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Diffuse Like and Cross-Polarized Fields
Scattered from Irregular Layered
Structures—Full-Wave Analysis

Ezekiel Bahar Fellow, IEEE and Yuzhi Zhang

Abstract—The full-wave solution for scattering from two- i
dimensional (2-D) irregular layered structures is expressed as a [
sum of radiation fields, the lateral waves, and the surface waves.
lateral waves and surface waves are ignored since excitations of
. . . . f
plane waves are considered and the observation points are in "% T / N
(K
wave generalized telegraphists’ equations for irregular layered '\
structures are proportional to the derivatives of the surface Ho B &
—i\
to solve the generalized telegraphists’ equations, the diffusely Kag \/‘//Efd
scattered fields from irregular layered structures are expressed hi
In this paper, the like and cross-polarized diffuse scattered fields Y scattering element
are derived for three medium irregular structures with 2-D rough X — g
between the two interfaces is arbitrary, however, in this work it Fig. 1. Jllustration of uniform coating model.
is assumed to be constant. Thus, in this case, both interfaces are
the full-wave results. A physical interpretation is given to the five medium zero and medium one is
different scattering mechanisms that contribute to the diffusely
analytical models of propagation across irregular stratified media hot, lzs| >
such as ice or snow covered terrain, remote sensing of coated

Only the radiation far fields are considered in this work. The x5 Mo o

the far fields. The scattering coefficients appearing in the full- P 3

heights at each interface. Using a first-order iterative procedure

as a sum of first-order fields scattered at each rough interface. Hz &
interfaces. The thickness of the coating material or thin film Z

rough and there are five different scattering processes identified in

scattered fields. This work can be used to provide realistic hots(zs, 7,) = {hsl(xsaz,q)’ lzs| <1, |2s] < L (1a)
rough surfaces, or the detection of buried objects in the presence where the mean value dfp1; is (ho1s) = ho1. The lower

of signal clutter from the rough interfaces. interfacey = hias(z5, 25) between medium one and medium
Index Terms— Electromagnetic scattering, nonhomogeneous tW0 has exactly the same dependencezgnand =, as the
media. upper interface except thdbizs) = hio.
_ h82($8725)7 |xs I PR
. INTRODUCTION Fas(2s,25) = {hm, ool > Lz > L P

T HE diffusely scattered electromagnetic fields for the tW@ne thickness of the coating layéf;, is constant, thus
irregular structures have been investigated previously. In

one, the upper interface is flat and the lower interface is rough Hp = hois(2s,2s) — h12s(2s, 25) = hor — h12.  (1€)

[1]-[4]. In the other, the upper interface is rough and the lower
interface is flat [5]. The unit vector normal to the large scale rough interface

In this work, the model of the irregular structure consideret&e'["v,'s’en medium zero and one and between medium one and

consists of two random rough (upper and lower) interface o 1S

The thickness of the coating material (film) between the two 7 —hyGy + Gy — h.a,

random rough interfaces is assumed to be constant, however, V1+hZ+ A2

when this is not the case, proced_ures presented to the earlier = siny cos 8, + cos Y, 4 sin -y sin 6. (2a)

work can be followed. This model is referred to as the “coated

rough-surface model.” The physical mechanism for scatterimgiere

from coated rough surfaces is schematically illustrated in dhs  dhao dhs  dhaeo

Fig. 1. The upper interface foy = hois(zs,2s) between he=——=——=, he=——=— (2b)
g. pp 0y = hos(Zs,2 dx dx dzs dzs
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Fig. 2. Scattering upon reflection in medium zero above the upper interface.

emm scattering element

Il. DIFFUSE SCATTERED FIELDS Fig. 3. Scattering upon transmission (across upper interface) from medium
one to medium zero.
FROM COATED ROUGH SURFACES

It is shown in Appendix A that on solving the generalized

telegraphists’ equations, the diffuse first order scattered fiel?f%gQ (5b), shown at the Pgottom of the page, where
can be expressed as the sum F.5 (m,n = 0,1) and F|,}, are scattering coefficients

associated with the upper and lower interfaces. They are
ELC = EL9(7) + ELS(7) (3) given explicitely in Appendix B. The integration is over the
ro _ _ _ _ rough surface variables, and z, as well as the wavg-number
where Eg; () Is associated with scattering from the upp&jariablesv, and w of the scattered wave vectdt,. The
interface, andEsg(F) is associated with scattering from thesuperscripts o’ denoteP(P = H, V) polarized scattered
lower interface. Fore™*, time-harmonic plane wave excita-fields due toQ(Q = H,V) polarized incident fields. The
tions the incident electric field of magnitudg” is fields expressed by (5) are at the observation pgirt 2o,

