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Based on the scheme of damped harmonic oscillator quantization and thermo-field dynamics (TFD), the quanti-

zation of mesoscopic damped double resonance RLC circuit with mutual capacitance—inductance coupling is proposed.

The quantum fluctuations of charge and current of each loop in a squeezed vacuum state are studied in the thermal

excitation case. It is shown that the fluctuations not only depend on circuit inherent parameters, but also rely on exci-

tation quantum number and squeezing parameter. Moreover, due to the finite environmental temperature and damped

resistance, the fluctuations increase with the temperature rising, and decay with time.
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1. Introduction

In the 1960s, when Josephson studied the weak
juncture of superconductivity, he brought forward
the Josephson junction and predicted the Joseph-
son effect!!! which has been employed widely to-
day in the superconducting quantum interference de-
vice (SQUID),?! superfluidity phenomenon,*4 Bose-
Einstein condensate (BEC),[® etc. In recent years,
the Josephson junction has become a main re-
search subject because it can be equivalent to an
RLC (resistance—inductance—capacitance) resonance
circuit. In the 1970s, Louiselll® first discussed the
quantum effects of an LC circuit and gave its quan-
tum noise in a vacuum state. With the rapid devel-
opment of nanometre techniques and microelectron-
ics, the trend of miniaturizing integrated circuits and
electronic components becomes stronger and stronger.
When the phase coherence length of the charge-carrier
reaches the Fermi wavelength, the quantum effects
should be taken into account. Afterward, the quan-

tum effects of circuit and device have become one
of the hotspots in mesoscopic physics for its poten-
tial applications to electronic and optoelectronic de-
vices. In a lot of articles,/”=38 quantum fluctuations
of the charge, voltage and current are widely studied in
mesoscopic circuits. A lot of research has been done on
quantum effects in non-dissipative mesoscopic circuits.
Recently, some research has been done on quantum
effects under the influence of a resistance and temper-
ature in the dissipative mesoscopic circuits. We also
discussed the quantum effects of charge current and
voltage in a damped resonance RLC circuit.[?1—38) Tt
is well known that the harmonic oscillator model is
more significant in quantum mechanics. If an actual
physics problem can be equivalent to a quantized har-
monic oscillator, it can be conveniently solved. Fur-
thermore, because of the current Joule heat in circuit
and environmental temperature, practical circuits are
always working in damped states at finite tempera-

tures. The temperature effects must be taken into
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account. But using the scheme of damped harmonic
oscillator quantization,®? thrice linear transformation
and TFD theory,[*0=%4 the articles of the quantum
fluctuations of mesoscopic damped double resonance
RLC circuit with mutual capacitance—inductance cou-
pling at finite temperatures have not been found yet.
As the vacuum state, thermal vacuum state, ther-
mal squeezed vacuum state can be regarded as spe-
cial cases of a thermal excitation state, it is more gen-
eral and significant to study quantum fluctuations in a
thermal excitation state. In this paper, a mesoscopic
damped double resonance RLC circuit with mutual
capacitance—inductance coupling is quantized by the
scheme of damped harmonic oscillator quantization,
thrice linear transformation and TFD theory. More-
over, the quantum fluctuations of charge and current
of each loop are researched in a thermal excitation
state, thermal squeezed vacuum state and thermal

vacuum state.

2. Quantization of the mesosco-
pic damped double resonance
RLC circuit with mutual capa-

citance-inductance coupling

C 1 C 02

Fig.1. The damped double resonance RLC circuit with
mutual capacitance—inductance coupling.

Figure 1 shows a damped double resonance RLC
circuit with mutual capacitance-inductance coupling.
According to Kirchhoff’s law, the classical equations
of motion of the system are
d’g dg
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where ¢, and £,(t) (v = 1,2) denote the charge of ca-
pacitance and the voltage of message source, respec-
tively. Defining p, = Ly gy, we obtain
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where
N = Ri(L+ L)
Y Lo, + LLo+ L1 Lo’
Ny — Ry(L + Ly) )
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First, we consider the following transformations:

Dy =

B3 =

(1),

f2(t)

