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HEE A8GI2)ES & 1 2 = 29 o#o](110,210)014 & ¢ e AAY FARHoR QI HFHA g

(o5 E°], o&ol(310)9 A=(B14)ELS E 3ad] ZAlE 54 v=dol 7|9t 3 2L =¥z Jdd
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Al E T e AAE 1408 exAHA] Feth(ed: &, ode](410)9] A=(414)E2, A=41)EY

/\
T4
EAE Ayl 7lste], = 2 FAHoR AHEn).

EZAE wpel o], A= olo](410)E e =41 ER FAET, 2 A=RELS 9 (42009 ®H &
Ak 2o Wo]~(417)E 7HA™, & 4dbell =AIE Hie} Zo] 5 Fe] "uS shH k. 27 7w &
25 EE 270 A2U1)ES E 429 HEY 4 F EE V-F(HEFHMULR)AA d=2141)EY A4S 54
s F)ell 98] =AlE mie} o] WHEZ H v A widEnh. =3, AHUI)E T olxdan U= A
s Z

u}

U, ZHIHE 4a 2 X 4b
X

12 o] #0](310,410)l hofA], M=E2 x%— 2YSe A A AT 150 A=Ee] NEsFE Aed 5 3
A X5 R YF] el disl A4l JAAF o 400025717 WEFR AlgE g glrk. ool §1(300,400) ]
A5ATE G (320,420 e B W, Bl gl EE fste A=EREE el 719 firg dd
M= = 3a 2 = dad] EAlE wheh o] dl=So] Yaggs dobol drh. AAY AFof vk 9 ge=

AT
71 W2(414,31) 5L 2 HAAMA AHE A3 F(320,420)00 M/ HES AFsle AE Tl Z2A
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A2 o eo](310,410)9F Z3Hel da F(320,420)0°0 loiA 9] st g Fx= AEE F 9
3 giujske Aol §&3 = Utk F, (1) £ Ao we} Fopyl 9 g wd BTl o3 ETZE(float)”}
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Ho 7k A= ojYo]E B FZE B 5 A I, 2 A e S A9 TE AFH AAEA de
o, 27& 724 29 8 7 Fdgo] g Ao 25 3 Al sl ozt o5yt gl] wiEelnt. o g WEY
glojzgl FA(Fel ek XF R VF sk ol

o]

2o 71%F 2 QEolx ZEAlAE HF QE
e A5aAL A S8 Fe

o] AR A= RIM(E HAXAANA EAR W= ool gt ] o]&alr] fe Ad)elA FH e AN
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tulol 2ot AFHsHAl wjF = ojoF gttt thA] e, XF H YHol gojA e ZEHQle siget A= NFE 4t
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gA|sfof gy, A= offo] A AES] FHoRRE ol FEgk A= LPI Jlge A9 7IAF FX o
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A =5l AAEE= DPIZE A4 A=) Fehx Ao mjFsA] gt otk o3, fl(web) T AE
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Sub Intersect Nearest Surface(xs, ys, zs, elx, ely, elz, xi, yi, zi, enx, eny, enz, gnfound,

snfound, surftypefound, success)

'finds surface nearest to starting point of ray.

'inputs

'x8,ys,zs starting point of ray

'elx,ely,elz direction cosines of ray

'Xi,yi,zi intersection point of ray

'returns

‘gnfound,snfound group number, surface number found
'surfacetypefound of nearest surface.

'sucess (if found)

Dim intplaneflag, IntSphere5flag, IntCylinderFlag, IntEllipsoidFlag As Boolean
Dim icolor, k As Integer

Dim surftypetemp As String

Dim intsphere3planeflag As Boolean

Dim gn, sn, gntemp, sntemp As Integer

Dim distance As Double

Dim xitemp, yitemp, zitemp As Double
[0090]
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[0091]

Dim enxtemp, enytemp, enztemp As Double
Dim xp, yp, zp As Double

Dim XPl, YPI, ZP! As Double

'Dim enx, eny, enz As Double

Dim enxx, enyy, enzz As Double

Dim enxplane, enyplane, enzplane As Double
Dim x¢, yc, z¢, tr As Double

Dim x0, y0, z0 As Double

Dim rx, ry, rz As Double

Dimrx1, 1yl, rzl, 1x2, 1y2, 172 As Double
Dimxil, yil, zil, xi2, yi2, zi2 As Double
Dim gx, gy, gz As Double