El = Bl e~k T, (4) 7= 1@, + yi, + 2d.. (6a)

In (4) @p is parallel(P = V) or perpendiculal” = H) to  The position vectors to the upper and lower rough interfaces
the reference plane of incidence (normaliip x @,) where are

iy is the unit vector in the direction of the wave vectdy

for the incident waves). For plane wave excitations and for o1 = Tsly + hs1 (s, 25) Ay + 2502 (6b)
observation points above the upper interfgce ho1s(zs, 25 ), Too = T3l + hoo(s, 25)@y + 2. (6¢)
the scattered fields due to the rough upper and lower interfaces
are given by ([2], [5]-[7]) The incident and scattered wave vectors are
Eng(f’) I;; = kjﬁj = k;[sin 93 cos d)ic_ig? F cos jS_iy
E'OQi i (Ro—K}) 71 —iko -7 +sin 9; sin (/)Zc_iz]
-~ (27)2 // // sécé5 — S0Ce =k [sjc;&’m T cj»c_iy + sjs;&;], Ffor j =0,1 (6d)
FPQ(F T T6 RS Foi) (I, B ) e~ 2o kj = kit = kjlsjcods + cjdy + si84d:], j=0,1,2
X OOU( ? 0) + Qi Qt__i2vi H 6
1 - R§ R e =vitip (6e)
- Fip = kit p = k[ sin 6l cos ¢'@, — cosbia
%Fll())g(kv RO RETE e~ izt Kip = kiiip = ki [sin 9.1 cois? a,;i_’ cos 0},
* 1 — RE RE e—2vHp + sin 0] sin ¢"d. |
o . .y ) _ S i
711’2_?T1Q()ZR2Q11 FIII%J (k,ki)Rngoqe_”QWH”_”Q'”‘H” ) =k [sl%am ciay + sls¢az] (GT)
- [1- R(ﬁiRQQIie*iQ'”iHD] [1— RE RE, c=i2vHp] kip = kiitip = k1[s1¢e@s + 18y + $154a-]. (69)
% dhs1 dr, sz@ dvo dw (5a) In (6), the complex sines and cosines of the incident and
dzx, U scatter angles in medium one and two are related by Snell's

=

i i(ko—K) ) -Tog—iko-7 pPQ (7 T i
EPQ(f) = EOQ // // [e4 (ko le) 2 kO Fllg (k7 le)T]% Tlla
D (sicl, — s109)[1 — R RS e~ 10] [1 — RE, RE, e i201110]

Q thQ

2
x NT drs dzs — duvg dw (5b)
u

5
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interface (see Fig. 2). The second term in (5a) associated with
FI% accounts for waves that undergo multiple reflections in
medium one before scattering upon transmission from medium
one back to zero (see Fig. 3). The third term in (5a) associated
with F;2 accounts for scattering upon transmission from
medium zero into one followed by multiple reflections in
medium one before wave transmission back to the medium
zero (see in Fig. 4). The fourth term in (5a) associated with
F[79 accounts for multiple reflections in medium one before
scattering upon reflection in medium one from below the
upper interface, followed by multiple reflections in medium
one before transmission back to medium zero (see Fig. 5). The

Fig. 4. Scattering upon transmission (across upper interface) from medigiigle term in (5b) associated with the scattering coefficient

zero to medium one.

e scattering element

L pl
Fig. 5. Scattering upon reflection (in medium one) below the upper interface. — E(?ZGO / /
—LJ—1
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Fig. 6. Scattering upon reflection (in medium one) above the lower interface.

law

r
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F['S accounts for multiple reflections in medium one before
scattering upon reflection in medium one from above the
lower interface, followed by multiple reflections in medium
one before transmission back to medium zero (see Fig. 6).
It is shown that for uniform layered structures, the full-wave
solutions sum up to the classical solutions [1], [5].