Lo L1
r= 51 == - 5 .
G =q+ 1L1(J2, 42 = q2 + 2L2Q17
Pl =p1+6ip2, P =p2+ dap1, (4)

where d; and 02 satisfy the following equation: respec-
tively:

D167 — (M1 — A2)61 — By =0,
B163 — (A2 — M\1)d2 — Dy = 0. (5)

‘We obtain

A — Mo \/ M- w2 B
O (CD
! 2D, * 2D, +D1

SN \/Al—AQ 2 D
02 = 2B, ( 2B, ) +B1' (6)
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From Eqs.(2) and (4), we obtain —Llplexp(ﬁl — P2 t) —0
2 )
/ /
- p_l  __ p_2 -
hE=To BTy LlpleXp(ﬁl 5 62t)7§ — L1 Lp(wy’ = wP)m
Py = —61pt — Liwid + prgh + fi(1), _L2p2exp(ﬁ2 ; b t) —0. (13)
Py = —Baph — Law3gs + p2ai + F5(8), () \We obtain
4
Where (Wiz _ (.()/22) :F \/(W/12 _ WQ ) + P£1pP2
-7 LyLy
fr =M —d01Dn, B2 = Aa — 02 Bu; ! 2p2exp(ﬁ2 -5 t) ’
T 14, 2
wy = \/ [ (B3 +01D3) — —(Bz + 51D2)}
1—5152 L2 L 2 _ 72 + 12 12\2 4p1p2
- - . (w3 —wi) (W —wi’)? + I1L, 14)
1 = Lo
= D 02B D 09B3)|; -
w2 \/1_5152 [Ll( 2+ 02B3) — Lg( 3 + 02 3)}, 2plexp(ﬁl2ﬁ2t)
1 L .
"=1575 [(33 +61D3) — 51L_2(32 4 511)2)}7 From Egs.(10) and (12), we obtain
— 0102 1 . P . P,
71 L Q = _17 Q = 7
=153 [(D2+5232)—52L—1(D3+52B3)}§ L T L
, . , : P = —L1021Q, + Fi(t);
fit) = f1(t) + 01 fo(t),  folt) = fa(t) + 02 f1(t).  (8) , \
Py = —L2025Q2 + F>(1), (15)
Second, we consider the following commutations:
where
/
¢, =X, 7! 12exp(—But/2), —
'Ql = \/(,(}i2 — %pg@Xp(ﬁQ 61 t) 5
Pl = Lugl, = (Yu — XufuLy/2)7 /2 2
x exp(—Put/2), (u=1,2). (9) 2 = \/w’22 zZpleXp(ﬁl 562 t) :
From Egs.(7) and (9), we obtain Fut) = f! (t)exp(%t) n ”ylfg/(t)exp(%t),
. e . Y.
Xi=2 Xo=% o B2 B2
L L, By(t) = 2 fi(exp(Ft) + fOexp(5t).  (16)

}./1 = —Llw?Xl + pngeXp(ﬂl 62 )

+ nesp( 1),

2
Yy = —Lowi? Xo + pQXleXp(ﬁ2 ; &l t)
+ Resp(21), (10)
where
/ B B33
= w%—zl, wh = w%—f. (11)
Third, we consider the following transformations:
L L
Qr=X1+m—2Xs, Q2=12—X1 + Xa;
1s Lo
P =Y1+mYs, Po=%Y1+Ys, (12)

where 7, and 5 satisfy the following equation, respec-

52;51 )

tively:

Lgpgexp( Lng(wl - wéz)”y

The @, and P, denote coordinate operator and mo-
mentum operator in the Heisenberg picture, respec-
tively, which satisfy the following commutation rela-

tions:
[Qu7 PU] = jh6u1)7
[Qu,Qu] = [Py, P,] =0, (u,v=1,2). (17)
According to Eq.(15) and canonical Hamiltonian
equations
. H . H
Qu = 8—7 Pu = _8—7
opP, 0Qu
we obtain
p? P2 1
H=-"1+_2 4+ _1,0%Q°
a1, T2z, T2 19

+ §L2922Q§ — Fi(t)Q1 — F2(t)Q2.

