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Abstract

In this paper, we put forward a shift-and-invert algorithm to solve the transmission eigenvalue
problem of Helmholtz equation, which can quickly and efficiently find out the several eigenvalues
and the corresponding eigenvectors near arbitrarily given o . First, we use the continuous finite
element method to discrete the transmission eigenvalue problem of Helmholtz equation, and dis-
crete the generalized eigenvalue problem into a quadratic eigenvalue problem, and then a new
generalized eigenvalue problem is obtained by linearization. The new generalized eigenvalue
problem eliminates the distraction of nonphysical zero eigenvalues, and preserves all the nonzero
eigenvalues. Further through the use of shift-and-invert technology, we can quickly and efficiently
get several real eigenpairs near given o . The proposed algorithm has no special restrictions to
the refractive index of the transmission eigenvalue problems, that is to say, the refractive index
can be positive or negative or positive and negative real numbers. The final numerical example
verifies the effectiveness of our algorithm.
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Table 1. The definition of stiffness matrix and mass matrix
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Table 2. When n(x) =4, four smallest real transmission eigenvalues and their error of different domains
F# 2. n(x)=4 BAREXEAEE 4 M/ HESBESHFEEARENAIRE

izl BT Lilal
k, 2.904556 2.739602 2.166273
k, 2.904583 2.739616 2.185276
K, 3.386964 3.094241 2.706215
K, 3414593 3.051867 2.802062

Irll. 9.405732e-12 9.995345¢-12 7.427342e-12

p 8753 11229 17647
v 309 431 487

Table 3. When n(x) =—4 , four smallest real transmission eigenvalues and their error of different domains
3. n(x)=—4 BFIARREI XX A 4 >89 IE LB STHFHEE AR B AR E

izl BT Lilal
k, 2.869522 2681392 2.314194
k, 4.295124 3.972893 2.880234
K, 4.295157 3.972899 3.505966
k, 5598364 4.901222 3.872513

Irll. 3.306428e-12 3.079805e-12 2.123680e-12

p 8753 11229 17647
v 309 431 487

Table 4. When n(x)=x —x,, four smallest real transmission eigenvalues and their error of different domains
F 4 n(x)=x —x, FAREIXEEAX R 4 &Y IESHESHHEE R BN IRE

izl BT Lilal
k, 21181901 3582432 3.295226
k, 4.339892 4.108966 4.284289
K, 5.449661 5.241862 4.848588
K, 5.935265 5.948711 5.187762
Irll. 2.752140e-09 6.609026e-08 7.238204-09
p 8753 11229 17647
v 309 431 487
e i .‘\,_ y
™\ \
v . |
" _/"II M : - \ \
-.‘\ ] ] n, A )
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1 N . . .
Table 5. When n, = 7 n, =4, four smallest real transmission eigenvalues and their error of different domains

%5 =20, 4 RRRBHATRIRLH) 4 RN ESORAH AR AR

I il
k, 4.447105 3480484 3457568
k, 4.450891 3537599 3527479
K, 4.479227 3.705977 3589700
K, 4.479091 3.718047 3597888

Irll. 2.984879e-11 2.334400e-10 2.225859e-11

p 8753 11229 17647
v 309 431 487

Table 6. When n(x) =4,0 =10, four real transmission eigenvalues near 10 and their error of different domains
6. n(x)=4,0=10 RRREIXFAEHE 10 HiLH 4 MESSEFHIFHEEURBRNIIRE

izl BT Lilal
k, 9.744413 10.006401 9.958410
k, 9.744624 10.134311 10.010959
k, 10.161463 10.212810 10.025760
K, 10.161671 10.212721 10.043626

Irl. 1.963941e-12 9.388443¢-12 2.130290e-13

p 8753 11229 17647
v 309 431 487
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SEHRFAEAE o
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() SCRFAEAEL 1) @R (6) FATHR Y 1 — ity LA SR A 5%, AT DATHSR008 SRR A A el AL (L) D) LA B/ AR I 55
RFAE AR SO 2 RS AIE [ 22, -t ] DABRSEEA 25 SR H AT 45 58 1 o BRI A LA SRR AR 4B SRS B2 FRRFALE 17
A SRR T IR AL, B RBUE MR RAE R, 27 R A T DB BN R 4K
TR AT ZEBRATE] . SkBr b, AT I RE RS T AR 4 E 1) o BRI A SRR AR KO I s
L &, WA OB AW IE o FE D730, SR A XA B AS DO b i A SRS AEAEL,  HET 1 2
SR TR 0 AT 15 DL o
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