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Collocated
Derivative Matrix

D,

S EMPossible

|D,.| Derivative Matrix (1 of 14)

Ay S0
ox  2Ax
%: Su—Ju
ox  2Ax
- ° By _Suti
a1 fan ox  2Ax
Pur 0= S
o 2Ax
% - f:.: -0
ox | 2Ax
L ‘ %~ /’zz ’.f|.2
faz2 faz ax  2Ax
%N .fm ’fz,z
o 2Ax
Fon 01
o 2Ax
L s a0
f33 Jaa o T 2Ax
o Lot
ox © 2Ax
of, =)
ox 2Ax Yis LO-1fis
ox T 2Ax
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| D, | Derivative Matrix (2 of 14)

%zfz.l’o

ax 2Ax
A

Ox 2Ax

@ ¢

P ° ° P _futu
fia fa1 faa f1a o 2Ax

A

ox  2Ax
Dflz - fz,z -0
ox . 2Ax
[ 4 ‘ ‘ 9 afz,z ~ fs.z _fl.z

fi2 foz f2 faz2 ax | 2Ax
Usr _ Sio— Lo

ox 2Ax
iz 0= S

ax 2Ax
afl.} - /23 -0

fis foz fa3 fa3 “ox . 2Ax

a/‘z.s - f}: ’./{.J

ox 2Ax

af;,j ~ fm,j _fi—l,j Yo Jus~Sos

=~ ox  2Ax
ox 2Ax ¥y 0L

ox 2Ax
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| D, | Derivative Matrix (3 of 14)

Sy S0
ox  2Ax
& _ fu-fu

& 2Ax

@ G

‘ ‘ %: fu _fz.l
Jia f2a R faa o 2Ax

afu - 0- fJ.J

Ox 2Ax
o Sra—0
o | 2Ax
[ 2 ‘ * 9 af:.z . /12 7.f|.2
fiz foz fz2 fa2 Tar T 2Ax
Osa _ Jio—fon
Tox | 2Ax

Uiz 0 fia
Tor T 2Ax

afl.s - fz.z -0
Jis fa3 f33 fa3 o

ox 2Ax
%N Sis _fu

o 2Ax

&y Sy =S, s St

=~ ar © 2Ax
ox 2Ax s O~ 1

Ox 2Ax
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| D, | Derivative Matrix (4 of 14)

U L S0
ax T 2Ax
%: /31 ’.f{.}
l ox  2Ax
L d * * L #a_fu=h
fia fau faa faa o 2Ax
Sy 0L
o 2Ax
Ya  S22=0
o 2Ax
[ 2 ‘ ‘ . J afz,z ~ fs.z _fl.z
Ji2 Jo2 faz2 Jaz ox | 2Ax
Wia _ Saa=Son
ox  2Ax
Ui _O0-fin
R
L & ® ® afm ./.2.370
fis foz faz fa3 o - 2Ax
a/‘z.s - fz: ’./{.J
ox ~ 2Ax
— Df“ fm ’fz.x
af;] ~ f;‘ﬂ,j f;‘—l,j E;72Ax
Ox 2Ax Fos 0 fia
ox  2Ax
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| D, | Derivative Matrix (5 of 14)
U L S0
ox ~ 2Ax
%: Su—Ju
l ox  2Ax
[ ® . ® U LSS
fi1 fau f3a f1a o 2Ax
% - U_fz_l
& 24Ax
o _ Sra =0
o | 2Ax
[ 2 L 2 2 9 Un _ Sra—Sia
fiz fa2 fa2 faz Tar T 2Ax
s L Siam o
ox  2Ax
in 0 S
ox  2Ax
& L 4 L @ s _ frs—0
fia f23 f33 Jaz “ox | 2Ax
%: fn _fu
ox  2Ax
— Uiy Sis— s
oy Sy, Lo s
ox 2Ax Uy L0 Sis
ox  2Ax
S EMPossible
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| D, | Derivative Matrix (6 of 14)
i S0
ax T 2Ax
%: /31’/11
ox  2Ax
* ® T O Sl