The diffuse scattered fields are evaluated at a point in the
far-field region above the upper interface. The stationary phase
method is used to evaluate the integrals over the scatter wave-
vector variablesy andw in (5). Thus, the scattered far fields
at 7/ (the position vector from origin to the receiver) are
expressed as follows:

PQ
ESLQ’(T )

AR =R _ iRy —KY)-Toro

c(’; —|—cé

x | FRQ (R KDY + T RE RS (RS Ky RO =12l

FPQ

f
TF Lot (k1 k) Ry Ty R emi2ei o

0 cl

L (k] k) By T R

C(J)CTQiRQi
_”rc_f 10 f2a1f'11vu
1

corodoy oS
X Rpfe_”Q(bl"'”l)HD] dr, dz,

=SL9ES G, (7a)

and
ELQ

£80) )

L et (k] —
=g [
—LJ-1

kip)iee _ iR p—Fp)zo

f i
Im[k;c;] <0 aqta

j=0,1,2. (6h)

1—s2,

koso = kis1 = kas; ;

Cc; = . . .

’ x FEQ (k] K) T T, NPRRY R da, dz,
| - . = SpYEg Go (7b)
The Fresnel reflectiofR” ;) and transmissio(Z’. ;) coeffi-

cients for vertically and horizontally polarized waves, the wayhere the position vectors to the mean upper and lower

impedance;, and refractive index. were defined earlier [6]. Surfaces are

The physical interpretation of (5) is illustrated in Fig. 2—6 7510 = Tsly + ho1@y + 25a (7c)
[1], [2], [5], [6]. Equation (5a) represents scattering due to S =~ 7d
the upper interface and (5b) represents scattering due to the 7520 = Tolh F Mu26y F 250 (7d)
lower interface. The first term on the right-hand side aind
(5a) associated with the scattering coefficigiff accounts tho  iport

. . Go=— (7e)
for scattering upon reflection from above the rough upper 2mrf
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The wave vectors associated with scattering in the media aFbe scattering matriceS;; and S, are associated with scat-
tering at the upper and lower interfaces. They are given by

20 S - S R Y § f= f=
kj = kifij = k;[sin6} cos ¢'d, & cosb;d, the following integrals:

- f . f_’
Feinf sin ¢ A | (R Ky (R Ry
a. e g - r = JE— Ry —Rg ) Ts1 _ Stk —FRg ) Ts10
= kylsleld. £cfa, +sfsla] orj=0.1 (7 5 /_L/_l T R - SRR

k{p = kait] p = k1 [sin 6] cos ¢ @, + cos 6], I
Foou+FoivR' Ry, Tipe ™ D+67T01R21RfFow
1

+ sin 9{ sin d)fc_iz]
=k sfcfc_im—i—cfc_i —i—sfsfc_iz. 7 f
1[ 1% 1% 1%¢ ] (79) « ¢ i2v{Hp _ ﬂrc—?chlelRfFlluRiRélTio
and the terms associated with multiple bounces in the coating c
material are
—i2v! Hp
) S _ X ¢ Y dzs dzs (13a)
R9 = [1- R R§ e M0 (7h) }
R" = [1 - RO RS emi2viHn] ™t @ g / L / U iR p—Fip)Tor _ GilR{p—Fip) Tz
D = 4
i S
The normalization coefficients are as in L/l A +a
771‘i P = Q = V X T{ORfFllDRZTiO dxs dzs (13b)
NP = 1, P 7$ Q (71) where
1/771‘i7 P= Q =V —FVVU FVH[’
a0 ] mazor o a
i . 'FVVNVV FVHNVH
= 5_1‘7 (Z = 07 17 2)7 o = 771/7707 M1 = 772/771' Fup = _FEBQNHV FEI’?NHH (14b)
i _[Ton O
[ll. M ATRIX NOTATION FOR THE DIFFUSE SCATTERED FIELDS . 0 THi }
The incident and diffusely scattered vertically and horizon- TVE 0
tally polarized fields are expressed by the followingx21 T =19 Tnf-lir{:|§ m,n=0,1 (14c)
matrices: ; - VI o ‘ RV 0
i [BH] 2 [ RU=1"0 gu } e [ 0 RH”} (4
E' = Ei| = |gHi (8a) L ‘
; i Rf — [F 0 } R}, = {R’yf y } (14e)
B = [gﬂ _ [:EEHJC} (8b) T lo RY] T Lo RES
_ _ _ ? ’ _ ~On setting
Since the fields diffusely scattered by the irregular stratified
media are associated with the upper and lower interfaces, they So=Suv +Sp (15)

are expressed as follows for the verticglly) and horizontally

(H) polarized waves: the diffuse scattered fieldB/ can be represented as

, o , o o , , f = g
BYS=EYV+BY T = (BN + B )+ (B + L) = SobGo. (19
B =BV 4P = (BIY + BAY) + (BIY +EI).
© IV. CONCLUDING REMARKS

