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Symplectic numerical integration method for normal mode
computation of the spherically symmetric Earth
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HECHE Y MUE KA EDRMBRINE L2 XKAZMAEET ZRBIRE E - 3K - KKOKE) & &S
HWMERESROMKERIREMAEZ AWVWT, £ (SR - ZRMS) OBMEMIBESRICEHEINS, HF
WEINTWS, PRIZERIOENSEHGFETIE., MLt ERESOETICERT 2ENB%EE%E
HTEEY., MBEICHYT 2HFFRIBEZET2ENEH 2 SCEBREBOEHARXOEERSICLZF
FELNTER, EHEFASUEHNHUESROMKERIRSR ARV 5 EPRIBMDENIGEH N EE
BEICETESI N /I NZD. 2HF T, @AK (~1Hz) BEEE CREMICHESET 2 EHPRE#T
Hote, FRBEEETEHOHMLROBRHAAEMILHE TIHOARERIE. EHEHEESDHDE 6 LK
AL T RMODARRERD, BRENICHEREL Z1TO2DICVWK DDODFENMREIN T E L H(FHE20009,
Woodhouse 1988), HEALED-OERERE TEENTE RV, ZOEIMDARERNIE. B EENART
v LOEBBEE —MRILEERY Mlg, BEHEENRT Vv IILOBDOEEBEH % —RILEHEN Y
Mlp&d 3., 6RIGMEEEDNIIb=ZT7UERJ(Q,p)dr=) Hq,p)EEL ZEDTED, TDNIN =
7 VHIE— A EEREq & —RILEEIZEpD2RFER ER>TE Y. H(g,p)=U@Q)+T(p)D & D ICHBETE LWz
HEEMBERS EE LTHONTWE Y YL U714 v 7 (Symplectic) BUESIEEZRAWS Z &N TER
MNotz, SEIFR L7=Q=Q(q,p), P=P(q,p) & § B EZELHIC L U /NI )L b =T VHAH(Q,P)=U(Q)+T(P)1 BT
i, IHIT, —MBIEEZEE L TEHRrE—REBEFHEE L TH(NICHEZH T BE(NINA 7= 8 R HEZEEDH 7=
NI =7 VHQP)-EIFEZrCBALT—EERY, REMICHESE TES I EAHBAL L,

The normal mode method has been used for wave phenomena including permanent deformation, tsunami
and atmospheric waves when we include the solid earth and ocean and atmosphere as a single
gravitationally coupled elastic body. Once the normal mode set have been obtained, the computation
time is very short, compared with other numerical simulation methods. Recently pre-P signal in
seismograms induced by gravity potential change has been reported and confirmed by numerical
simulations. We try to shorten the computation time by using the normal mode method. After the
separation of variables of the differential equation for a symmetric Earth model in the frequency domain, 6
dependent variables as functions of independent variable r compose a 1 st order simultaneous differential
equation. The numerical solution methods for the simultaneous differential has been proposed, however ,
it has been difficult to compute the solutions at high frequencies, "1Hz. We extend the Hamiltonian
formulation of the differential equation d(q,p)dr=J H(q,p). H(q,p) is a quadratic function of g and p and
cannot be separated into H(q,p) =U(q)+T(p). We found a coordinate transformation Q=Q(q,p) and
P=P(q,p) so that the new Hamiltonian H(Q,P)= U(Q)+T(P) is separable. So a numerically stable symplectic
integration method is applicable for the differential equations. Further, we extended the dimension by
adding a new generalized coordinate r and a new generalized momentum E and compose a new
Hamiltonian H(Q,P)-E. The new Hamiltonian can be integrated stably.
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