fia fan faa faa o 2Ax
Ui 0 fu

o 2Ax

s _ fra0

l o 24Ax
*— L 2 % s _ fra— o

fi2 fa2 faz2 Jaz ox | 2Ax
éfi:fm_fz.z

ox  2Ax

Uia OS2

o 2Ax

& L L A S0

fis fos fa3 f13 ?E 2Ax
a/‘z.s ~ f}:’/ﬂ

ox ~ 2Ax

Iy -
afi,j ~ fm,j _fH,j Lé: = f”zA;“

ox 2Ax [

ox  2Ax

51 EMPossible 5

| D, | Derivative Matrix (7 of 14)
i S0
R

%:fu—fu
ox  2Ax
‘ ‘ ‘ %:f;.l_/;.l
fia fan faa faa o 2Ax
afu - O’fm
ox ~ 2Ax
o Sra—0
l o | 2Ax
[ 2 9 s Sfau- A
fia foz Tfn fa2 %Z nzm—u
(’ifi ~ .fm ’.fz,z
ox  2Ax
Uiz 0 fia
Tor T 2Ax
® ® ® Uy S23=0
fia f23 f33 Jaz (87; 2Ax
%:fn_fu
ox  2Ax
Uz _ Soz— s
afi,/ = fm,j _f;—],j ;X = f‘ZAxf‘
ox 2Ax Uiz L O-fis
ox  2Ax
0 EMPossible 10




| D, | Derivative Matrix (8 of 14)

S0
ax T 2Ax
o SN
o | 2Ax
[y * T O Sl
fia fan fa faa o 2Ax
Ui 0 fu
ox T 2Ax
Dflz - fz,z -0
l ox . 2Ax
[ 2 “ 9 afz,z ~ fs.z _fl.z
Ji2 S22 faz2 faz2 x| 2Ax
@ = fu - fz:
ox 2Ax
Uiz 0 fia
o 2Ax
L & ® afn /23 -0
fl 3 f'_).3 ,,‘.5.3 fl.f{ 7);.; ZAX
a/‘z.s ~ fz: ’./{.J
ox 2Ax
—_ Dfﬂ - fa.x ’fz.x
afl‘,j ~ fz‘H,] fl‘*l,] > 2Ax
Ox 2Ax Fos 0 fia
Ox 2Ax
51 EMPossible i1
|D,.| Derivative Matrix (9 of 14)
Oy S0
R
afz,! - fz.\ _fu
ox . 2Ax
[ 3 L @ s S Lo
fia fan faa faa o 2Ax
afu - O’fm
Tox T 2Ax
N S0
l o | 2Ax
[ . ‘ af:,z ~ /12 ’.f|.2
fiz foz #fs,? faz T T 2Av
(’ifi ~ .fm ’.fz,z
Ox 2Ax
% = 0—fi,
ox 2Ax
[ L L oy fu,—0
fia f23 f33 Jaz %; féAx
%: Sis _fu
ox 2Ax
afi,/ ~ fm,j B fH,j 6;; = ‘ﬂ‘;m{“
ox 2Ax ¥ 01
ox 2Ax
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|D,.] Derivative Matrix (10 of 14)

%~ fz.\fo

ox ~ 2Ax
%~ /31’/11

Ox 2Ax

* * * S ho
fia fan fa faa ax | 2Ax

o 01

ox  2Ax
Dflz - fz,z -0

ox . 2Ax
‘ ‘ . J afz.z ~ fs.z _fl.z

Ji2 foz faz2 f2 ax | 2Ax
Usr _ Sio— Lo

ox 2Ax
iz 0= S

¢ ==

ox 2Ax
Eﬁ_z - f;_z -0
flli f2.3 f.m fl..’{ =

Ox 2Ax
a/‘z.s ~ fz: ’./{.J

ox 2Ax

af;,j ~ fm,j _fi—l,j Yo Jus~Sos

~ ox  2Ax
ox 2Ax ¥ 0 fis

ox 2Ax
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| D, ] Derivative Matrix (11 of 14)