] The full-wave solutions for the first-order diffusely scat-

Thus, using (7a) and (7b) tered fields from uniformly coated (constant thickness) two-
Eszz(S{,’VE(Yi+SB"E3’¢+S{?HE§i +S,‘3’HE§“)G0 Qimensional (2-D).rough .surfaces.consist of two pc_arts. The
{ESHf =(SHVEY +SHYE) +SHI Bl 4 ST B Gy . first part is associated with the dn‘fusg scattered fields due
(10) to the roughness of the upper rough interface. The second
part corresponds to the diffuse scattered fields due to the
The above equations are expressed in the following matriaughness of the lower rough interface. There are four distinct

rotation: contributions to the first part and one contribution to the second
B ng; + SI‘DXV, SYH 4+ sy ESZ o part of the expression for.the d|ffus¢ scattered field. Each.tgrm

SHY 4 gHV  gliH  ghiH || pii 0 has a different physical interpretation. For parallel stratified

_rs S TEG 11 structures (no roughness), the full-wave solutions reduce to

= [Su +Sp]E'Gy (I11)  the exact classical solution. The solutions for the like and
where the 2x 2 scattering matrices are cross-polarized diffuse scattered fields presented here can be

applied to scattering from deterministic 2-D rough surfaces

gVV  gVH ) X ;
S — |°m  Pm . o _ U D (12) With known profiles and from random rough surfaces with
m SHV SHH ’ bl . .. . s
m m known surface height statistical characteristics.
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The full-wave (first-order) diffuse scatter solutions (at a sinFhus, multiple scatter is ignored in (A.3)}.(z,v',w’) and
gle rough interface) reduce to the perturbation solution whes, (x,+’, w') are first-order diffuse scattered-wave amplitudes,
the surface root mean square (rms) heights (in Wavelengtba)jag(az,v,w) is the primary wave amplitude. It is seen from
and slopes are very small and of the same order of smallnggs3) that the first-order solution for the diffuse scattered fields
When the surface radii of curvature (related to correlatidn the three media structure is a superposition of the solutions
length) and rms heights are very large (compared to tfar the earlier models [1]-[5].
wavelength) the full-wave (first-order) scatter solutions reduce
to the physical optics solutions. The polarimetric solutions can
be applied to remote sensing of dielectric coating materials
on rough surfaces, to radiowave propagation over irregular
stratified media, and to the detection of buried objects in the
presence of signal clutter from rough interfaces.

APPENDIX B
SCATTERING COEFFICIENTS IN THE REFERENCE AND
THE LARGE-SCALE LOCAL COORDINATE SYSTEMS

The scattering coefficients %, (m,n = 0,1) and F/,$,

mnlU

APPENDIX A for like (P = Q) and cross(P # Q) polarized waves at
THE FIRST-ORDER DIFFUSE SCATTERED FIELDS the upper and lower interfaces (7a), (7b) are given here. The
FROM IRREGULAR LAYERED STRUCTURES superscripts? and P denote the polarization of the incident

Hd scattered wavds), P = V, H) and the subscripts and
For irregular layered structures, the surface element forwar

7 indicate that the incident wave is in medium=0, 1) and
and backward scattering coefficients are defined as [7] scattered wave is in medium (=0, 1), respectwely
sre

PO v w'w) = [ F CYW v, w) — Dg@/’v’w/’w)]_ _For the upper rough interface the reflection scattering coeffi-
’ A1) cients for waves incident in medium zero and reflected back to
' medium zero are [12] (B.1a) and (B.1b), shown at the bottom

The upper and lower signs corresponddo# 3 (forward) ©f the page
and o = 3 (backward), respectively, whe® and DY are B
proportional to the derivatives of the surface heights at theF or (ko’k )

rough interfaces. Thus, for the three medium problem, the 26 cln, sin(¢pf — dH[(1 - H%)Cil —(1- })c{]

