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[D,{] Derivative Matrix (4 of 11)
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[D,{] Derivative Matrix (8 of 11)
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[D,{] Derivative Matrix (10 of 11)
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[D,{] Derivative Matrix (11 of 11)
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[D;] Derivative Matrix (4 of 11)
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[Df] Derivative Matrix (8 of 11)

agi,j ~ 8i; —8i 1
oy Ay
L L 4  J
g1 921 931
— L 4 L J
12 g22 932
—>
[ 2 L 4 ]
g13 g23 g33

0g,, ~ 8u -0
v Ay
agl,l ~ 8 -0
o Ay
0g;, ~ & -0
v Ay
agl,Z ~ 812”8

Ay
02,, ~ 82078
o AN
0g;, ~ 8278
o Ay
0813 _ &3 &2
Ay

682‘3 823782

oy Ay

ags.s ~ 833~ &3

0 A
<) EMPossible g Y
Dy | Derivative Matrix (9 of 11)
% . 870
8gi,j ~ 8i; ~8ij o Ay
ay Ay 6gz,1 ~ & -0
oy Ay
085, _ &, 0
. ® » d oy 22
911 921 931 % &y
681,2 ~ 82" 8u
Ny
% = 81282,
¢ * ® >N
91,2 922 932 0831 812~ 8
¥y N
o Ay
L g ® %8s _ 823”8
913 92,3 933 y Ay
% ~ 83780
v A
< EMPossible g Y
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Df] Derivative Matrix (10 of 11)

agi,j ~ 8i; —8i 1
v N

L 5 L 4 9

gi,1 g2,1 931
¢ L 4 = J

912 g22 g32

—

[ L @

[ ] g23 g33

6g1.1 ~ &1 -0
vy Ny
agl,l ~ &> -0
o Ay
ag},l ~ 83 -0
¥y A
1> _ 81278
v oA
02,, ~ 82078
¥y &
0g;, ~ 8278
¥y Ny
681,3 ~ g3~ 82
N

682‘3 823782

oy Ay

agu - 833~ &32

. ay Ay
51 EMPossible
agl.l ~ &1 -0
Ny
agz,l ~ gz,l -0
NG
] &1 &1 -0 6g3,1 ~ 831 -0
81 8, =0 oy Ay
831 831 -0 6g1,2 ~ 812~ 8
| 82 | 82— 8 oy Ay
— &orn |=—| &22 82, agz.z 822782
Ay Ay —_——
83, 83, =&, oy Ay
83 813~ 82 ag},z ~ 83~ &3,
&3 8237 &2 oy Ay
7;g3,37 ;gs,z_gz,zg agl,} ~ 813~ &2
o Ay
agz,} ~ 813822
vy oA
0g;5 ~ 83780
. vy oy
S EMPossible
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[Df] Derivative Matrix

(11 of 11)

% 8170
ox  Ax
%:gz,17g1.1
. - - - ox  Ax
1 0.0 0 0 0 00 0)g, gl'l_o 083, _ 831~ &y
01 0 0 0 000 0feg, 8,0 o A
0 0 1 0 0 0 00 0|g, 2,0 o2, €,-0
| -1 0 0 I 0 0 0 0 Ofa&5, q 812~ 8u T Ax
—| 0 -1 0 0 1 0 0 0 0| &y,|=—]8&.,"&u <:| agm 812~ 812
Ay Ay kgl ol
0 0 -1 0 0 1 00 0fegs, 83283 ox Ax
0 0 0 -1 0 0 1 0 0|as, 813~ &2 083> _ 828
00 0 0 -1 001 0fgs: 23— 8s» o A
00 0 0 0 -100 1]/g.] |8:8.] % 81570
. ox Ax
. 0825 823~ 813
':D:] ox  Ax
- 33 . 855~ 8
ox ~  Ax
51 EMPossible
Anatomy of | D}
Yy
0 1
NX
0
-1 0 1
.1
D¢ =— -1 0
A
Y -1 0 1
-1 0 O
-1 0 1
-1 0 1
S EMPossible
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Final Notes

Spacing for Boundary Corrections and Diagonal Offsets

NN
- Dirichlet boundary -1 0 0 1
-1 conditions 1 0 0 1

<

M1 1 M1
-1 1 N, 0 1
-1 1 N 0 0
X 0 1 ' k -1 0 1
Dé=— -1 1 Df=— -1 0 1
A A,
: -1 1 ’ -1 0 0
w01 -1 0