P Su0

ox 2Ax
% ~ Su—Ju

ox 2Ax
[ & L 4 . %: Siu— S
fia fan faa faa o 2Ax

afu - 0- fJ.J

Ox 2Ax
U S22 0
o | 2Ax
[ . * 9 af:,z ~ /12 ’.f|.2

fiz foz fz2 fa2 T T 2Av
Osa _ Jio—fon
Tox | 2Ax
s 01

o 2Ax
‘ @ afl.s - fz.z_o
Ji3 fa3 IEES Jas Tox - 2Ax
%:fzz_flz

ax 2Ax

&y Sy =S, s St

ar © 2Ax

ox  2Ax ¥y 0= 1iy

Ox 2Ax

[ 2o
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| D, ] Derivative Matrix (12 of 14)
O S0
o 2Ax
%~ /31’/11
ox | 2Ax
. ? ] 9 P Su= S
fia fan faa faa ax | 2Ax
Uiy O fu
o 2Av
Dflz - fz,z’o
ox . 2Ax
[ 2 ‘ . J 1fz.2 ~ fs.z _fl.z
Ji2 foz faz2 f2 oa,x T Ax
s _Srtor
ox  2Ax
Uiz O fia
1 R
® ® ®  fam
fiz fas f3a Jas %; _/EAXO
a/‘z.s ~ f}:’/ﬂ
ox  2Ax
5f_j = Jing =Sy %;%
ox 2Ax Uis 0 fia
ox  2Ax
51 EMPossible is

| D, | Derivative Matrix (13 of 14)
Oy _ Sua—0
R
%:fu—fu
ox  2Ax
[ 3 . * Y S S
fia fan faa faa o 2Ax
afu - O’fm
ox ~ 2Ax
o _ Sra =0
o | 2Ax
. . . A
fiz foz fa2 fa2 ax  2Ax
(’ifi ~ .fm ’.fz,z
ox  2Ax
| o 01,
o 2Ax
® ® % @ s _ foa=0
fia f23 fa3 Jaa o T 2Ax
%:fn_fu
ox  2Ax
afzt,j ~ fm,j _f;—],j 6{;’ = f‘";;}{“
6x ZAX afi:O*fJJ
o 2Ax
S EMPossible i5




|D,.] Derivative Matrix (14 of 14)

Y o S0
ax  2Ax
%: /31 ’.f{.}
o  2Ax
r 7_fi,|_ r f“—O_ §£3|7/4x2Ax/2w
-~ ox
fz.x fz.l ’A/‘u 9/4,. - O’fu
.f},l ./;Jvl_.fl.l o 2Ax
fai 0- £, Mo f2=0
fia fia—0 ax T oAx
1 fon _ 1 fi2— Sz <:| o{;“ = f“z;xf"z
~ . = " - X
2Ax f;z 2Ax f4.2_fz,z A
’ Ui Sia— o2
f42 07]3.2 6)(_ 2Ax
jx.z fz.z -0 6/22 ~ O’fs.z
fos fm _fl,a ox _ZAX
fs,z f:a.z 7fz,3 aaf—' = /222;0
X
L J _f4.3_ L 07f3.3 ] s / —f
S ha
T 2Ax
0 S fas
8x7 2Ax
%y 0 /fis
ox  2Ax
51 EMPossible i7
&S00
ox  2Ax
af;l f‘ll H
0x7 2Ax
01000 0 000 0 0 0)f] [ £.-0] "fu:fuz fa
10 1 00 0 00 0 0 0 0|fy fu—fo ‘Z} OfA’;
Gar 27 s
0 -1 0 1.0 0 00 0 0 0 OfLf, Jou—fo ox  2Ax
00 -1 0 0 0 00 0 0 0 OfJf, 0-1, s S0
00 000 1 000 0 0 0| fa=0 ax  2Ar
1|0 0 00 -1 0 1 00 0 0 0ffn| 1 |fa—fu <:| %, 7/122AX1.2
2000 0 0 0 0 -1 0 1 0 0 0 0ffi.| 2A¢| fis—fia 5;.‘,7,.
000 000 0 100 0 0 0ff, 0- /i, e
00 000 0 000 1 0 0fFfs fa=0 s O fs
000 000 0 00 -1 0 1 0ffs fis—fis ax  2Ax
00 000 0 00 0 -1 0 I|fi fis—fos Y Ss=0
00 000 0 00 0 0 -1 0Jf,] | 0-/, | @f‘ f“"f
N J Yoz L Sss 7 s
Y o 2Ax
D ¥ i s
X ox  2Ax
¥ 01
ox  2Ax
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9/8/2020