PQ, Q Q (ch + ) (e +mocf)
Spg (W vw' w) = [+ CEy + DPL] [£Cpp + Dpp) (B.1c)
= Sagt +Sagp- (A-2)

scattering coefficients are expressed as follows: =

@ QPR Q@ @ Fob: (R )
where the coefficient€’'s;;, Dy, 5,510 Cppy Dpp. and 26t el sin(¢! (1= L)ei - (1— i)cf]
sPha .5 are associated with the uppét/) and lower (D) _ oo e/ pr /L
interfaces, respectively, and the upper and lower signs are (cg+n,,c§)(c£ + Z_{)
interpreted as in (A.1). "

The first-order iterative solution for the diffuse scattered (B.1d)
wave amplitudes are solutions to the following approximatghere
forms of the generalized telegraphists’ equatior& and
bOQS in which the scattered forward and backward traveling- Ep = 5—1, fhr = &,
wave amplitudes are neglected on the right-hand side of the co fo (B.2)
equations [8]-[11]: e =P and g = = [HAE0

HoZo Mo o€l
<d+Lu>a z,v W) / / +Shes) ,
d 0 Srru + Sein In (B.1) the quantities’ andc! (a = 0,1) are the cosines of

the incident(:) and scatte( f) angles and?, ands’ (a = 0, 1)
are the sines of the incidefit) and scattef f) angles.
< Lu) bl (0", w') / / Bm ggn) For the upper rough interface, the transmission scattering
coefficients for waves incident in medium zero and transmitted
X ap(a: v,w)dwdvg. (A.3b) into medium one are [5], [7] as shown in (B.3a) and (B.3b)

X ap z,v,w)dwdvy  (A.3a)

2l (1= i) cos(@! — ¢) + (1 = L) [jncic] cos(@! = ¢1) = sisi]
(h+ ) (el +mee)

o (kg, ]CZ) 20000(1 — &) cos(¢pf — @) + (1 — —) [5, clc{ cos(¢pf — ') — s 30] (B.1b)

(ch+ &) (] + )

Foo (kS Fy) =

(B.1a)
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at the bottom of this page

g (k{7 kl)
= 2cicln, sin(¢f — ¢7) [(1- e,,)cg —

7
1

(CO + nr) (C'O[-I—nrc'lf)

(B.3c)

Fioy (K, k)
—20000 sin(¢f — ") [(1 - n—lr)c{ —np (1= pr)ct]
- .

(ch +meet) (] +31)

(B.3d)

For the upper rough interface the transmission scattering
coefficients Fjj, for waves incident in medium one and
Q except that

transmitted into medium zero, are similar
the roles of medium zero and one are interchanged.
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reference coordinate system to the vertically and horizontally
polarized incident waves in the (large scale) local coordinate
system. SimilarlyZ/ (a = 0,1) andTlfD are the matrices that
transform the vertically and horizontally polarized scattered
waves in the local (large scale) coordinate system back to
the vertically and horizontally polarized scattered waves in
the reference coordinate system. The subscript a denotes the
medium of propagation.

For the upper interface the 2 2 matrices associated with
medium zero and one that transform the incident vertically
and horizontally polarized waves in the reference coordinate
system to the incident vertically and horizontally polarized
waves in the local coordinate system are

; Ci Si

T)=| %0 2o } B.6a
0 |:_S\I!0 C\PO ( )
i Cz‘ _Si

T = | [0 ;Pl} . B.6b
! |:S\I/1 C\Pl ( )

Similarly, for the upper interface, the matrices associated

For the upper rough interface the reflection scattering coefith medium zero and one that transform the scattered ver-
ficients ;% for waves incident (from below) in medium onetically and horizontally polarized waves in local coordinate
and reflected back to medium one, are similar to except ttgstem back to the scattered vertically and horizontally polar-

the roles of medium zero and one are interchanged.

For the lower rough interface, the reflection scattering
coefficients F|;% for waves incident in medium one and

reflected back to medium one [1], [2], are similar Ed;g

except that the roles of medium zero and one are replaced by
medium one and two. Thus,, .., n,., andn, are replaced by

&2 M2
5"I‘l - ? I’L’I’l - ?
£1 1

_ [H2&2
Npr1 = )
H1€1

(B.4)
and 7.4 = @.
1

To obtain the scattering coefficients (in the local coordinate
system) associated with large-scale rough surfaces, the fol-

lowing transformations are introduced [12]:

