Mathematical Background of DC3D (Part 2)

Derivation of Tables 3 through 5 in Okada (1992)

[ 1] Derivation of Table 3 (x-Derivative)

Table 3 can be derived by differentiation of Table 2 with x-coordinate (refer Appendix : Table of Differentiation).
In the following, the notation is matched with Tables in Okada (1992).

Displacement : u°(x,y,z) = = [u 206,v,2) —ul,(x,y,—2)+u’g(x,y,2) + zu°;(x,y, 2)]

u
R ou® M, [0
x-Derivative : %(x, y,z) = Zn‘;[ Wa (x,y,2) ——= (x y,—z) + —(x y,z)+ Z—(x v, Z)]
(1) Strike slip
1-aq a3x?q 3xq 1-a . 3cq
( 2 F +§?w ( RS P I{)Sln6 / (1-&)—COS5 +a— R AS \
1—ax a3xyq 3xyq 1—a , . | 3cx ( Syq) |
o — - * bt 0 —1 _ 0 0 — —a)=Z = =t
Uy RS ind + S Re | YT T Re sing | uc=| ¢! a) cos&+a E sind |
l1—-ax a3xdq/ \ 3cxq l1—a / \ 3cx /
\—Tﬁcosé + > RS — x5 —Tl4sm6 1 a) sm6 +a— E
where, d=c—z, q=ysin6 —dcoss, R*=x2+y%>+d*> and
0= [ 1 , 3R+d ] _ [ 1 , 3R+d ] 0= 2R+d
L=YIRR+D2 * RPR+d)3 RR+D2" Y BBR+ )3 + T YRR+ d)?
1—a3xq a3xq 3xq 1—a , . B 3x?
/ 5 +EF(1+A5) _F(1+A5)_ p ]fsm(S AS_l_F
6uA 1-—ad; a3yq dup 3yq 1-a 5x2
| 2 R3 sind E?A | W— | —FAS —szsm5 | A5 = 1—?
1—-aAds a3dq / \ 3cq l-a .. / 7 x2
\ > g3 oS 6+2R5A —ﬁAs —TK151n6 ,47:1_F
7] 3R+d 5R? + 4Rd + d?
3x 15¢cx 0=__ —x2
(1—a)—(2 +A5)cos6—a—q(2 + 4;) Ji —axll xy [R3(R+d)3 x R5(R + d)* ]
ou 3c Syq 0 1 3 5R% + 4Rd + d?
—= 4y (A A) 0= = 3%y
ox a "‘) 5¢0s8 + apg(Assind — 7 LE T T rRr o VY T RRT )
3 3c 5d 2 2
-(1-a) yAssmé‘ +a—z (Ascosé‘ + qA7) Kd= 112 =—y 2R+d — 52 8R” + 9Rd + 3d
R3 R dx R3(R + d)? RS(R +d)3
The above three vectors correspond to the contents of the row of Strike-Slip in Table 3.
(2) Dip slip
a 3xpq 3xpg 1-— 3xt 15cxpq
EF\ /— 75 + 13sm6c056\| a- a)— —a—p
1-as a3ypq 3ypq 3yt cos268 15¢cypq 3cs
ug = | Tﬁ-l_f 7S | up = | N Ilsm(ScostS | (1—a)( ~ s )—a R QF
l-at a3dpq/ \ 3cpq / As 15cdpq 3ct
\ B + SRS g + . 15 sindcosd —-(1- ) sm6cos6 +a G + oo
where, d=c—z, {p = ycosd + dsind {s = psind + qcosd = ysin26 — dcos28 and

q = ysind — dcosd ’ t = pcosd — gsind = ycos28 + dsin2d
3R+d 3R+d x 1 2R +d

1 1
0 _ .2 — 2 o_" _ 0 0 _ .2
b= y[R(R +d2 C RR+ d)3] o =x [R(R +a2 Y RBR+ d)3] E=@~k L prya *®Brro?

a3pq 3pq l-—a
EFAS _FAS +T]3SII’15COS6 \
g 1—a3xs al5xypq Oug | 15xypq 5c0s8 |
w |7 Rz R | g Hsingeos
1—a3xt al5xdpq 15¢cxpq 1-a /
RT3 ® R +—a K3'sindcosd



Mathematical Background of DC3D (Part 2)

