaxEon(=52)*S *E)
C2*€3¢(-S())*CS:S4tC3t€3 *CoxC*E ]

Cz-E‘3*(-8(,)t05~(-S4)~C3-=02* S1*€
02-83*(-S(,)*Cst(-s‘g)tc;;thtC|t&‘;
CoxEo#(=S6)*Csn(=84)+S3+E%(=52 x5+
C2+E2%(=86)*Cs+(-84)xS3#E2#C2Cy+E
02*83*(-S6)tC5'C4*('S3)‘C2*S 1*€]
Cz*Eg*(-56)#C5~C4~(-S3)*SJ-C1*81
Co*Ea(=S6)*CseCarCanErn(=5)*s #E
Cz*&‘.:t(-S(,)~C5aC4*C3t83i-Cth1*81 ]

Co*Ex#(-56)*85+C4+C3#Co*S  +E |
CoxE#(=86)#S5+C4xC3#5,%C+E
Co+E0#(~S6)*85%CaxS3Exx(=57)*5 +E
C2+E2#(=86)*S5+C4#S3+E ¢ CoxCy+E
Co*Eo%(~S6)*S5+84+(-53)*Coss +€
C2#E0#(-86)*S5%84+(~53)#5,%C1+E
CoxEo#(=56)+S5+84+C3E70(=5))aS | +€
CoE%(=86)*S5+84+C3#E0aCoeC+E | |

A-30

[2,3,5,8,9,17,12,14,19,4]
[2,4,5,8,9,17,12,14,19.4]
[2,3,6,8,9,17,12,14,19.4]
[2,4,6,8,9,17,12,14,19,4]

[2,3,5,7,10,18,12,14,19,4]
[2,4,5,7,10,18,12,14,19,4]
[2,3,6,7,10,18,12,14,19,4]
[2,4,6,7,10,18,12,14,19,4]
[2,3,5,8,10,18,12,14,19,4]
[2,4,5,8,10,18,12,14,19,4]
[2,3,6,8,10,18,12,14,19,4]

[2,4,6,8,10,18,12,14,19.4] _|}

[2,3,5,7,9,15,11,13,20,4]
[2,4,5,7,9,15,11,13,20,4]
[2,3,6,7,9,15,11,13,20,4]
[2,4,6,7,9,15,11,13,20,4]
[2,3,5,8,9,15,11,13,20,4]
[2,4,5,8,9,15,11,13,20,4]
[2,3,6,8,9,15,11,13,20,4]
[2,4,6,8,9,15,11,13,20,4]

[2,3,5,7,10,16,11,13,20,4]
[2,4,5,7,10,16,11,13,20,4]
[2,3,6,7,10,16,11,13,20,4]
[2,4,6,7,10,16,11,13,20,4]
[2,3,5,8,10,16,11,13,20,4]
[2,4,5,8,10,16,11,13,20,4]
[2,3,6,8,10,16,11,13,20,4]
[2,4,6,8,10,16,11,13,20,4]

[2,3,5,7,9,17,12,13,20,4]
[2,4,5,7,9,17,12,13,20,4]
[2,3,6,7,9,17,12,13,20,4]
[2,4,6,7,9,17,12,13,20,4]
[2,3,5,8,9,17,12,13,20,4]
[2,4,5,8,9,17,12,13,20,4]
[2,3,6,8,9,17,12,13,20,4]
[2,4,6,8,9,17,12,13,20,4]



t « |

th =

ISP |

tar * |

too « |

NAWCWD TP 8592

C2¢€2n(-S6)~S5:(-S4)¢C3~02-S 1*€1
CoxEo#(=86)#S5+(=S4)+C3#52#C 4
Co*E) :(-86):85t(-S4)-S3~83 w(=52)#5 4,
CoxEn t(-S6)*S5¢(-S4)~S3*83 *CoxC*E£)
Co*E) t(-S6)t85tC4*(-S3)*02*S 1*€)

Co+E> *(-56)*55-04*(-83)*53*0 1*€]

Co*E7 -(-86)¢S5-C4~C3*82 *(-Sz)*s 1*€]
Co*En -(-86)-S5¢C4-C3 *E2xCoxC*E | ]

Co*Enx C(,:(-S5)~C4‘C3-02-S 1*€]
CoxE#Cex(~85)*CqsC3%52%CI+E |
Cz*Ej_-C(,t(-S5)¢C4tS3t83t(-S:)*S 1*E]
Cz*€1~C6*(-S5)-C4:S3:83 *CoxC1*E
C2+E2+Ce+(-85)*S4x(-53)*Cor5  +€
CZ*E:tC()#(‘SS)'SA‘*('S})‘S: *C1*E
Co*E#Cox(=85)*S4xC3eEox(=57)*S *E
CoxEr#Cox(=85)xS4xC3+E0xCoxC1E| |

Co+E2#Ca#(=S5)#(=54)+C3#CoS | +E
Cz-&‘g*C@t(-S5)-(-S4)-C3*Sg *C1*E)
CoxE2%Co+(-85)+(-84)#S32E0%(=52 )5 #E
Co#E2xCex(-85)x(~54)*83+E2#CoxC+E
Co*Er5Cex(-85)xCqx(-53)*CoxS  *E
Co*Er#Co»(=S5)*Cqx(-S3)*57#C+E
C2*€3:C6:(-S5)tC4tC3~€3#(-Sg)*s 1*€1
CoxE2+Cex(-85)xCarC3xEx*CorC1*E | |

Co*E0*CxCaxCyxC3xCoxS+E
CoxE2xCexCsxCqxC3x52%C1*E
Co*E2#Co+Cs*CaxS3*Er#(=52)S 4
Co*ErxCaxCaxChxS3+E7xCoxC1*E |
Ca*E7 *C6tC5*54*(-53)*C2*S 1*€]
02*83-06:05‘84{-83)‘83 *C1*E)
Co*E*CExCaaS4sC3xEw(=52 )45 4
Co#E#CExC5¥S4*C3+E+CosCI+E ] |

02-E;*CGvC5*(-S4)tC3*02tS 1*E
Co*En #C6v05t(-S4)*C3t53t01 *£)
Co+E2%CerCar(=84)#S3#E0 (=57 )#5 4
02*83tC(,:C5-(-S4)*S3*€3tCZ*CI*S]
Co*E2#CexCaaCan(=S3)*Coxs 4

A-31

[2,3,5,7,10,18,12,13,20,4]
[2,4,5,7,10,18,12,13,20,4]
[2,3,6,7,10,18,12,13,20,4]
[2,4,6,7,10,18,12,13,20,4]
[2,3,5,8,10,18,12,13,20,4]
[2,4,5,8,10,18,12,13,20,4]
[2,3,6,8,10,18,12,13,20,4]
[2,4,6,8,10,18,12,13,20,4]

[2,3,5,7,9,15,11,14,20,4]
[2,4,5,7,9,15,11,14,20,4]
[2,3,6,7,9,15,11,14,20,4]
[2,4,6,7,9,15,11,14,20,4]
[2,3,5,8,9,15,11,14,20,4]
[2,4,5,8,9,15,11,14,20,4]
[2,3,6,8,9,15,11,14,20,4]
[2,4,6,8,9,15,11,14,20,4]

[2,3,5,7,10,16,11,14,20,4]
[2,4,5,7,10,16,11,14,20,4]
[2,3,6,7,10,16,11,14,20,4]
[2,4,6,7,10,16,11,14,20,4]
[2,3,5,8,10,16,11,14,20,4]
[2,4,5,8,10,16,11,14,20,4]
[2,3,6,8,10,16,11,14,20,4]
[2,4,6,8,10,16,11,14,20,4]

[2,3,5,7,9,17,12,14,20,4]
[2,4,5,7,9,17,12,14,20,4]
[2,3,6,7,9,17,12,14,20,4]
[2,4,6,7,9,17,12,14,20,4]
[2,3,5,8,9,17,12,14,20,4]
[2,4,5,8,9,17,12,14,20,4]
[2,3,6,8,9,17,12,14,20,4]
[2,4,6,8,9,17,12,14,20,4]

[2,3,5,7,10,18,12,14,20,4]
[2,4,5,7,10,18,12,14,20,4]
[2,3,6,7,10,18,12,14,20,4]
[2,4,6,7,10,18,12,14,20,4]
[2,3,5,8,10,18,12,14,20,4]



NAWCWD TP 8592

[2,4,5,8,10,18,12,14,20,4]
[2,3,6,8,10,18,12,14,20,4]
[2,4,6,8,10,18,12,14,20,4] _ |}

C*E7*CexCsxCqx(-53)*5%Cy*E |
C2#E2#CerCs*CaxCanErn(-52 )05 £
CoxExxCpxCsxChrCyxErxCoxC#E ] ]

1fer 0 To -s 1 [ ¢l21] -s[21]
T=P =MRP. =L j P, =— P,
19 1y L1y ﬁ[ 0 alean[sl ¢ :| 17 ﬁl:glsl[ZZ] £, [22] 17
Thus,
= % {c1[21] Pi7n + (-s1) [21] Prri}
Ti2= 45 {c1[21] Pr7i2 + (-s1) [21] P17}
T = & {€1s) [22] Pipa1 + €161 [22] Py}
Ty = —j;{ﬁlsl [22] Py7,12 + €1¢1 [22] P1722}

Arrays of coefficients and phase indices for 7, ( 256 terms each Tj; )

Tii= = {c1[21] Ppgy + (s1) [21] Pron}

T+ [ tin + [ C1sCaxcerCssCyncCinCrecy

C1#Co*C*Cs#CqrC3xSo%(-5)
C1*Co*CexCsaCqrS3+E0#(=57)%Cy
C1*Co*Ce+Cs*CqxS3+E2+Cox(~5))
C1*C2+CexC5+84+(-S3)+CaxCy
C]*Cz*C(,*C5*S4t(-S3)-S;1c(-s 1 )
C1*Co#Ce*Cs+S4+C3+Er#(=52)+C)
C1*Co*CprCsaS4xC3aE#Cox(-51) |

t12 « [ C1#CosCerCs(-54)#C3#CoxCy

C]tC2tC6'C5*(-S4)#C3:Sg*(-8 I )
C1*Co*Ce*Csx(=S4)*S3#E2%(=57)+Cy
Ci *02*06*C5*('S4)*S3t€2#Cz#(-s | )
C1#C2*CpxC5%C4#(-53)*Co*C

Ci tCz#C6tC5tC4t(—S3)tSz#(-S 1 )
C1#C*CexCs*CyrC3xErs(=52)+C)
C1*Co*CaxC5#CyxCyEonCox(-51) |

tog » ICI.CZnC6tSStC4#C3*CZ*C]

C1#Co*C*S5+Cq*C35+(-S))

A-32

[1,3,5,7,9,15,11,13,19,3,21]
[1,4,5,7,9,15,11,13,19,3,21]
[1,3,6,7,9,15,11,13,19,3.21]
[1,4,6,7,9,15,11,13,19,3,21]
[1,3,5,8,9,15,11,13,19,3,21]
[1,4,5,8,9,15,11,13,19,3,21]
[1,3,6,8,9,15,11,13,19,3,21]
[1,4,6,8,9,15,11,13,19,3,21]

[1,3,5,7,10,16,11,13,19,3,21]
[1,4,5,7,10,16,11,13,19,3,21]
[1,3,6,7,10,16,11,13,19,3,21]
[1,4,6,7,10,16,11,13,19,3,21]
[1,3,5,8,10,16,11,13,19,3,21]
[1,4,5,8,10,16,11,13,19,3,21]
[1,3,6,8,10,16,11,13,19,3,21]
[1,4,6,8,10,16,11,13,19,3,21]

[1,3,5,7,9,17,12,13,19,3,21]
[1,4,5,7,9,17,12,13,19,3,21]



NAWCWD TP 8592

C1*CoxCe*S5xCyxS3+EH t(-Sg)tcl
C1*Co*C*S5+CyxS3*En -02—(-8 ] )
C1#C2+C6*S5%S4#(~53)+C2+Cy
C1*C2+Cq*S5*S4+(~53)*52%(=51)
C1#Co*Cp*S5xS4%C3*EH t(-Sz)#Cl
C1#Co*Cp*S5+84+C3+E0xCox(-51) |

t22 * [ C1*Co*CeS5+(-84)+C35CoxCy
Cl*C2*C6155*(-S4)1C3#53t(-S| )
C1#Co*CexS5%(~54)*S3xE2#(-52)+Cy
C1#C*Ce*S5+(~54)#S3+E2+Cox(-51)
C1#Co#CexS5%Ca#(-53)+CaxCy
C1#C2#CeS5%Ca»(-S3)xS2%(=51)
C]tCz#C(,*SstC4tC;t€3t(-Sg)*C1
C1*Cz*Cg*S5~C4tC3*E:*Czt(-S1) ]

t1g + l C1tCztS(,*(-S5)*C4vC3*CZ*C1

C1#C*Se+(~85)+Cq#Cx5o%(~5 )
cl:cz~s(,*(-s5)-c4.s3.z-‘.g.(-sj‘c]
C1#C2sS6+(~85)*CanS34E2+Cox(-5 1)
C|*CztSst(-S5)-S4t(-S3)~szC1
C1*Co#Se*(~85)*Sq#(=S3)+S2%(-5 )
C]*Cz*S(’*('SS)*S4‘C3*9’_’#('Sj)*C]
C1#C#S6*(-S5)+S4xC3xExxCox(-5 ) |

tio * [C|*Cz*S(,*(-S5)*(-S4)tC3*Cth1
C|*Cz*S6*(-S5)t(-S4)*C3tht(-S|)

C1#CoxSex(-85)#(~54)+S30E2%(-52)+C
C1#C286+(~85)*(-84)+S39E2+C20(~51)

C1*Co*Sg+(-85)+Cqx(-53)*C2+Cy
Ci *C2t56t('ss)#04t('s3)t53 *("S 1 )
C1#C2*S6+(-85)+C4xC3*Ex+(-52)+Cy

Ci tC2*S(,:(-Ss)*c4:c3.g: *CZ"'('S | ) ]

ta) * [ C1#Co#S6+C5+C4#C3#CoxC)

C1*C2#S6*C5+C4#C3+57%(-5 )
C*C2+S86+C55C4#S3+E2%(=52)+C)
C1*C2*S6xC5+C4*S3+E0%Cox(=5 1)
C1#C2*S6+C5*S4x(~53)+CaxC]

Ci :Czts6¢C5:S4t(-S3)tS_—3*(-S | )
C1*C*S6+C5+S4xC3*E(=52)*C
C1#C2#8+Cs#84xCyxExxCox(-51) |

A-33

[1,3,6,7,9,17,12,13,19,3,21]
[1,4,6,7,9,17,12,13,19,3,21]
[1,3,5,8,9,17,12,13,19,3,21]
[1,4,5,8,9,17,12,13,19,3,21]
[1,3,6,8,9,17,12,13,19,3,21]
[1,4,6,8,9,17,12,13,19,3,21]

[1,3,5,7,10,18,12,13,19,3,21]
[1,4,5,7,10,18,12,13,19,3,21]
[1,3,6,7,10,18,12,13,19,3,21]
[1,4,6,7,10,18,12,13,19,3,21]
[1,3,5,8,10,18,12,13,19,3,21]
[1,4,5,8,10,18,12,13,19,3,21]
[1,3,6,8,10,18,12,13,19,3,21]
[1,4,6,8,10,18,12,13,19,3,21] _

[1,3,5,7,9,15,11,14,19,3,21]
[1,4,5,7,9,15,11,14,19,3,21]
[1,3,6,7,9,15,11,14,19,3,21]
[1,4,6,7,9,15,11,14,19,3,21]
[1,3,5,8,9,15,11,14,19,3,21]
[1,4,5,8,9,15,11,14,19,3,21]
[1,3,6,8,9,15,11,14,19,3,21]
[1,4,6,8,9,15,11,14,19,3,21]

[1,3,5,7,10,16,11,14,19,3,21]
[1,4,5,7,10,16,11,14,19,3,21]
[1,3,6,7,10,16,11,14,19,3,21]
[1,4,6,7,10,16,11,14,19,3,21]
[1,3,5,8,10,16,11,14,19,3,21]
[1,4,5,8,10,16,11,14,19,3,21]
[1,3,6,8,10,16,11,14,19,3,21]
[1,4,6,8,10,16,11,14,19,3,21]

[1,3,5,7,9,17,12,14,19,3,21]
[1,4,5,7,9,17,12,14,19,3,21]
[1,3,6,7,9,17,12,14,19,3,21]
[1,4,6,7,9,17,12,14,19,3,21]
[1,3,5,8,9,17,12,14,19,3,21]
[1,4,5,8,9,17,12,14,19,3,21]
[1,3,6,8,9,17,12,14,19,3,21]
[1,4,6,8,9,17,12,14,19,3,21]




NAWCWD TP 8592

22 * [ C1#C2*Se#Cs+(-84)*C3+C2+Cy [1,3,5,7,10,18,12,14,19,3,21]

C1#Co*SexCsx(~S4)*C3x57%(=51)
C1#Co#Sg*Cs*(=S4)#S3#E2%(=52)+C)
C1#C2+S6+Cs+(~84)+83%E2+Cos(-5 1)
C1#C2*S6+C5+Cax(-83)*CoxCy

Ci *CztS6t05*C4~(-S3)tS3 t(-S | )
C]tCztS(,tC5*C4*C3t€3t(-Sz)-C1
C1+C*S6#Cs*CqrC39E2xCox(-51) |

t11 + [ Cr#(=52)+E24(~S6)#C5+C4xC3+Co+Cy

Clt(-Sg)-Ej -(-SG)tC5-C4*C3-SZ*(-S 1 )
C1#(=82)+E2%(=56)+C5+CqxS3+E%(=52)+Cy
Ci *(-S3):83:(-85)»C5¢C4#S3t83 tCzt(-S 1 )
Ci ‘(-S3)‘83*(-56)-05*54*(-S3)‘02*C]
C1#(=82)*E2%(-86)+Cs#842(~53)*52#(=51)
C1#(-52)+€2+(-86)#C5984+C32E28(-52)+Cy
C1#(-52)+E2#(~S6)*Cs%S4+C3+E2+Cox(-51) |

t12 * [ Cr(-52)%€2(~56)*Csx(-84)*C3%CoC)

C1#(-52)%€2%(~S6)*Cs+(~84)+C3x52%(-5)
C1#(-52)+€2+(-86)+Csx(-84)x83%E0+(~52)+C)
Ci n(-S_\_)t&‘.:t -S(,)~C5t(-S4)~S3-83tCz*(-S | )
C1#(-52)#E2%(~86)*C5+Cq+(~53)*CoxCy

Ci -(-S3)tE3t(-S(,)~C5*C4—(-S3)tS)_t(-S I )

Cy :(-sz)t&:(-S(,)~05~C4~C3:£1-(-s3)-C1
C1#(~52)#E28(~86)*C5+C4xC3#ExCox(-51) |

ta1 * [ C1#(~52)*E2%(~S)*S5+CqxC3+Co5Cy

Cix(=52)*E+(=S6)*S5+C4*C3#52(~5 )

Ci '('S:)*Ezt(‘Sé)tSStC4tS3#€z*(-S:)tcl
C1+(=52)+€74(~S6)*S5+C43S3+E23Cox(-51)
Ci *(-Sj)*gj t('Sﬁ)tSS*S‘”('S})‘CZ‘CI
C1#(-52)*E0x(~S6)xS5#84x(-83)*50%(-5))
C1#(-52)+E2%(~S6)*S5+84xC3xE2%(=52)+C
C1#(=52)+E2%(-86)#85%84+C3+E2+Cox(-51) |

t22 » [ C1#(-52)+€2#(~S6)*85+(~84)+C3+CosC)

Ci :(-S:)-Egt(-S(,)*S5-(-S4)-C3*Szt(-5 | )
C1#(-52)€2#(~86)#85+(~84)#83+E2%(~52)5C
C1#(-52)*E2%(-S6)#S5%(-84)#S3+€2Cox(-51)
Ci t(-S2)-83t(-Sb)tSStC4¢(-S3)tC2-C1
C1#(-52)*E0%(-S6)*S54Cq(~53)*52#(-5))

A-34

[1,4,5,7,10,18,12,14,19,3,21]
[1,3,6,7,10,18,12,14,19,3,21]
[1,4,6,7,10,18,12,14,19,3,21]
[1,3,5,8,10,18,12,14,19,3,21]
[1,4,5,8,10,18,12,14,19,3,21]
[1,3,6,8,10,18,12,14,19,3,21]
[1,4,6,8,10,18,12,14,19,3,21] ]

[1,3,5,7,9,15,11,13,20,3,21]
[1,4,5,7,9,15,11,13,20,3,21]
[1,3,6,7,9,15,11,13,20,3,21]
[1,4,6,7,9,15,11,13,20,3,21]
[1,3,5,8,9,15,11,13,20,3,21]
[1,4,5,8,9,15,11,13,20,3,21]
[1,3,6,8,9,15,11,13,20,3,21]
[1,4,6,8,9,15,11,13,20,3,21]

[1,3,5,7,10,16,11,13,20,3,21]
[1,4,5,7,10,16,11,13,20,3,21]
[1,3,6,7,10,16,11,13,20,3,21]
[1,4,6,7,10,16,11,13,20,3,21]
[1,3,5,8,10,16,11,13,20,3,21]
[1,4,5,8,10,16,11,13,20,3,21]
[1,3,6,8,10,16,11,13,20,3,21]
[1,4,6,8,10,16,11,13,20,3,21]

[1,3,5,7,9,17,12,13,20,3,21]
[1,4,5,7,9,17,12,13,20,3,21]
[1,3,6,7,9,17,12,13,20,3,21]
[1,4,6,7,9,17,12,13,20,3,21]
[1,3,5,8,9,17,12,13,20,3,21]
[1,4,5,8,9,17,12,13,20,3,21]
[1,3,6,8,9,17,12,13,20,3,21]
[1,4,6,8,9,17,12,13,20,3,21]

[1,3,5,7,10,18,12,13,20,3,21]
[1,4,5,7,10,18,12,13,20,3,21]
[1,3,6,7,10,18,12,13,20,3,21]
[1,4,6,7,10,18,12,13,20,3,21]
[1,3,5,8,10,18,12,13,20,3,21]
[1,4,5,8,10,18,12,13,20,3,21]



NAWCWD TP 8592

Ci *(-Sg)*gz.(-s6)~55¢04cc3 *Ezt(-sz)tCI
C1#(-52)+E22(-S6)#85+CaxC3xE0xCos(-51) ]

tir s [ Crx(-52)#E2%Cex(=85)*CqxC32C2xCy
Ci #(-52)#83 *Cbt('SS)#C4tC3*S:t(-S ] )
C1#(=82)+E2%Cox(-85)+Cqr83+E%(~52)+Cy
C1#(~52)#E2xCer(~85)#CqnS3+E2%Co*(-5 )
C1#(-52)%€24C#(-85)*S4+(~53)+CaxCy
Cr#(=52)+E#Cor(-85)*S4+(-53)525(-5 )
C1#(=52)#€2%Cer(~85)*S4+C3+E (=52 )%Cy
Ci *(-Sj)‘gj tCét(-Ss):S4tC3 -83*02t(-5 1 ) ]

ti2 » [ Cro(-52)sE2xCax(-85)x(-84)*C32CoxC
C1#(-52)+€2+Ce(-85)*(-S4)C3%52%(-51)
C1#(=52)#€2%Cer(=85)(~S4)*S3+E5(~57)*C)
Ci *('Sj)*2:*06*(‘85)*(‘54)‘53*gj*cz*('S 1)
C1#(=52)*E29Ce#(-85)+Cy*(-53)+CoxC)
Cp#(=52)xE2#Cox(=85)+Cax(-53)*s2#(-51)
C]~(-Sg)tEg*C6t(-S5)tC4tC3t81*(-53)#01
Cr(-52)+€2+Ce2(-85)+CarC3sE2+Cox(-51) ]

t2g » [CI“('52)*?2*Cﬁ*C5*C4:C3*C2:c1

C1#(=52)#E2*#CorCsxCyrC3x5%(-5))
Cl*(-S:)*S:*C()*c5:c4‘s3¢£3.(-53).c]
C1#(-52)+E25Ce*C5+C43S3+E2+Cx(=5 1)
C1#(=52)*E2+CoCsx84%(-53)*Co*Cy
C1#(~52)#E2#Ce*CsxS4x(-53)+52%(-5 1)
C1#(=52)*E2#CoxCsx84+C3#E4(=52)%Cy
cl*('SZ)‘82*06*CS*S41C3#93tCz#(-S1) ]

t22 * [ C1#(~52)+E2%CeaCs#(-84)+C3%C2Cy
C1#(=52)#E2%Co#Cse(=84)*C3+52+(~51)
C1#(~52)%E2#Ce*Csx(-54)#S3+E0%(=52)+C)
C1#(~52)*E2+Ce*Csa(-84)xS3+E0%Cox(-5) )
C1#(-52)*E2#Ce+C5+Cq(-83)xCaxC)
Cy#(=52)*E2#C#CssC4#(-53)*52%(-51)
C1#(-52)*E2*CerC5#CarCy#Er+(-52)xC)
C1#(-52)*E2*CerC5+C4+C3sE2+Cox(-51) ]

t11 * [ (-51)*52#Ce*C5*CqxC32Co*C
(-51)#52%Ce*CsxCaxCax5*(=5 1)
(-51)#52#CE*CsxCanS3Ern(-52)+C