Foou — T{Fio T} (B.52)
Forr — TJFD T8 (B.5b)
Fiov — TIFl T (B.5¢)
Fiv — TIF T (B.5d)

ized waves in reference coordinate system are

Of _Sf :|
T = |: w0 Ngo] (B.7a)
° 7 [S20 Cho
ct. st
T/ = { vl ‘Pl}. (B.7b)
TS o

For the lower interface, the 2 2 matrices that transform
the incident and scattered vertically and horizontally polarized
waves in the reference coordinate system to the incident and
scattered vertically and horizontally polarized waves in the
local coordinator system are

7 CfIJlD SfPlD :|
= i i (B.8a)
o |:_S\I!1D C(\IllD
Cf _Sf
g - [ v1D \I!lD:|' (B.8b)
St Clap
In (B.6)—(B.8), the real quantitie€,,, S%,, C%,p, and

St.p (t =1, fanda = 0,1) are defined as follows [2], [6],
[12]:

(7t x dy) - (7t x )

Fup— T{DF?lDTilD (B.5e) Ct, = cos Ul = =T _,| (B.9a)
a n
where T, (a = 0,1) and T}, are 2 x 2 matrices (asso- \ (AL xa@y) x (@t x ) -
ciated with the upper and lower interfaces) that transform  Sg, = sin V¥, = i (B.9b)
the vertically and horizontally polarized incident waves in the “
FYV(R B = 26hef (1 = pr) cos(@! — ¢') + (1 - =) [ cich cos(¢! — ¢7) + shsi)] (B.3a)
(C%) + 771*03) (Co + n-cy )/771*
o 2ich (1 — &) cos(pf — $)(1- L) [n,,cicg cos(¢pf — ¢') + 3635]
Pl (R k) = e (B.3b)

(ch+ &) (e + )
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e (T - (7 x )
sin(¢p/" — @) = e
|78 x i |7 x 7
B sinfy[c%sg sin(¢f — 8) + shel sin(¢f — 8)] + cos yshst sin(pf — ) B.12b
0 %0

(ﬁin X Eiy) ’ (ﬁin X ﬁ)

Chip=cosVWl, = (B.9c)

— — — —
|78 p x iy |7 p x|

(T p x @y) x (A p x7) -7 p

¢ o
Ship =sinV ;= |ﬁ§D X C_I:y||ﬁ§D X ﬁ|

(B.9d)
The unit vector normal to the large-scale rough surface is given
by
—hgd, +dy — h.d.

V1+h2+h2

If the medium one is dissipative, the unit veci@r and 7t |,
(associated with the upper and lower interfaces) are taken to
be in the direction of the time average Poynting vector. Thus

—
n —=

(B.10a)

- Re[kf] .
N i t=1d,f (B.10b)
v Relfy] )
-t Re[_’fiD] .
- = = = ', . . O
Nirp IRe[t]| (t=14f) (B.10c) 1

These unit vectors (associated with the upper and lowdf!
interfaces) are expressed as follows:
(3]

iy = 89,Cln + ¢y + 51,55, (B.11a)
Mirp = StenChyis — Chopiy + shpshd.  (BA1b)

il = s{,,cf;&’x - c{,,c_iy + s{,,sf;&; (B.11c) 5]
ﬁ{,,,) = s{,,,)ci&}; + c{,,,)c_iy + s{TDsiEL’Z. (B.11d) [6

On defining the unit vectors in dissipative media, the elements3]
of the transformation matrices can be evaluated. From (B.7)
we know that¥, is the angle between the planes of incidencgg;
(or scatter)(t = ¢, f) in the reference coordinate system and
the local coordinate system (associated with the large-scale
rough surface). The subscriptienotes the mediufz = 0,1).  [9]
The explicit expressions for the elements in the transformation
matrices associated with the upper interfaces in medium ze1g,
or one are given elsewhere [12].

To obtain the scattering coefficients (in the local coordinat?lsl
system)F, 7 and /Y, 3" (B.5) the incident scatter anglé§, ]
67 in the expression foF.”,; (see B.3d) and"/ ;% (associated
with the reference syste?h coordinate system) are replaced[jbz)l
the corresponding angles associated with the local coordinate

cos(@/" — ¢i") =

and (B.12b), shown

system [12]. Furthermoreps(¢/ — ¢') andsin(¢/ — ¢') are
replaced by

(75

|74 x || x

x it) - (it x i7)

_dred” — cheh + sysh cos(¢! — ¢')
36"3(’;"

(B.12a)

at the top of the page.
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