Mass matrices

Y1 ZHANG, for mathischeap/ptc

1 DMass matrix My
My is the mass matrix of space NPy (Q), and its entries are

MN|¢+1+j(N+1)+/c(N+1)2, I+1+1(m~+1)+n(N+1)2

:/ Vg WAk bmrqQ - GGk ,myn € {0,1,--- N} .
Qret

2 Mass matrix Mg
Mg is the mass matrix of space EPy_1(2). It can be written block-wise as

]»{1,1 ]v[l,? ZVfl’g
hAIE — ]V[Q’l ]V[2’2 ]V[Q’B
]V[3’1 jv[3,2 ]V[3’3 ’

where
1,1
M |i+jN+kN(N+1), I+mN+nN(N+1)
:/ Vg ghtellPkellbmndq gl e {1,2,--- N}, 4, k,m,n € {0,1,---
Qref
2,2
M |¢+1+(j—1)(N+1)+kN(N+1), I4+14+(m—1)(N+1)+nN(N+1)
= Vg g% 1l Mel ™A, jom o€ {1,2,-- N}, ik, l,n € {0,1,---
Qe
3,3
M ’i+1+j(N+1)+(k71)(N+1)2, I+14m(N+1)+(n—1)(N+1)2
:/ VG g7 N b0 ke (1,2, N}, i,j,L,m € {0,1,--
Qref
1,2
M |i+jN+kN(N+1), I+14+(m—1)(N+1)+nN(N+1)
:/ Vg gb? el kel dQ, iome {1,2,--- N}, 4,k L,ne{0,1,---
Qref
1,3
M |i+jN+kN(N+1), I+1+m(N+1)+(n—1)(N+1)2
:/ Vg gt? el Rl rdQ) i e {1,2,--- N}, j,k,l,me {0,1,---
Qret
M2,3|

i+ 14+ (G—1)(N+1)+EN(N+1), I+1+m(N+1)+(n—1)(N+1)2

:/ Vg 9%3 lel™Fleb™mdQ, jone {1,2,--- N}, ik, l,m e {0,1,---
Q

ref

and M2 = (Mva)T, M3 — (Ml,B)T’ M32 — (M“)T.
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3 Mass matrix Mg
Mp is the mass matrix of space FPy_1(£2). It can be written block-wise as

My Mis M3
Mp = |Ma1 Mas Ms3s|,
Mz Mso Mss

where

M, 1|1+1+] 1) (N+1)+(k—1)N(N+1), I+1+(m—1)(N+1)+(k—1)N(N+1)

= / \/.5(92 2933 g2 393 2) leei,j,kleel,mﬂ’bdQ’ Zal € {0,1, 7N}7 ja k,m,n € {1727
Qref

My 2|l+]N+ k—1)N(N+1), l+mN+(n—1)N(N+1)

= / Vg (93 3ght — g3lgh 3) eleIFelel™ndQ,  j,m e {0,1,--- ,N}, i,k,l,ne{1,2,--
Qref

M; 3|z+] 1)N+kNZ2, I+(m—1)N+nN?

:/ V7 (g8 g% — gt 2Pt eel P Feel ™ mdQ,  kyn € {0,1,--- N}, 4,4,l,m € {1,2,---
Qror

M, 2|1+1+] 1)(N+1)+(k—1)N(N+1), I+mN+(n—1)N(N+1)

= / NG (92 g3t — g>lg® 3) lee™*elet™ Q0. i,m e {0,1,--- N}, 4,k l,ne{l,2,- -
Qref

M, 3|z+1+] 1)(N+1)+(k—1)N(N+1), I+(m—1)N+nN2

= / N (92 Lg32 — g22g% 1) leei’j’keell’m’”dQ, i,ne{0,1,--- N}, j,k,l,me{1,2,---
ref

Ma 3|1+]N+k 1)N(N+1), I+(m—1)N+nN2

:/ \/.g(gg 1912 93 291 1) elei,j,keell,m,nd97 jane {0?17 aN}a iakJame {1727

ref

and My = (M1,2)T7 Ms, = (M1,3)T, M3 o = (M2,3)T.

4 Mass matrix My

My is the mass matrix of space VPy_1(Q), and its entries are

MV|i+(j—1)N+(k—l)N2, l+(m—1)N+(n—1)N?2

1
= —eee"Feeeh ™), i, 5, k,l,mne{1,2,--- N}.

Qref \/>
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