0 3R+d ,5R* +4Rd + d®
F=5i= Y mRyar Y BGR+ D
/ (1- )k 4 _o ey, ; ]
RS R7 0_6 0_1 3 225R +4Rd +d
dug =| (1_(1)396((:052(S 5yt> _a15cx(s_7ypq) I R T T rREr 2 T T BGR a
ax RS R2 R7 R? 9 As
(1 - @) 2% (2 + Ag)sinscoss 15”‘( 7d”q) =gl =gt
—QaQ)— SINOCOSO — A ——— —_—
RS ) R R? oo o 5 PR+d 8R®+ORd+3d’
35 T T B R + d)2 R5(R + d)?
The above three vectors correspond to the contents of the row of Dip-Slip in Table 3.
(3) Tensile
1—-ax a3xq? 3xg> 1-—a
a X aXqa X9 _ Isin?8
2 R3 2 RS RS 3
1-at a3yq? 3y 1—a
0 — 0 = 0cin2
ug RT3 R | u o Iysin“§
1—as a3dg? \3cq2 -a
2 R® 2 RS RS I5sin®s
3xs 15cxq? 3xz
~(-a%s T RS
sin2§  3ys t—y 15c¢yq? 3yz
ug—l (1—a)( 73 Rs) + 3ca 75 +a T YRs
c052§ 3x - s—d 15cdq? 3dz
—(1—-a)| ——+ —=sin?6 —3ca?—a 77 +a?
1-ad; a3q? 3q? —a 5. 5 32
/ Z B ZR \ / Faa ]35“’5\ A5 =1-%7
oug 1—a3xt al5xyq® ug 15xyq* 1-a 2 5x?2
=| - +>— —=| - - J9sin®s As=1-—r
ox 2 Rp5 2 R’ ox R’ 1 5 RZ
1—a3xs al5xdq? 15¢xq? l—a 0. 2 7%
\— 2 ? + E R7 / \— R7 - K3Sll’1 1) A7 =1 R2
3s 15cq® 3z
—(1—(!)—145 +QTA7 _aFAS
ou? ( 5ys) 15¢cx 7yq® 15xyz
P -1 a) sin28 — o t—y+ 72 +a 77
15c:x 7dq? 15xdz
(1- a) (cosZé‘ Agsin s—d+ R )T R7
Here, cos26 — Agsin?6 = 1 — (2 + Ag)sin?8
The above three vectors correspond to the contents of the row of Tensile in Table 3.
(4) Inflation
l-ax l-—ax 3xd
S « ® =05
l-ay l-ay 3yd
1-ad l1-ad Cs 3d?
k 2 R3) \ a F) \(1_a)_3) =1 R?
1-— (ZA3 1- (XA3 3d 3 2
TR v 7 [(G-ots ) ami-
oug 1—a3xy dug 1—a3xy oug | 15xyd | 5x2
ax "2 g ox | a g% W_|_(1_ ) R’ | AS_l_F
1—a3xd 1—a3xd 5d?

The above three vectors correspond to the contents of the row of Inflation in Table 3.
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[ 11] Derivation of Table 4 (y-Derivative)

Table 4 can be derived by differentiation of Table 2 with y-coordinate (refer Appendix : Table of Differentiation).
In the following, the notation is matched with Tables in Okada (1992).

Displacement : u°(x,y,z) = > Mo (w0, (x,v,2) — u®,(x,y, —2)+u’5 (x, v, 2) + zuc(x, ¥, 2)]

T
.o ooud _ My ou’y
y-Derivative : E(x, y,z) = P (x y,z) ——= (x y,—z) + —(x y,z)+ Z—(x y,Z)
(1) Strike slip
1-a a3x? 3x2q 1-a As 3cq
/ _ % 4 qu\ /_ qu_ . ,{)Smd\ —(1—a)R coss +aR5
l—ax a3x 3x 1-a 3cx 5
wp=| L E g E300 | o| B L Cpegs | up=| (- @) coss +ags (sind )
l-ax a3xd 3cxq 1—a 3cx
\— 5 R3O 5+§ qu/ \— qu— P Iffsin6} \ (1—a) sm6+aR— cos<$ /