[1,3,6,8,10,18,12,13,20,3,21]
[1,4,6,8,10,18,12,13,20,3,21] _

[1,3,5,7,9,15,11,14,20,3,21]
[1,4,5,7,9,15,11,14,20,3,21]
[1,3,6,7,9,15,11,14,20,3,21]
[1,4,6,7,9,15,11,14,20,3,21]
[1,3,5,8,9,15,11,14,20,3,21]
[1,4,5,8,9,15,11,14,20,3,21]
[1,3,6,8,9,15,11,14,20,3,21]
[1,4,6,8,9,15,11,14,20,3,21]

[1,3,5,7,10,16,11,14,20,3,21]
[1,4,5,7,10,16,11,14,20,3,21]
[1,3,6,7,10,16,11,14,20,3,21]
[1,4,6,7,10,16,11,14,20,3,21]
[1,3,5.8,10,16,11,14,20,3,21]
[1,4,5,8,10,16,11,14,20,3,21]
[1,3,6,8,10,16,11,14,20,3,21]
[1,4,6,8,10,16,11,14,20,3,21]

[1,3,5,7,9,17,12,14,20,3,21
[1,4,5,7,9,17,12,14,20,3,21]
[1,3,6,7,9,17,12,14,20,3,21]
[1,4,6,7,9,17,12,14,20,3,21]
[1,3,5,8,9,17,12,14,20,3,21]
[1,4,5,8,9,17,12,14,20,3,21]
[1,3,6,8,9,17,12,14,20,3,21]
[1,4,6,8,9,17,12,14,20,3,21]

[1,3,5,7,10,18,12,14,20,3,21]
[1,4,5,7,10,18,12,14,20,3,21]
[1,3,6,7,10,18,12,14,20,3,21]
[1,4,6,7,10,18,12,14,20,3,21]
[1,3,5,8,10,18,12,14,20,3,21]
[1,4,5,8,10,18,12,14,20,3,21]
[1,3,6,8,10,18,12,14,20,3,21]
[1,4,6,8,10,18,12,14,20,3,21] _ |l

[1,3,5,7,9,15,11,13,19,4,21]
[1,4,5,7,9,15,11,13,19,4,21]
[1,3,6,7,9,15,11,13,19,4,21]




NAWCWD TP 8592

(-S 1 )tSz‘C6tC5tC4tS3tEZ tCz‘(-S 1 )
(-51)#52%CexC5284x(-53)+CoxC)
(-51)#82%CoxCsx84x(=83)*s2+(~51)
(-51)#52%C64C5#845C3+E25(~52)*Cy
(-S|)*Sg*Cé*CS*S4*C3'€]‘CZ*('S]) ]

tio * [(-S1)-53-06~05-(-S4)¢C3¢C2-C|
(=51)#52+Ce+Cs+(-84)+C3+52%(-51)
(-S 1 ):S: #C6#C5#(‘S4)ls3#€2 t(-Sg)tC]
(-S 1 )#S:v_ tC6~CSt(-S4)-S3-€3mczt(-s 1 )
(—S])tS:¢C6t05*C4~(-S3)t02#C1
(-51)#52+CerCsxCan(-83)#50%(~51)
(-51)#52+C4#Cs+C4xC3+E0%(-52)*C)
(-51)%52%CpxC5+CqrC33E2xCox(-51) |

t * [(-S|)tS::C6*S5*C4tC3tCZtC1
(-S|)mngCﬁ*S5tC4-C3*Sjt(-S1)
(-S[)#Sz‘C6#S§#C4tS3#€2t(-Sj)*C]
(-S])#S:#Cﬁ#SStC4‘S3*£2*C2‘('S|)
(-S1):S3~06-S5-S4t(-S3)102#01
(-S1)*Sg-06:85-S4~(-S3)t83t(-81)
(-51)#52%Ce*S5%S4xC3+E%(=52)+C)
(-51)*52%Ce*S5%84xC3xExxCox(-51) |

t22 * [ (=51 )*S2%CexS5+(=S4)+C3#CoeC)
(-51)*52#Ce*S5%(-54)*C3952%(-5))
(-51)*52%Ce*S5+(-84)+S3E2(-52)+Cy
(-51)#52+CexS5#(=S4)*S3%E2+Cox(-5)
(-S|)*SgtCé*S5-C4t(-S3)~CthI
(-S1)-(\‘3-C6*SS-C4¢(-S3)4‘SQ-(-S|)
(~51)#S2#C6*S5%Cq+C3xE2#(=52)+Cy
(-51)#S2#C4*S5%Cq#C3xExCon(-5)) |

tin = [ (=51)#52#86+(~85)+CqxC3xCoxC)

(-S 1 )*S:#Sét('ss)tc4tc3t52*(-s 1 )
(-S1)th-86-(-85)*C4v83t€z#(-Sg)tc1
(-51)*52%86+(~85)*Cq»S3+E2+Cox(-5 1)
(-51)%52+86%(~85)+84%(~S3)*C2+Cy
(-Sl)*Sg-86:(-85)-S4t(-83)*83*(-S|)
(-S[)*Sz#86*(‘55)‘84*03*82‘('32)*0]
(-S|)th*Sbn(-S5)tS4*C3-£3tCz*(-S|) |

t12 * [ (-51)+52#Se#(~85)+(~S4)+C3+CosCy

A-36

[1,4,6,7,9,15,11,13,19,4,21]
[1,3,5,8,9,15,11,13,19,4,21]
[1,4,5,8,9,15,11,13,19,4,21]
[1,3,6,8,9,15,11,13,19,4,21]
[1,4,6,8,9,15,11,13,19,4,21]

[1,3,5,7,10,16,11,13,19,4,21]
[1,4,5,7,10,16,11,13,19,4,21]
[1,3,6,7,10,16,11,13,19,4,21]
[1,4,6,7,10,16,11,13,19,4,21]
[1,3,5,8,10,16,11,13,19,4,21]
[1,4,5,8,10,16,11,13,19,4,21]
[1,3,6,8,10,16,11,13,19,4,21]
[1,4,6,8,10,16,11,13,19,4,21]

[1,3,5,7,9,17,12,13,19,4,21]
[1,4,5,7,9,17,12,13,19,4,21]
[1,3,6,7,9,17,12,13,19,4,21]
[1,4,6,7,9,17,12,13,19,4,21]
[1,3,5,8,9,17,12,13,19,4,21]
[1,4,5,8,9,17,12,13,19,4,21]
[1,3,6,8,9,17,12,13,19,4,21]
[1,4,6,8,9,17,12,13,19,4,21]

[1,3,5,7,10,18,12,13,19,4,21]
[1,4,5,7,10,18,12,13,19,4,21]
[1,3,6,7,10,18,12,13,19,4,21]
[1,4,6,7,10,18,12,13,19,4,21]
[1,3,5,8,10,18,12,13,19,4,21]
[1,4,5,8,10,18,12,13,19,4,21]
[1,3,6,8,10,18,12,13,19,4,21]
[1,4,6,8,10,18,12,13,19,4,21] _

[1,3,5,7,9,15,11,14,19,4,21]
[1,4,5,7,9,15,11,14,19,4,21]
[1,3,6,7,9,15,11,14,19,4,21]
[1,4,6,7,9,15,11,14,19,4,21]
[1,3,5,8,9,15,11,14,19,4,21]
[1,4,5,89,15,11,14,19,4,21]
[1,3,6,8,9,15,11,14,19,4,21]
[1,4,6,8,9,15,11,14,19,4,21]

[1,3,5,7,10,16,11,14,19,4,21]



NAWCWD TP 8592

(-51)#52%86+(~85)*(-84)*C3#52%(-51)
(-51)%52986+(~85)x(-84)+83+€2+(-52)+C1
(-S ] )tSQ -S()t(-S5)t(-S4)#S3-82 tCzt(-S 1 )
(-S | )th tSét('Sj)*C4*('S3)*C2*C]
(-51)#52#56%(-85)+Cax(-53)*s25(~51)
(-S | )*Sg~S6*(-Ss)tC4#C3-83#(-53)*C1
(-51)#52#86%(-85)%CqxC3xE2xCox(-51) |

ta1 = [ (-51)%82%86xC52CqxC3+CoxCy

(-S | )*ngSﬁtC5-C4:C3*Sg -(-S 1 )

(-S 1 )*51 *S*xCaxCyxS3*EH t(-S:\_)*CI
(-S 1 )*Sg *Sg*CaxCyxS3xEH -Czt(-s | )
(-S 1 )*S}-56~CS¢S4t(-S3)-C2*Cl

(-S | )th aS(,*CS*Sp(-S})tSz *(-S ] )
(-51)*82#S6%C5x84+C3+E9%(-52)*Cy
(-51)#52#86%Cs*84xC3xE2%Cox(-51) |

t22 + [ (-51)+52#86+C5#(-54)+C3+C2+Cy

(-S 1 )-Sg i56*C5t(-S4)tCS#SQ t(-S | )
(-S | )tS:*S()tCS#('S4)tS3 t€1*(°53)t01
(-51)*82%86+C5+(~84)#S3+E2#Cox(~5 )
(-51)#52%86+C5*Cax(-S3)+CoxC

(=51 )*52#86+C5xCyr(-S3)*52+(=5 )
(-51)#52#86%C5+CqrC3xE2%(~52)+C
(-S | )~53t86*05vC4*C3 *£) *Czt(-s | ) ]

t“ * [ (-S|)*Cz*t‘jt(-Sé)*C5-C4*C3t02~C1

(-51)*CoxE0%(-S6)*CsxCqxC3x52%(-5 1)
(=581 )*CoxEo#(=S6)*Cs#CqrS3%E0%(=57)*C)
(-51)CoxE2#(-86)*C5CarS3xE2xCo(~5))
(-81)+C2#€2%(~86)+C5+84+(-53)+C2+C1
(=51)+C2#E2+(-S6)+Cs*Sa+(-53)+52+(-51)
(-S 1 )tCz:Sp_ t(-Sé)*CS*S4tC3*E 2 "('53 )"‘Cl

(-S 1 )#Cz*&‘.:*(-86)*C5'-S4#C3*€3*02t(-$ | ) ]

t12 + [ (-51)xCos€2%(-86)*Cs%(-84)*C3+CaxCy

(-S 1 )*Cz*E3*(-SG)tCS:(-S4)¢C3¢S:t(-$ 1 )

(-S | )*CoxEr *(-S())tC5t(-S4)tS3t83 #(-S3)*C]
(-S 1 )*Cztﬁgt(-S(,)tC5*(-S4)tS3*83*02*(-S 1 )

(-51)%CoxE2%(~86)*C5xCax(-53)*CaxCy
(-S | )*02*83 :(-S(,)~C5tC4-(-S3)*S3*(-8 1 )
(-51)*CoxE2%(=86)*C5xC4xC3+Er%(~52)+Cy

[1,4,5,7,10,16,11,14,19,4,21]
[1,3,6,7,10,16,11,14,19,4,21]
[1,4,6,7,10,16,11,14,19,4,21]
[1,3,5,8,10,16,11,14,19,4,21]
[1,4,5,8,10,16,11,14,19,4,21]
[1,3,6,8,10,16,11,14,19,4,21]
[1,4,6,8,10,16,11,14,19,4,21]

[1,3,5,7,9,17,12,14,19,4,21]
[1,4,5,7,9,17,12,14,19,4,21]
[1,3,6,7,9,17,12,14,19,4,21]
[1,4,6,7,9,17,12,14,19,4,21]
[1,3,5,8,9,17,12,14,19,4,21]
[1,4,5,8,9,17,12,14,19,4,21]
[1,3,6,8,9,17,12,14,19,4,21]
[1,4,6,8,9,17,12,14,19,4,21]

[1,3,5,7,10,18,12,14,19,4,21]
[1,4,5,7,10,18,12,14,19,4,21]
[1,3,6,7,10,18,12,14,19,4,21]
[1,4,6,7,10,18,12,14,19,4,21]
[1,3,5,8,10,18,12,14,19,4,21]
[1,4,5,8,10,18,12,14,19,4,21]
[1,3,6,8,10,18,12,14,19,4,21]
[1,4,6,8,10,18,12,14,19.4.21] }

[1,3,5,7,9,15,11,13,20,4,21]
[1,4,5,7,9,15,11,13,20,4,21]
[1,3,6,7,9,15,11,13,20.4.21]
[1,4,6,7,9,15,11,13,20,4,21]
[1,3,5,89,15,11,13,20.4,21]
[1,4,5,8,9,15,11,13,20,4,21]
[1,3,6,8,9,15,11,13,20,4,21]
[1,4,6,8,9,15,11,13,20,4,21]

[1,3,5,7,10,16,11,13,20,4,21]
[1,4,5,7,10,16,11,13,20,4,21]
[1,3,6,7,10,16,11,13,20,4,21]
[1,4,6,7,10,16,11,13,20,4,21]
[1,3,5,8,10,16,11,13,20,4,21]
[1,4,5,8,10,16,11,13,20,4,21]
[1,3,6,8,10,16,11,13,20,4,21]




NAWCWD TP 8592

(-51)%Co»E2%(=S6)*C5#CqxC3+E2Cox(-51) |

t21 * [ (-51)+C2sE0%(-56)+S5+C4#C3#CoxC

(-S 1 )-02-83c(-S6)mS5tC4¢C3¢52a(-S 1 )

(=51 )%CoE2%(=56)+S55C4*S3+E%(=52)+Cy
(-51)#CoxE29(~S6)+85+C4#S39E2#Cox(-51)
(-S 1 )*Cz*gj#(-56)t85is4‘('s3)*c2*C]
(-51)#CoxE#(~S6)#S5+S4%(=53)#52%(=5 )
(-51)*CoxEox(=8)*S5+843C3#E0%(=57)xCy
(-51)#CosE0#(~S6)#85%S4+CyxExCox(-51) |

ty * [(-S[)#Cz*gzt(-S())*SS*('S4)*C3*CZ‘C1

(-51)#Co#E2%(~86)*S5%(-84)*C3952%(~5))
(-51)#CoxE+(=S6)*S5+(-S4)*S3%E2%(=52)*Cy
(-51)2CxEx#(=S6)+85+(-84)+S3+E0%Cx(~5) )
(-51)#Cox€25(-S6)+85+Cq2(~53)+CaxC)

(-S | )*02*83t(-S())-S5tC4*(-S3)!Sg#(-S | )
(-51)#CoxE2(-86)+85+CqrC3xErn(-52)+C
(-51)%CosE2%(-S6)#S54C4sC3#E0Co#(-51) |

tr1+ [ (-51)CosE0%Cer(-85)*CqxC3#CoxC)

(-S 1 )*Czt{f:tC6t(-SS)tC4tC3~Sy(-S | )
(-81)%CoxErxCex(~85)+CarS3xEo%(=52)+Cy
(-51)#Co*E0+Cox(-85)*CqrS3xExCos(-5 1)
(-5 1 )*Czt&‘.g‘CG:(-S5)-S4-(-S3)*C;)_*C1

(-S ] )tcztg:‘tC()-('SS)tS4t('S:})tS:*(-S 1 )
(-S | )*Cz*&‘g:C(,-(-S5)~S4tC3#83-(-83)*01
(—S 1 )"cz*g:tCé#(‘SS)*S4"‘C3*€:‘CZ"‘(‘S 1 ) l

t12 * [ (-51)%CosE0xCax(~85)+(-84)*C3+CaxCy

(-51)#Cox€22Cer(~S5)*(-84)*C3x52%(-51)
(-51)#Cox€29Cer(~85)*(-84)*S3+E28(-52)+C;
(=51)%C2sE2%Co(~85)+(-54)+830E24C22(=51)
(-S 1 )lCztﬁjtC6t('SS)*C4#('S3)*CZ*C|
(-51)#Co*E#Co*(-S5)*Can(-53)*529(-5 )
(-51)%CoxE0xCax(=85)+CqrC3+E0x(-52)+C)
(-S | )#Czt{“_W_tC6t('SS)‘C4tC3t£:#czt(-s l ) ]

t21 * [ (-51)#C2s€25C4xC5%C4xC32Co*C

(-S l )mCztSz-C6tC5tC4¢C3tSZ~(-S | )
(-51)#Co#E0*CoxCsxChxS3xE%(=52)+C

A-38

[1,4,6,8,10,16,11,13,20,4,21]

[1,3,5,7,9,17,12,13,20,4,21]
[1,4,5,7,9,17,12,13,20,4,21]
[1,3,6,7,9,17,12,13,20,4,21]
[1,4,6,7,9,17,12,13,20,4,21]
[1,3,5,8,9,17,12,13,20,4,21]
[1,4,5,8,9,17,12,13,20,4,21]
[1,3,6,8,9,17,12,13,20,4,21]
[1,4,6,8,9,17,12,13,20,4,21]

[1,3,5,7,10,18,12,13,20,4,21]
[1,4,5,7,10,18,12,13,20,4,21]
[1,3,6,7,10,18,12,13,20,4,21]
[1,4,6,7,10,18,12,13,20,4,21]
[1,3,5,8,10,18,12,13,20,4,21]
[1,4,5,8,10,18,12,13,20,4,21]
[1,3,6,8,10,18,12,13,20,4,21]
[1,4,6,8,10,18,12,13,20,4,21] _

[1,3,5,7,9,15,11,14,20,4,21]
[1,4,5,7,9,15,11,14,20,4,21]
[1,3,6,7,9,15,11,14,20,4,21]
[1,4,6,7,9,15,11,14,20,4,21]
[1,3,5,8,9,15,11,14,20,4,21]
[1,4,5,8,9,15,11,14,20,4,21]
[1,3,6,8,9,15,11,14,20,4,21]
[1,4,6,8,9,15,11,14,20,4,21]

[1,3,5,7,10,16,11,14,20,4,21]
[1,4,5,7,10,16,11,14,20,4,21]
[1,3,6,7,10,16,11,14,20,4,21]
[1,4,6,7,10,16,11,14,20,4,21]
[1,3,5,8,10,16,11,14,20,4,21]
[1,4,5,8,10,16,11,14,20,4,21]
[1,3,6,8,10,16,11,14,20,4,21]
[1,4,6,8,10,16,11,14,20,4,21]

[1,3,5,7,9,17,12,14,20,4,21]
[1,4,5,7,9,17,12,14,20,4,21]
[1,3,6,7,9,17,12,14,20,4,21]
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(-51)#C2#E2#Ce+C5*CaxS3+E2#Cox(~5 )
(-51)*CosE2%CexCsxS4x(-83)+CaxC)
(-51)#Cox€2%Co2Cs*S42(~53)*52#(=51)
(-S 1 )tCztng *CexCs*S4*C3*En -(-Sg)#C]
(-S | )-02*83 *CaxC5xSqxC3*EH tCzt(-S 1 ) ]

t22 « [ (-51)%CosE24Ce+Csx(-84)*C3%Co+Cy

(-S | )tcztgztC()tCS#(-S4)*c3#SZt(-S 1 )
(-51)*C2sE2+CuCs#(-84)+539E2%(-52)C
(-51)+C2+€2+CexCse(-54)w839E2+Cox(-51)
(-S ,)-02:83.06‘05*c4-(-83)*cztc1

(-S 1 )tCzth #C6*C5*C4*('S3)*Sz *(-S 1 )
(-S 1 ):CZtEZ *CxC5xCyxC3xEH t(-Sz)*C]

[1,4,6,7,9,17,12,14,20,4,21]
[1,3,5,8,9,17,12,14,20,4,21]
[1,4,5,8,9,17,12,14,20,4,21]
[1,3,6,8,9,17,12,14,20,4,21]
[1,4,6,8,9,17,12,14,20,4,21]

[1,3,5,7,10,18,12,14,20,4,21]
[1,4,5,7,10,18,12,14,20,4,21]
[1,3,6,7,10,18,12,14,20,4,21]
[1,4,6,7,10,18,12,14,20,4,21]
[1,3,5,8,10,18,12,14,20,4,21]
[1,4,5,8,10,18,12,14,20,4,21]
[1,3,6,8,10,18,12,14,20,4,21]

(=81 )CasEsCeaCseCasCasErsCai(-51) | | [1,4,6,8,10,18,12,14,20,4,21] |

Arrays of coefficients and phase indices for 7,
T2 = 4 {c1[21] Pr7y2 + (-s1) [21] P1722}

% * [ t* l C1*Co*Cpe*CsxCyxC3xCoxS *E [2,3,5,7,9,15,1 1,13,19,3,21]

C1#Co*C*Cs*CyrC3*SoxC+E

Ci ~C2t06*05*C4*S3*83t(-S:)*S 1*€]
C1*Co*Cp*C5+CyxS3*Ex*CoxC1*E
C]*CthG-C5tS4*(-S3)~CztS 1*E|
C1*C*Cq*CsxS4+(=53)*52#+C*E |
C1#Co#CerCo#S4+C3+Eo#(=5)S 4
C1*Co*xC*CsxS4+C3+E7%CoxC1*E | |

t12 * [ C1*CoxCexCsa(=S4)*C34Cos 5 +E

C1#C2#Ce*Csx(-84)*C3 #52+C1+E
C1#C*CexCo(=S4)#S3+E04(=52)#S5 | #E
C1#C2+CoxCs+(-84)#S3+E7#CoxC#E |
C1 tCz*C6-05tC4t(-S3)*02*S| *£|
C*C*Ce*C5*Cyx(-S3)#87+C+€
C1#C*Ce*Cs2CaxCxErx(=52 oS #€|
C1*C*C*xC5*CqxC3*E*CoxCxE | ]

ta1 * [ C1#Co*CerS5xCyrC3xCoxs | 5E

C1*Co#C*S5xCqxC3#S)*C L
C1#C*Ce*S53C4#S35E0#(=52)*5 | +€

[2.4.,5,7.9,15,11,13,19,3,.21]
[2,3,6,7,9.15,11,13,19,3.21]
[2.4,6,7,9,15,11,13,19,3,.21]
[2,3,5,8,9,15,11,13,19,3,21]
[2:4,5:8,9,15,11,13,19,3,21]
[2.3,6,8,9,15,11,13,19,3,21]
[2,4,6,8,9,15,11,13,19,3,21]

[2,3,5,7,10,16,11,13,19,3,21]
[2,4,5,7,10,16,11,13,19,3,21]
[2,3,6,7,10,16,11,13,19,3,21]
[2,4,6,7,10,16,11,13,19,3,21]
[2,3,5,8,10,16,11,13,19,3,21]
[2,4,5,8,10,16,11,13,19,3,21]
[2,3,6,8,10,16,11,13,19,3,21]
[2,4,6,8,10,16,11,13,19,3,21]