Collocated
Derivative Matrix

S EMPossible

19
[Dx] Derivative Matrix (1 of 14)
%2 0=2f,+ /0
oxt (Ax)*
O for _ Fu=2hu+ S
o (Ax)
® Py S L Su= 2+ S
fa1 fan ot (Ax)
O fr  Su=2u+0
T (A
O fiy 0-25+fis
o T (Ax)?
* e * oo O fs =2t S
o o’ (Ax)?
O fsa _ Sra=2f0+ i
o’ (Ax)’
far _ f12=2fi,+0
: 3 ' ) ) o’ (Ax)?
fa3 fa3 Lo 0-2fit+ fia
o T (A
O fos _ Srs=2hs* i
2 i o’ Ax)?
Oy Song =20+ Sy o
= E Ofis S =2t fas
Oox ( Ax) o’ (Ax)?
oy _ fia=2f1s*0
o T (M) do
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| DZ| Derivative Matrix (2 of 14)

Efy 02+ S

&’ (Axy
02/'2.‘ ~ fll _2fz,\ + fs\
o’ (Ax)?
1 ° ° F o fu=2hut o
fia fa1 faa f1a o’ T (A
P fus S 20u+0
ot (Ax)’
Fha 02t fur
[ . L L J o
- - N _ Fha _ fa=2fuat fra
fi2 fa2 f2 faz2 . @
P fia S22t o
o' (Axy’
s _ fa=2f1s 40
® ® . ® ot (wy
fi3 foz fa3 faz O fs 02/ 4 fo
o (A
> fis S 2hst s
aZf‘ f _2f+ - ox® (Axy’
e = ( l’)j2 — Ofp St h
X Ax o (Ax)?
G fos _ fia=2fs 0
S0 EMPossible oW 2
[Dx] Derivative Matrix (3 of 14)
Oy 0-2f,+ S
o (Ax)*
elfz,l _ fl,l_zj;l"'f;l
l &t (&)
@ e ® ® O fu = Soa=2f0+ S
Jia f2a R faa ox® (Ax)?
az.f;,\ ~ ./3.1 _2./41 +0
. (A
Ffiy 0-2fist s
[ 2 L L 2 . ] oW
fiz foz fz2 fa2 66){?2 S22 the 7(25;;[3‘2
ot (Ax)’
iy f12=2fi, %0
® ° ® + !
Jis fos fa3 fa3 Ofis 02/ s+ /os
o T (A
O foa  Sa=2faat faa
62f f 5 2f + ol (Ax)?
ij o Jitl,j ij i-1,j P
—_— ~ 23 J33 Ja3
ox? ( Ax)z (@’
B s _ =215 %0
ol T (&) 2

S EMPossible
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51 EMPossible

[D%]

Derivative Matrix (4 of 14)

L Ao

[ 2 L L
fia for faa faa
[ 2 L L : ]
Ji2 foz faz2 f2
® L L 2 @
fl 3 j"_).:; ,"-5.3 fl.:{

2
0 fu ~ fi+1,j_2fi,j+ i1,/

o ()

Ofu 0-2/,+ S

o (Ax)?

azfz.w ~ fll _2fz,\ + fs\
o’ (Ax)*

62]’;:1 — f;172£1+f:u
o' (ax)*
i =200, 40

o’ T (A
fir L0-2fs+fo
o T (W)

B fry _Sra=2hstfi
ox (Ax)?