where, d=c-z, q=ysin§ —dcosé, R*=x*+y*+d*> and

o= [ , 3R+d ] 0= [ 1 , 3R+d ] 10— 2R +d
TSV RER+ 2 T RBR+ T RERr2 Y RR+aE T VRBR+d?
1-al 3yq\ a3x? 3x l-a .
/ 2 R3( 5__)+2 RS \ “® Y —— J3sind
dug | 1- 1-a3xy 3xy 3xq\ | dug 3xy  3xq l1-a , 5yq
Gy | Tz weind +§(ﬁ +ﬁ)| | TR sing | U=sind =
\ 1—a3xy a 3xd / \ 3cx l-a .. /
2 FCOS& +EF _FU _TKZSIHS
3¢ _ 5yq 00 o 1 3 , 5 5R*+4Rd + d*
1 —a) A5c055+aR5 (Assmd—?m) J2 = 6y11 "B RR+dA)? +3x%y R5(R + d)*
aug | | a 3R+d SR? + 4Rd + d?
= 0o=9% j0__ _ 2
ay (1 (Z) BSC056 ]4- = aylz 3xy [R3(R +d)3 y RS(R + d)4- ]
_a _a)3_5 ( ydq)/ w0290 2R+d ,8R®+9Rd + 3d?
R 2=t T T RRT Y T BRR+A?

Here, dsins — ycos

. 7yd . 7y2\ . 7d?% .
= dsind — ycosé — % (ysind — dcosé) = d (1 - %) sind —y (1 - F) cosé = dB;sind — yC,cosd

The above three vectors correspond to the contents of the row of Strike-Slip in Table 4.

(2) Dip slip
a 3x; 3x; l1-a 3xt 15cx
5 R?Zq - Rl;q + 3sinécoss a- a) —a R7pq
_ l-as a3ypq _ 3ypq 1-a ;. _ 3yt co0s26 15¢cypq 3cs
We=| oty | BT Rty Msincoss | ut=| (-w) (5T ) ma T tags
l—at a3d 3c 1-a A 15cd, 3ct
TR + 3 Rl;q - RI;Q + 1%sindcoss —(1- a)R—isin(Scos& +a R7pq + a s
_ p = ycosd + dsiné {s = psind + qcosd = ysin28 — dcos28
where, d =c-z, {q = ysind — dcosé ’ t = pcosd — gsind = ycos26 + dsin2§ and
90— [ 3R+d ] [ 1 , 3R+d ] IO_x 0o 1 , 2R+d
L=YRR+D2 ™ RRR+ )3 Re+a2 Y RRR+a2 BTR T2 5STRR+d)  RBR+d)?
a3x 3x l-a
N _FV + Jisindcosd \
oug _ | al 3ys\ , @3y 3pq\ | dug 3y 3pqg 1- 5ypq
ay = 2 R—(Sl 26 — RZ) E(FV-I—F) W=| —FV R5 +_ ]251H5COS6 | V=s-— R2
1-a1 3yt\  a3d 3¢ 12 o /
TR3 (C0525—F> +§FV —FV +TK1 sinfcosd



Mathematical Background of DC3D (Part 2)