[2:3:5,7.9,17,12,13,19.3.21]
[2,4,5,7.9,17,12,13,19.3 21]
[2,3,6,7.9.17,12,13,19,3,21]
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C1*Co*Cp*S5+CyxS3*E7xCoxC*E | [2,4,6,7,9, 1 sl 251 3, 19,3,21 ]
C]*02*06'-55*84*(-83)-02-8 1*E] [2,3,5,8,9, 1 7, 1 2, 1 3, 1 9,3,2 1 ]
Ci tCth(,-‘S5*S4t(-S3)*SQ *C1*E [2,4,5,8,9, 1 7, 1 2, 1 3, 1 9,3,2 1]
C1*C*Cp*S5%S4+C3xEn '(-53)-5 1*€E| [2,3,6,8,9, 1 7, 12, 1 3, 1 9,3,2 1 ]
C1#Co#C*S5+84+C3+E2+CosC15E | | [2,4,6,8,9,17,12,13,19,3,21]
t22 * [ C1#C*C#S5#(~54)+C3%Css +€ | [2,3,5,7,10,18,12,13,19,3,21]
C1#C2*Ce*S5x(=S4)*C3%57#C1#E | [2,4,5,7,10,18,12,13,19,3,21]
C1+Cp+CesS5+(-84)s835E2+(-52)+5 1€, [2,3,6,7,10,18,12,13,19,3,21]
Ci -Cz*C6-85¢(-S4)—S3s€3tCthl-8] [2,4,6,7, 1 0, 1 8, 1 2, 1 3, 1 9,3,2 1]
Ci #Cth6tS5tC4t(-S3)t02*S 1*E) [2,3,5,8, 1 O, 1 8, 1 2, 1 3, 1 9,3,2 1 ]
Cy *CZ‘C(,*Sj‘C4*('S3)*Sj *C1*E) [2,4,5,8, 1 0, 1 8, 1 2, 1 3, 1 9,3,2 1]
Ci *Cz*C(,*85*C4*C3t83*(-Sg)*s 1*E [2,3 ,6,8, 10,1 8, 12, 1 3, 1 9,3,2 1 ]
C1*Co*Ce*S5xCqxC3+E2*CoxC1+E| | [2,4,6,8,10,18,12,13,19,3,21] _
11« [ C1+Co*Sp#(~85)*CqsC3CoxS | +E | [2,3,5,7,9,15,11,14,19,3,21]
Ci tCz*Sm(-Ss)-CuC}#SJ *C £ [2,4,5,7,9, 1 5, 11 » 14, 1 9,3,2 1 ]
Ci *CZ-S(,t(-S5)*C4*S3*€3-(-Sz)tS 1#€] [2,3,6,7,9, 1 5, 11 g 1 4, 1 9,3 ,2 1 ]
Ci ~C2156~(-Ss)*04*53*83 *CoxC*E [2,4,6,7,9, 1 5, 11 5 1 4, 1 9,3,2 1 ]
Cy -Cz-S(,t(-S5)-S4t(-Sg)tC2-S 1*E1 [2,3,5,8,9, 1 5,1 It ,14, 1 9,3,2 1]
Cl-02-56-(-85)64*(-83)-53*01 *E | [2,4,5,8,9, 1 5, 11 5 14, 1 9,3,2 1]
Ci *02-36*(-85)4‘54*03*83 *(-Sg)*(\‘ 1*€] [2,3,6,8,9, 1 5, 11 s 14, 1 9,3,2 1 ]
C1*CoxSpx(-85)#S4+C3+E2%CosC o | [2,4,6,8,9,15,11,14,19,3,21]
t12 * [ C1#CoxS6#(~85)+(=S4)+C3#Coss #E [2,3,5,7,10,16,11,14,19,3,21]
Cy *Cz-S(,t(-S5)t(-S4)tC3t83tC 1*€] [2,4,5,7, 1 0, 1 6, 11 5 1 4, 1 9,3,2 1 ]
C1#C29S6+(-55)s(~54)+539E2+(-52)+S 1€ [2,3,6,7,10,16,11,14,19,3,21]
Ci tCztS(,t(-S5)v(-S4)*S3-€3 *CxC*E [2,4,6,7, 1 0, 1 6, 11 5 14, 1 9,3,2 1 ]
Ci tCztS()n(-Ss)*C4*(-S3)*CziS 1*€] [2,3,5,8, 1 0, 1 6, 11 5 14, 1 9,3,2 1 ]
Ci -02*86*(-85)#04*(-53)*53*C] *£| [2,4,5,8, 10, 1 6, 11 ’ 14, 1 9,3,2 1 ]
Cy *Cz#S@#(~S5)*C4tC3*83*(-Sg)tS 1*€) [2,3,6,8, 1 0, 1 6, 11 , 1 4, 1 9,3,2 1 ]
C1#C2*Se*(=85)*CqxCaxE*CoxCi#E| | [2,4,6,8,10,16,11,14,19,3,21]
1) * [ C1#C*Se*CsxCyhxC3xCoxS 1 *E [2,3,5,7,9, 1 7, 1 2, 14, 1 9,3,2 1 ]
C1*C#S*C5*CqrC3#52#C+E | [2,4,5,7,9,17,12,14,19,3,21]
C1*Co*S*C5xCyxS3*En t(-Sg)-S 1*€) [2,3,6,7,9, 1 7, 1 2, 1 4, 1 9,3,2 1]
C1*Co*Sp*C5*xCyxS3*ExCo*CxE | [2,4,6,7,9, 1 7, 1 2, 1 4, 1 9,3,2 1 ]
C1#C#S*C5xS4+(=S3)*Coss £ [2,3,5,8,9,17,12,14,19,3,21]
Ci *Cz~86t05-84t(-83)t33tcl *£ [2,4,5,8,9, 1 7, 1 2, 1 4, 1 9,3,2 1 ]
Cy ‘c2‘56*cs‘s4'03*81"(‘S?)*S | *E | [2,3,6,8,9, 17,12, 14, 1 9,3,2 1]
C1*Co*Sp*CxSqxC3xE)*xCoxC*E ] [2,4,6,8,9, 1 7, 1 2, 1 4, 1 9,3,2 1 ]

A-40
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tg2 * [ C1#Co#S6xCs+(~84)*C3xCos5  #E

CI‘CZ‘S()#CSt(‘S4)*C3¥ So*xC1*E
C1#C*SxCsx(=84)*S35E0%(=52)#5 €
Ci -Cz-S(,c05t(-S4)*S3*83 *CoxC*E
Ci rC2t86tC5tC4t(-S3)tCZ*S[ *£
C1#CoxS6+Cs*Cax(-53)#5+C+E
C]tCz#S()t05-C4*C3t&‘gt(-Sg)tS| *£
C1+Co#S*Cs*CqrC3sE0+CoxC +E) |

ti1 e [ C1a(=52)+€2%(~86)*C5#CqrC3aCxS | #E

C1#(-52)+E2%(~86)+C5+CxC3%52+C+E
C#(=52)%E%(=86)*Cs*CaxS3Eox(=52)*5 | +E
C1#(-52)#E2+(-56)*C5+C4xS3+E2C*C+E |
C1#(=52)%E2+(=S6)*CsxS4x(=53)+Coss  +€ |
C1-(-Sg)-83 *('S6)!CS#S4*(‘S3)#S:*C]tgl
C1#(=52)%E2+(=S6 )*Cs*S4*C3xEo#(=52 )45 #E
Cp#(-52)+E2#(=86)*C5*84#C35E0%CoCy+E | |

t12 « [ C1#(-52)+E0%(-S6)+C5+(-54)+C3+Cox 5 +€

C]*(-S:)*8:#(-56)t05t(-84)*(}3 *So*xC*E |

Ci *(-Sg)*gg "'('56)"05*('84)*33*83 t(-Sz)#Sl *€)

C1#(=52)+E2%(~S6)+Cs+(~54)#83+E2+CoxC#E |
C#(-52)+E2+(~S6)*C5+Cyx(-53)*CosS €
C#(-52)+E2+(~S6)*C5#Cyx(-53)x52%C5E
(C1#-52)%E2%(=86)*C5+C4#C3E (=52 xS | £
C]*('52)*8?*('Sﬁ)*CS#C4*C3*E:*CZ*C1*8] ]

ta) * [ C1x(-52)#E2%(~86)*85+C4#C3xCox5 | +E

Ci *(-Sg)*ﬁg*(-S(,)-S5tC4-C3*Sg *C1*E£)
C1#(=52)+E2%(=S6)*S5+C4#S39E2+(=52)*5 £
C]*(-S:):E: t(‘Sﬁ)*SS#C4#S3*€3#C2*C|tE]
Cix(=52)*E2%(=S5)*S5%S4%(-S3)*Co#s 1 #E£
C]*('Sj)*gj*('56)*85*54*('53)1&53*(:]*8|
C1#(-52)#E2+(-S6)*S5+54xC3+E0#(=52)*S | +E |
C]#(-Sj)*glt(-S(,)*SS#S4*C3*E2*02*(:]‘8] ]

t22 * [ C1x(=52)#€2%(=86)*S5%(~84)*C3#Co*5 | o€

Cp#(-52)5E0%(=56)*S5+(-84)*C3#52%C*E

Ci m(-Sy)#E:*(-56)*55::(-S4)*S3*83*('S})*S 1*E]

Cy#(-52)*E0%(~S6)*S5+(~84)#S3#E2xCoxC4E |

A-41

[2,3,5,7,10,18,12,14,19,3,21]
[2,4,5,7,10,18,12,14,19,3,21]
[2,3,6,7,10,18,12,14,19,3,21]
[2,4,6,7,10,18,12,14,19,3,21]
[2,3,5,8,10,18,12,14,19,3,21]
[2,4,5,8,10,18,12,14,19,3,21]
[2,3,6,8,10,18,12,14,19,3,21]

[2,4,6,8,10,18,12,14,19,3,21] |}

[2,3,5,7,9,15,11,13,20,3,21]
[2,4,5,7,9,15,11,13,20,3,21]
[2,3,6,7,9,15,11,13,20,3,21]
[2,4,6,7,9,15,11,13,20,3,21]
[2,3,5,8,9,15,11,13,20,3,21]
[2,4,5,8,9,15,11,13,20,3,21]
[2,3,6,8,9,15,11,13,20,3,21]
[2,4,6,8,9,15,11,13,20,3,21]

[2,3,5,7,10,16,11,13,20,3,21]
[2,4,5,7,10,16,11,13,20,3,21]
[2,3,6,7,10,16,11,13,20,3,21]
[2,4,6,7,10,16,11,13,20,3,21]
[2,3,5,8,10,16,11,13,20,3,21]
[2,4,5,8,10,16,11,13,20,3,21]
[2,3,6,8,10,16,11,13,20,3,21]
[2,4,6,8,10,16,11,13,20,3,21]

[2,3,5,7,9,17,12,13,20,3,21]
[2,4,5,7,9,17,12,13,20,3,21]
[2,3.6,7.9,17,12,13,20,3,21]
[2,4,6,7,9,17,12,13,20,3,21]
[2,3,5,8,9,17,12,13,20,3,21]
[2,4,5.8,9,17,12,13,20,3,21]
[2,3,6,8,9,17,12,13,20,3,21]
[2,4,6,8,9,17,12,13,20,3,21]

[2,3,5,7,10,18,12,13,20,3,21]
[2,4,5,7,10,18,12,13,20,3,21]
[2,3,6,7,10,18,12,13,20,3,21]
[2,4,6,7,10,18,12,13,20,3,21]
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C12(=52)#€2+(-86)+85+Cas(-53)*C2#5 1 +€
Ci #(-Sz)tgzt(-Sﬁ)tS5oC4¢(-S3)-Sg *C1*E£|
Ci *(-Sg)'gz*(-86)*S5~C4*C3#83 ‘(-Sj)ts 1*%€]
C1#(=52)#E2+(=S6)#854C4C32E+CosC € |

t]] * [ C]t(-Sg)‘EZ- C6t(-S5)¢C4tC3-CZ-S]tE,

C1#(-52)*E2%Cex(=85)+C42C3#575C +E|
Cp#(-52)xExCox(-85)+CqrS3xExx(=52)s8 €
C1#(~52)#E25Cpx(=S5)*#CqrS34E2#C*C#E |
C1#(-52)*E2%Cpx(~85)*S4+(-53)*Cox5  +€
C1#(-52)+E0#Cox(~85)xS4#(-83)+52%C1+E
Cl"('SZ)‘EZ"‘c6"('35)*54tC3-8,3‘(-83)#5 %€
C1#(=52)*E2#Cex(=S5)*S4#C3+E2+CoaCi+E| |

t12 « [ C1x(-82)#E0%Cox(-85)%(-84)+C3xCox5 +€

C1#(=52)%€2xCox(=85)#(-84)*C3x52%C+E

Ci #(-Sg)teg#C(,-(-Ss)-(-S4)tS3¢83 t(-sz)ts 1*€]

C1#(~52)+E2#Cex(=85)*(~84)+S3+€2+CoxC#E
Ci#(-52)#E2#Cox(~85)xCax(=83)+Cox5 1 5€ |
C1#(-52)+E22Cox(~85)*Cqr(-83)x52+C#E
C1#(-52)#E2#Cox(~85)xCanCa*Ern(=52 )5 1 #E
Ci *(-Sg)t&‘,g *C(,*(-Ss)*C4t03 *E7%xCoxC*E ]

tg * [ Ci *(-Sj)t& *C*C5xCyqxC3*xCoxS 1 +E

CIt(-S:)tg:#CG*CStC4tC3tS2tC] *£ ]
C1#(-82)*ExxCorCs*CarS3xE%(=52 )5 +E
C]*('S:)*Ej*C6*05‘04*S3‘83*02*C] *£)
Cy#(-52)*E2xCexCsxS4x(-83)*Coe5 1 #E
C|v(-S3)*83*C(,tC5~S4*(-S3)tSQ:C1*81

Ci *(-S:)*t‘: #CstC5-S4tC3-E.3:(-Sg)~S 1*€)
C|*(-S:)*S:*06*05*84*C3~83tC2t01-81 ]

t22 * [ C1#(-52)#E2+CexCsx(~54)*C3*CoxS  #E

C1#(=52)*E2#CaxCs*(=S4)+C3+52%C+E

Ci -(—S3)*83:%*65-(-84)*53.83.(-sz)*s 1#€]
C1#(=52)+E2#CaC5+(=54)+83+E24CoxC €|
C1#(=52)*E2#Ca*CsaCax(-53)+CoxS |+
C1#(-52)+E2#CoxCs*Cqr(-83)#52#C+E
C1*(-52)*E2%CaxC5+CanC+E*(=52)*S €|

Ci *(-Sg)*&‘_v_ *Cg*CsxCqxC3xE7xCoxC*E | ]

A-42

[2,3,5,8,10,18,12,13,20,3,21]
[2,4,5,8,10,18,12,13,20,3,21]
[2,3,6,8,10,18,12,13,20,3,21]
[2,4,6,8,10,18,12,13,20,3,21] |

[2,3,5,7,9,15,11,14,20,3,21]
[2,4,5,7,9,15,11,14,20,3,21]
[2,3,6,7,9,15,11,14,20,3,21]
[2,4,6,7,9,15,11,14,20,3,21]
[2,3,5,8,9,15,11,14,20,3,21]
[2,4,5,8,9,15,11,14,20,3,21]
[2,3,6,8,9,15,11,14,20,3,21]
[2,4,6,8,9,15,11,14,20,3,21]

[2,3,5,7,10,16,11,14,20,3,21]
[2,4,5,7,10,16,11,14,20,3,21]
[2,3,6,7,10,16,11,14,20,3,21]
[2,4,6,7,10,16,11,14,20,3,21]
[2,3,5,8,10,16,11,14,20,3,21]
[2,4,5,8,10,16,11,14,20,3,21]
[2,3,6,8,10,16,11,14,20,3,21]
[2,4,6,8,10,16,11,14,20,3,21]

[2,3,5,7,9,17,12,14,20,3,21]
[2,4,5,7,9,17,12,14,20,3,21]
[2,3,6,7,9,17,12,14,20,3,21]
[2,4,6,7,9,17,12,14,20,3,21]
[2,3,5,8,9,17,12,14,20,3,21]
[2,4,5,8,9,17,12,14,20,3,21]
[2,3,6,8,9,17,12,14,20,3,21]
[2,4,6,8,9,17,12,14,20,3,21]

[2,3,5,7,10,18,12,14,20,3,21]
[2,4,5,7,10,18,12,14,20,3,21]
[2,3,6,7,10,18,12,14,20,3,21]
[2,4,6,7,10,18,12,14,20,3,21]
[2,3,5,8,10,18,12,14,20,3,21]
[2,4,5,8,10,18,12,14,20,3,21]
[2,3,6,8,10,18,12,14,20,3,21]

[2,4,6,8,10,18,12,14,20,3,21] .|}



NAWCWD TP 8592

t11 # | (-51)#52#CEaCsCarC3#Co05 | 4E |

(-51)#52+C4*C55C4xC3#52#C5E |
(-51)#52+CE*Cs*CqrS3#E08(-52)#5 48
(—S 1 )th *CexCaxCyxS3+E*xCoxC1#E
(-51)#52+C6+C5*S4#(=83)CoxS  #€
(-51)#525C6*C5xS4#(=53)*52#C+€
(-S 1 )#Sg *CxC5%SqxCa*EH t('Sz)tS 1*€|
(-S 1 )-83-06.C5tS4~C3t€3 *C*xC1*E ]

t]z * [('S[)*Sz*CétCS#(-S4)#C3*C2# S1*E|

(~51)%52%CexCsx(=84)+C3 +52*C1*E|

(-S | )-53 tC6-05t(-S4)*S3*83 *(-Sg)*s 1*€]
(=51)#S2%C6*Cs%(=S4)*S3*E#Co#C+E
(~51)#52+Ca*CsaCan(=S3)*CoaS | +€

(-S 1 )*82 -C(,~05*C4-(-S3)t53‘01*81
(~51)%82#C6*C54CqeC3Erw(=52)#S | +€
(-81)*52%CExC53C4+C3#E*CxC1+E | |

ta1 » [ (-51)+82%C6x854C4xC3#CoxS | 4€

(-51)%52%CG*S5+C4C3#529C +E
(-51)%52%Co*S5+CaxS3xEow(=52 )*S  +€
(-S 1 )*Sg *C*S5xCqxS3*E7*CoxC 1%L |
(-S 1 )*Sj*C(,tS5tS4t(-S3)*C2-S 1*€]
(-51)%52#C6#S5%845(-53)*529C 1+
(-51)#52#C6*S5%84+C3+E0#(=52 )45 | +€ |
(-51)%52+Cp#S5+84xC3xE2xCoxC12E | |

t22 * [ (-S 1 )*53*C6*55"('S4)*C3*02*S ] t&‘l

(-51)%52%CexS5%(~84)*C3%57%C+E |

(-S ] ):53 *C(,tS5*(-S4)nS3*83 t(-Sg)*S 1*E]
(-51)#52%CuS5%(-54)#83+E29CoC1+E
(-51)%52%CpxS5%C4(-53)%Cos5 | +€

(-S | )*.\‘3 ~C6*S5tC4*(-S3)*53‘C1 *E |
(=51)#52#C6xS5#Cq»Ca*E (=525 #E
(-.\‘ | )-ngC6¢S5*C4tC3*83 *Co*xC 1L ]

£ * [ (-S|)*SZ$56*(‘SS)#C4*C3*C2*S[*£|

(-S | )th:S(,t(-S5)*C4:C3*SQ *C 1€
(-51)#52%56%(-85)+CqxS3+E0+(=52 )5 #€
(-S 1 )*53 *86*('55)#04*53 *£7%xCo*C1*E
(-51)#52#Sg#(=S5)#S4#(=53)*Cox5 | #E |

A-43

[2,3,5,7,9,15,11,13,19,4,21]
[2,4,5,7,9,15,11,13,19,4,21]
[2,3,6,7,9,15,11,13,19,4,21]
[2,4,6,7,9,15,11,13,19,4,21]
[2,3,5,8,9,15,11,13,19,4,21]
[2,4,5,8,9,15,11,13,19,4,21]
[2,3,6,8,9,15,11,13,19,4,21]
[2,4,6,8,9,15,11,13,19,4,21]

[2,3,5,7,10,16,11,13,19,4,21]
[2,4,5,7,10,16,11,13,19,4,21]
[2,3,6,7,10,16,11,13,19,4,21]
[2,4,6,7,10,16,11,13,19,4,21]
[2,3,5,8,10,16,11,13,19,4,21]
[2,4,5,8,10,16,11,13,19,4,21]
[2,3,6,8,10,16,11,13,19,4,21]
[2,4,6,8,10,16,11,13,19,4,21]

[2,3,5,7,9,17,12,13,19,4,21]
[2,4,5,7,9,17,12,13,19,4,21]
[2,3,6,7,9,17,12,13,19,4,21]
[2,4,6,7,9,17,12,13,19,4,21]
[2,3,5,8,9,17,12,13,19,4,21]
[2,4,5,8,9,17,12,13,19,4,21]
[2,3,6,8,9,17,12,13,19,4,21]
[2,4,6,8,9,17,12,13,19,4,21]

[2,3,5,7,10,18,12,13,19,4,21]
[2,4,5,7,10,18,12,13,19,4,21]
[2:3,6,7,10,18,12,13,19.4.21]
[2,4,6,7,10,18,12,13,19,4,21]
[2,3,5,8,10,18,12,13,19,4,21]
[2,4,5,8,10,18,12,13,19,4,21]
[2,3,6,8,10,18,12,13,19,4,21]
[2,4,6,8,10,18,12,13,19,4,21] _

[2,3,5,7,9,15,11,14,19,4,21]
[2,4,5,7,9,15,11,14,19,4,21]
[2,3,6,7,9,15,11,14,19,4,21]
[2,4,6,7,9,15,11,14,19,4,21]
[2,3,5,8,9,15,11,14,19,4,21]




NAWCWD TP 8592

(-S 1 )#Sj tS6*(-SS)iS4!(-SB)#52 *C *£]
(-51)+82+8¢#(-85)+842C3E0n(-52) 5 +E
(-51)#52486+(-85)+849C3+E29C2eC1+E | |

t12 # [ (-51)%52%S6%(-85)*(~54)*C33Cox5 +€

(-51)#52%56+(~85)*(~54)*C3#52%C 15

(-S 1 )tSz186*(-85)*(-84)63*83 *(-Sg)*s 1*€)

(-51)#52%86+(-85)+(-84)*834E29Co*C o€
(-51)#529S6#(~85)*Cax(-53)*Cox5 | #E
(-51)*52%86%(-85)*Cax(~53)#52+C1+€ |
(-51)#52#Sg#(=85)#CqxCy#Eo#(=57 )5 #E
(-51)#52#Sg#(-85)+C4*C3+E#CosC*E; |

t21 * [(-51)#52%86#C5#CqsC35Co55  #E |

(-S])'33*56*05*(:4*(:3*5]*(:1*8|

(-S 1 )*32*36*05*C4‘S3'g3‘(-Sj)*s 1*€1
(-S | )th*S(,'*C5tC4*S3t83#Cztc1t8|
(-S I )*33*56*05-S4t(-83)-02*8 1*€]
(-S})*53*86*05*84*('53)'52*01*8]
(-S | )tS3#8(,#C5*S4-C3¢€3¢(-S3)-S] *£
(-51)#S2%8#C5#S4%C3*E2%CosC1+E | |

2 = [(-.\‘|)-S::S(,*C5*(-S4)*C3m02:s|~8|

(~51)#52%S6+C5x(=84)+C3* S7#Cy+E
(-51)#52%S6+Csx(=S4)+S34E0#(=52)*5 £
(-S I ):52nS(,-C5*(-S4)*S3*8'3*CZ*C1'g!
(=51 )#57#S6+Cs*Cqn(=S3)*Co*S | £
(~81)%52+86+C5+Cqx(=83)#S7%C 1 +€

