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Fig. 1. Two-loop L-C mesoscopic circuit.

M TEO J7 iR A A A& BOBR, 161 1 HL g
AR B H

1 2 2 + 2
L=3 (LW +bLD) - %JF%JFW

)

DO =

220301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 22 (2019)

220301

I TEO 5 i P SR
1 n 1 1
M — ll 0 ’ N — C1 C3 C3
0 I 1 1 1
C3 C2 C3
EM IEO A
M™'Nt =w?t
s
w2 o Cgcglll2 + 01631 lQ (Cgll + Cgll + 0212) \/Z
B 2c1c2031213 ’

HARES T A BARIER N
A= célflg [c% (ca + C3)2 3+ c% (c1 + 83)2 l%

—2cic9 (C% + ci1c3 + cocs — 0102) lllg] .

XFRIEIE T AR RIS R, 2 L=6L=1 ¢ =

ey = c3=c, NI

B \/? B \F

Wy = a, w_ = a
BERAH 0 B i 5 1w, PR BRIV ik
(] et L G S 1], AN SRR 1 R R P SOx £ o0

MFFS (IE5E 575, MR AR, X7
A TUS AR IHARIE. FRRE R 2 s iy e 16171,

C1 C2

l2

)

B 2 JCHER L-C AW H

Fig. 2. L-C' mesoscopic circuit without mutual inductance.
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Fig. 3. L-C mesoscopic circuit with mutual inductance 2m.
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The invariant eigen-operator method in matrix form and the
eigenfrequency of several mesoscopic circuits’
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Abstract

The Invariant Eigen-operator (IEO) method is widely used in solving the eigenfrequencies of the coulped
quantum mesoscopic circuits. The previous IEO method is complicated but stylized, we always wasted much
time in this boring processes. Here we extended the IEO method to the matrix form based on Lagrangian of the
complex mesoscopic circuits, and express the ideas and processes of the previous calculations of the IEO method
in a very simple matrix form. The mathematical methods we used is the indicator representation of the matrix,
and we got a very simple and convenient matrix form of the IEO method. This form has important significance
for the calculation of large-scale complex multi-loop mesoscopic circuits. Moreover, the matrix form of the IEO
method is very friendly to the programming implementation of the complex quantum mesoscopic L-C circuits, it
is probably a most optimal algorithm for calculating the eigenfrequencies of the quantum mesoscopic L-C
circuits. In addition, with some help of computer programs, we used this method to calculate the
eigenfrequencies of three L-C mesoscopic circuits, including two cases with and without mutual inductance. We
revealed some relevant properties of these circuits by calculating results, indicating that the eigenfrequency is
only related to the element properties of the mesoscopic circuit itself. Finally, we found that this method can

also be used in other areas like atom-light coupling systems and solid state physics.

Keywords: invariant eigen-operator method, mesoscopic circuits, eigenfrequency
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