IR Ea_lg = -J3
3x Syt 15cx 7ypq y
/(1 )RS(C0525 ) _QT(S_T) \ _ 3R+d 25R2+4Rd+d2
ou? _ | 5 3c s 10ys 5pq | xy R3(R + d)3 x R5(R + d)*
ay = | - )_(ZyCOSZ +tBg) + lZR (Slnz ~ Rz ?37) ]0 F) p 1 3 |32y 5R2 + 4Rd + d?
3 5 t—d 35yd 2= N T B T R T Y T RGRE D
1- a) A551n6c055 - a—c( cos26 + o > 5) + y4pq) 9y RS RR+d) RE(R + d)
R® R R ko= 0 2R +d ,8R?* + 9Rd + 3d*
1=y " VIRR+d2 ¥ T RBR+A)?
ds 2, g2 2_,2
Here, % = s(yR—;d)cosZ(S = %cos&? = (4 + As)cos26
The above three vectors correspond to the contents of the row of Dip-Slip in Table 4.
(3) Tensile
1-ax a3xq? 3x¢> 1-a
/ 2 R® 21!35\I {RS I3Sln6\‘
1-at a3yg? o _13y4* 1-a |
ug = FER) u - [sin®§
4 | BT R | S sine |
1—as a3dq/ \3cq2 l—aO_Z/
\ RT3 R B a Igsin“§
3xs 15cxq 3xz
~(-a%e R T
sin2§  3ys t—y 15c¢yq? 3yz
ug=| (1—0{)(—R3 —F> + 3ca s ta—r —ags |
c0525 3x 5 s—d 15cdq? 3dz
—(1—-a)| ——+ —=sin?6 —3caT—a 77 +a?
1—a3xy a3xq 3xq l—a, .,
(T% T (e i)
oug | 1-al ( 3yt <3yq 3q2) | ou 3yq 3¢ 1-«a 5yq
= —_— 0s26 — ) —_— W+ — — = w4+ =- sin%8 | W = 2siné — =
ay | 2 R R 2 dRS RS | ay | 55 RS ) a ]2 | R2
1- 3ys\ a3 c -a
\ s in26 — L2> -= SqW / —SqW - K?sinzc?/
R 2R R a
3x ys 15¢cx ) 7yq® 15xyz
—(1 — (Z) (sm25 — —) — CZT (-2(]51[’15 + R2 + (ZT
u? 3c 5¢° 3
B_yC = -1- ) = (2ysin28 + sBs) —a g [251n26 + —(t —y — 2gsind) — a 37] - aR—iBs
3y . 3c . S5(ys +dt) 5yd 7q 15ydz
\ (1—0{)ﬁ(1—A551n25) +aﬁ[ sm26+T—F 2 - R2 —a G
. y = pcosd + gsind )
Here, since {t _ peoss — gsind 2qsind =t —y
2,02 2_,2
and 5 = 0D gings = XD ings = (4 + Ag)sinzs
The above three vectors correspond to the contents of the row of Tensile in Table 4.
(4) Inflation
l-ax l—ax 1— 3xd
/ 2 B \ / a R? \ /( D%
| l—ay [ [ 1- y [ 3yd |
D pa— - — —_—
=TT e | “= | |(1 D%
1-ad 1-ad P 3d?
2 R3 R_ (1 - a)— 3= R2
1- a3xy 1-a3 15xyd 3y?
e AR s A Al
BuA | 1- aB3 | 6u3 [ 1- aB3 | oug | 3 5y2
TR | 5| ew v | GO Bs=1-%
1 —a3yd —a3yd 3y 5d?
\ / \ a / —A-@sts G=1-%

The above three vectors correspond to the contents of the row of Inflation in Table 4.
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[ 111 ] Derivation of Table 5 (z-Derivative)

Table 5 can be derived by differentiation of Table 2 with z-coordinate

Mathematical Background of DC3D (Part 2)

(refer Appendix : Table of Differentiation).

In the following, the notation is matched with Tables in Okada (1992).

Displacement : u°(x,y,z) = o

.o oud _ My
z-Derivative : P (x,y,2) = =

(1) Strike slip

[u A(x y'Z) —u A(x Y, — Z)+u°B(x,y,z) +Zu0C(X,y,Z)]

[6u 2(x,y,2) +—(x Y, —2) +—(x y,z) +u(x,y,z) +z—(x y,z)]

l-agq a3x%q 3x%q 1-a , Az 3cq
/ 2 R® 2R \ TR Ilsm(s\ a a)R cosd + s A
l—ax . a3xyq | | 3xyq l1—a 3cx Syq
0 — o — 0o —
ug = | Tﬁsmg +5 s ug = -5 Og ug=| (1- oc) c055 + a? sm(S
l-—ax a3xdq 3cxq 1—a . 3cx
\—TFCOS + EF/ \— RE Iffsm6/ \ a- oc) 51n6 +a— I cos6
where, d=c—-z, q=ysin§ —dcosé, R*=x*+y*+d*> and
o= [ , 3R+d ] [ 1 , 3R+d ] 10 2R+d
TV RR+ DT BR+ )’ Re+d? Y BR+a? T YRR+ A2
1—a1( 6+3dq)+a3x2 , 3x2U, 1_aK°'6
o 2 R\ TR ) TS o (_F q e
duy _ 1—a3xd . a3xy up 3xy  1-a . . 5dq
9z - TFS]H& ZFU 9z _l _FU +TKZSIH6 | U —COS6+F
1—a3xd 5 a(3xd u 3xq)} 3cx U 1 0. 5/
5 gs €08 AVE RE E Dsin
3d q ko= _2 0 2R +d ,8R% + 9Rd + 3d?
/_(1 @) 75 AsC0s0 +“R5(A5C°S’5+ A7) \ LE TR T Y BR A RS(R + d)°
oug 15xyd Scx d 2 2
6C=| (1—a) 52 c ( 2Q)| koo Qo[ 2R+d 8R4 ORd+3d
z R 27 0z R3(R + d)? R5(R + d)?
yd S5cx
-1- a) siné + 77 / KO = 0 10 = 3xy
L
Here, dsiné — ycos 7qu = dsind — ycosd — Z—f(ysinc? —dcosé) =d (1 - %Z) sind — y(l - %Z) cosd = dB;sind — yC,cosd

The above three vectors correspond to the contents of the row of Strike-Slip in Table 5.