Ffy St s
o' (Ax)’
0fir _ f2=2, 40

' T (wy
Fhy _0-2/+ s
ot ()

B foy _ Sa=2fst fis
o (A
o (Ax)?

P fis _ fia=2s+0
o’ (Ax)*
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| DZ| Derivative Matrix (5 of 14)

@ ===

[ . L 4
fia fan f3a f1a
[ 2 L L 2 . ]
fiz foz fz2 fa2
& L 4 L @
Jis foz f33 fa3

62/{1',,/ - fi+1,j 1 2/{1',‘/ + i-1,j

= (A

Py 0-2fu S

o’ (&)

O fo _ fu=2fut
o’ (Ax)?

O f  fu=2fu*
o’ (Ax)?
elf;l ~ f;_l _zf:_l +0

&t (A
@ fiy 0-2fs* fos
o’ T (A

O for _ fa=2hat i
o (Ax)’

O foy _ fra=2hsa* iz
o' (Ax)?
iy f12=2fi, %0

o’ (Ax)
3 fis _0-2fis+ /s
o'~ (A

oy Ss=2hs+ S

ox* (Ax)?

(Axy?

Ffis _ fa=21a+0
@y

o’

74
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| DZ| Derivative Matrix (6 of 14)

L L
fia fan fa
l — L
fi2 fa2 faz2
L 4 L
fl 3 j"_).:; ,"-5.3

2
0 fu ~ fi+1,j_2fi,j+ i1,/

o ()

Ofu 0-2/,+ S

o (Ax)?

azfz.w ~ fll _2fz,\ + fs\
o’ (Ax)*

B fur L S 2t
o' (Ax)?
i =200, 40

o’ T (A
et T (&)

B fry _Sra=2hstfi
ox (Ax)?

Ffy St s
o' (Ax)’
0fir _ f2=2, 40

' T (wy
ot ()

B foy _ Sa=2fst fis
o’ (Axy’
o (Ax)?
Oty _ fu=2fis 0

o’ (Ax)*
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| DZ| Derivative Matrix (7 of 14)

[ & L
fia fan faa faa
[ 2 . ]
fia foz Tfs,fz fa2
& L @
fia foz f33 faa

62/{1',,/ - fi+1,j 1 2/{1',‘/ + i-1,j

= (A

Py 0-2fu S

o T (A
B for  Su=2fut fu
o T (Ax)
Ot fu2ht
o’ (Ax)?
az.f;,\ ~ ./3.1 _2./41 +0
o T (A
O fir (0-2f,+ o
o’ T (M)
8foz  fa=2hotha
a® (M)
o' (Ax)*
O L fr2 =240
o~ (A
Ofis J0-2fa+fos
o T (Av)

oy Ss=2hs+ S

ox* (Ax)?