(-.\‘ I ).33‘56*05.04*03-83 *(-52)*5 1*€]
(-S])tS:#SGtC5*C4*C3*€3*CZ'C1"gl |

t11# [ (-51)#CoE05(~56)*C55C4xC3CoxS | +E

(-S 1 )*CztE: -(-56)*C5tC4tC3*SQ*C 1*€]

(-51)#CxE#(-86)*C5xCqrS3+E%(=52)45  +€

(-S ] )*cz‘gz‘('S(,)*CS*C4‘S3*£: *CoxC &
(-51)+C2E2%(~S6)*Cs*S4%(-83)*CoxS 1€
(=51)%C2€2%(-56)*C5#S4%(-53)+525C 4

[2,4,5,8,9,15,11,14,19,4,21]
[2,3,6,8,9,15,11,14,19,4,21]
[2,4,6,8,9,15,11,14,19,4,21]

[2,3,5,7,10,16,11,14,19,4,21]
[2,4,5,7,10,16,11,14,19,4,21]
[2,3,6,7,10,16,11,14,19,4,21]
[2,4,6,7,10,16,11,14,19,4,21]
[2,3,5,8,10,16,11,14,19,4,21]
[2,4,5,8,10,16,11,14,19,4,21]
[2,3,6,8,10,16,11,14,19,4,21]
[2,4,6,8,10,16,11,14,19,4,21]

[2,3,5,7,9,17,12,14,19,4,21]
[2,4,5,7,9,17,12,14,19,4,21]
[2,3,6,7,9,17,12,14,19,4,21]
[2,4,6,7,9,17,12,14,19,4,21]
[2,3,5,8,9,17,12,14,19,4,21]
[2,4,5,8,9,17,12,14,19,4,21]
[2,3,6,8,9,17,12,14,19,4,21]
[2,4,6,8,9,17,12,14,19,4,21]

[2,3,5,7,10,18,12,14,19,4,21]
[2,4,5,7,10,18,12,14,19,4,21]
[2,3,6,7,10,18,12,14,19,4,21]
[2,4,6,7,10,18,12,14,19,4,21]
[2,3,5,8,10,18,12,14,19,4,21]
[2,4,5,8,10,18,12,14,19,4,21]
[2,3,6,8,10,18,12,14,19,4,21]
[2,4,6,8,10,18,12,14,19,4.21] i

[2.3,5,7.9,15,11,13,20,4.21]
[2,4,5,7,9,15,11,13,20,4,21]
[2,3,6,7,9,15,11,13,20,4.21]
[2,4,6,7,9,15,11,13,20,4,21]
12,3,5,8,9.15,11,13,20,4.21]
[2,4,5,8,9,15,11,13,20,4,21]

[2,3,6,8,9,15,11,13,20,4,21]
[2,4,6,8,9,15,11,13,20,4,21]

(-S | )*02*83t(-Sé)*C5tS4~C3*?3 t(-Sg)*S 1*€)
(=51 )%CorE2+(~86)*C5#S4#C3+E#CoxC € |

tio * [ (-S 1 )tCrS3*(-86)*C5*(-S4)-C3*02* Si*€ [2,3,5,7, 1 0, 1 6, 11 . 1 3,20,4,2 1 ]

A-44




NAWCWD TP 8592

(=51)9C2#E2(~86)+Cs+(-54)#C3+529C 5

(-S 1 )*Czth t(-Sﬁ)tC5*(-S4)*S3*€2-(-Sg)*s| *£|
(-51)*Co*E2x(-S6)*Csx(~84)#S3+E2#Co*C+E
(-S 1 )*Czt&j #(-56)tC5tC4t(-S3)=~CztS |*E)
(-51)#Co*E2#(=S6)+Cs#Can(-S3)*524C#E

(-S | )tCzth *('SG)‘CS*C4*C3*82*('52)*5 1*£
(-S 1 )#CztEg t(-Sé)tC5tC4tC3t83 *CoxC*E ]

21+ [ (-51)#CosE04(~86)*S5+C4xC35Cx5 | *E

(-51)#Co#E2%(~86)*S5+C4#C3%52#C*E

(=51 )%CosE0#(=S5)*S5#Ca*S3+E 7 x(=57 )#S | €|
(-51)#Co*E2+(=S6)*854C*S3#E2#C*C*E |
(-S | )*02*83 :(—S(,):Ssts‘;*(-s_x)*CztS 1*€)
(=51 )+CoxE0#(=S6 ) *S5+84%(=53)#S+C1+E |
(=51 )*CoxEr#(=S5)*S5484%C3+E75(=52)S  +E
(-51)%CosE2+(=Sg)*S5#S4+C3+E#CoxC*E | |

t22 * [ (=51 )+CosE0#(~S6)#S54(~54)#C3#Co*s | +E

(-51)%C2E2+(-86)#85+(~84)*C352+C 5

(=51 )#Cox€2+(-56)+S53(-54)+535E2#(=52)%S | €
(=51 )*CosEr5(=S6)#S5#(=S4)*S3+E74C#C4E |
(-51)+Co*E#(=Sp)*S54Cq#(~53)+Coa5 | +€

(-S I )xtCz-uE; *(-S(,)#SS*C4*(‘S3)*SQ*C 1*€)

(-S 1 )tCz*Ey(-S(,)*S5*C4*C3 tEgt(-Sg)tS 1*E]
(-s I )"CZ*?Z #(-S6)tSS*C4*C3 «€2+Co*C1*E] |

t“ - [ (-Sl):Cztﬁzt C6t(-SS)#C4*C3*Cz#S1#81

(-.\‘ 1 )tCz*Eg 'C(,*('SS)*C4*C3*S: *C1*E)

(-.\‘ | )-C2*83¢06t(-55)tC4t53 *83#(-83)*5 1*€)
(-51)%CxE2#Cx(=85)*CqrS3+E2xCoC+E |
(=51 )#CosE0+Ce(=S5)S4+(~53)+Co*S 1+
(-S 1 )*02*83 tC(,*(-S5)~S4t(-S3)tSj *C1*E|
(—S 1 )*Cz-t'j -C()-(-S5)~S4~C3 th*(-Sg)*S 1*E]
(-51)#CoxE22Cox(-85)xS4xC3xEr+CorC14E |

t12 » [ (-51)*CosE2#Cex(-S5)*(-S4)+C3+Cox5 | +E
(-51)#Co*Er#Cer(-S5)#(~84)*C3%5*C*E

(-S I )tCz*&‘g*C(,*(-S5)*(-S4)*S3*€3*(-Sz)*s 1*€]
(=51 )*CorEr#Cax(=S5)%(=S4)+S3+E#Co*C+E |
(-51)#Co*ExxCax(-S5)*Cax(=83)*Coxs £

(=51 )*CoEr#Cax(=S5)*Can(-S3)#5+C €

[2,4,5,7,10,16,11,13,20,4,21]
[2,3,6,7,10,16,11,13,20,4,21]
[2,4,6,7,10,16,11,13,20,4,21]
[2,3,5,8,10,16,11,13,20,4,21]
[2,4,5.8,10,16,11,13,20,4,21]
[2,3,6,8,10,16,11,13,20,4,21]
[2,4,6,8,10,16,11,13,20,4,21]

[2,3,5,7,9,17,12,13,20,4,21]
[2,4,5,7,9,17,12,13,20,4,21]
[2,3,6,7,9,17,12,13,20,4,21]
[2,4,6,7,9,17,12,13,20,4,21]
[2,3,5,8,9,17,12,13,20,4,21]
[2,4,5,8,9,17,12,13,20,4,21]
[2,3,6,8,9,17,12,13,20,4,21]
[2,4,6,8,9,17,12,13,20,4,21]

[2,3,5,7,10,18,12,13,20,4,21]
[2,4,5,7,10,18,12,13,20,4,21]
[2,3,6,7,10,18,12,13,20,4,21]
[2,4,6,7,10,18,12,13,20,4,21]
[2,3,5,8,10,18,12,13,20,4,21]
[2,4,5,8,10,18,12,13,20,4,21]
[2,3,6,8,10,18,12,13,20,4,21]
[2,4,6,8,10,18,12,13,20,4,21] _

[2,3,5,7,9,15,11,14,20,4,21]
[2,4,5,7,9,15,11,14,20,4,21]
[2,3,6,7,9,15,11,14,20,4,21]
[2,4,6,7,9,15,11,14,20,4,21]
[2,3,5,8,9,15,11,14,20,4,21]
[2,4,5,8,9,15,11,14,20,4,21]
[2,3,6,8,9,15,11,14,20,4,21]
[2,4,6,8,9,15,11,14,20,4,21]

[2,3,5,7,10,16,11,14,20,4,21]
[2,4,5,7,10,16,11,14,20,4,21]
[2,3,6,7,10,16,11,14,20,4,21]
[2,4,6,7,10,16,11,14,20,4,21]
[2,3,5,8,10,16,11,14,20,4,21]
[2,4,5,8,10,16,11,14,20,4,21]




NAWCWD TP 8592

(-S 1 )*Czth *06*('35)‘04‘(:3*Ez‘(-s:)‘s 1*€1
(-S I )‘Cz*gj *C(,*(-Ss)#C4tC3~€2'CpC] *£] ]

t21 » [ ('S 1 )"‘32*82"‘(:6"‘(35“‘04"‘03"CZ"‘S 1*€)

(-S | )¢02t83t06.05-C4tC3-53-C1tS[
(-51)#Co*E2*CaxCs*CqrS3sE#(=52 )8 *€
(-51)#C2+E2#CErCs*CaxS3+E2#CoxC #E |
(-51)*Co*E#CarCo*S4x(-S3)*Coxs +E
(-51)#Co#E2#CaxCs#S4#(-53)#525C+E
(=51)#Co#E€2#CarCs#S4+CasErn(=50 a5 €
(-S | )*C2¢£3t06:C5-S4-C3-83 xCo»C1+€| |

t22 » [ (-51)%C29€2+C6+Cs#(~84)#C3+C205 1 #€

(-51)+CoxE0#CorCs#(-S4)+C3454C €

(-S 1 )tcztg2#C6#c5*('s4)ts3tgj_#('53)tS 1*€)
(-S 1 )-02*83 -06-05~(-S4)*S3~83tC2tC1tS|
(~51)#Co*E2#CaxCsxCar(=83)+Co*S *E
(=51)+Co*E2#Ca#CsaCa#(=S3)#S2+C1+E

(-S 1 )t02-83~C6*C5tC4tC3t93 t(-Sg)tS 1*€|

[2,3,6,8,10,16,11,14,20,4,21]
[2,4,6,8,10,16,11,14,20,4,21]

[2,3,5,7,9,17,12,14,20,4,21]
[2,4,5,7,9,17,12,14,20,4,21]
[2,3,6,7,9,17,12,14,20,4,21]
[2,4,6,7,9,17,12,14,20,4,21]
[2,3,5,8,9,17,12,14,20,4,21]
[2,4,5,8,9,17,12,14,20,4,21]
[2,3,6,8,9,17,12,14,20,4,21]
[2,4,6,8,9,17,12,14,20,4,21]

[2,3,5,7,10,18,12,14,20,4,21]
[2,4,5,7,10,18,12,14,20,4,21]
[2,3,6,7,10,18,12,14,20,4,21]
[2,4,6,7,10,18,12,14,20,4,21]
[2,3,5,8,10,18,12,14,20,4,21]
[2,4,5,8,10,18,12,14,20,4,21]
[2,3,6,8,10,18,12,14,20,4,21]

(—S|)*CztE:*C(,*C5-C4*C3~£3*C2*01~8[ ] ] [2,4,6,8,10,18,12,14,20,4,21]_.

Arrays of coefficients and phase indices for 7>,

Ty = £ {es1 [22] Py +€1€1[22] P}

% * [ tir» [ E£1%5*xC2*xC*C5xCqxC3xCoxC [1,3,5,7,9,15,1 1,13,19,3,22]

€1%51#C*Ce*Cs*CqrC3x5#(-51)

€18 t02-06*05tC4tS3*83t(-S3)*01
E1#8) *02*06*C5~C4*S3~€j#Cz#(-S | )
£1%5#C2*C*Cs#S4%(-53)+Ca*Cy
£1#51+C*Ce*Cs#S4#(-53)+52+(-5 )
£1#5|%Co*Ce*CoS4+C3*E0#(=57)+C)
8;*S;thC(,tCStSAth;-E?tCzt(-S|) ]

tio + [8;*S1#02*06*05*(-84)#0902*01

€1*8) tcth6*c5*('S4)#c3*53t('s | )
€1#51#C*CeaCs+(-S4)*S3+E2%(-52)sCy
£1%51%Co*Ce*Coe(-84)*S3+E2+Cox(-5 )
€195 %Co*Ce*Cs*Cyr(=53)+Co*C

E1*S] -CztC(,-C5*C4*(-S3)~Sp(-S ])

A-46

[1,4,5,7,9,15,11,13,19,3,22]
[1,3,6,7,9,15,11,13,19,3,22]
[1,4,6,7,9,15,11,13,19,3,22]
[1,3,5,8,9,15,11,13,19,3,22]
[1,4,5,8,9,15,11,13,19,3,22]
[1,3,6,8,9,15,11,13,19,3,22]
[1,4,6,8,9,15,11,13,19,3,22]

[1,3.3,7,10,16,11,13,19.3.22]
[1,4,5,7,10,16,11,13,19,3,22]
[1,3,6,7,10,16,11,13,19,3,22]
[1,4,6,7,10,16,11,13,19,3,22]
[1,3,5,8,10,16,11,13,19,3,22]
[1,4,5,8,10,16,11,13,19,3,22]
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£ #51#C*Ce*C53C4»C3+E0%(=5)+C)
£1%5] #Cp+Ca*C53C4*C3xE2+Cox(-51) |

ta) * [ £1%5%C2+Ce#S5+C4xC33Co*Cy

£1%5%C2*Cq*S5%C4xC3#52#(~5))

£ #5#C*Ce*S5%C4#S3+E9%(=52)+Cy
£1#513C*Ce*S5+C4*S3+E2+C*(-5 1)

£ %51 ¥C2#Cq*S5%S4(-53)*C2*C
£1#51#C#Ce*S5x84+(-53)*524(-5 )

£ %51 %C#Cp*S5+S4+C3+Eo+(=57)+Cy
£1*S | %Co*Ce*S5%S4*C3*EH *Cz*(-s 1) ]

t22 « [ €551 xCoxCexS5+(-84)%C3+CoxC

€1%5#C*Ce*S5#(=84)*C3#5+(=5 )

£ %5 xCp+Cq*S5%(-84)xS3+E2%(=52)+Cy
£1%5#Co#Ce*S5+(=S4)*S3xE0+Cox(-5 )
£1%5#C2*CexS5+Cqx(=53)*Co*Cy
€1#5#C*Ce*S5+Cqe(-S3)*52#(-51)
£1#S 1 ¥Co*CxS5+C4*C3+Ex%(=52)*C
£1%5|#C*C*S5+CqrC3+E2%Cox(-51) |

11« [ €1%5#C*Sp#(=S5)+CqsC3#CoxC

E£1#8) *Cz~86-(-S5)cC4:C3*szm(-s |)
E1*S) *02‘56"‘('85)'(:4*83#8:t(‘Sz)*CI
€158 *Cz*SG*(-S5)*C4¢S3*83 :sz(-s 1)
£1#5#C*Sp#(=S5)*S4%(-53)+Ca*Cy
£1%5+CoxSe+(~85)*S4x(=S3)#52#(-51)
€1 %51 #Co#Sg+(~85)+S4+C3+E2%(=57)*C)

E1#S) *02*56*(-55)*84*(:3*83 *Czi(-s 1 ) ]

t12 « [€1+51#Co#86x(-85)x(~84)+C3%CoxCy

€1#5#C*Se*(-85)+(-84)*C352%(-5 )

€1*S] -02-86-(-85)*(-84)*83 55) *(-S:)*C]
€1%51#C2xS6x(-85)*(-84)+53+E2+C22(~51)

€18 *Cz-S(,t(—S5)*C4n(-S3)*CztC1
€1%51#C2xSg#(~85)*Cas(-83)*52+(-5))
£1+8) -C2*56*(-S5)*C4-C3~t‘3 *(-S:)*C]

£1%513C2386+(-85)xCq+C32E0xCox(-5 ) |

t2] * [FI*81'02*56'05*04*(:3*(:2*01

£1%51*xC*xS*C5xCyqxCyx50 *(-S I )

[1,3,6,8,10,16,11,13,19,3,22]
[1,4,6,8,10,16,11,13,19,3,22]

[1,3,5,7,9,17,12,13,19,3,22]
[1,4,5,7,9,17,12,13,19,3,22]
[1,3,6,7,9,17,12,13,19,3,22]
[1,4,6,7,9,17,12,13,19,3,22]
[1,3,5,8,9,17,12,13,19,3,22]
[1,4,5,8,9,17,12,13,19,3,22]
[1,3,6,8,9,17,12,13,19,3,22]
[1,4,6,8,9,17,12,13,19,3,22]

[1,3,5,7,10,18,12,13,19,3,22]
[1,4,5,7,10,18,12,13,19,3,22]
[1,3,6,7,10,18,12,13,19,3,22]
[1,4,6,7,10,18,12,13,19,3,22]
[1,3,5,8,10,18,12,13,19,3,22]
[1,4,5,8,10,18,12,13,19,3,22]
[1,3,6,8,10,18,12,13,19,3,22]
[1,4,6,8,10,18,12,13,19,3,22]

[1,3,5,7,9,15,11,14,19,3,22]
[1,4,5,7,9,15,11,14,19,3,22]
[1,3,6,7,9,15,11,14,19,3,22]
[1,4,6,7,9,15,11,14,19,3,22]
[1,3,5,8,9,15,11,14,19,3,22]
[1,4,5,8,9,15,11,14,19,3,22]
[1,3,6,8,9,15,11,14,19,3,22]
[1,4,6,8,9,15,11,14,19,3,22]

[1,3,5,7,10,16,11,14,19,3,22]
[1,4,5,7,10,16,11,14,19,3,22]
[1,3,6,7,10,16,11,14,19,3,22]
[1,4,6,7,10,16,11,14,19,3,22]
[1,3,5,8,10,16,11,14,19,3,22]
[1,4,5,8,10,16,11,14,19,3,22]
[1,3,6,8,10,16,11,14,19,3,22]
[1,4,6,8,10,16,11,14,19,3,22]

[1,3,5,7,9,17,12,14,19,3,22]
[1,4,5,7,9,17:12,14,19,3,22]
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£1#5xC*S+C5xC4xS3+E0#(=52)*Cy
£1%51#C*S6+C5#C4#S3+E2+Co(-S )
€#5]#Cx*S6*C5+S4#(~53)*CoxC)
E1*S) *C2486*C5*S4¢(-S3)-Sz-(-S 1)
€128 tCZ'S()‘CS*84*0318_7_*('52)*0]
€128 *Cz#Sﬁ*CS*S4*C3¢83*02-(-S 1 ) ]

22 * [ £145#Co#S6+Cs#(=84)#C3#CosC)

€1#5xC*S+Cs5(~84)*C3x52%(=5))

£ %5 xCo*SerCsx(-84)xS3xE%(-52)+C)
£1#51%C#Se*Csx(=S4)*S3#E2+Co#(-5 1)
€15 #Co*S+C5+C4x(-83)+C2C
£1951+C2+S+CseCae(-S3)wS20(-51)
£1#5 1 #Co*S#C5+CanC+Eo%(=52)+C)
€1%5#C*SxC53C4rC3xE2+Cox(-51) |

ti1 [ €1%8)%(-52)xE2%(~S6)*C5+C4xC3%Co*Cy

€18 t(-Sj)*S:"(‘S())‘CS*C4*C3‘SZ‘('S | )
€128 t(-Sg)*Egt(-56)~C5*C4-S3-Ejt(-Sz)tC1
€195 #(=52)E+(=S6)*Cs#C4xS3xE2+Cox(=5 )
€195 1#(-52)*E2+(~S6)*Cs284+(-53)+C2xC
€1#51%(-52)*€2%(-S6)*C5+84%(~53)+52+(-5 1)
€1#8 1 #(=82)*E2#(=86)*C5#84+C32E0%(=52)+Cy

[1,3,6,7,9,17,12,14,19,3,22]
[1,4,6,7,9,17,12,14,19,3,22]
[1,3,5,8,9,17,12,14,19,3,22]
[1,4,5,8,9,17,12,14,19,3,22]
[1,3,6,8,9,17,12,14,19,3,22]
[1,4,6,8,9,17,12,14,19,3,22]

[1,3,5,7,10,18,12,14,19,3,22]
[1,4,5,7,10,18,12,14,19,3,22]
[1,3,6,7,10,18,12,14,19,3,22]
[1,4,6,7,10,18,12,14,19,3,22]
[1,3,5,8,10,18,12,14,19,3,22]
[1,4,5,8,10,18,12,14,19,3,22]
[1,3,6,8,10,18,12,14,19,3,22]
[1,4,6,8,10,18,12,14,19,3,22] '}

[1,3,5,7,9,15,11,13,20,3,22]
[1,4,5,7,9,15,11,13,20,3,22]
[1,3,6,7,9,15,11,13,20,3,22]
[1,4,6,7,9,15,11,13,20,3,22]
[1,3,5,8,9,15,11,13,20,3,22]
[1,4,5,8,9,15,11,13,20,3,22]
[1,3,6,8,9,15,11,13,20,3,22]

€128 #(-Sz)tSzt(-S())-CStS4#C3¢€3*Cz‘(-S ] ) ] [1 ,4,6,8,9, 1 5, 11 ml 3,20,3,22]

t1o * [ €128 m(-Sz)—E)t(-S(,)-C5*(-S4)vC3tC2-C1 [ 1 ,3,5,7, 1 O, 1 6, 11 5 1 3,20,3,22]
€128 t(-S:)*EQ*('So)*CS*(‘S4)tC3‘S:m(-S 1 ) [ 1 ,4,5,7, 1 0, 1 6, 11 3 1 3,20,3,22]
£1+819(-52)+E2(-S6)eCs(-8a)ss3#€20(-s2)ec1  [1,3,6,7,10,16,11,13,20,3,22]
€128 *('52)*82 t(-S(,)*C5~(-S4)tS3—€p-02*(-8 I ) [l ,4,6,7, 1 0, 1 6, 11 5 1 3,20,3,22]

€128 t(-Sj)#E)_-(-56)*C5*C4*(-S3)‘CZ¥C1
€18 *(-S2)#8:#(-SG)tCSmC4*(-S3)tSJ¢(-S 1 )
E1#5#(-52)%E2#(=86)*C5+C4*C3+Ex#(-52)+C)

€18 t(-S3)*83*(-5(,)105:C4#C3#81 tCz*(-S 1 ) ]

t2| * [8[‘3|*('Sj)*f':}*(‘S(,)‘SS*C4*C3*CZ*C1

€195 %(=52)%E2 (=86 )+S5+C4*C3#57+(~5 )
€155 1%(=52)#E2%(~56)+S5+C4*S3#E#(=57)*Cy
£1%51#(-52)+E2%(-S6)*S5+C4#83+E2+C*(-5 )
€128 -(-S3)-‘&‘.3‘(-86)-85-S4*(-S3)*Cztc]
E1#51%(=52)#€2%(~86)*S5+84+(-83)x52+(~51)
€1#8) *(-53)*53*(-sﬁ)tss*54*03-83.(-53)&1

A-48

[1,3,5,8,10,16,11,13,20,3,22]
[1,4,5,8,10,16,11,13,20,3,22]
[1,3,6,8,10,16,11,13,20,3,22]
[1,4,6,8,10,16,11,13,20,3,22]