Dim a, b, ¢, xvertex As Double

Dim rim]1, tol1, s1 As Double

toll =0.0001

'go through all the surfaces that have been defined, intersect cach one and find the surface

nearest to the starting point of the
'incident ray.
success = False

distance=10" 10
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For gn = GroupStart To GroupEnd Step GroupStep
For sn = SurfaceStart(gn) To SurfaceEnd(gn) Step SurfaceStep
‘plane surface
If SurfaceType(gn, sn) = 1 Then

xp = x(gn, sn)
yp = y(gn, sn)
zp = z(gn, sn)
enx = Xdir(gn, sn)
eny = Ydir(gn, sn)
enz = Zdir(gn, sn)

Call intplane2(xs, ys, zs, elx, ely, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi,

intplancflag)
If intplaneflag = True Then
sl = Sqr((xi-xs) "2+ (yi-ys) "2+ (zi-zs)"2)
If s1 < distance And sl > toll Then

distance = sl

xitemp = xi
yitemp = yi
zitemp = zi

[0092] enxtemp = enx
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enytemp = eny
enztemp = enz
surftypetemp = "Plane"
gntemp = gn
sntemp = sn
End If
End If 'intplane=true
End If
'spherical surface
If SurfaceType(gn, sn) =2 Then
x¢ = x(gn, sn)
ye = y(gn, sn)
zc = z(gn, sn)
rr = r(gn, sn)
XP1 = XPlane(gn, sn)
YPI = YPlane(gn, sn)
ZPl = ZPlane(gn, sn)
enxplane = ENXP(gn, sn)

enyplane = ENYP(gn, sn)
[0093]
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enzplane = ENZP(gn, sn)

Call IntSphere5(xs, ys, zs, elx, ely, elz, xc, yc, zc, 1r, rx, ry, rz, xi, yi, zi,

IntSphere5flag)

'Call IntSphere3 Plane Divide(xs, ys, zs, elx, ely, elz, xc, yc, zc, rr, XPl, YPI, ZPl,

enxplane, enyplane, enzplane, rx, ry, 1z, Xi, yi, zi, intsphere3planeflag)

'Call IntSphere2(xs, ys, zs, elx, ely, elz, xc, yc, zc, 11, 1X, 1y, 1z, Xi, yi, zI,

intsphereflag)
If IntSphere5Sflag = True Then
'If IntSphere5flag = True Then '= 1 Or intsphereflag = 2 Then

sl =Sqr((xi -x8) "2+ (yi-ys) N2+ (zi-zs)"2)

If s1 < distance And s1 > toll Then
distance = sl
xitemp = xi
yitemp = yi
zitemp = zi
enytemp =ry
enztemp = rz
surftypetemp = "Sphere"

[0094] gntemp = gn
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enytemp = eny
enztemp = enz
surftypetemp = "Cylinder"
gntemp = gn
sntemp = sn
End If
End If
End If
'Aperture
If SurfaceType(gn, sn) = 4 Then
xp = x(gn, sn)
yp = y(gn, sn)
zp =2(gn, sn)
enx = Xdir(gn, sn)
eny = Ydir(gn, sn)
enz = Zdir(gn, sn)
Call intplane(xs, ys, zs, ¢lx, ¢ly, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi, intplancflag)
If intplaneflag = True Then

s1=Sqr((xi - x8) "2+ (yi-ys) "2+ (zi - z8) " 2)
[0095]
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If s1 < distance And s1 > toll Then
distance = sl
xitemp = xi
yitemp = yi
zitemp = zi
enxtemp = enx
enytemp = eny
enztemp = enz
surftypetemp = "Aperture”
gatemp = gn
sntemp = sn
End If
End If
End If
"Ellipsoid
If SurfaceType(gn, sn) = 5 Then
a = ax(gn, sn)
b = by(gn, sn)

¢ = cz(gn, sn)
[0096]
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xvertex = x(gn, sn)
rim1 = RimLocation(gn, sn)
tol1 =0.000001 '.00001 seems to give consistant results