(Ax)?
3 fis _ Sra=2fia+0
o' (M)
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| DZ| Derivative Matrix (8 of 14)

Ofu 0-2/,+ S

9/8/2020

o’ (Ax)?
02/'2.‘ ~ fll _2fz,\ + fs\
al . (M)
® °® ® 32.@.1 St S
fia faa faa faa o’ (Axy’
O fux S =200 t0
o T (A
P fa L0-2fo+ o
! i} l . o T ()
, 3 O for _Sra=2fiat fn
Ji2 S22 Ja2 faz2 S T ay
&t (Ax)*
Ffun _ Sa=2fia 40
® ® ) ot ()
fis foz f33 faa o fs L0-2f+fs
ol (A
B foy _ Sa=2fst fis
2 1 iy
0o = Jiny =2iy Sy Fhia a2t s
ox? ( Ax)2 o ()
Gl fu240
51 EMPossible o (A 7
[Dx] Derivative Matrix (9 of 14)
%: 0-2fi+ /o
ot (M)
Fh fu-2uth
. (M)
S Py ® fffi\ 2Lt
fi1 fan faa faa ox® (Ax)?
az.f;,\ ~ ./3.1 _2./41 +0
ol (A
Fhy 02ty
. ! # | a T
) - , Ffon _fa=2hathis
fiz fa2 fs2 Jaz P s
Ffya S22+ o
o’ (Ax)*
&fiz =fs2_2f42+0
® ° ® a = (&)
Ji3 S NEES Jas & fiy _0-2f+ fiy
o T (A
Fh o2t
2 o' Ax)?
0 fz/ ~ fi+1,j _2/{1',‘/ i, i} P _(2;.) i
= 23 J33 Ja3
ox’ ( Ax)z (Avy
3 fis _ Sra=2fia+0
o T (Ax) i3

S EMPossible
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| DZ| Derivative Matrix (10 of 14)

Ofu 0-2/,+ S

o’ (Ax)?
azfz.w - S =20t fy
o ()
Py Py PY O fu L fu=2fut fu
fia faa faa faa o’ (Axy’
O fux S =200 t0
o’ (Ax)
P fa L0-2fo+ o
L L : ] @ty
" A » . 2 =2l tfs
Ji2 foz faz2 f2 e
a2t
> (Ax)
| P fis _ Sra= 211240
L 1 *® ® ()
fis f23 Ja3 fa3 Sfis _0-2fis+fos
ot (Aax)*
> fis S 2hst s
O f  fr i =2f [ o (axy’
”@’;Iﬁd ﬁg =g Pfs _fs=2hst fus
ox ( Ax) o ()
Pfis | =201y +0
50 EMPossible o ey 29
[Dx] Derivative Matrix (11 of 14)
%: 0-2fi+ /o
o (M)
Fh fu-2uth
o (M)
Ps ® ® Ot fu2ht
fi1 fau f3a faa ot (A
az.f;,\ ~ ./3.1 _2./41 +0
o (A
Fhy 0200t fn
o (M)
'S * ® - B
fiz fa2 fa2 faz Cﬁ){f ;%
Ffa a2t o
o' (Ax)?
] B foy _ S22 %0
® e >~ o o Ty
fia J23 Jas Jaa 0-2f,+ o
(Ax)?
fi=2fis+ 1
2 Ax)
0 fz/ - fi+1,j _2/{1',‘/ iy f _(2;) o
= ST et s
ox’ ( Ax)z =
Py fs=2fs 40
ﬁl EMPossible o’ (Ax)? 30
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| DZ| Derivative Matrix (12 of 14)

Ofu 0-2/,+ S

o’ (Ax)?
azfz.w ~ fll _2fz,\+ fs\
al . (M)
. " Fhy  fu2hut
fia fan fa faa o’ (Axy
O for =2 0
o ()
Fhy_0-21t S
o’ (A
Py P ® ch o,
Ji2 foz faz2 f2 %
a2t fan
(Ax)?
| S fra= 22 %0
® & @ o] Sy
fis f23 f3s fas Pfra 0=2f3 fos
ol (A
B foy _ Sa=2fst fis
2 i o (M)
0 ftzf ~ S 2f,~,j2+ - O fa-2tfy
Ox (Ax) a =y
B s 21540
S EMPossible &' =y 1
[Dx] Derivative Matrix (13 of 14)
%: 0-2fi+ /o
ot (M)
AT
. (M)
° P ® O Sy S =2+ S
fia fan FER faa o’ (A
az.f;,\ ~ ./3.1 _2./41 +0
ol (A
Fhy 02ty
ot (M)
[ L 2 L 2 - _
fiz foz faz2 faz2 Ca){i'z z%
Ffya S22+ o
ot (Ax)’
| Oty _ fra= 2015 +0
[ ' 3 - o at @y
Ji3 fa3 NEES Jas O fis 0-2fs+ fos
ol (A
Fh o2t
o*f = 2f 4+ f . oty
f’z’-’ Y f”"Z L Fhs =2t s
Ox (Ax) o' (A
& fis :ﬁ3—2ﬂ5+0
et (Ax)* 92