[1,3,5,7,9,17,12,13,20,3,22]
[1,4,5,7,9,17,12,13,20,3,22]
[1,3,6,7,9,17,12,13,20,3,22]
[1,4,6,7,9,17,12,13,20,3,22]
[1,3,5,8,9,17,12,13,20,3,22]
[1,4,5,8,9,17,12,13,20,3,22]
[1,3,6,8,9,17,12,13,20,3,22]
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€118 -(-S_v_)¢€3 t(-Ss)-S5¢S4-C3t82 szt(-S | ) ]

t2) » [ €145 #(=52)sE2%(~5)*S5#(~84)*C3+Co*C|
£1#51%(=52)*E%(=S6)*S5+(=S4)*C3+52%(-5 1)
€195 #(=52)+E+(=55)*S5+(=84)#S3#E0%(=52)+Cy
€195 %(=52)sE29(~86)#S5+(=S4)*S3+E2#C(-5))
€1%51#(=52)%€22(~86)+85+C4x(=83)*CoxC1
€195 19(-5)+E24(=8 )#S5+Cqx(-53)*52#(-51)
€128 #(=52 )#E2#(~S)*S5#C4*C3#E0(=5)+C)
€195 1#(=52)+E2+(=86)*S5+C4*C35E29Coe(-5 1) |

t11 + [ £1%5)5(-52)+E2+Cx(~85)sC4+C3+CosCy

€125 #(=52)*E2#Cea(=85)*CqxC335:%(-5 )
£1#5 1 %(=52)*E2%Cor(~85)*CqxS3%E2%(=57)*C)
£1#5#(=82)E7%Cga(=S5)*CqaS3%E+Cox(-5))
€1#S | #(=52 )xE2xCox(-85)*S4#(~53)*Co*Cy
£1#5#(=52)+E2#Cq(=S5)*84%(-53)#52#(~5 )
£1#5 ) #(=52 )*E2#Cw(=S5)*S4#C3*E#(=57)*Cy
€195 #(=52)#E29Cox(=S5)+S4+C39E29Coa(-51) |

ti2 * [ €155 «(-52)#€2xCqx(-85)#(-84)*C3+CoxCy
£1%51#(-52)+E2+Cox(-85)#(-84)*C3#52%(-5 1)
€155 %(-52)*€2Co0(~85)+(-84)+83+E2%(-52)xC1
€1*S] -(-S_»):83_*C6-(-S5)-(-S4)-S3*EgtCz*(-S 1 )
€1*S] #(-Sj)#gj tC()t('ss)tc“t('S})‘Cz*C]
£1#5 1 %(=5)xE2#Cow(=85)*Cq(-83)*52+(-5)
£1%5 1 %(=52)*E2#Cax(~85)*CarC3xE0%(=52)xC
€1%5 1 %(=52)*E2%Chx(~85)*CqxC3*E2+Con(-51) |

t21 * [ £1%5)#(=52)*E2+C+C5#C4+C35C+C)

£1#8 1 #(=52 )*E2#Co*C5+CaxC3#S#+(=5 1)
E1#8; —(-53)-83*0(,:05*C4*S3~€3v(-S:_)*Cl
£1#5 (=52 )*E2#C*C5+CqrS3#E2+Cox(-5 1)
tAER] :(-.\'3)-83-C6-05-S4t(-53)~C2~C1

£1%5 1 %(=52 )*E2#CrCs284%(-53)#52+(=5 )
£1#5 1 #(=52)*E2#C#C5484+C3+E75(=57)+Cy
€185 -(-S3)*&?3*0(,‘C5-S4t03*8_7_*02*(-5 1) ]

t2 » [ £1%5)%(~52)*E2#Ce*Csx(-54)*C3+CxCy

€1 %51 %(-52)*E23CoxC5#(-84)+C3%57%(-5 )
€1#8) :(-S3)*83#06*C5~(-S4)*S3*83t(-Sg)*C1

A-49

[1,4,6,8,9,17,12,13,20,3,22]

[1,3,5,7,10,18,12,13,20,3,22]
[1,4,5,7,10,18,12,13,20,3,22]
[1,3,6,7,10,18,12,13,20,3,22]
[1,4,6,7,10,18,12,13,20,3,22]
[1,3,5,8,10,18,12,13,20,3,22]
[1,4,5,8,10,18,12,13,20,3,22]
[1,3,6,8,10,18,12,13,20,3,22]
[1,4,6,8,10,18,12,13,20,3,22] _

[1,3,5,7,9,15,11,14,20,3,22]
[1,4,5,7,9,15,11,14,20,3,22]
[1,3,6,7,9,15,11,14,20,3,22]
[1,4,6,7,9,15,11,14,20,3,22]
[1,3,5,8,9,15,11,14,20,3,22]
[1,4,5,8,9,15,11,14,20,3,22]
[1,3,6,8,9,15,11,14,20,3,22]
[1,4,6,8,9,15,11,14,20,3,22]

[1,3,5,7,10,16,11,14,20,3,22]
[1,4,5,7,10,16,11,14,20,3,22]
[1,3,6,7,10,16,11,14,20,3,22]
[1,4,6,7,10,16,11,14,20,3,22]
[1,3,5,8,10,16,11,14,20,3,22]
[1,4,5,8,10,16,11,14,20,3,22]
[1,3,6,8,10,16,11,14,20,3,22]
[1,4,6,8,10,16,11,14,20,3,22]

[1,3,5,7,9,17,12,14,20,3,22]
[1,4,5,7,9,17,12,14,20,3,22]
[1,3,6,7,9,17,12,14,20,3,22]
[1,4,6,7,9,17,12,14,20,3,22]
[1,3,5,8,9,17,12,14,20,3,22]
[1,4,5,8,9,17,12,14,20,3,22]
[1,3,6,8,9,17,12,14,20,3,22]
[1,4,6,8,9,17,12,14,20,3,22]

[1,3,5,7,10,18,12,14,20,3,22]
[1,4,5,7,10,18,12,14,20,3,22]
[1,3,6,7,10,18,12,14,20,3,22]
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[1,4,6,7,10,18,12,14,20,3,22]
[1,3,5,8,10,18,12,14,20,3,22]
[1,4,5,8,10,18,12,14,20,3,22]
[1,3,6,8,10,18,12,14,20,3,22]
[1,4,6,8,10,18,12,14,20,3,22] . |}

€155 #(=52)#E2#CarCse(=S4)*S3+E20Cox(-5)
€125 *('S:)‘Ej‘C(,‘CS'C4‘('S3)‘CZ*C]

E1*S] t(-Sg)-83*06~C5t04t(-83)*82t(-8 1 )
£1#5%(=8)JxE2#CaxC5+C4*C3+E%(=52)%C)
SltS]t(-Sj_)'ez*C(,‘CS‘C4‘C3‘£2‘C2‘('S|) ]

ti1 * [ £1%C1*525CexC54C4*C3#C*C

£1%C1*S2*Ce*CyxCyrC3xS) t(-S 1 )
£1%C1#5)#CsC5+C4s83+E2%(-52)+C)
€] -Cl-Sz*Cs*Cs*CuSg.*E:-Cz-(-S 1 )
£1*C1*52#Ce*Cs+84%(~53)#C*C
£1#C1#52+C6+Cs#84%(-53)x524(~51)
£€1*xCy tS:tCﬁ#C5#S4*C3-83-(-Sz)tcl
£1*Cq ‘S2‘C6*CS‘S4*C3*£]*02*('S | ) ]

t12 * [ £1%C*825C6xC5x(-84)*C34CsCy

£15C1#S52#CexCs#(=84)+C3+52%(-5))
€1%C1#52%CerCsx(=84)*S3xE0%(=52)*Cy
€ tCl#S‘_?iC6tcs-(‘84)ts3$£2#czt(-s|)
£1%C1#57%Ce*CsxCqx(=53)*CoxCy
£1+C#S2#CoaCs#Cax(-53)*52%(-5))

€ tC]tS:tCmCstC4~C3*83~(-Sz)-C1
8]-Clth-C6*C5-C4—C3~€2t02t(—8|) |

t2) * [ £1+C1#525Ce+854C4+C35CsC

E1*C1*S2*C*S5%C4qxC3*SH *(-S ])
£1#C*#52#C*85+C4#S3+E2%(~52)+Cy
£1*Cq -S:*Cis*CerE:'Czt(-s 1 )
£1#C1#57*CerS5%S4#(-53)*CoxC

€ tC]-S;-C(,*SstS4-(-S3)*Sg-(-S 1)

€] *C]*Sj#C(-,#S§*S4*C}t83*(-$3)*c]
€1*Cq th*C6*85*S4~C3t83*02t(-8 1) ]

122 * [ £1%C1#52%Ce#85+(=54)*C3xCosC

£1#C1#52#C*S5+(=84)*C3#52%(-5 )
£1#C1#S2#CorS5x(-84)#S3+E0%(~52)+C)
£#C1#52%Ce#S5%(~84)*S3+E0%Cox(-5 )
£1#C1#52#C6#85%Cqx(-83)xC2xC)
£1%C1#52%C4*85+C4x(~53)*52#(-5)
£1*Cy tS]#06185*04‘(:3‘83*(’5])‘0]
E£1%C1*S2*Ce*S5%CqxC3+EH *cz~(-s I ) ]

[1,3,5,7,9,15,11,13,19,4,22]
[1,4,5,7,9,15,11,13,19,4,22]
[1,3,6,7,9,15,11,13,19,4,22]
[1,4,6,7,9,15,11,13,19,4,22]
[1,3,5,8,9,15,11,13,19,4,22]
[1,4,5,8,9,15,11,13,19,4,22]
[1,3,6,8,9,15,11,13,19,4,22]
[1,4,6,8,9,15,11,13,19,4,22]

[1,3,5,7,10,16,11,13,19,4,22]
[1,4,5,7,10,16,11,13,19,4,22]
[1,3,6,7,10,16,11,13,19,4,22]
[1,4,6,7,10,16,11,13,19,4,22]
[1,3,5,8,10,16,11,13,19,4,22]
[1,4,5,8,10,16,11,13,19,4,22]
[1,3,6,8,10,16,11,13,19,4,22]
[1,4,6,8,10,16,11,13,19,4,22]

[1,3,5,7,9,17,12,13,19,4,22]
[1,4,5,7,9,17,12,13,19,4,22]
[1,3,6,7,9,17,12,13,19,4,22]
[1,4,6,7,9,17,12,13,19,4,22]
[1,3,5,8,9,17,12,13,19,4,22]
[1,4,5,8,9,17,12,13,19,4,22]
[1,3,6,8,9,17,12,13,19,4,22]
[1,4,6,8,9,17,12,13,19,4,22]

[1,3,5,7,10,18,12,13,19,4,22]
[1,4,5,7,10,18,12,13,19,4,22]
[1,3,6,7,10,18,12,13,19,4,22]
[1,4,6,7,10,18,12,13,19,4,22]
[1,3,5,8,10,18,12,13,19,4,22]
[1,4,5,8,10,18,12,13,19,4,22]
[1,3,6,8,10,18,12,13,19,4,22]
[1,4,6,8,10,18,12,13,19,4,22]
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tr1 « [ €)%C1#52#86+(-85)#C4xC3#CoxC)

£1#C1#52#86%(-85)*C4xC3#52%(-5) )

€] tC]tS:tS6t(-S5)-C4tS3~83*(-S:)*Cl
£15C#57%S6+(-85)*C483+E2#Co(-5)
£1#C1#52#S6+(~85)*S4#(~53)*C2eCy
€1#C1#82%S6+(~85)*S4x(~S3)*s2#(-51)
£1+C1#S2#S#(=85)#S4+C3#E0#(-57)*C)
£1#C1#S#8¢+(~85)x84+C3+E2#Co(-5)) |

tlZ * [ 8| tCltS:#S(,*('SS)#('S4)‘C3*C2#C]

£1+C1#57985+(=85)*(-S4)+C3#524(-5 )
£€1*Cy *53*5()'('55)‘('54)-53 :Eg:(-Sg)tC]
€1%C1*S52#S6%(~S5)+(~84)#S34€2%Cox(-5 1)
£1%C#57#Sg+(=85)+Cqx(-53)*CosCy
£19C1#529862(~85)*Cas(-83)+52+(-51)
€14C1#52#Sg#(=85)*CqxCy»rx(=52)*C)
€1%C1#52#86+(-85)#CyxC3xE23Cox(-51) |

21 * [ £1%C*52%82C5%C4xC3#CoxCy

£]*C*52#86%C55C4+C357%(-5 )
£1%C1*S2*Sg*CsxCyxS3*EH *(-Sj)tcl
£1#C1*57%S6#C5xCqnS3#E2+Co(-5 )
£1#C#S7%S5#C5#S4%(-S3)*CaC)
€1*C1#57%S6+C5xS4%(=53)+S2%(=5)
£1#C1#57#S6+C54S4+C3#E0%(=52)*C]

£ +C1*87#S¢*C5xS4+C3+E2%Cox(-51) ]

t22 * [ £)*C*52%86#C5+(-54)+C3xCoxCy

E£1%C1*S2 *SO*C5t(-S4)*C3¢SQt(-S 1)
£1#C1#52#86xCx(-84)*S3+E2%(=52)+C)
£ xC1%57%SxC5+(-84)*S3+E7+Cx(-5))
£l *C[*.\'3‘56*C5*C4*('S3)*02*01
£1+C1#57#S6+C53C4»(-53)x50#(-5 )
£1xCq #S:tS()tCStC4*C3tg.j*(-S])*C]
£1%C#57%86+C53CqxC3xExxCo(-51) |

ti * [ £1%C1#CoxEox(~86)*C5xCqxC3#CoxCy

£1xC1xCoxEH t(-Sb)tC5tC4tC3mSzt(-S ] )
£ *C1*Co*EH #('36)*05*04*53*83*(-.\'])*Cl
£1%C1*Co+E)*(=56)*C5xC4xS3%E2#Cox(-5 )

[1,3,5,7,9,15,11,14,19,4,22]
[1,4,5,7,9,15,11,14,19,4,22]
[1,3,6,7,9,15,11,14,19,4,22]
[1,4,6,7,9,15,11,14,19,4,22]
[1,3,5,8,9,15,11,14,19,4,22]
[1,4,5,8,9,15,11,14,19,4,22]
[1,3,6,8,9,15,11,14,19,4,22]
[1,4,6,8,9,15,11,14,19,4,22]

[1,3,5,7,10,16,11,14,19,4,22]
[1,4,5,7,10,16,11,14,19,4,22]
[1,3,6,7,10,16,11,14,19,4,22]
[1,4,6,7,10,16,11,14,19,4,22]
[1,3,5,8,10,16,11,14,19,4,22]
[1,4,5,8,10,16,11,14,19,4,22]
[1,3,6,8,10,16,11,14,19,4,22]
[1,4,6,8,10,16,11,14,19,4,22]

[1,3,5,7,9,17,12,14,19,4,22]
[1,4,5,7,9,17,12,14,19,4,22]
[1,3,6,7,9,17,12,14,19,4,22]
[1,4,6,7,9,17,12,14,19,4,22]
[1,3,5,8,9,17,12,14,19,4,22]
[1,4,5,8,9,17,12,14,19,4,22]
[1,3,6,8,9,17,12,14,19,4,22]
[1,4,6,8,9,17,12,14,19,4,22]

[1,3,5,7,10,18,12,14,19,4,22]
[1,4,5,7,10,18,12,14,19,4,22]
[1,3,6,7,10,18,12,14,19,4,22]
[1,4,6,7,10,18,12,14,19,4,22]
[1,3,5,8,10,18,12,14,19,4,22]
[1,4,5,8,10,18,12,14,19,4,22]
[1,3,6,8,10,18,12,14,19,4,22]
[1,4,6,8,10,18,12,14,19,4,22]

[1,3,5,7,9,15,11,13,20,4,22]
[1,4,5,7,9,15,11,13,20,4,22]
[1,3,6,7,9,15,11,13,20,4,22]
[1,4,6,7,9,15,11,13,20,4,22]
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£1#C1#CxEx%(=86)*C5+S4+(-53)*CxC)
€1#C1#C+E2%(-86)+C5#84%(~53)+52%(-5))

€) *C]‘02‘82#('56)*05-84-(:3‘82 v(-S:)-Cl
81tCltCztEg-(-56)':05-:84‘03-83t02-(-s|) ]

ti * [ €) *C1tCz-Ezt(-S(,)tC5-(-S4)tC3-CZ-01

£1#C1#C+E2%(=86)*Cs+(-84)*C3+52%(-51)
£%C1#Co*E0%(~S6)+Cs#(-84)*53+E2%(~52)+Cy
£1#C1#C29E2%(=86)*Csx(-84)+S34E2#Cox(5))
€1 #C1*Co*Ex#(=S6)+CsxCax(~83)*Co#Cy
£1*C1#Co+E0#(-86)*C5+C4x(-53)x50%(-51)
£1%C1*CoxEn t(-S6)-C5~C4tC3¢€3 t(-Sz)‘Cl
£1%C1#Co+E2%(~S6)*C5#C4xC32E2+Cox(-51) |

ta) * [ €£%C1#Co*Eo%(~56)#S5%C45C3+Co*Cy

€1 *Cl-02*83*(-86)*S5tC4~C3tS:t(-S 1)
£1%Cy -Cztggt(-sb)-S5*C4-S3*Eg-(-Sz)tcl
£1#%C1*Co*EH *(-S())tS5tC4tS3t€3tC2-(-S 1 )
£1#C1#CxE)%(~56)#S5+84#(-53)+CoxC

£1*Cy *Cz*e:‘('Sﬁ)‘SS#S4-(-S3)tS:-('S | )
£1+C1#CoxE2%(~8)*85%84+C3+E2%(~52)+C
£1+C1*CoxE0#(=56)*S5+84+C3+E29Cox(-51) |

t22 * [ £12C1xCoxEx#(=86)+85+(~84)*C3+CoxC)

€1+CxCoxEx#(-85)*S5+(~84)*C3#52%(-5 )
£1%C1#CoxE0#(-56)*S5+(~84)*S3+E22(~52)+Cy
£1*C1*C*En t(-S(,)ts5t(-S4)-S3-£::02-(-S 1 )
£1*CxC*Eo%(~56)*S5+Cqx(-53)*Co*C
€1#C1#C2*E%(~S6)*S5xCan(-53)+52%(=51)
£1#C1*C+E7%(~84)#S5+C4xC3xEr%(=52)+C)
£1xC1*C*En t(-Ss)#Ss*C4~C3*83 -Cz-(-S ] ) ]

ti1+ | £1%C1*CoxE2#Cex(-S5)*C4*C3+CoxC

£1%C1*C+E#Cox(-S5)*C4xC3#5:+(-5 1)
€1%C1#C29E2#Cow(=85)*C4283+€2%(-52)+C

€] -CltCz*S:*C(,-(-Ss)-CuSyE3*02-(-8 ] )
€] ~C1102*83*C6~(-Ss)-S4~(-S3)*C2-C1
£1#C1#CoxExxCox(-85)rS4x(-83)x52#(~51)
E£1#C1*C+EH *CG*(-Sj)*S4*C3*82*(-Sj)*C1
£1#C1*Co*Ex%Cpx(-S5)#84+C34E0+Co(-51) |

[1,3,5,8,9,15,11,13,20,4,22]
[1,4,5,8,9,15,11,13,20,4,22]
[1,3,6,8,9,15,11,13,20,4,22]
[1,4,6,8,9,15,11,13,20,4,22]

[1,3,5,7,10,16,11,13,20,4,22]
[1,4,5,7,10,16,11,13,20,4,22]
[1,3,6,7,10,16,11,13,20,4,22]
[1,4,6,7,10,16,11,13,20,4,22]
[1,3,5,8,10,16,11,13,20,4,22]
[1,4,5,8,10,16,11,13,20,4,22]
[1,3,6,8,10,16,11,13,20,4,22]
[1,4,6,8,10,16,11,13,20,4,22]

[1,3,5,7,9,17,12,13,20,4,22]
[1,4,5,7,9,17,12,13,20,4,22]
[1,3,6,7,9,17,12,13,20,4,22]
[1,4,6,7,9,17,12,13,20,4,22]
[1,3,5,8,9,17,12,13,20,4,22]
[1,4,5,8,9,17,12,13,20,4,22]
[1,3,6,8,9,17,12,13,20,4,22]
[1,4,6,8,9,17,12,13,20,4,22]

[1,3,5,7,10,18,12,13,20,4,22]
[1,4,5,7,10,18,12,13,20,4,22]
[1,3,6,7,10,18,12,13,20,4,22]
[1,4,6,7,10,18,12,13,20,4,22]
[1,3,5,8,10,18,12,13,20,4,22]
[1,4,5,8,10,18,12,13,20,4,22]
[1,3,6,8,10,18,12,13,20,4,22]
[1,4,6,8,10,18,12,13,20,4,22] |

[1,3,5,7,9,15,11,14,20,4,22]
[1,4,5,7,9,15,11,14,20,4,22]
[1,3,6,7,9,15,11,14,20,4,22]
[1,4,6,7,9,15,11,14,20,4,22]
[1,3,5,8,9,15,11,14,20,4,22]
[1,4,5,8,9,15,11,14,20,4,22]
[1,3,6,8,9,15,11,14,20,4,22]
[1,4,6,8,9,15,11,14,20,4,22]
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t12 * [ £1+C1*CoxE0+Ce#(-55)#(~84)*C3+Ca*Cy

£1%C1*Co+E7#Ca#(=S5)+(=84)*C325+(-5 )
£1+C1#CosE7%Cax(=S5)*(=S4)*S3%E04(-52)5Cy
£1*C1*Co*EH *C6*(‘SS)*('S4)*S3*SZ -Cz*(-s 1 )
€ "C]*CZ"Ej*C(,*('SS)*C:‘*('S})*CT"C]
£1%C1#Co+E7xCax(~85)xCqr(-53)*5%(~5))
£1#C1#CoxE2*Cox(-85)CyrC3+Ex%(~52)+C
E1+C*Co*E *C6*(-S5)~C4-C3-£3 tczt(-s I ) ]

t21 * [ £1%C1*Co*E2#Ca*C5*C4xC3#Co*C

£1+C#C+E)#C*Cs+CqrC3+Sox(-5 )

€1 %C1*CorE7%CaxCs*CqrS3xE0%(=52)*Cy
£1%C1*Co*E0#CarC5xCqnS3#E+Cox(=5 )
£1#C1#C+E7+C4+C5%S4#(~53)+CoxC)

€1+ *Co*E#Ca*CsxSqx(-83)#52%(=51)
£1#%C1*Co*ErxC*Cs%Sq*C3xEn *(-S:)-Cl
£1+C1*xCxEH tC6*C5tS4*C3*€3-Czt(-S |) ]

t2 » [ £1%C1*CoxE5CaxCsx(-84)*C3+CoxCy

E€1+Cq -02—83*C6*C5*(-S4)#C3~Sy(-s |)
£1%C*CorEx#CoxCsx(-84)xS3+E0%(=52)+Cy
£1#C1#Co+E2#Ce+Csx(~84)*S3+E2+Cox(-5 1)
£+C1#Co*ExCqxC53C4(~53)*Co+C

£1%Cy *Czt&‘g*06-05-C4t(-53)*83-(-8 | )
£1#C*CoxE*CarCsxCarCaxErx(-52)xC)
£1xC tCz*E;tC6~C5tC4~C3t€3tC2*(-S | ) ] ]

ﬁ {151 [22] P17,12 + €1¢1[22] P17.22}

-}; * [ t” * [ £1%51%C2xCaxCoxChxC3xCoxS 1 *E

£1%51%C*CpxC5+Cq*C3xSxC*E |
£1%513Co*CarCsxCarS3Ex#(=5))#5 |+
£1%5*CoxCexC5+ChxS3*E7xCoxC 1L
LAERY ¢02~06~C5*S4*(-S3)'C2*S] *£
£1%51#C+CexCs*84x(~83)#52#C+E
£1#5 1 %CoxCarC5*84xC3aEw(-52)*S |+
£1%5xCo*CaxCsx84+C3+E2+CoxCI#E | |

