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p=ta= =@ xm 'CU= l}t=v}OwDUq= p�=Ut Q@ sm =L |xrO=at 13|wk sQi '6 |xrO=at
sm =L |xrO=at 14h}a[ sQi R= u=wD|t u}vJty "OwW pL Ov=wD|t |RQt \}=QW
sQi R= xO=iDU= |=v@t Q@ VwQ u}= "OQm xO=iDU= l}t=v}OwDUq= p�=Ut pL |=Q@
?Q[ =@ Q=OuRw |=yxOv=t}k=@ VwQ R= xO=iDU= =@ =Pr 'CU= sm =L |xrO=at h}a[
Q@ pY=L |x]@=Q R= |Q}op=QoDv= w w x=wNrO u=mtQ}}eD Q=OQ@ QO x]@=Q u}= u}iQ]

%Ow@ Oy=wN 8 =} 7 |x]@=Q CQwYx@ sm =L |xrO=at 'xr�Ut |=[i |wQZ


w
�
�̂ij;j + f̂i + �!2ûi
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%�31 |x]@=Q� O};|t CUOx@ ! XNWt Ot=U@ l}
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û1y

...
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"OW Oy=wN ?Q[ |ivt l} QO |twywt CtUk xm Cw=iD u}=
|xJN} Q=D u}}aD Qw_vt x@ û(�; !) |wQ Q@ `} QU |x} Qwi Twmat p}O@D p=ta= "4

"u(�; t) MU=B |v=tR

QO l}t=v}OwDUq= p�=Ut Q@ sm =L |xrO=at pL "8
Ot=U@ |xRwL

'OwW|t s}UkD VN@ wO x@ xrO=at '�62 |x]@=Q� p}Uv=Qi}O |xrO=at pL Qw_vt x@
swO |xrO=at pL R= w �63 |x]@=Q� xr�Ut |twta ?=wH pw= |xrO=at pL R= xm

%O};|t CUOx@ �64 |x]@=Q� xr�Ut |YwYN ?=wH
�D0

ii û (�; !)i;�� +D1
ii û (�; !)i;� + !2�Miiû (�; !)i = 0 (63)

�D0
ii û (�; !)i;�� +D1

ii û (�; !)i;� + !2�Miiû (�; !)i

= ��F̂ b (�; !)i (64)

sy w |r}rLD CQwYx@ sy Ov=wD|t xm CU= pU@ p}Uv=Qi}O |xrO=at '63 |x]@=Q
\@=wQ� bi w �2

i |=yQ}eDt '|O=R; |xHQO u}t)=i |=Q@ "OwW pL |OOa CQwYx@
%OvwW|t h} QaD �66 w 65

�2
i = !2Mii

D0
ii

(65)

bi = D1
ii

D0
ii

(66)

CQwYx@ �63 |x]@=Q� xrO=at |twta ?=wH '66 w 65 CqO=at uDiQoQ_vQO =@
%OwW|t u}}aD 67 |x]@=Q

û (�; !)ci=Ai�
� 1�ai2

�
J� ai�1

2
� (�i�)+Bi�

� 1�ai2
�
Y� ai�1

2
� (�i�)

(67)

"OvDUy v |x@DQt R= swO w pw= ẁv pU@ `@=wD ?}DQD x@ w Yv 'Jv u; QO xm
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"�1 p=Ft� A |x]kv QO (�xxP0 ) Oa@|@ |ki= VvD |xJN} Q=D "6 pmW

"2 p=Ft "7 pmW

"1 p=Ft "4 pmW

"�1 p=Ft� B |x]kv QO s�=k u=mtQ}}eD |xJN} Q=D "5 pmW
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|H
=NQ

Y=v
w|

v=H=
RQ}t

uU
Lt LCO |x]kv |Q}oQ=Qk pLt w |Q=PoQ=@ "CU= cp =

p9=8 Q@=Q@ p Gwt CaQU
3 u=tr= VW R= xO=iDU= =@ xr�Ut |=yRQt "CU= xOW xO=O u=Wv ?7 pmW QO

"CU= xOW |Ov@Vt xQo 13 =@ w |}xQo
=@ Ot=U@ |xRwL QO VwQ u}= R= xO=iDU= =@ xr�Ut u}= pL R= pY=L G}=Dv
x�=Q= 9 w 8 |=ypmW QO ?}DQD x@ B w A |x]kv s�=k u=mtQ}}eD |xJN} Q=D u=wva
VwQ R= xO=iDU= =@ xr�Ut u}= pL R= pY=L G}=Dv 'xU}=kt Qw_vt x@ "CU= xOW

"CU= xOW x�=Q= =ypmW u}= QO R}v |OOa Qo}O

|Q}oxH}Dv "10
|Oa@ wO l}t=v}OwDUq= p�=Ut pL |=Q@ O}OH |r}rLDxt}v VwQ l} 'Q=DWwv u}= QO
u=oOvU} wv |=yxO}= |r@k |xaUwD 'VwQ u}= "CU= xOW x�=Q= Ot=U@ |xRwL QO
u; Twmat w `} QU |x} Qwi p}O@D R= "CU= l}D=DU=wDUq= w p}Uv=DB p�=Ut |=Q@
|=yu=tr= R= xO=iDU= =@ "CU= xOW xO=iDU= MU=B |v=tR |xJN} Q=D u}}aD CyH
hW}@J `@=wD R= xO=iDU= =@ "CU= xOW |R=UxDUUo xr�Ut RQt 'l} QDt=Q=B wR}=Q}e
Qm}vwQm |=DrOC}Y=N |=Q=O xm � xS} w pmW `@=wD 'CW=ov `@=wD u=wvax@ q=@ |x@DQt
xO=iDU= w T}DQwm � =Wvrm |OOa |Q}op=QoDv= '�OvOw@ u; jDWt w |}=H@=H `@=D |=Q@
x=oDUO?}=Q[ |=yT} QD=t 'l}t=v}OwDUq= p�=Ut Q@ sm =L |xrO=ath}a[ sQi R=
sm =L pU@ |xrO=at 'xH}Dv QO "OvOW p}O@D |Q]k |=yT} QD=t x@ sm =L CqO=at
|@=} RQ= Qw_vt x@ "Ow@ Oy=wN |O=R; C=HQO Q}=U R= pkDUt |O=R; |xHQO Qy |=Q@
Q[=L VwQ R= xO=iDU= =@ xvwtv p=Ft wO 'l}t=v}OwDUq= p�=Ut pL |=Q@ VwQ u=wD
O=OaD '|OOa |=yVwQ Q}=U =@ xU}=kt QO xm OW xO=O u=Wv w p}rLD C}kiwt =@

"O}; CUOx@ ?U=vt CkO =D CU= R=}v OQwt |QDsm |O=R; C=HQO

"�2 p=Ft� A |x]kv QO s�=k u=mtQ}}eD |xJN} Q=D "8 pmW

"�2 p=Ft� B |x]kv QO s�=k u=mtQ}}eD |xJN} Q=D "9 pmW

=yCWwv=B
1. non-isoparametric higher-order element
2. higher-order Chebyshev polynomials
3. mapping functions
4. Clenshaw-Curtis quadrature rule
5. weighted residual method
6. Bessel
7. �nite elements method (FEM)
8. spectral elements method (SEM)
9. boundary elements method (BEM)
10. scaled boundary-�nite element method (SBFEM)
11. mesh free method
12. fundamental solution
13. strong form
14. weak form
15. local coordinate origin (LCO)
16. control point
17. Jacobian matrix
18. Hook's low
19. Nyquist circular frequency
20. conjugate symmetric property
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