(2) Dip slip
a 3xpq 3xpq 1—a , . 3xt 15cxpq
> RS E I3sindcosé (1- a) — - 77
l-as a3ypq 3ypg 1-— . 3 t cos2d 15¢ 3cs
U—g = TF EF ug =\ - RS + I{’sm&cos& ug' = (1 - Cl)( Y - R3 ) - R};pq QF
l-at a3d 3¢, l1-«a 15cd, 3ct
—— wmt3 st)q - R’;q + 12sindcoss —-(1- a) sm6cos6 +a R7pq ape
_ p = ycosd + dsiné {s = psind + qcosd = ysin26 — dcos28
where, d =c-z, {q = ysind — dcosé ’ t = pcosd — gsind = ycos26 + dsin2§ and
90— [ 1 , 3R+d ] [ 1 , 3R+d ] IO_x 0o 1 , 2R+d
L=YRR+D2 ™ RRR+ )3 ReR+a2 Y RRR+a2 BTR T2 5STRR+d)  RBPR+d)?
a3x
( )
ouf [1-a1 a3y . | Sdpq
9z = 2 F(C0526+R2>+Eﬁv Vi=t+ R2
1—-al /. 3dt 3d_, 3pq
7w (20— +3 (7 - )
3x —a 0 3xd
—EV'—TKfsintScosS K3 = &1:9 __F_Kzo
ug | 3y, O 0ginSeoss wo=_2 0 2R +d , 8R? +9Rd + 3d®
oz k_ﬁ T T fasinocos ) 1="5." T VIRBR + d)2 RSR + d)?
3c l1-«a 9 A
[ O¢i _ 3
7E 1% K5 'sindcosé K = _512 =-

5
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3x/ . 5dt 15cx 7dpq
(—(1—“)—(511125——) —a7<t+7) w
ou? Sydt 3c S5(yt—ds) 35yd
€ - = —(1- a)—[y51n25 + dcos28 — ZZ ] - QF(—COSZS + > R ) + }};fq)
1 A P 3c/ . 25 10dt 5pq
—-(1- a) ssindcos —apg(sin2d ——3 + = &
= ysin2d + dcos26 — —(ycosZ(S + dsin26) = dBs c0s28 + y(Cssin28

5(yt—ds) _ 5(y*+d?)
B

The above three vectors correspond to the contents of the row of Dip-Slip in Table 5.

and 0520 = %COSZS = (4 + As)cos26

(3) Tensile
1-ax a3xq? 3xg? 1—a
/ 2 R3 2 RZ \ RZ "o I§sin26\‘
l—at a3y2I o _|3yq® 1-a , . |
u“_| B IR | YT s T Ty fsind
l1-as a3dq/ \3cq2 l—aO_Z/
\ RT3 R g Igsin“§
3xs 15cxq? 3xz
51n26 3ys t—y 15c¢yq? 3yz
ug=| (1—a)( Rs) + 3ca 75 +a T Rs
cos? 3x 5 s—d 15cdq? 3dz
—-1-a)|— R5 —=sin“d —3caT—a G +a?
1—a3xd a3xq 3xq 1—a
Ear Eya W e
oug 1-al/ . 3dt\ a3yq ug 3yq ., 1—a o . 5 5dq
= 5 3| sin28 > > R5 ——w’ | e FW +—a Kisin“§ w =2c056+?
1-al 3ds 3dq 3q \y o l—a 5, /
\ (e ) -5 (G- 3) CHANCE
3x 5ds 15cx 7dq? 3x 5dz
—(1—0{)—5(c0526+ﬁ) +a G 2qcosd + 2 _aﬁ(l-i-ﬁ)
dug Syd 3 5d(t 7dq? 3 5d
aZC =l 1 a)—(dsm26 ycos26 — 4 S) + aR—i. [—51 26 + % + R—<2qc056 + Rg )] - aR—};(l + R—ZZ)
. 5d(s—d) 5 3c 3z
-(1- a)ﬁ(l — Agsin?8) — aﬁ [1 + cos268 + —pr t E(quCOS(s - qZC7)] tage - aﬁ(l + Cs)
Here, dsin28 — ycos26 — % = dsin26 — ycos26 — 5I:’—Zd(ysin26 — dcos26) = dBs sin26 — yCsco0s28
. d = psiné — qcosé
Since {s _ psin6 N qcosé‘ , 2qcos§ =s—d
5d(t— y) _ S(ystdt) syd(, 7q 5(R%2—x? ) Syd (., 7%\ _ _ ﬂ _74*
So, 4 5 ( M) = sl (e - M) Gings — 22 (2 - 10) = (4 + Ag)sinzs - 2% (2 - 1L)