A-53

[1,3,5,7,10,16,11,14,20,4,22]
[1,4,5,7,10,16,11,14,20,4,22]
[1,3,6,7,10,16,11,14,20,4,22]
[1,4,6,7,10,16,11,14,20,4,22]
[1,3,5,8,10,16,11,14,20,4,22]
[1,4,5,8,10,16,11,14,20,4,22]
[1,3,6,8,10,16,11,14,20,4,22]
[1,4,6,8,10,16,11,14,20,4,22]

[1,3,5,7,9,17,12,14,20,4,22]
[1,4,5,7,9,17,12,14,20,4,22]
[1,3,6,7,9,17,12,14,20,4,22]
[1,4,6,7,9,17,12,14,20,4,22]
[1,3,5,8,9,17,12,14,20,4,22]
[1,4,5,8,9,17,12,14,20,4,22]
[1,3,6,8,9,17,12,14,20,4,22]
[1,4,6,8,9,17,12,14,20,4,22]

[1,3,5,7,10,18,12,14,20,4,22]
[1,4,5,7,10,18,12,14,20,4,22]
[1,3,6,7,10,18,12,14,20,4,22]
[1,4,6,7,10,18,12,14,20,4,22]
[1,3,5,8,10,18,12,14,20,4,22]
[1,4,5,8,10,18,12,14,20,4,22]
[1,3,6,8,10,18,12,14,20,4,22]
[1,4,6,8,10,18,12,14,20,4,22]

[2,3,5,7,9,15,11,13,19,3,22]
[2,4,5,7,9,15,11,13,19,3,22]
[2,3,6,7,9,15,11,13,19,3,22]
[2,4,6,7,9,15,11,13,19,3,22]
[2,3,5,8,9,15,11,13,19,3,22]
[2,4,5,8,9,15,11,13,19,3,22]
[2,3,6,8,9,15,11,13,19,3,22]
[2,4,6,8,9,15,11,13,19,3,22]
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t12 * [ £1%5xCoxCe*Csx(-54)*C3xCox 5 1#£

£1%5#Co*CerCs#(-84)+C3 *5%C+E |

€195 #CsCe*Csa(-84)#S3E0#(=57)*S 4
€1#8] tcz‘C6‘c5'('s4)*S3‘8] *CoxC1+E)
£1#5#C2sCexCs#Cqn(=53)sCoxS 4

€18 ch-C(,005tC4t(-S3)¢53¢cl*gl
£1%S1*Co*CerCsxCexC3*EH -(-Sg)wS 1*€1
€1%51#Co#Ce*C5+CqrC3*ExCoxCxE| |

121 * [ £1#5)%Co5Cer854C4xC35Cos8  #E

£1%81%C*C*S5+C4*C3xS2xC*E |
£1%5#CsC#855C4#S3#E%(52 )55 +€
E£1%5*C*CpxS5xCyxS3*E7xCoxC1*E
€125 tCthG-S5~S4*(-S3)-CztS 1*E]
€S t02~06tS5tS4-(-S3)~Sgt01 *£ |
€S tcztCG#SS*S4!C3‘€:t(-SZ)tS 1*€)
£%51#Co*CeuS5+S4+C3+E2wCeC+E | |

ton * [81nS]~C2tC6*85~(-S4)~C3t02*S|-Si

£1#8#C*Ce*S5+(=84)+C3#57#C+E |
£1#51#CoxCexS5x(=S4)#S3+E05(=52) S #E
€128 -CZ*C(,-'S5t(-S4)=-S3~83*C2*C1 *E)
£1%S | xCoxC*S5xCq(=S3)#CoxS | *E

£S5 #CoxCqxS5xCqx(~S3)*S25C*E |
£1#51#C2#CEsS54C4+C39E28(=52 )5 4E
£1%8#C2*Cp*S5+C4*C3*Er5Co+C+E | |

t11 » [ €1#51#CoxS6x(-85)+CanC3xCors *E

£1#5*C*S6+(~85)*C4C3#57+C*E |

E128 *02*86*('55)‘04*83*82 -(-Sj)*S 1*E
€1#51#C2#86+(-55)+C4x53+€2+C*C1+E
€1%S | %CoxSpx(=S5)#S4%(=53)*CoxS +€
E1#S] tCz*S(,*(-S5)-S4-(-S3)tS3*C1 *£|
€18 ¢02t861(-85)-84-03&73t(-S:)*S 1*€1
£1%5#CoxS6#(-85)+84#C3+E2#CxC +E | |

tio * [E1*51*02*S6*('SS)*('S4)‘C3*C2*SI*El

£1%51#C2#Sex(~85)*(~84)*C3#5+C+€

EI#S]*C2#86*(-SS)#(-S4)tss*€2#(-S:)tsI#EI

€1*S tCZ-S6t(-S5)t(-S4)tS3t83-02~01t&‘. |
£1%5)3C2#Sox(=85)*Cax(=53)+Cox5  +€

A-54

[2,3,5,7,10,16,11,13,19,3,22]
[2,4,5,7,10,16,11,13,19,3,22]
[2,3,6,7,10,16,11,13,19,3,22]
[2,4,6,7,10,16,11,13,19,3,22]
[2,3,5,8,10,16,11,13,19,3,22]
[2,4,5,8,10,16,11,13,19,3,22]
[2,3,6,8,10,16,11,13,19,3,22]
[2,4,6,8,10,16,11,13,19,3,22]

[2,3,5,7,9,17,12,13,19,3,22]
[2,4,5,7,9,17,12,13,19,3,22]
[2,3,6,7,9,17,12,13,19,3,22]
[2,4,6,7,9,17,12,13,19,3,22]
[2,3,5,8,9,17,12,13,19,3,22]
[2,4,5,8,9,17,12,13,19,3,22]
[2,3,6,8,9,17,12,13,19,3,22]
[2,4,6,8,9,17,12,13,19,3,22]

[2,3,5,7,10,18,12,13,19,3,22]
[2,4,5,7,10,18,12,13,19,3,22]
[2,3,6,7,10,18,12,13,19,3,22]
[2,4,6,7,10,18,12,13,19,3,22]
[2,3,5,8,10,18,12,13,19,3,22]
[2,4,5,8,10,18,12,13,19,3,22]
[2,3,6,8,10,18,12,13,19,3,22]
[2,4,6,8,10,18,12,13,19,3,22] _

[2,3,5,7,9,15,11,14,19,3,22]
[2,4,5,7,9,15,11,14,19,3,22]
[2,3,6,7,9,15,11,14,19,3,22]
[2,4,6,7,9,15,11,14,19,3,22]
[2,3,5,8,9,15,11,14,19,3,22]
[2,4,5,8,9,15,11,14,19,3,22]
[2,3,6,8,9,15,11,14,19,3,22]
[2,4,6,8,9,15,11,14,19,3,22]

[2,3,5,7,10,16,11,14,19,3,22]
[2,4,5,7,10,16,11,14,19,3,22]
[2,3,6,7,10,16,11,14,19,3,22]
[2,4,6,7,10,16,11,14,19,3,22]
[2,3,5,8,10,16,11,14,19,3,22]
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£1#51#C2#86x(-85)+Cqx(~53)#52%C*€ |
€18 -Cz-S(,-(-Ss)-CpC}tht(-Sg)tS 1*€]
£‘|~S|tCz-S6*(-S5)v04-C3*82*C2*C1*E| ]

o1 * [ £1%5)#Co#S6*C5xCqnC3xCoS | #E |
£1%5%xCo*Sa*C5xCqxC3x5)*xC*E
€1#S aC2-SGaC5-C4t53-83:(-53):8 1*€]
£1*51%C2*Sp*C5+CyxS3xExCoxC*E
€15 ¢02¢S(,t05t54*(-53)~02*8 1*€|
£1*S) tCztSstCstSu(-S})tS:tC]-81
€1%5#Co*Sp*C5+S4xC3eE0x(=57)#S | #E
£1x51*CoxSe*CxSqxC3xEr*xCoxC*E ]

122 * [ £1#51%Co#S6*Cs#(-84)*C3+Cos5 | +E
£1#5#C*S#Csx(=54)#C3* SH*C1#E
€1%S] -cz.séaCy(-S‘;)*Sg,th*(-Sz)'S 1*€1
€15 #Co*86+Cs%(-84)*S3+E2#C2+C +E
£1#5#C2*S6+C5+Cq(-83)CxS | +E
£1%5|#Co*86xC5+Cqx(~83)xS%C+E |
£1#51#C*Se#Cs*CqnCeErx(=57)S |4
E£1%5)%Co*Sa*C5xCqrC3xExCoxC1*E | ]

ti « [ €145 (-52)#€2%(-86)*C5+CqrC3+CoxS | *E
€125 *('5_:)'82 t(~56)-05*04*C3*53 *C1*E
£1#51#(=52 )€ #(=S)4C5CqrS3E (=52 )45 | #€
€1#5#(=52)%E24(=56)+C5#C4*S3+E2#CosC+E |
€1%5 ) #(=52)*Eo%(=S)*Cs+S4%(~53)*CoxS 1 +€
€195 %(=52 )£ (=86 )*Cs#S4%(=S3)*5%C*E
€105 #(=52)*E2#(~S6)+C5xS4+C3xE (=52 )a5 | +E
£1%5 1 #(~52)%E+(=86)*C5+84+C3+E2CoxC1+E; |

t12 « [€1+5)%(-52)xE2#(-S6)*Csx(~84)C3xCox 514€)
€1#519(~52)+E2+(-86)+C5#(-54)+C3+52+C1+E
£1%81#(-52)#€2%(-86)*Cs*(~84)*53+E2+(~52)+5 €
€148 #(-52)*E2%(-86)+C5+(-54)#S3#E2+CoxC4E
£1%8) *(-S:)*E]t('S())*CS*C4t('S3)#C2*S 1*€1
£1%51%(-52)x€#(-56)*C55Cqx(~53)*52%C1+E |
€195 #(=52)E#(=S6)+C5+CC3+E24(=52)#5 €
£1#5 1 #(=52)E2#(~S6)+C5+CqrC3aE4CoxC € |

to1 » [€1951(-52)+€29(-56)s859C4+C3+C48  +€)

A-55

[2,4,5,8,10,16,11,14,19,3,22]
[2,3,6,8,10,16,11,14,19,3,22]
[2,4,6,8,10,16,11,14,19,3,22]

[2,3,5,7,9,17,12,14,19,3,22]
[2,4,5,7,9,17,12,14,19,3,22]
[2,3,6,7,9,17,12,14,19,3,22]
[2,4,6,7,9,17,12,14,19,3,22]
[2,3,5,8,9,17,12,14,19,3,22]
[2,4,5,8,9,17,12,14,19,3,22]
[2,3,6,8,9,17,12,14,19,3,22]
[2,4,6,8,9,17,12,14,19,3,22]

[2,3,5,7,10,18,12,14,19,3,22]
[2,4,5,7,10,18,12,14,19,3,22]
[2,3,6,7,10,18,12,14,19,3,22]
[2,4,6,7,10,18,12,14,19,3,22]
[2,3,5,8,10,18,12,14,19,3,22]
[2,4,5,8,10,18,12,14,19,3,22]
[2,3,6,8,10,18,12,14,19,3,22]
[2,4,6,8,10,18,12,14,19,3,22] ]

[2,3,5,7,9,15,11,13,20,3,22]
[2,4,5,7,9,15,11,13,20,3,22]
[2,3,6,7,9,15,11,13,20,3,22]
[2,4,6,7,9,15,11,13,20,3,22]
[2,3,5,8,9,15,11,13,20,3,22]
[2,4,5,8,9,15,11,13,20,3,22]
[2,3,6,8,9,15,11,13,20,3,22]
[2,4,6,8,9,15,11,13,20,3,22]

[2,3,5,7,10,16,11,13,20,3,22]
[2,4,5,7,10,16,11,13,20,3,22]
[2,3,6,7,10,16,11,13,20,3,22]
[2,4,6,7,10,16,11,13,20,3,22]
[2,3,5,8,10,16,11,13,20,3,22]
[2,4,5,8,10,16,11,13,20,3,22]
[2,3,6,8,10,16,11,13,20,3,22]
[2,4,6,8,10,16,11,13,20,3,22]

[2,3,5,7,9,17,12,13,20,3,22]
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€ -S|-(-Sg)-83-(-86)&55‘04-03-53-CltE1

E€1#S -(-Sg)*Sg t('S6)*SS‘c4'S3*€2‘('Sj)‘s 1*£]
€195 #(=52)*E2#(=S4)*S54Cq#S34E)#Co*C#E |
€105 1 #(=52)*Eo%(=S6)*S5#S4#(=53)#Coas | +£ |
€195 #(=52)#E24(=S6)#S5#S4+(~53)*52+C4E
€105 #(=52)*E2#(=S4)*S54S4#C3+E#(=52 )45 | 4E
€195 #(=52)#E2#(=S6)*S5%84+C3+E24Co*C1+E| |

t22 * [ €155 (=52)#€0(~86)*S5%(=84)*C3#Cos5 +E

€125 t(-Sz)tﬁzt(-Sé)tSS-(-S4)tC3tS:mC1 *£)

€125 18(-52)€29(~56)+85%(-84)*83+€7+(-52)#5 €

€125 #(=52)*E2#(=S4)#S5#(~S4)*S3#E2#CosC*E
€195 1#(=52)*E2#(=S4)*S5+Cqs(=S3)+Coxs #E
€195 #(=52)*#E29(=S4)*S5%Cq#(=S3)#52+C1#E |
E1#8 1 #(=52 )2 #(=5)#S54C4#C3+E#(=57 )5 | #E
€15 #(=52)+E28(~S6)*S54C4+C3+E)4CsC1+E | ]

ti =+ [ €,|*S|t(-52)*fzt C6#(-SS)#C4#C3‘CZ#S]#E|

€195 #(=52)*E7#Cox(=85)+C4*C32579C#E |

€105 #(=52)#E2#Cor(~85)#CqxS3#E0(=5)*S | +E
€145 | #(=52)+E2#Cer(=85)+C4*S3+E29Co#C £ |
€1#51#(=52)+E2%Con(-85)+844(-53)wC2e5  +E
€198 %(=52)#E2%Cox(=85)#S4#(~53)*5,+C#E |
E1*S) t(-Sj)*g_jtC6*('S§)*S4*C3*€]‘('S:)‘S 1*€)
€1#8 1 %(=52)*E2%Ce(=85)#S4+C3#E2#CoxC €| |

t12 » [€1%5)9(-52)+Eo%Cou(-85)w(-54)+C3+Cons +E

€1+ #(~52)*E25Cp+(-55)5(-S4)#C3%52+C+E

£1%8 t(—S:)tgz:Cﬁt(-SS)t(-S4)tS3-€1 t(-S3)tS 1*€]

€18 a(-sz)-Eg *Cém(-S5):(-S4)*S3-83 *CoxC £
€195 1#(=52)#E2+Cex(=85)#Cqn(=53)#Coss  +E |
LR t(-Sg)aﬁzvC(,t(-S5)tC4t(-S3)»SgtCltS|
€195 %(=52)#E2#Cer(~85)#CaxC3oE (=52 )*5 | #E
€145 #(=52)#E2#Cqw(-85)#C4*C3+E#CoC e |

to) * l E1%S) #(-S])t&‘,: *C*C5xCqxC3yxCoxS *E

€145 #(=52)#E2#CrC54C4rC3%5)#C +E

€128 t(-Sg)*E:-C6*C5tC4*S3183#(-53)tS 1*€]
€1#5 1 #(=52)#E2#C+Cs#C4+S34E2#Co*C+E |
€1#5 1 #(=52)*E2#CaxCoxS4x(=S3)*CoxS +E
€145 #(=52)+E*CoaC#S4%(=53)#S7+C+E

A-56

[2,4,5,7,9,17,12,13,20,3,22]
[2,3,6,7,9,17,12,13,20,3,22]
[2,4,6,7,9,17,12,13,20,3,22]
[2,3,5,8,9,17,12,13,20,3,22]
[2,4,5,8,9,17,12,13,20,3,22]
[2,3,6,8,9,17,12,13,20,3,22]
[2,4,6,8,9,17,12,13,20,3,22]

[2,3,5,7,10,18,12,13,20,3,22]
[2,4,5,7,10,18,12,13,20,3,22]
[2,3,6,7,10,18,12,13,20,3,22]
[2,4,6,7,10,18,12,13,20,3,22]
[2,3,5,8,10,18,12,13,20,3,22]
[2,4,5,8,10,18,12,13,20,3,22]
[2,3,6,8,10,18,12,13,20,3,22]
[2,4,6,8,10,18,12,13,20,3,22] _

[2,3,5,7,9,15,11,14,20,3,22]
[2,4,5,7,9,15,11,14,20,3,22]
[2,3,6,7,9,15,11,14,20,3,22]
[2,4,6,7,9,15,11,14,20,3,22]
[2,3,5,8,9,15,11,14,20,3,22]
[2,4,5,8,9,15,11,14,20,3,22]
[2,3,6,8,9,15,11,14,20,3,22]
[2,4,6,8,9,15,11,14,20,3,22]

[2,3,5,7,10,16,11,14,20,3,22]
[2,4,5,7,10,16,11,14,20,3,22]
[2,3,6,7,10,16,11,14,20,3,22]
[2,4,6,7,10,16,11,14,20,3,22]
[2,3,5,8,10,16,11,14,20,3,22]
[2,4,5,8,10,16,11,14,20,3,22]
[2,3,6,8,10,16,11,14,20,3,22]
[2,4,6,8,10,16,11,14,20,3,22]

[2,3,5,7,9,17,12,14,20,3,22]
[2,4,5,7,9,17,12,14,20,3,22]
[2,3,6,7,9.17,12,14 20,3.22]
[2,4,6,7,9,17,12,14,20,3,22]
[2,3,5,8,9,17,12,14,20,3,22]
[2,4,5,8,9,17,12,14,20,3,22]
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£1%5#(-52)*E2#CprCxS4xC3E%(=52)x5 %€
EAERY -(-S:)¢83~C(,-05-S4-C3-83#Cthl *£] ]

t2 * [ €15 8(~52)+E24CxCsx(=54)+C35Cos5  5E

€15 %(-52)E2%Ce#Cs#(~84)+C3#52%C 5
€195 14(=52)*E#CeaCox(=84)#S3#E7%(=52 )45 |+
€18 r(-Sz)tEg *C6tc5*('s4)*s3i82102#01 *£)
£1#8)#(=52)*E2#Cy#Cs*Can(=53)#CoxS5 £

€1*S) *(-Sg)tSz*C@tC5tC4*(-S3)*Sth| *E |

€195 1#(-52)+E2%Cp3CsxCoxCa+E3(=52 )5 €
€198 #(=52)*E2#CexCsxCaxC3+E2%Co+C14E | |

tig* [ £1*C1*52*CexC5xCqxC3xCoxS | xE |

E£1*C1*S)*C*C5xCq*xC3xSrxC*E

€] -CltS3*C@*C5-C4*S3*83*(-Sg)#s 1*€1
£1%C1*52%Cc*CsxCqxS3+E2#Co*C+E |
€1*Cy -S:oC(,—CStS4¢(-S3)-02:S] *€)
€1*Cq #S:*C6tCS*S4*('S3)tS:‘C]#81
£1#C1#52*CorCsaS4+C3Eox(=57)S 4
£1#C1#5)#CorC5*#84+C3#E0+C+C+E | |

t12 « [€1+C1#524CoxCsx(-84)+C3xCax 5 14€)

£1%C1#57%CexCs%(-S4)+C3 #57#C1+E |
€1xCy *52*C6*CS*(‘54)‘S3*€3t(-Sg)tS 1*€1
€1 #C#52#Ce*Cs#(=54)*S3+E£29C*C4E |
€1%C+52%Co#Cs#Car(=83)*CoxS €
£1#C1*52#C*CsaCqx(-83)#574C +€

£1#C #52#CerCs#CanCE9(=52)a5 +E
£1+C1%57#C*C5*CqxC3+E2+CosC1*E ] |

121 * [ £14C1#52#C#S59C44C3#Cos5  +E |

E£1*%C1*S)*C*S5+Cq*C3xSo*C1*E

£ 1%C1#52*C#S54Cq*S3#E (=5 )#5 4
E1#C*52+Ca*S5+Cq*S3xE7*CoxC1*E
£14C#S2#Co*S5+84+(=53)*Coxs | *£
£1#C¥52#Co*85384x(~53)#57%C1+€

£ xC1*57*Co*S5+84xC3+E0#(=52 )45 %€
£1%C1%57%C*S5+84%C3+E+CoxC1#E | |

t22 * l E]tC]tS:*C6tS5t(-S4)mC3¢CZtS1:&{7]

A-57

[2,3,6,8,9,17,12,14,20,3,22]
[2,4,6,8,9,17,12,14,20,3,22]

[2,3,5,7,10,18,12,14,20,3,22]
[2,4,5,7,10,18,12,14,20,3,22]
[2,3,6,7,10,18,12,14,20,3,22]
[2,4,6,7,10,18,12,14,20,3,22]
[2,3,5,8,10,18,12,14,20,3,22]
[2,4,5,8,10,18,12,14,20,3,22]
[2,3,6,8,10,18,12,14,20,3,22]

[2,4,6,8,10,18,12,14,20,3,22] |§

[2,3,5,7,9,15,11,13,19.4,22]
[2,4,5,7,9,15,11,13,19,4,22]
[2,3,6,7.9,15,11,13,19.4.22]
[2,4,6,7,9,15,11,13,19,4,22]
[2,3:5,8.9,15,11,13,19.4.22]
[2,4,5,8,9,15,11,13,19,4,22]
[2,3,6,8,9,15,11,13,19,4,22]
[2,4,6,8,9,15,11,13,19,4,22]

[2,3,5,7,10,16,11,13,19,4,22]
[2,4,5,7,10,16,11,13,19,4,22]
[2,3,6,7,10,16,11,13,19,4,22]
[2,4,6,7,10,16,11,13,19,4,22]
[2,3,5,8,10,16,11,13,19,4,22]
[2,4,5,8,10,16,11,13,19,4,22]
[2,3,6,8,10,16,11,13,19,4,22]
[2,4,6,8,10,16,11,13,19,4,22]

[2,3,5,7,9,17,12,13,19,4,22]
[2,4,5,7,9,17,12,13,19,4,22]
[2,3,6,7,9,17,12,13,19,4,22]
[2,4,6,7,9,17,12,13,19,4,22]
[2,3,5,8,9,17,12,13,19,4,22]
[2,4,5,8,9,17,12,13,19,4,22]
[2,3,6,8,9,17,12,13,19,4,22]
[2,4,6,8,9,17,12,13,19,4,22]

[2,3,5,7,10,18,12,13,19,4,22]
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£1*Cy ‘SZ‘C6‘85‘('S4)*C3'52*C]*8 1
£1#C1#57#Ce*S5+(=S4)*S3#E00(=5 x5 €
£1%C1#52#CorS5%(~84)834E2#CosC#E
€| *C]*SZ¢C6‘SS‘C4*('S3)*CZ*S | *E]

€ *Cl-SgtC6-85*C4*(-S3)#Sz~01*8|
£1#C|*#524C*S5#C4#C32Er4(=52)S £
£#C|*5#C4#854C4sC3#E04CsCP+E| |

t“ * [ EltC]#Szts6-(-S5)'C4tC3tCZtSltEl

€ -CltSz-S6-(-S5)~C4#C3¢SQ-Cl *£
€1%C1%57%S6#(-85)*CqrS35E0%(-52 )45 +€
£#C1*52#S6%(~55)*C4xS3+ExCo*C#E
£€1*Cq tS:tS6~(-Ss)-S4~(-S3)~C2-S| *£)
€1#C1#52#86%(~85)#84%(~53)#52%C*E
£1#C1#52%86%(-85)*84%C3xE0%(~5)5 #€
€1%C1#52#86+(-85)#84+C3xExxCoxC € |

t12 + [ £15C1#525S6%(~85)(-84)*C3+Cx5 +E)

£1+C*52%86+(=85)#(-84)*C3#5,#C +€|

£1xCq -S:-S@t(-S5)t(-S4)tS3-€3*(-Sg)-5 1*E€)