Call IntEllipsoid(a, b, c, xvertex, riml, xs, ys, zs, elx, ely, elz, xi, yi, zi, enx, eny,

enz, IntEllipsoidFlag)
If IntEllipsoidFlag = True Then
sl =Sqr((xi-xs) "2+ (yi-ys) "2+ (zi-28)"2)
If's1 < distance And s1 > toll Then

distance = s1

xitemp = xi
yitemp =yi
zitemp = zi

enxtemp = enx
enytemp = eny
enztemp = enz

surftypetemp = "Ellipsoid"

gntemp = gn
sntemp = sn
End If
End If

[0097]
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End If
'Spline
If SurfaceType(gn, sn) = 6 Then
MsgBox ("Trace main does not support spline”)
End If
Next sn

Next gn

"Target plane
xp = XTarget
yp = 0#
zp = 0#
enx = 1#
eny = 0#
enz = 0#
Call intplane(xs, ys, zs, ¢1x, ely, ¢lz, xp, yp, zp, enx, eny, enz, Xi, yi, zi, intplancflag)
If intplaneflag = True Then
sl =Sqr((xi-xs) "2+ (yi-ys) "2+ (zi-2z8)"2)

If s1 < distance And s1 > toll Then
[0098]
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distance = sl
xitemp = xi
yitemp = yi
zitemp = zi
enxtemp = enx
enytemp = eny
enztemp = enz
gntemp = 0
sntemp = 0
surftypetemp = "Target"
End If

End If

'plot boundaries
'right side

xp = BoundaryRight
yp=0#

zp = 0#

enx = 1#
[0099]
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eny = 0#
enz = 0#
Call intplane(xs, ys, zs, ¢1x, ely, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi, intplancflag)
If intplaneflag = True Then
sl =Sqr((xi-xs) "2+ (yi-ys) "2+ (zi-zs) " 2)
If s1 < distance And sl > toll Then
distance = s1
xitemp = xi
yitemp = yi
zitemp = zi
enxtemp = enx
enytemp = eny
enztemp = enz
gntemp = 0
sntemp = 0
surftypetemp = "Boundary"
End If
End If

'left side
[0100]

_33_



ZIHHEd 10-2015-0056568

xp = BoundaryLeft
yp = 0#
zp = 0#
enx = -1#
eny = 0#
enz = 0#
Call intplane(xs, ys, zs, ¢1x, ¢ly, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi, intplaneflag)
If intplaneflag = True Then

s1 = Sqr((xi - xs) "2+ (yi -ys) "2 + (zi - zs) " 2)

If s1 < distance And s1 > toll Then

distance = s1

xitemp = xi
yitemp = yi
zitemp = zi

enxtemp = enx

enytemp = eny

enztemp = enz

gntemp = 0

sntemp = 0
[0101]

_34_



ZIHHEd 10-2015-0056568
surftypetemp = "Boundary"

End If

End If

'top side
xp = 0#
yp = BoundaryTop
zp = 0#
enx = 0#
eny = 1#
enz = 0#
Call intplane(xs, ys, zs, ¢1x, ely, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi, intplaneflag)
If intplaneflag = True Then
81 =Sqr((xi-x8) "2+ (yi-ys) "2+ (zi - zs) " 2)
If's1 < distance And s1 > toll Then
distance = sl
xitemp = xi
yitemp = yi

zitemp = zi
[0102]
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enxtemp = enx

enytemp = eny

enztemp = enz

gntemp =0

sntemp = 0

surftypetemp = "Boundary"
End If

End If

"bottom side

xp = 0#

yp = BoundaryBottom

zp = 0#

enx = 0#

eny = -1#

enz = 0#

Call intplane(xs, ys, zs, ¢1x, ely, elz, xp, yp, zp, enx, eny, enz, Xi, yi, zi, intplaneflag)

[0103] If intplaneflag = True Then
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81 =8qr((xi-x8) "2+ (yi-ys) "2 +(zi - z8) " 2)

If s1 < distance And s1 > tol1 Then

distance = s1

xitemp = xi

yitemp = yi

zitemp = zi

enxtemp = enx

enytemp = eny

enztemp = enz

gntemp =0

sntemp =0

surftypetemp = "Boundary"
End If

End If

'front side
xp=0#
yp =0#

=106
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enx = 0#
eny = 0#
enz = -1#

Call intplane(xs, ys, zs, e1x, ely, elz, xp, yp, zp, €nx, eny, enz, xi, i, zi, intplaneflag)
If intplaneflag = True Then
s1=Sqr((xi-xs)* 2+ (yi-ys) "2+ (zi-2z5)"2)
Ifs1 < distance And s1 > toll Then
distance = s1
xitemp = xi
yitemp =yi
zitemp = zi
enxtemp = enx
enytemp = eny
enztemp = enz
gntemp =0
sntemp =0
surftypetemp = "Boundary"
End If