S EMPossible
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| DZ| Derivative Matrix (14 of 14)

Ofu 0-2/,+ S

o’ (Ax)?
02/'2.‘ fll _2f2,\ + fs\
ox® (Ax)?
_7f1,\7 70_2]’\.1*’/2.\7 Lf:l;w
Fo Fam2for o L,
S Sor=2f+ ot
fu =21, 40 oW
fis 0-2/,,+ B O2ath
BN Fol_ 1 | am2hit <:| o
(Axy’ fir| ()| fop=2fn+ S ;ﬁﬂiL@§+£
Jiz fi2=2fi,+0
£ 0-2f,,+1s, Thealaatle
fz.x /i,372f2.3+f;.3 (32/'7 f7*2f +0
fs.z fz,z B 2/;.3 + f4,3 ?? = #
AL L frs=2fis*0 ] By 0-2f+fi
& )
B foy _ Sa=2fst fis
o (M)
T Ly Son2ht s
o’ (Ax)?
Ofos  fr=2fr+0
0 EMPossible i 33
2 . . .
[Dx Derivative Matrix (14 of 14)
%: 0-2f,+ /o
o - ()
O foy _So=2 0+ S
o (Ax)
2 1 0 0 0 0 0 0 0 0 0 o]f] [ 0-2f,+fy | azfi‘;w
2100 000 0 0 0 0|f fum2h+ oo W
01 =21 0 0 0 0 0 0 0 01fy Soa=2 0+ S a—fsw
000 1 20 0 0 0 0 0 0 0/Lf, Fii=2f0 40 ‘” @y
000 0 0 21 00 0 0 0 0, 0-2f,+fr» i;:‘f;%z)ff“
1000 01 =21 0 0 0 0 0/f 1| fa=2fis+ S N
@F[0 0 0 0 0 1 21 0 0 0 0|/ Q| fa-2tfn <:::] 2 JuPatha
000 0 0 0 0 1 =20 0 0 0/f, fia=2fis+0 o S
000 0 0 0 0 0 0 =21 0 0/Lf, 0-2f,,+ fos Gt foa"2athon
00 0 0 0 0 0 0 1 -2 1 0|, Fia=2fus+ fis o fA;;_ o
000 0 0 0 0 0 0 0 1 -2 1%, Fos=2fss+ fos B
00 0 0 0 0 0 0 0 0 1 =2, | fia-2/02+0 | e 02t
N v J o :W
2 Doy Sa=2hs+ fis
[D ] o' (Ax)?
& Fha a2t fur
(A,\')z
3 fis 1321310
ﬁl EMPossible o’ (Ax)? 34
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Collocated
Derivative Matrix

D

y

[Dy] Derivative Matrix (1 of 14)

&y _ S0

oy 2Ay
o fa0

ady 2Ay
e . &,y fra0

f:i.l fl,t oy 2Ay
%~ /42 -0
a ~ 2ay
i /M ’/H
o 24y
L 2 L o Sos— Lo
faz faz EREN)

s fis=S

o 2/
Ain  Sis— T
. o ¥ oy

JEES fa3 s 0-ho
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|D,, | Derivative Matrix (10 of 14)
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|D,, | Derivative Matrix (12 of 14)
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|D,, | Derivative Matrix (14 of 14)
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Collocated
Derivative Matrix