£1#C1*52#86+(=85)#(~84)*S3+E24CoxC €
€1#C1#S2986x(~85)*Cax(=53)*Cox5  #€
€#C1#5%S6+(-85)#Cq#(-53)+52+C5€
€1+C1+52+86+(-85)+C4+C3+€24(-52)+5 1€
£1+C1+52#86+(-85)*CqxC3+E25CorC5E] |

to) * ' £1%xC1xS2xSe*C5xC4xC3xCoxS | xE |

£1xC1*S2xS*C5xCqxC3xSoxC*E
£1#C1*52#S#C5#C4*S3+Ex(=57 )5 4
£1#C1%S)*SexC5xChxS3*xE7*xCo*C*E |
£1xC1*5*S6CsxS4x(=83)#Coxs | +E|

€ tC]#SgtS()t05*S4*(-S3)thtcltS]

€] *C]*Sj*S(,*CS*S4*C3*€3*('S:)*S1*8|
E1*C1*57*Sg*C5*S4*xC3*E)*C+C1*E ]

122 * [ £1%C1#52%S6#C55(~84)*C3%Co*S +E |

£1*C1*S2 tS6-Cst(-S4)-C3* So*C1*E
€1*Cy *S3*56-05*(-S4)*Sgtgzt(-SQ)tS 1*€)
£1*Cy v53*56-C5t(-S4)~=S3t83-Cztcl-81
£19C1#52#86+Cs#Cqx(-53)*Coe5 €

€ *C1tSj*S()tC5~C4*(-S3)*S3#C1tS]

A-58

[2,4,5,7,10,18,12,13,19,4,22]
[2,3,6,7,10,18,12,13,19,4,22]
[2,4,6,7,10,18,12,13,19,4,22]
[2,3,5,8,10,18,12,13,19,4,22]
[2,4,5,8,10,18,12,13,19,4,22]
[2,3,6,8,10,18,12,13,19,4,22]
[2,4,6,8,10,18,12,13,19,4,22] _

[2,3,5,7,9,15,11,14,19,4,22]
[2,4,5,7,9,15,11,14,19,4,22]
[2,3,6,7,9,15,11,14,19,4,22]
[2,4,6,7,9,15,11,14,19,4,22]
[2,3,5,8,9,15,11,14,19,4,22]
[2,4,5,8,9,15,11,14,19,4,22]
[2,3,6,8,9,15,11,14,19,4,22]
[2,4,6,8,9,15,11,14,19,4,22]

[2,3,5,7,10,16,11,14,19,4,22]
[2,4,5,7,10,16,11,14,19,4,22]
[2,3,6,7,10,16,11,14,19,4,22]
[2,4,6,7,10,16,11,14,19,4,22]
[2,3,5,8,10,16,11,14,19,4,22]
[2,4,5,8,10,16,11,14,19,4,22]
[2,3,6,8,10,16,11,14,19,4,22]
[2,4,6,8,10,16,11,14,19,4,22]

[2,3,5,7,9,17,12,14,19,4,22]
[2,4,5,7,9,17,12,14,19,4,22]
[2,3,6,7,9,17,12,14,19,4,22]
[2,4,6,7,9,17,12,14,19,4,22]
[2,3,5,8,9,17,12,14,19,4,22]
[2,4,5,8,9,17,12,14,19,4,22]
[2,3,6,8,9,17,12,14,19,4,22]
[2,4,6,8,9,17,12,14,19,4,22]

[2,3,5,7,10,18,12,14,19,4,22]
[2,4,5,7,10,18,12,14,19,4,22]
[2,3,6,7,10,18,12,14,19,4,22]
[2,4,6,7,10,18,12,14,19,4,22]
[2,3,5,8,10,18,12,14,19,4,22]
[2,4,5,8,10,18,12,14,19,4,22]
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[2,3,6,8,10,18,12,14,19,4,22]
[2,4,6,8,10,18,12,14,19,4,22]

£1*Cy tSz~S6tC5-C4-C3¢83¢(-83)*S 1*E1
£1#C*52#S6xC5+C4rC3*ExC*C +E ] |

tg * [ 8]*C]*02*82*(-Sﬁ)*CS*C4'C3‘CZ#S]*8] [2,3,5,7,9,15,1 1,13,20,4,22]

€ *C]tCztSzt(-Sé)tC5¢C4tC3#Sg*C1*8]
€1#C*CoxE9%(=56)#C5#CqS3+E0+(=52 )5 | 5€
£1%Cy tCztE:-(-SG)tC5#C4tS3t82-02~C1 *E |

£1#C #Co+E2#(=S6)*Cs4S4%(=53)#Co*S £
£1+C1*CoxEn -(-S(,)t05-S4-(-S3)tSyC1-81

€ #C1#Co*E2#(~56)*C5+S4+C3+E (=52 )xS | *E
E1%C1xCoxE0#(=86)*C5+84xC3+E0#CoxC1*E ) |

t12 * [E | tCl#cz*g:t(-S6)*C5*(-S4)!C3!CZ* S1*E

€1#C1+C*E#(=S6)*Csx(=S4)*C3#57+C+E
£1#C1#Co+E2%(~56)*Csx(~54)+S33E0%(-52)x5 %€
€1%C1xCoxEx#(-86)*C5#(-84)*S3#E2%Co*C5E |
€) #C]tCztE‘,gn(-S(,)-C5¢C4-(-S3)tCZ*S 1*€1
€1#C1#CoxE#(=56)*C5+Cqn(=53)#57+C1#E |

€ -Cl*Czt&‘g-(-56)-C5t04tC3*83*(-53)-5 1*%€)
£19C1#C29E2%(=86)*C5#CanC3+E2CorC1+E |

to1 * [ £15C1*CoxE0+(~56)*S5%C4xC3*CoxS 1 *E

£1%C1*CxE#(=86)*S5#C4*C3#S2#C +E |
£1#C1*CoxEx(~86)*S5+CaxS3+E0(~52)#5 %€
£1#C1*Co*E9#(=S6)*S5*Cq#S3+E*C*C1#E |
€1#C1#CoxE0#(=S6)#S5#S4#(=53)#Cox5 1 +£
£1%CxCoxEx#(-86)*S5+84+(-83)*xS24C*E
£1*C*xCo*En t(-S6)tS5-S4~C3~83*(-S3)¢S 1*€1
£1#C#C*Ex%(~56)#85%84+C3xE2xCoxC1+E | |

to » [ €1#C1#CoxE0x(~S6)#85%(-84)+C3+CoS %€

£1%C1#Co*Ex(=86)*85#(-84)*C3#52#C £

£1%C #Czt&t(-S(,)tS5*(-S4)*S3'€3 t(-Sz)-S 1*€1
£} -Cl*Czt&‘_:t(-S6)*85v(-S4)*S3t€3-Cz*C1*E|

€ -Cl*Cz*Sgt(-S(,)*S5*C4~(-S3)'-02*S 1*€1
£1*C1*Co*En t(-Sg)*Ss-Cu(-S})-Sj *C1*E)

£ #C1#Co*E0%(~S6)*S5+C4xCasEx(=52)#S | 5E
€1%C #Co*E#(=56)*S5+C4+C3+E24CoC1+E | |

t11« [ £1#C1*CoxEox Cox(-85)*CqxC3xCoxs #E

€ #C1#C*E)#Cex(-85)*C4xC3x52#C*E |

[2,4,5,7,9,15,11,13,20,4,22]
[2,3,6,7,9,15,11,13,20,4,22]
[2,4,6,7,9,15,11,13,20,4,22]
[2,3,5,8,9,15,11,13,20,4,22]
[2,4,5,8,9,15,11,13,20,4,22]
[2,3,6,8,9,15,11,13,20,4,22]
[2,4,6,8,9,15,11,13,20,4,22]

[2,3,5,7,10,16,11,13,20,4,22]
[2,4,5,7,10,16,11,13,20,4,22]
[2,3,6,7,10,16,11,13,20,4,22]
[2,4,6,7,10,16,11,13,20,4,22]
[2,3,5,8,10,16,11,13,20,4,22]
[2,4,5,8,10,16,11,13,20,4,22]
[2,3,6,8,10,16,11,13,20,4,22]
[2,4,6,8,10,16,11,13,20,4,22]

[2,3,5,7,9,17,12,13,20,4,22]
[2,4,5,7,9,17,12,13,20,4,22]
[2,3,6,7,9,17,12,13,20,4,22]
[2,4,6,7,9,17,12,13,20,4,22]
[2,3,5,8,9,17,12,13,20,4,22]
[2,4,5,8,9,17,12,13,20,4,22]
[2,3,6,8,9,17,12,13,20,4,22]
[2,4,6,8,9,17,12,13,20,4,22]

[2,3,5,7,10,18,12,13,20,4,22]
[2,4,5,7,10,18,12,13,20,4,22]
[2,3,6,7,10,18,12,13,20,4,22]
[2,4,6,7,10,18,12,13,20,4,22]
[2,3,5,8,10,18,12,13,20,4,22]
[2,4,5,8,10,18,12,13,20,4,22]
[2,3,6,8,10,18,12,13,20,4,22]
[2,4,6,8,10,18,12,13,20,4,22] _

[2,3,5,7,9,15,11,14,20,4,22]
[2,4,5,7,9,15,11,14,20,4,22]
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£1#C1*Co*En ‘06‘('55)*0«4‘53‘82‘('32)‘5 1*€]
£1%C1#CoxEx+Cax(=85)*CqxS3xE2xCoaC#E
£1%Cy tC2-83tCét(-Ss)-S4-(-S3)~CztS 1*£]
€1 —CltCzth*Cs-(-Ss)-S4¢(-S3)-53-C1-81
£1#C1xCo+En#Cox(~85)*S4+C3xEx(=52)aS +E
E1*C*CoxEn *06:(-85)aS4:C3¢83 *C*+C1*E ]

t12 * [ €1xC1#Co#E02Cox(-85)*(~84)*C3xCaxs £

£1xCy -02#83tC(,:(-S5)t(-S4)¢C3~SQ*C1 *£)
E1*#C1*CoxEn -C6t(-85)-(-84)t53-82t(-Sg)-S 1*E]
€1#C1#CorE29Ce#(~85)*(~84)S3+E2%Co+C#E |
£1xCy tCz-83*C6-(-S5)*C4-(-S3)-Czt8 1*€1
€1#C|#CorE2xCox(~85)*Cqr(-53)*524C+E
€1#C1#Co*E2#Cox(=85)*CarCaxErn(-S2)aS €
€1#C1#Co+E2+Ce#(~85)*CarC39E20CxuC o€ |

to) * [ £1#C1*Co*E2#Ce*CsxCerC3#CoxS | +E |

E£1#C1*C*ExCxC5xChxC3xSHxC*E |

€1 #C*Co*En*CarCsxCqxS3#E*(=52)xS €|
E1%C1*C*xEx*C*C5xC4xS3xE*xCoxCxE |

€) tC]*Cztgg*C@*CS*S4*(-S3)¢C2:-S 1*€]
€1#C1#C+E2%CexCsxS4x(-83)*5+C|+E
£1%C1#Co+E0#C*CsxS4xC3xE (=57 )*S | +E
£13C1*Co*Ex#Cp*C#S84+C3#E25Co*C1+E ) |

t22 * [ €15C1#Co#E0#CexCax(-84)*C3xCoxS | +E

€ -CltCztE:*C(,*C5-(-S4)tC3-S3—C|-81

€ -Cl-Cz*?z*Cs*Cst(-S4)*S3tEj-(-S:)-S 1*£]
£1*Cy #CztgztC(,#C5~(-S4)*S3-83t02*01t&‘ ]

€] *C]*02*83-06*05*04*(-83)'02*8 %€

€] »C1*02*83~C6tC5-C4t(-S3)-Sg-CltSl

£ #C1*CorE2#CoxC5*CqrC3xErx(=52)xS +E
E£1#C1*Co*Ex*C*C5xChrC3*xExCoxC L | ] ]
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[2,3,6,7,9,15,11,14,20,4,22]
[2,4,6,7,9,15,11,14,20,4,22]
[2,3,5,8,9,15,11,14,20,4,22]
[2,4,5,8,9,15,11,14,20,4,22]
[2,3,6,8,9,15,11,14,20,4,22]
[2,4,6,8,9,15,11,14,20,4,22]

[2,3,5,7,10,16,11,14,20,4,22]
[2,4,5,7,10,16,11,14,20,4,22]
[2,3,6,7,10,16,11,14,20,4,22]
[2,4,6,7,10,16,11,14,20,4,22]
[2,3,5,8,10,16,11,14,20,4,22]
[2,4,5,8,10,16,11,14,20,4,22]
[2,3,6,8,10,16,11,14,20,4,22]
[2,4,6,8,10,16,11,14,20,4,22]

[2,3,5,7,9,17,12,14,20,4,22]
[2,4,5,7,9,17,12,14,20,4,22]
[2,3,6,7,9,17,12,14,20,4,22]
[2,4,6,7,9,17,12,14,20,4,22]
[2,3,5,8,9,17,12,14,20,4,22]
[2,4,5,8,9,17,12,14,20,4,22]
[2,3,6,8,9,17,12,14,20,4,22]
[2,4,6,8,9,17,12,14,20,4,22]

[2,3,5,7,10,18,12,14,20,4,22]
[2,4,5,7,10,18,12,14,20,4,22]
[2,3,6,7,10,18,12,14,20,4,22]
[2,4,6,7,10,18,12,14,20,4,22]
[2,3,5,8,10,18,12,14,20,4,22]
[2,4,5,8,10,18,12,14,20,4,22]
[2,3,6,8,10,18,12,14,20,4,22]

[2,4,6,8,10,18,12,14,20,4,22]
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Appendix B
MATLAB PROGRAMS.

Our Matlab programs compute the output intensity of the general gyroscope
described in Section 5 for three types of frequency distribution functions g; a Gaussian
function, a step function, and a tent function, using Equations 3.11, 3.12, and 3.15,

respectively. In order to compute the intensity given by any one of these three equations
we need the four arrays of coefficients Cj (i, j = 1,2) and the sets of phase indices A, (s)

to compute all the phase shifts f,(s) foralli j=1,2and 1 <s5<256.

The four arrays of coefficients C; (ij = 1,2) are provided by the four functions
Coefl1_arr, Coefl2_arr, Coef21_arr, and Coef22_arr. We show part of the function
Coefl1_arr to illustrate it's structure. The complete lists of coefficients for 71y, Ti2, T3y,

and 75, can be found in Appendix 1.

function Coefl1 = Coefl1_arr(sl,s2,s3,s4,s5,86,c1,c2,c3,c4,c5,c6,el,e2,t)
% Array of coefficients for T11.

t11=t(1);
t12=t(2);
21=t(3);
122=t(4);

Coefl1 =(1/4) * [

t11* [ cl®c2*c6"c5%c4%c3%*c2%1
cl*c2*c6*cS5*cd*c3*s2*(-sl)
cl*c2*c6*c5*ca*s3*e2*(-s2)*cl
cl*c2*c6*c5*c4*s3*e2*c2*(-s1)
cl*c2*c6*c5*s4*(-s3)*c2*cl
cl*c2*c6*c5*s4*(-s3)*s2*(-s1)
cl*c2*c6*cS5*s4*c3*e2*(-s2)*cl
cl*c2*c6*c5*s4*c3*e2*c2*(-sl) ]
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t12* [ cl*c2*c6™c5%(=s4)*c3%c2*¢cl
cl*c2*c6*cS5*(-s4)*c3*s2*(-s1)
cl*c2*c6*c5*(-s4)*s3*e2*(-s2)*cl
cl*c2*c6*c5%(-s4)*s3*e2*c2*(-s1)

121 * [ (-s1)*c2*e2*c6%c5*c4*c3*c2%cl
(-s1)*c2*e2*c6*cS*ca*c3*s2*(-s1)
(-s1)*c2*e2*c6*c5*c4*s3*e2*(-s2)*cl
(-s1)*c2*e2*c6*c5*c4*s3*e2*c2*(-s1)
(-s1)*c2*e2*c6*cS5*s4*(-s3)*c2*cl
(-s1)*c2*e2*c6*c5*s4*(-s3)*s2*(-s1)
(-sl)*c2*e2*c6*c5*s4*c3*e2*(-s2)*cl
(-s1)*c2*e2*c6*cS5*s4*c3*e2*c2*(-sl) ]

t22 * [ (-sl)*c2*e2*c6*cS5*(-s4)*c3*c2*cl
(-s1)*c2*e2*c6*c5*(-s4)*c3*s2*(-s1)
(-sl)*c2*e2*c6*c5*(-s4)*s3*e2*(-s2)*cl
(-sl)*c2*e2*c6*cS5*(-s4)*s3*e2*c2*(-s1)
(-sl1)*c2*e2*c6*cS*ca*(-s3)*c2*cl
(-sl)*c2*e2*c6*cS5*ca*(-s3)*s2*(-s1)
(-s1)*c2*e2*c6*c5*cd*c3*e2*(-s2)*cl
(-sl)*c2*e2*c6*c5*c4*c3*e2*c2*(-sl) ] ];

The inputs to Coefl1_arr are sl, 52, 53, s4, 55, 56, cl, c2, ¢3, ¢4, c5, ¢6, el, e2, t11,
t12, 121, and t22, where

sl =sin(a(l)), cl = cos(a(1)),

s2 =sin(a(2)), c2 = cos(a(2)),
s3=sin(4] +a(3)), c3=cos(Al+a(3)),
s4=sin(5+b(1)), c4=cos(%+b(l)),
sS=sin(§+b(2)), c5=cos(%+b(2)),

56 =sin(42 + a(4)), c6=cos(42+ a(4)),

A1 =0°0r90° 42 =0° or 90°, and a(1), a(2), a(3), a(4), b(1), b(2) are arbitrary angles.
The two polarization extinction ratios are e/ = ¢, and e2 = &, . The magnitudes of the

entries of the coil's 2x2 complex matrix are ¢/, t12, 21, and ¢22.

The sets of phase indices A, (s) (1 <s < 256) for a particular index pair (i, /) have

been arranged in an 11Xx256 array Lij. In our Matlab programs these four arrays are
produced by four functions called Ph_arrCol1, Ph_arrCo12, Ph_arrCo21,
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Ph_arrCo22. We show part of the function Ph_arrColl1 to illustrate it's structure. The

complete lists of phase indices for Ty, T2, T21, and T2, can be found in Appendix 1.

function L11=Ph_arrColl

Lif=]

[1,3,5,7,9,15,11,13,19,3,21]
[1,4,5,7,9,15,11,13,19,3,21]
[1,3,6,7,9,15,11,13,19,3,21]
[1,4,6,7,9,15,11,13,19,3,21]
[1,3,5,8,9,15,11,13,19,3,21]
[1,4,5,89,15,11,13,19,3,21]
[1,3,6,8,9,15,11,13,19,3,21]
(1,4,6,8,9,15,11,13,19,3,21]

[1,3,5,7,10,16,11,13,19,3,21]
[1,4,5,7,10,16,11,13,19,3,21]
[1,3,6,7,10,16,11,13,19,3,21]
[1,4,6,7,10,16,11,13,19,3,21]
[1,3,5,8,10,16,11,13,19,3,21]

[1,3,5,7,9,17,12,14,20,4,21]
[1,4,5,7,9,17,12,14,20,4,21]
[1,3,6,7,9,17,12,14,20,4,21]
[1,4,6,7,9,17,12,14,20,4,21]
[1,3,5,8,9,17,12,14,20,4,21]
(1,4,5,8,9,17,12,14,20,4,21]
[1,3,6,8,9,17,12,14,20,4,21]
[1,4,6,8,9,17,12,14,20,4,21]

[1,3,5,7,10,18,12,14,20,4,21]
[1,4,5,7,10,18,12,14,20,4,21]
[1,3,6,7,10,18,12,14,20,4,21]
[1,4,6,7,10,18,12,14,20,4,21]
[1,3,5,8,10,18,12,14,20,4,21]
[1,4,5,8,10,18,12,14,20,4,21]
[1,3,6,8,10,18,12,14,20,4,21]

[1,4,6,8,10,18,12,14,20,4,21] ];

For example, L/1(2, :)=[1,4,5,7,9,15,11,13,19,3,21] and L/ I(s,) contains the eleven

indices needed to define the phase shifts

reLll(s,:)

Buw=w, Y ¢ (1<s5<256).
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These summations are implemented in Matlab as follows. We define a 22-column
vector called phase = [ w¢, W@, @@, ... ®p,, ] that contains all the phase shifts involved

in the clockwise path of the gyro: ¢, =0 for r odd, @, =(n, —n,_,)l, /c for r even, r = 1,

2,3,..14,and r =19, 20, 21, 22. The four taus, 11, T12, T21, and T, representing the coil
phase shifts receive the indices 15, 16, 17, and 18, respectively; thatis @, = T11, ¢,= Ti2,

#,=T21, and @, =T. The values of all 256 B,(s) (1 <s < 256) are contained in a 256-

row vector called Bij (i, j = 1, 2). In order to speed up the program we use the
vector/matrix operations available in Matlab. To evaluate the sums in Equation A1 for all

s simultaneously we form the matrix
Phase_M = phase*ones(1, 256)

which is a 22X256 matrix whose columns are all equal to the 22-column vector phase.
Then we call the function Ph_arrCoij and let

Lij =Ph_arrCoij '

so that Lij is an 11x256 array whose columns contain the indices A;(s) (1 <s < 256).

The statement
Phase M(Lij)

produces an 11x256 array whose s-th column contains the phases ¢, for re A, (s),1<s

< 256. Next, the statement
Bij = sum(Phase_M(Lij))

sums the elements of the columns of Phase M(Lij) to produce the 256-row vector Bij
containing the values of £, (s) defined by Equation Al.

Next, we describe the function StepIntens where the above statements appear. This
function computes the output intensity of the gyroscope for several values of the lengths
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[, and /, when g is a step function. The inputs to StepIntens are Del, /, e, a, b, t, tau,
phi, input, wl, N, and M.

The differences (deltas) in the index of refraction of the two polarization modes of the
PM fibers and IOCs are contained in the 7-vector Del ; Del(i) = ny; - nyiy fori =1, 2, 3, ...
5 By

The 9-vector / contains the lengths of the PM fibers and the path lengths of the IOCs.
The value of /, varies from 0 to /(4) meters with increments of /(4)/(N-1), where the input
N is the number of values for /,. The value of /, varies from 0 to /(7) meters with
increments of /(7)/(M-1), where the input M is the number of values for /,. The output of

StepIntens is an NXM array containing the output intensities for the different values of
l, and /,.

The 2-vector e contains the two polarization extinction ratios £ and &,. The 4-vector
a contains the four miss-alignment angles @,, @,, &;, and @, in radians. The 2-vector b

contains the miss-alignment angles f,, f, in radians. The 4-vector ¢ has the magnitudes

of the entries of the coil matrix 7 =[#;, #)2 #,1 t22], the 4-vector tau has the four phase shifts
due to the coil; tau = [1,,, 7,,, 7,,, T,,]. The input phi is the Sagnac phase, the input
input is a 2-column unit vector defining the polarization strengths of the two orthogonal
components of the electromagnetic field input, w/ is the half width of the step function g
and the integers N and M define the size of the output Nx M matrix I.

With these inputs, the function StepIntens defines the 22-vector phase described
earlier, it computes the six cosines and sines of the six rotations: c/, c2, c3, ¢4, c¢5, c6,
and s, s2, s3, 54, s5, c6, calls the four functions Coefij_arr (ij = 11, 12, 21, 22) and the
four functions Ph_arrCoij (ij = 11, 12, 21, 22) described above, and computes the
coefficients 2|al|2(1+cos¢) ’ 2|a2|2(1+c0s¢), 2cosg, and 2ja,a,|(1+cosg) involved in

Equation 3.10, where we have assumed that the phase @ =0 (e.g. a, and a, real).