End If
[0105]
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'back side
xp = 0#

yp = 0#
zp=-10"6
enx = 0#
eny = 0#
enz = 1#

Call intplane(xs, ys, zs, ¢1x, ely, elz, xp, yp, zp, enx, eny, enz, xi, yi, zi, intplaneflag)
If intplaneflag = True Then

sl =Sqr((xi-xs) "2+ (yi-ys) "2+ (zi-zs) " 2)

If s1 < distance And s1 > tol1l Then

distance = sl

xitemp = xi
yitemp = yi
zitemp = zi

enxtemp = enx

enytemp = eny

enztemp = enz

gntemp = 0
[0106]
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sntemp = 0
surftypetemp = "Boundary”
End If

End If

"final report

If distance < 10 * 9 Then
success = True
xi = xitemp
yi = yitemp
zi = zitemp
enx = enxtemp
eny = enytemp
enz = enztemp
gnfound = gntemp
snfound = sntemp
surftypefound = surftypetemp

End If
[0107]
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If gnfound = GroupEnd And snfound = SurfaceEnd(gnfound) Then
surftypefound = "Final Surface"

End If

End Sub

3k sk ok ook st ok ok st kol steske sk steske sk steske sk stk skostolkotestolok stolok ok sk ok sk kol skokok skok selok solok solorsolorsolok ook sokor ok rekorox

st sfe sk sk sk sk ook skl skl skt stk kil stelokostoloiokolokokokskoloksioloksolok folokosolok solokeiok

Sub IntSpheres(xs, ys, zs, elx, ely, elz, xc, yc, zc, 1, 1X, 1y, 1Z, Xi, i, zi, IntSphere5flag)
'X8,y8,zs is starting point of ray

‘elx,ely,elz are direction cosines of ray

'x¢,yc,zc is center of circle

'r is radius of sphere

'rx,ry,rz are direction cosines of radius at intersection

'x1,yi,z1 18 intersection of ray on sphere

‘intsphereflag = true if intersection found

Dim sl, s2, 83, x1, x2 As Double

Dim LL, L1, L2 As Double

IntSphere5flag = False

= o - o Q- * _ *
[0108] sl =2#%* ((xs-xc) *elx +(ys-yc) *ely +(zs - zc) * elz)

— 41 —



ZIHHEd 10-2015-0056568
s2=(xs-x¢)"2+(ys-yc)*2+(zs-zc)"2-1"2
$3=s172-4#%s2
'there is no intersection
If s3 <0 Then

Exit Sub
End If
'there is only one intersection
If s3 = 0# Then
LL=-s1/2#
GoTo IntSphere250
End If
'there are two intersections
L1=(-sl +Sqr(s3)) / 2#

L2 =(-s1 - Sqr(s3))/ 2#

'check for + L and - L for the side of sphere to choose ( compare where xc and xi is)

IfL1 < 0# And L2 < 0# Then

Exit Sub 'no intersection
[0109]
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End If

TfL1 > 0# And L2 > 0# Then
" IfL1>L2 Then
' 1=L1
' Else
' 1=12
" EndIf
'End If
IfL1 > 0# Then
xi=xs+ L1 *elx
yi=ys+LI1 *ely
zi=zs+ L1 *elz
If r > 0# Then
If xi <= xc Then
LL=L1
End If

End If
[0110]
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If r <0# Then
If xi >=xc Then
LL=L1
End If
End If

End If

If L2 > 0# Then
xi=xs+L2*elx
yi=ys+ 12 *ely
zi=zs+12*%elz
Ifr> 0# Then

If xi <= xc Then
LL=L12
End If
End If
If r <0# Then
If xi >=xc Then

[0111] LL=12

— 44 -
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End If
End If

End If
IntSphere250:
'If1 <= 0 Then
' Exit Sub
'End If
xi=xs+ LL * elx
yi=ys+LL *ely
zi=zs+LL *elz
rx=(xi-xc)/r
ry =(yi-yo)/r
rz=(zi-zc)/r
sl=rx"2+ry*2+1z"2

‘MsgBox ("Sum of squares of normal direction cosines " & sl)

IntSphere5flag = True

[0112] End Sub
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