The above three vectors correspond to the contents of the row of Tensile in Table 5.

(4) Inflation
l1—ax l1—ax 3xd
I/_ ’ _3\I I/ ¢ R_\I /(1_a) |
l-ay l-ay 3yd
0 — _ - [oQ— Z_ 0: —
uA_| 2 3 | Up | a B | Uc |(1 a)
-5/ \ "/ oo )
2 R3 a R (_a)_
1—a3xd 1—a3xd —(1—a)3xC
2 R a RS RS ® 342
oug 1—a 3yd oug 1—a3yd 6uc —a- a)3yC C;=1 =
27z — (s

[

Ezk_T RS ) Ezk TF} oz k RS ) 52
1—(ZC3 1—(1C3 C5=1——
S_acs - et} 1- 2 R?

2 B a B ( 0‘) (+C5)

The above three vectors correspond to the contents of the row of Inflation in Table 5.
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Mathematical Background of DC3D (Part 2)

Appendix : Table of Differentiation

= ycosd + dsind s = psind + qcosd = ysin2d — dcos2d
R = X2+y2+d2, d=c—z {p y { p q y

q = ysind — dcosd ’ t = pcosd — gsind = ycos26§ + dsin28

f af /0x af /0y df /0z = —3df/dd
1/R3 —3x/R5 —3y/RS 3d /RS
x/R3 A3 /R3 —3xy/R> 3xd/R>
y/R3 —3xy/R5 B3 /R? 3yd/R5
d/R3 —3xd /R® —3yd/R°® —C;/R®
1 3yq 1 3dq
5 .
q/R3 —3xq/R rE (smé‘ - F) I (c055 + ?)
3 s 1/ . 5 3ys 1 3ds
s/R —3xs/R ?<sm2 - 5—2) E(COSZ(? + R—Z)
5 yt 1/ 3dt
t/R3 —3xt/R ﬁ(COSZ(S ~ g7 —E<sm26 -— )
A; 1 3x? 3x 3y 3d
BTR R | R4 "R R s
1/R°® —5x/R’ —5y/R7 5d/R’
x/R® As/R® —5xy/R’ 5xd/R’
y/R® —5xy/R’ B</R5 5yd/R’
d/R® —5xd /R’ —5yd /R’ —C5/R°
1 5yq U 1 5dq U
5 7 : —
q/R —5xq/R 7 (sm6 — F) 75 7 (cosé‘ + ?) 7
5 ” 1 S5ys 1 5d
s/R —5xs/R E(sté‘ - ?) ﬁ<c0526 + ?)
5 ; 1 Syt 1 5dt
t/R —5xt/R =5 (cosZé‘ - ?) — 25 (std - —2)
X
x?/R® F(l + As) —5x2y/R7 5x2d/R7
VIR —Sxy?/R7 221+ By) 5y%d/R’
d
d?/R5 —5xd?/R” —5yd?/R7 _ﬁ(l + Cs)
y x
xy/R® §A5 25 Bs Sxyd /R’
x
xd/R° EAS —5xyd/R7 ECS
d x
yd/R® —5xyd/R7 EBS —Ecs
q x 5yq X x 5dq x
5 _ : _ _ ’
xq/R R5A5 F(smS - ?) = EU ﬁ(COS(ﬁ + ?) EU
1 5ypq |4 1 5dpq 4
5 7 — _
pa/k —orpa/R gl —@ E(t )
2 /05 2 /p7 q (. . 5yq\ q q 5dqy g
q /R —qu /R E(ZSID(S‘ _F) = E F(ZCOS(S +?) = F
s x 5ys x 5ds
5 _ .
xs/R RS As F(st& - ?) F(cosZS + F)
s t x S5yt x 5dt
xt/R EAS E cos26 — F —F sin26 — F
5 , 1 . y 5ds
vs/R —5xys/R F(ysté" + sBs) F(cosZS + F)
5 ; 1 y [ 5dt
yt/R —5xyt/R E(ycosZS + tBg) — 25 sin26 — 7
s z 4 ; x 5dz
XZ/R ﬁ 5 —SxyZ/R F( +F)
z y 5dz
5 7 Z
yz/R —5xyz/R 7S Bs F( +?)
1
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Mathematical Background of DC3D (Part 2)