Next, there is a double loop where the output intensity is computed for the various
values of the lengths /, and /,. In this loop, the four 256-row vectors B11, B12, B21,
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B22, are computed as described earlier. The differences [B;(s)-f,,(p)]®, are

computed for all s and p and stored in the 256256 matrix Bij uv with the statement
Bij_uv = Bij'* ones(1,256) — ones(256,1) * Buv,

so that Bij_uv (s, p) = Bij (s) = Buv (p) = [ B,(s)- B,,(p) 1@,

The sums
e sin[ B, (s) - B,.(p)]le,
C,(s)C . A2
2, 2,6/6)Ca(p) [B,(5)- B (D)l i

are computed by a call to the function StpSuvij described next. These results are added
up according to Equation 3.12 to give the output intensity when g is a step function.

The function StpSuvij computes the Sums A2. The inputs to this function are two
arrays of coefficients Cij and Cuv and a 256x256 array of differences Bij uv. The first
step is to find the indices (s, p) such that

[8;(9)-B.(p) @ =0, (A3)

sin[ £, (s) - B,.(p)le,
[B;(s)- B..(p)le,

since for these indices =1. This is accomplished with the first

statement
[x, y] = find(Bij_uv==0).

These indices are used in a loop to add the products C,(s)C,,(p) for all (s, p) such that
Equation A3 hold. The statement

[i, j] = find(Bij_uv);
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gives all indices (s, p) for which Equation A3 does not hold. A second loop uses these

sin[;(s) — B.(P)ley
[B,(5) - B..(P)le,

indices to add the products C;(s)C,,(p) to the previous sum.

The function SagnacBias computes the error in the Sagnac phase shift due to
imperfect polarizers. It has two integer inputs N and M which have been described earlier.

This function simply defines values for the inputs to the function StepIntens in order to
compute I,(-7/2) then defines values for the inputs to the function StepIntens to

compute 7, (—z/2) and computes the Sagnac phase shift error ¢, given by Equation
3.13. It then plots the error for the various values of /, and /,.

When the frequency distribution function g is a triangular function we use the Matlab
function PL_Intens instead of StepIntens. The function PL_Intens is identical to

StepIntens except that it calls the function PL_Suvij to compute the sums in Equation
3.18. Also, the phases in PL_Intens do not include the factor w/ like they do in
StepIntens. Thus, Bij uv (s, p) = Bij (s) — Buv (p) = ﬂ,.j (s)-B..(p),and wBij uv (s, p)=

wil*Bij_uv (s, p)=[B,(s)- B.(p) @ .

When the frequency distribution function g is a Gaussian function we use the Matlab
function Gauslntens instead of StepIntems. Again, this function is identical to
StepIntens except that the computation of the sums in Equation 3.14 are taken care of by
Gauslntens with statements of the form

sum( sum( Cijuv.*exp(-(Bij™*ones(1,256)-ones(256,1)*Buv)."2) ) ).
The phases in GausIntens do not include the factor wi, instead they include the factor

(sigmalsqrt(8)). Thus, Bij_uv (s, p) = Bij (s) — Buv (p) =(sigma/sqrt(8))*[ B;(s) - B,,(p) ]

as required in Equation 3.14.
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PROGRAM LISTINGS

function [Err,Bias,],Io] = SagnacBias(N,M)

%N=10;
%M=10;

% Del=[vector of length 7; index of refraction differences; "Deltas"]; Del 1 =(n_2-n_1).
% l=[wavegide lenghts 1-7]=ones(1,7);

% e=[polarization extinction epsilons 1-2]=0.01*[1 1];

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1];

% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1];

% t=magnitud of entries in the coil matrix, t=[1 11 1];

% tau=[phase shifts due to coil, 1-4]=[1 11 1];

% phi=Sagnac phase

% input = a unit 2-column vector=[cos sin]';

z=9; % meters. 12m, 15m.

%Del=.00065*[0 1 .084/.000651 1 1 1];
Del=.00065*[0 1 .005/.00065 1 1 1 1];

%I1=[.05 0 .05 15 2*z z 15]; % meters

1=[0 .2 .035 6 2*z z 6]; % meters; 1(4) and 1(7) will vary from -1(4) to 1(4) and -1(7) to
% 1(7), respectively.

e=[1.001];

a=[.178 -.032 .032 -.032]; % radians

b=[.032 -.032]; % radians

t=1/sqrt(2)*[1 1 -1 1];

tau=1*[1111];

phi=-pi/4;;

input=(1/sqrt(2))*[1 1]';

%input=[1 0]';

%sigma=1.67e+13; % 1/sec

sigma=1.654e+13; % 1/sec lambda_o=1.3e-6 meters, sigma_lambda=15e-9 meters

w1=2*sigma;

%w1=2*sigma/10;

increm_i=1/(N-1);

increm_j=1/(M-1);

i=[1:N];

=[1:M];

y=l(4)*(i-1)*increm _i; % 0<=r<=1.
x=1(7)*(-1)*increm j; % 0 <=s<=1.

tic
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I=GausIntens(Del,l,e,a,b,t,tau,phi,input,w1,sigma,N,M);
% [=Steplntens(Del,l,e,a,b.t,tau,phi,input,w1,N,M);
% I=PL_Intens(Del,l,e,a,b,t,tau,phi,input,w1,N,M);

e=[10];
a=[0 0.032 -.032];
b=[.032 -.032]; % radians;

Io=GauslIntens(Del,l,e,a,b,t,tau,phi,input,w1,sigma,N,M);
% lo=StepIntens(Del,l,e,a,b,t,tau,phi,input,w1,N,M);
% Io=PL_Intens(Del,l,e,a,b,t,tau,phi,input,w1,N,M);

%save SagnacBias 10 15 31Io; % lo_Step has epsilon1=1 and epsilon2=0.
% Positive quadrant. w1=*/100, 50x50, (100x100=65.22 hours).
%save SagnacBias 10 23 3 I Io; % Positive quadrant. w1=*/100, 100x100, (50x50=16.4
hours).
toc

Err=I-lo;
Bias=asin(Err./Io);

figure(1);

imagesc(x,y,l); axis image;
figure(2);

imagesc(x,y,lo); axis image;
figure(3);

imagesc(x,y,Err); axis image;
figure(4);

imagesc(x,y,Bias); axis image;

function I = GausIntens(Del,l,e,a,b,t,tau,phi,input,w1,sigma,N,M)
% This is for Gaussian Function g.

% N=60;

% M=60;

% Del=[vector of length 7; index of refraction differences; "Deltas"];
%e.g.Del 1=(n_2-n_1).

% I=[wavegide lenghts 1-9]=ones(1,9);

% e=[polarization extinction epsilons 1-2]=0.01*[1 1];

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1];
% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1];

% t=magnitud of entries in the coil matrix, t=[1 1 1 1];

% tau=[phase shifts due to coil T, 1-4]=[1 11 1];

% phi=Sagnac phase

% input = a 2-column vector=[1 1]’;
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c=3.e+8; Yom/sec
input=input/sqrt(input(1)*2+input(2)*2);

phase=zeros(22,1);
for i=1:7

phase(2*1)=Del(i)*1(i)/c;
end
phase(15)=tau(1)/( sigma/sqrt(8) );
phase(16)=tau(2)/( sigma/sqrt(8) );
phase(17)=tau(3)/( sigma/sqrt(8) );
phase(18)=tau(4)/( sigma/sqrt(8) );

phase(19)=phase(5); % 0
phase(20)=phase(6); % Del(3)*1(8)/c;
phase(21)=phase(1); % 0
phase(22)=phase(2); % Del(1)*1(9)/c;

phase=( sigma/sqrt(8) )*phase; % (sigma/sqrt(8))*phase is only for Gaussian g.
% Phases 8 and 14 will vary.

A1=0; % or pi/2 ( 0 or 90 degrees).

A2=0; % or pi/2 ( 0 or 90 degrees).

cl=cos(a(1));
sl=sin(a(1));

c2=cos(a(2));
s2=sin(a(2));

c3=cos(Al+a(3));
s3=sin(A1+a(3));

c4=cos(pi/4+b(1));
s4=sin(pi/4+b(1));

cS5=cos(pi/4+b(2));
s5=sin(pi/4+b(2));

c6=cos(A2+a(4));
s6=sin(A2+a(4));

C11=Coefl1_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C12=Coef12_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C21=Coef21_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C22=Coef22_arr(sl,s2,s3,s4,s5,56,c1,c2,c3,c4,c5,c6,e(1),e(2),t);

C1111=C11*Cl11};
C2222=C22*C22,
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C1212=C12*C12";
C2121=C21*C21};
Cl1221=C12*C21";
C1112=C11*C12";
Cl121=Cl11*C21";
C2122=C21*C22",
C2212=C22*C12";

L11=Ph_arrCol1’;
L12=Ph_arrCo12';
L21=Ph_arrCo21";
L22=Ph_arrCo22',

Err=zeros(N,M);
Rel_Ermr=Err;
=FErr;

alal=input(1)"2;

a2a2=input(2)"2;

cosphi2=2*cos(phi);

cosphi_2=2+2*cos(phi);
alalcosphi_2=alal*cosphi_2;
a2a2cosphi_2=a2a2*cosphi_2;
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2;

increm_i=1/(N-1);
increm_j=1/(M-1);

for i=1:N
for j=1:M
r=(i-1)*increm_i; % 0<=r<=1.
s=(j-1)*increm_j; % 0<=s<=1.

phase(8)=( ( sigma/sqrt(8) )/c )*1(4)*Del(4)*(2*r-1); % To go from -1(4) to 1(4).
phase(14)=( ( sigma/sqrt(8) )/c )*I(7)*Del(7)*(2*s-1); % To go from -1(7) to 1(7).

%phase(8)= ( ( sigma/sqrt(8) )/c )*(1(4)/2)*Del(4)*(1+r); % To go from 1(4)/2 to 1(4).
%phase(14)= ( ( sigma/sqrt(8) )/c )*(1(7)/2)*Del(7)*(1+s); % To go from 1(7)/2 to I(7).

Phase_M=phase*ones(1,256);
B11=sum(Phase M(L11));
B12=sum(Phase_M(L12));
B21=sum(Phase_M(L21));
B22=sum(Phase_M(L22));

Pl=alalcosphi_2*...
sum(sum(C1111.*exp(-(B11"™ones(1,256)-ones(256,1)*B11).72)));
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P2=a2a2cosphi_2*...
sum(sum(C2222.*exp(-(B22"*ones(1,256)-ones(256,1)*B22).72)));
P3=sum(sum(C1212.*exp(-(B12"*ones(1,256)-ones(256,1)*B12).72)));
P4=sum(sum(C2121.*exp(-(B21"*ones(1,256)-ones(256,1)*B21)./2)));
P5=cosphi2*...
sum(sum(C1221.*exp(-(B12"*ones(1,256)-ones(256,1)*B21).72)));
P6=ala2cosphi_2*...
sum(sum(C1112.*exp(-(B11'*ones(1,256)-ones(256,1)*B12).72)));
P7=ala2cosphi_2*...
sum(sum(C1121.*exp(-(B11"*ones(1,256)-ones(256,1)*B21).72)));
P8=ala2cosphi_2*...
sum(sum(C2122.*exp(-(B21'*ones(1,256)-ones(256,1)*B22).72)));
P9=ala2cosphi_2*...
sum(sum(C2212.*exp(-(B22"*ones(1,256)-ones(256,1)*B12)./2)));

I(i,j)=P1+P2+P3+P4+P5+P6+P7+P8+P9;

end
end

I=( sqrt(2*pi)/sigma )*I;

function I = StepIntens(Del,l,e,a,b.t,tau,phi,input,w1,N,M)

% This is for a Step Function g.

% N=60;

% M=60;

% Del=[vector of length 7; index of refraction differences; "Deltas"];
%e.g.Del_ 1=(n_2-n_1).

% l=[wavegide lenghts 1-9]=ones(1,9);

% e=[polarization extinction epsilons 1 and 2]=0.001*[1 1];

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1];
% t=magnitud of entries in the coil matrix, t=[1 1 1 1];

% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1];

% tau=[phase shifts due to coil, 1-4]=[1 11 1];

% phi=Sagnac phase

% input = a 2-column unit vector=[cos sin]';

c=3.et8; % m/sec
input=input/sqrt(input(1)"2-+input(2)"2);

phase=zeros(22,1);
for i=1:7
phase(2*i)=( wl/c )*Del(i)*1(i); % w1*phase is only for Step Function g.
end
phase(15)=tau(1);
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phase(16)=tau(2);
phase(17)=tau(3);
phase(18)=tau(4);

phase(19)=phase(5); % 0
phase(20)=phase(6); % ( wl/c )*Del(3)*1(8);
phase(21)=phase(1); % 0
phase(22)=phase(2); % ( wl/c )*Del(1)*1(9);

% phases 8 and 14 will vary.

A1=0; % or pi/2 ( 0 or 90 degrees).
A2=0; % or pi/2 ( 0 or 90 degrees).

cl=cos(a(1));
sl=sin(a(1));

c2=cos(a(2));
s2=sin(a(2));

c3=cos(Al+a(3));
s3=sin(Al1+a(3));

c4=cos(pi/4+b(1));

s4=sin(pi/4+b(1));

c5=cos(pi/4+b(2));
sS=sin(pi/4+b(2));

cb6=cos(A2+a(4));
s6=sin(A2+a(4));

C11=Coefl1_arr(sl,s2,s3,54,55,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C12=Coef12_arr(s1,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C21=Coef21_arr(sl,s2,s3,s4,s5,s6,cl,c2,c3,c4,c5,c6,e(1),e(2).t);
C22=Coef22 arr(sl,s2,s3,s4,s5,s6,cl,c2,c3,c4,c5,c6,e(1),e(2),t);

C1111=C11*C11";
C2222=C22*C22',
C1212=C12*C12};
C2121=C21*C21";
C1221=C12*C21};
C1112=C11*C12};
Cl121=C11*C21";
C2122=C21*C22",
C2212=C22*C12};

L11=Ph_arrCol1’;
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L12=Ph_arrCol2";
L21=Ph_arrCo21';
L22=Ph_arrCo22',

Err=zeros(N,M);
Rel Err=Err;
I=Err;

alal=input(1)"2;

a2a2=input(2)"2;

cosphi2=2*cos(phi);

cosphi_2=2+2*cos(phi);
alalcosphi_2=alal*cosphi_2;
a2a2cosphi_2=a2a2*cosphi_2;
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2;

increm_i=1/(N-1);
increm_j=1/(M-1);

for i=1:N
for j=1:M
r=(i-1)*increm_i; % 0<=r<=1.
s=(j-1)*increm_j; % 0<=s<=1.

%phase(8)=w1*1(4)*(2*r-1)*Del(4)/c; % To go from -1(4) to 1(4).
%phase(14)=w1*1(7)*(2*s-1)*Del(7)/c; % To go from -1(7) to 1(7).

%phase(8)=w1*1(4)*(r-1)*Del(4)/c; % To go from -1(4) to 0.
%phase(14)=w1*1(7)*(s-1)*Del(7)/c; % To go from -1(7) to 0.

phase(8)=(w1/c)*Del(4)*1(4)*r; % To go from 0 to 1(4).
phase(14)=(w1/c)*Del(7)*1(7)*s; % To go from 0 to 1(7).

%phase(8)= (1(4)/2)*(1+r)*Del(4)/c; % To go from 1(4)/2 to 1(4).
%phase(14)= (1(7)/2)*(1+s)*Del(7)/c; % To go from 1(7)/2 to 1(7).

Phase M=phase*ones(1,256);
B11=sum(Phase M(L11));
B12=sum(Phase_M(L12));
B21=sum(Phase_M(L21));
B22=sum(Phase M(L22));
%BA=sum(Phase_M(LA));

B11_11=B11"%ones(1,256)-ones(256,1)*B11;
Pl=alalcosphi_2*StpSuvij(C1111,B11_11);

B22 22=B22"ones(1,256)-ones(256,1)*B22;
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P2=a2a2cosphi_2*StpSuvij(C2222,B22_22);

B12_12=B12"*ones(1,256)-ones(256,1)*B12;
P3=StpSuvij(C1212,B12_12);

B21_21=B21"*ones(1,256)-ones(256,1)*B21;
P4=StpSuvij(C2121,B21 21);

B12_21=B12"*ones(1,256)-ones(256,1)*B21;
P5=cosphi2*StpSuvij(C1221,B12_21);

B11_12=B11"ones(1,256)-ones(256,1)*B12;
P6=ala2cosphi_2*StpSuvij(C1112,B11_12);

B11 _21=B11"ones(1,256)-ones(256,1)*B21;
P7=ala2cosphi_2*StpSuvij(C1121,B11_21);

B21_22=B21"*ones(1,256)-ones(256,1)*B22;
P8=ala2cosphi_2*StpSuvij(C2122,B21 22);

B22_12=B22"ones(1,256)-ones(256,1)*B12;
P9=ala2cosphi_2*StpSuvij(C2212,B22 12);

%sum(sum(Cij*Cuv'.*exp(-(Bij*ones(1,256)-ones(256,1)*Buv’).”2)));
I(ij)=P1+P2+P3+P4+P5+P6+P7+P8+P9;

end
end

I=(p1/(2*w1))*I;

function SS = StpSuvij(Cijuv,Buv_ij)
% Buv_ij may be Buv-Bij or Buv+Bij. Buv_ij has been multiplied by w1 already.
SS=0;
[x,y]=find(Buv_ij = 0);
for s=1:size(x)
SS=SS+Cijuv(x(s),y(s));
end

[ij]=find(Buv_ij);

for s=1:size(i)
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SS=SS+Cijuv(i(s),j(s))*( sin( Buv_ij(i(s),j(s))) / Buv_ij(i(s),j(s)) );
end

function I=PL_Intens(Del,l,e,a,b,t,tau,phi,input,w1,N,M)
% This is for Triangular Function g.

%N=60;
%M=60;

% Del=[vector of length 7; index of refraction differences; "Deltas"];
%e.g Del 1=(n_2-n_1).

% l=[wavegide lenghts 1-9]=ones(1,9);

% e=[polarization extinction epsilons 1-2]=0.01*[1 1];

% a=[coupling misalignment small angles 1-4]=(pi/100)*[1 1 1 1];
% b=[coupling misalignment small angles 1-2]=(pi/100)*[1 1];

% t=magnitud of entries in the coil matrix, t=[1 11 1];

% tau=[phase shifts due to coil T, 1-4]=[1 11 1];

% phi=Sagnac phase

% input = a 2-column vector=[1 1]';

c=3.e+8; %om/sec
input=input/sqrt(input(1)"2+input(2)"2);

phase=zeros(22,1);
for i=1:7
phase(2*1)=Del(i)*1(1)/c;
end
phase(15)=tau(1)/wl; % tau/w1 is only for PL function g.
phase(16)=tau(2)/wl;
phase(17)=tau(3)/wl;
phase(18)=tau(4)/wl;

phase(19)=phase(5); % 0
phase(20)=phase(6); % Del(3)*1(8)/c;
phase(21)=phase(1); % 0
phase(22)=phase(2); % Del(1)*1(9)/c;

% phases 8 and 14 will vary.

A1=0; % or pi/2 ( 0 or 90 degrees).
A2=0; % or pi/2 ( 0 or 90 degrees).

cl=cos(a(1));
sl=sin(a(1));

c2=cos(a(2));
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s2=sin(a(2));

c3=cos(Al+a(3));
s3=sin(Al+a(3));

cd=cos(pi/4+b(1));
s4=sin(pi/4+b(1));

cS5=cos(pi/4+b(2));
s5=sin(p1/4+b(2));

c6=cos(A2+a(4));
s6=sin(A2+a(4));

C11=Coefl1_arr(sl,s2,s3,s4,s5,s6,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C12=Coef12_arr(sl,s2,s3,s4,s5,56,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C21=Coef21_arr(sl,s2,s3,s4,s5,56,c1,c2,c3,c4,c5,c6,e(1),e(2),t);
C22=Coef22 arr(sl,s2,s3,s4,s5,56,c1,c2,c3,c4,c5,c6,e(1),e(2),t);

C1111=C11*C11";
C2222=C22*C22";
C1212=C12*C12";
C2121=C21*C21";
C1221=C12*C21";
C1112=C11*C12';
Cl1121=C11*C21};
C2122=C21*C22';
C2212=C22*C12',

L11=Ph_arrCol1’;
L12=Ph_arrCol2';
L21=Ph_arrCo21';
L22=Ph_arrCo22";

Err=zeros(N,M);
Rel Err=Err;
I=Err;

alal=input(1)"2;

a2a2=input(2)"2;

cosphi2=2*cos(phi);

cosphi_2=2+2*cos(phi);
alalcosphi_2=alal*cosphi_2;
a2a2cosphi_2=a2a2*cosphi_2;
ala2cosphi_2=abs(input(1)*input(2))*cosphi_2;

increm_i=1/(N-1);
increm_j=1/(M-1);
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for i=1:N
for j=1:M
r=(i-1)*increm_i; % 0<=r<=1.
s=(j-1)*increm j; % 0<=s<=1.

phase(8)=1(4)*(2*r-1)*Del(4)/c; % To go from -1(4) to 1(4).
phase(14)=1(7)*(2*s-1)*Del(7)/c; % To go from -1(7) to 1(7).

Y%phase(8)= (1(4)/2)*(1+r)*Del(4)/c; % To go from 1(4)/2 to 1(4).
%phase(14)= (1(7)/2)*(1+s)*Del(7)/c; % To go from 1(7)/2 to 1(7).

Phase M=phase*ones(1,256);

B11=sum(Phase M(L11));
B12=sum(Phase_M(L12));
B21=sum(Phase_M(L21));
B22=sum(Phase_M(L22));

B11_11=B11"ones(1,256)-ones(256,1)*B11;
wB11 11=w1*BI11_11;
Pl=alalcosphi_2*PL_Suvij(wl,C1111,B11_11,wB11_11);

B22_22=B22"ones(1,256)-ones(256,1)*B22;
wB22_22=w1*B22_22;
P2=a2a2cosphi_2*PL_Suvij(w1,C2222,B22 22,wB22_22);

B12_12=B12"*ones(1,256)-ones(256,1)*B12;
wBI12_12=w1*B12_12;
P3=PL_Suvij(wl,C1212,B12_12,wB12_12);

B21_21=B21"ones(1,256)-ones(256,1)*B21;
wB21_21=w1*B21_21;
P4=PL_Suvij(w1,C2121,B21_21,wB21_21);

B12_21=B12"*ones(1,256)-ones(256,1)*B21;
wB12_21=w1*B12_2I;
PS=cosphi2*PL_Suvij(w1,C1221,B12_21,wB12_21);

B11_12=B11'™ones(1,256)-ones(256,1)*B12;
wB11_12=w1*Bl11_12;
P6=ala2cosphi_2*PL_Suvij(wl,C1112,B11_12,wB11_12);
B11_21=B11"™ones(1,256)-ones(256,1)*B21;
wB11_21=wl*B11_21;
P7=ala2cosphi_2*PL_Suvij(w1,C1121,B11_21,wB11_21);

B21 22=B21'™ones(1,256)-ones(256,1)*B22;
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wB21 22=w1*B21 _22;
P8=ala2cosphi_2*PL_Suvij(w1,C2122,B21 22,wB21_22);

B22_12=B22"*ones(1,256)-ones(256,1)*B12;
wB22_12=w1*B22_12;
P9=ala2cosphi_2*PL_Suvij(w1,C2212,B22 12,wB22_12);
I(i,j)=P1+P2+P3+P4+P5+P6+P7+P8+P9;

end
end

I=2%pi* /w172

function SS = PL_Suvij(w1,Cijuv,Buv_ij,wBuv_ij)

wl_x23=2%(wl1/3);
wl_4=4/wl;
SS=0;

[x,y]=find(Buv_ij = 0);

for s=1:size(x)
SS=SS+wl_x23*Cijuv(x(s),y(s));
end

[1,j]=find(Buv_ij);

for s=1:size(i)
SS=SS+w1_4*(Cijuv(i(s),j(s))/Buv_ij(i(s)j(s))"2)*...
. (1-sin(wBuv_ij(i(s).j(s)))/(wBuv_ij(i(s),j(s))));

en
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