S EMPossible

[DJZ,] Derivative Matrix (1 of 14)
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Derivative Matrix (14 of 14)

_0-2/+ M
(tyy
0-2f, + .
(&)
[ ] S | [ 0=2/,+ /i, | E/ﬂfi'l 57072/;"‘ T/“
fz.\ 0_2f2.1 + fz.z ?}" @
A 0-21,+fi, 67/:“ = 7072»&" jrf“
fu 021, + oW
f\.: f}.l 72f\.z +/s
1 Lo 1 | fm2f0+ s
W) fia| WP | fu=2fiat fis
Jiz Joa—2fat fas
Sis Ji2a=2f15+0 (Av')'z
Sas S22 =2/15+0 o "
fx.s fs.z - 2/;.3 +0 % = f“ 7(2:;;3+ f“
| 1] | fia-2/,,40 | Oy Sia=20s+0
» = Wy
0o for=21,+0
» @y
O fos _ Sra=2f+0
T @y
Oty _ fra=2fi 40
51 EMPossible B% @
2 D . . .
D erivative Matrix (14 of 14)
y
Phy 02/t h
o (W)
O fuy _0-2fs+ fun
» Wy
20 0 0 1 0 0 0 0 0 0 off [ 0-2f,+/. ] Oh 02t
0020 0 0 1 00 0 0 0 0f0f£, 0-2/,+ fia o e
00 20 0 0 1 0 0 0 0 0%, 0-21,,+ /. O 022 ut Sy
00 0 20 0 0 1 0 0 0 O0ff, 0=2/,1+ fir Ey wr
1 00 020 0 0 1 0 0 0|Uf, Su=2hat hs Ofizm
1o 1 0 0 0 =20 0 0 1 0 0fi] 1 |fu-2hth o &)
@Yo 0 1 0 0 0 20 0 0 1 0|fi| | A-2h+h <tj B g2t ly
00 0 1 00 0 =20 0 0 1|f, Fo=2fa* fis s @
000 0 0 1 0 0 0 =20 0 0]/ fia=2/,+0 —~%
00 0 0 0 1 0 0 0 -2 0 0Jf%, for =2, +0 P
00 0 0 0 0 1 0 0 0 =2 0%, fra=2f2 0 TS
\ o 0o 0 0 0 0 0 1 0 0 0 -2/7_;:_37 | fi2=2fi3+0 | Phf-21,50
Y oy* (Ay)
) O Loy fra=2fos 40
[l) ] > - @y
Y B fyy _ fra=2is+0
o (&)
O fas _ fra= 2/ 40
S EMPossible ¥ @)

9/8/2020

33



Final Notes for Derivative
Matrices

Placing Diagonals in Sparse Matrices in MATLAB

A =
[1 O O O 0 0 1
M=6 ) [0 1 0 0 0 0 ]
7z = sparse(M,M);
d = ones(M,1); :> [0 0 1 0 0 0 ]
A = spdiags(d,0,2); o o0 0 1 0 0 ]
[0 0 0O O 1 0 ]
[0 0 0 0 0 1 ]
A =
M= 6; [ O 1 0 0 0 0 1]
7 = sparse (M, M) ; [ -1 0 1 0 0 0 1]
d = ones(M,1); |:> [ 0o -1 0 1 0 0 ]
A = spdiags(-d,-1,2); [ 0 0 -1 0 1 0 ]
A = spdiags(+d,+1,R); [ 0 0 0 -1 0 1 ]
[ O 0 0 0o -1 0 1]
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The Rule Using Dirichlet Boundary Conditions
0 0 0]
IfN, =1, then [D,]=[ D} ]|=-= 0 .
0 0 0
0 0 0]
ItN, =1, then [D,]=[D¢]==| 0 0
00 - 0
51 EMPossible )
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