f df /0x i df/dy i Zaf/al=—5f/5621
xq x 5yq X x 5dq x
2 5 _ : _ _ ’
X q/R R5(1+A5) F(SIH(S—F>—FU F(COS(S-FF)_FU
yq X . xy xq xy 5dq xy
xyq/R® ﬁAS F(ysmé‘ +qBs) = FU + R5 E(cosd + F) = FU
s dq xd [ 5yq xd x xd  xq
xdq/R EAS ﬁ<sm6 - F) = FU F(dcosd —qCs) = EU — 5
pq X 5ypq X X 5dpq x
5 - _ — !
“Pa/k R4 =) — o Gl B4
1 y rq y 5dpq Y o
ypq/R® —5xypq /R’ 75 s +PgBs) = 5V + ¢ ﬁ(t + 3 ) =25V
d 5ypq d 1 d pq
5 7 — — !
dpq/R ~S5xdpq/R (s = 2) ==V s (e~ paCe) = oV~ o
2
2/ps q Xq(, .. Syqy\ _ xq xq Sdq\ xq .
xq /R ﬁAS E(Zsmd—F)—FW E(ZCOS6+? —EW
2
q . yq q yq sdqy _yq_
yq*/R® —5xyq*/R’ ﬁ(2y51n5+q35) =W +os E(Zcos6+ﬁ> =W
dq (. . 5yq\ _ xq q dq_ .. ¢
dq?/R® —5xdq? /R’ F(Zsmé‘ - F) =75 —5 (2dcosé — qCs) = EW ~ %5
xq x? 7 x? 7d
x*q/R’ 77 (1+47) ﬁ(simS —%) E(COS5+R—2q)
yq X . X 7d
xyq /R’ ﬁA7 R (ysiné + ¢B,) R_}; (cos6 + R—;I)
dq xd [ . 7yq x
xdq /R’ 7747 i (smé‘ - F) 77 (dcosd — qC5)
prq x 7ypq X 7dpq
wa/R i il Gt ) il 3
1 y 7dpq
ypq/R’ —7xypq/R® 77 s +pqBy) 7 (t + 7)
d 7ypq 1
dpq/R’ —7xdpq/R® ﬁ(s ~—pz ) 77 (dt —pqCy)
2
2 /p7 q xq () 7yq xq 7dq
xq°/R ﬁA7 ﬁ<251n6 ~ Rz R7 2cosé + =z
q . yq 7dq
yq*/R’ —7xyq*/R° 77 (2ysind +¢B;) F<2cos5 + ?)
d 7
dq?/R7 —7xdq*/R° R—z<Zsin6 - %) %(chos6 —qC;)
1 2R +d 2R +d 1
R(R + d) B3R + d)? YRR + d)? R®
1 3R+d 3R+d 2R+d
R(R + d)? *RER + d)? YRR3R + d)° R3(R + d)?
2R +d 8R? + 9Rd + 3d? 8R? + 9Rd + 3d? 3
R3(R + d)? RS(R +d)° Y TRS(R+d)° RS
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R3(R + d)® *TRSR+ )" " RSR +d)* RS(R + d)°
3x? 3y? 3d? 5 5d
A3—1—1;C2 B3—1—% C3_1_F U=sin5—% U’=cos5+R—2q
5x? 5y? 5d? 5ypq ) 5dpq
As=1-—73 Bs=1-—5 Cs=1-—r V=s-=3 V=t
7x? 7y? 7d? ] 5yq ) 5dq
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