Dirichlet boundary -1 1 -1 0 0 1
conditions 11 10 0

S EMPossible
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9/8/2020

Same Matrices on a 4x4 Grid

-l #1 0 0 0 0 0 0O O 0O 0 0 0 0 0 0 -1 0 0 0 41l 0 0 0 O O O O 0 0 0 0
0O -1+ 0 0 0 0 0 0 0 0 0 0 0 0 O 0O -1 0 0 0 +«1 0 0 0 0 0 0 0 0 0 0
0 0 -1 +1 0o 0 0 0 0 0 0 0o 0 0 0O 0 -1 0 0 0 + 0 0 0 0 0O 0 0 0 O
o 0 0 -1 0 0 0 0 0O 0 0 0 0 0 0 0 0O 0 0 -1 0 0 0 1 0 0 0 0 0 0 0 O
0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1 0 0 0 0 0 0 0
0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0o -1 0 0 0 +1 0 0 0 0 0 0
0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0o -1 0 0 0 +1 0 0 0 0 0
Df:i o 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 D/‘:L 0O 0 0 0 0 0 0 -1 0 0 1 0 0 0 0
X Ax|/0 0 0 0 0 0 0 0 -1+ 00 00 0 0 Y Ay|o 0 00 0 0 0 0 -1 0 0 00 00
o 0 0 0 0 0 0 0 0 <1 41 0 0 0 0 0 O 0 0 0 0 0 0 0O O -1 0 0 0 +1 0 0
0 0 0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1 0
0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1
0 0 0 0 0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0o -1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0o -1 0 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 + o 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 O 0 0 0 0 0 0 0O O 0 0 0O 0 0 0 -1

+1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +1 0 0 0 0 0 0 0 0 0 0 0
-1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +1 0 0 0 0 0 0 0 0 0 0 0
0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +1 0 0 0 0 0 0 0 0 0 0 0 0 0
0O 0 -1 41 0 0 0 0 0 0 0 0 0 0 0 0 0O 0 0 +1 0 0 0 0 0 0 0 0 0 0 0 0
0O 0 0 0 +41 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 «61L 0 0 0 0O O O 0O 0 0 0 0
o 0 0 0 -1 41 0 0 0 0 0 0 0 0 0 0 0O -1 0 0 0 +4 0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 -1 41 0 0 0 0 0 0 0 0 0 0O 0 -1 0 0 0 +41 0 0 0 0 0 0 0 0 0
Dg =i 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 Dg:i 0 0 -1 0 0 0 +1 0 0 0 0 0 0 0 0
X Ax 0 0 0 0 0 0 0 0 +1 0 0 0 0 0 0 0 y y 0 0 0 0 -1 0 0 0 +1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 <1 «1 0 0 0 0 0 0O 0 0 0 0 0 -1 0 0 0 +«1 0 0 0 0 O
o 0 0 0 0 0 0 0 0 0 -1 «1 0 0 0 0 0O 0 0 0 0 0 0 -1 0 0 0 +1 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 41 0 0 0 0o 0 0 0 0 0 0 0 -1 0 0 0 1 0 0 0
o 0 0 0 0 0 0 0 0 0 0 0 -1 41 0 0 O 0 0 0 0 0O 0 0 0 -1 0 0 0 +1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 +1 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1

51 EMPossible &

Relationship Between the Derivative Matrices

Transpose Operation
I:AT:I =[A],, A=[i 2]WAT:H A:[1 2},&:{1 3} A{a,, a,z}AT{au aﬂ}
i,j Jol 2 3 4 2 4 a, a, a, a,

AT = transpose(A); AT = A.'";

Hermitian (Conjugate) Transpose Operation
H _ * ey @] oy [a, @ [+4)) (2-3/)] . _[(1-4)) (3+2))
[A :|i,j_[A:|j,i A‘LZ, azj’A ‘L; a:,:| A‘[(sfz_/) (4+,-)}’A {(m_/) (47_,-)}

AT = ctranspose(A); AT = A'";

Relationship Between the Derivative Operators

This means you only have to construct
f H derivative operators for f(x). The derivative
I:Dy :| operators for g(x) can be computed directly
from the derivative operators for f{(x).

pi=-[p/] D! =

y

DGX = -DFX’; DGY = -DFY’; This relationship is not valid for some
boundary conditions, like Neumann.

S EMPossible slide 62
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The Rule Using Dirichlet Boundary Conditions

51 EMPossible

IfN, =1, then | D/ |=[ D¥ |=---

IfN, =1, then | D/ | =] D¥ | ="

These are all sparse matrices of all zeros.

0

0 - 0
0 - 0
0 - 0]
0 0]
0 0
0 -« 0

9/8/2020

32