We introduce generalized annihilation and creation

(18)

operators for the two independent oscillators
1
V2L, 2.k

Ay =

(Luf2uQu + 1 Pu),



No. 8 Quantum fluctuations of mesoscopic damped double resonance RLC circuit with ... 2465
1 . [45]
af = — (L 2,04 —iP)). 19 the form
y ST = ( Qu —jPu) (19)
0), =5(2)|0
Substituting Eq.(19) into Eq.(18), the Hamiltonian of 02 (2)I0)
this system can be written as — sech!/2y Z tan};'rzn )" [(2n)! ]1/2 2n). (23)

H = h{} (a{“al + %) + hi2 (a;ag + %)

h
2L Ql

h
~\ s @+ B0,

When ¢,(t) = 0, the Hamiltonian of this system is

(a1 +af ) Fi(t)

(20)

H = hix (afal + %) + hi (aérag + %), (21)
which shows that when a mesoscopic damped dou-
ble resonance RLC circuit with mutual capacitance—
inductance coupling is quantized, it is equivalent to
quantized coupled double harmonic oscillators. Equa-
tion (21) has reduced to a diagonalized non-coupled
boson systematic Hamiltonian. Therefore, the energy
spectrum of mesoscopic damped double resonance
RLC circuit with mutual capacitance—inductance cou-

pling can be written as

Enl,nz - h‘anl + thTLQ + = (h\Ql + h.Qg)

(n17n2:071727"')' (22)

3. Thermal excitation state

Vacuum state |0) (a]0) = 0) can be defined by the
nature of boson harmonic oscillator operators. The re-

(1/R)\/L/C)

of resonance circuit can be regard as the squeezed

1Z*a2 _

ciprocal of the quality factor 1/Q (Q =

coefficient of squeezed operator S(z) = exp[3
%z(a+)2] to prepare a squeezed vacuum state. z =
rel? r (0 < r < o), and 6 represent squeezed coef-
ficient and squeezed angle, respectively. The formula

used to describe the squeezed vacuum state can take

The inverses of boson harmonic oscillator annihi-
lation and creation operators are introduced by their

actions of Fock state |n)!0]
a~tn) = \/—|n—|— 1),
1
—\n—-1), (n#0),
(G+)_l|n> _ { \/ﬁ| > ( 5& ) (24)
0, (n=0).

We can find that a~! is the right inverse of a and
(a™)~! is the left inverse of a™. According to the
nature of inverse boson harmonic oscillator opera-
tors, excitation state of squeezed vacuum state |0); =

a=%|0),. can be defined as

0)7 = a™"|0),
et
n=0 ’
(2n)!
WD n+k), (25)

where k(k =1,2,3, ..
ber, and the normalization coefficient is

2 =, (tanhr)?"[(2n)!]?
IDI" = {Sed“"; (n)2227(2n + k)!

.) is the excitation quantum num-

}71.

For the circuit in Fig.1, it is equivalent to two mu-
tual independent boson harmonic oscillators via linear
transformations of Eqgs.(4), (9), (12) and its quantiza-
tion. And the Hamiltonian is in the form of Eq.(21).

Therefore, the excitation state of the squeezed
vacuum state [00)7, 7, takes the following form in the
particle number representation:

o j0y 1ni/2
o 1/2 (—e tanhr1)"[(2n)!] (2n)!
|00)7, 7, = Dysech rlnzzo Ton Gt k)] 1120 + k1)
o jfs 171/2
1/2 (—e)?2 tanh r9)"™[(2n)!] (2n)
® Daosech™ “rq nE:O —on Gnt ko)l |2 + ko), (26)

where k,,, 7, and 6, (u =1,
respectively. Normalized coefficient D,, is

2) denote the excitation quantum number, squeezed coefficient and squeezed angle,
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2 2. (tanh7,)?"[(2n)1]?\ -1 B
D2 = {sechru Z;J P+ ku)!} . (u=1,2). (27)

Taking into account the effect of current joule heat and environmental temperature, then the circuit will
evolve into a thermal excitation state from its excitation state of the squeezed vacuum state. We introduce a
relative tilde space besides the Hilbert space in TFD theory, and the direct product space is made up of above
two spaces. Operators and states in the Hilbert space each have their corresponding operator and state in the
tilde space. The a, and a; have corresponding operators a, and a; which obey

[dua ~j] = 571/0; [duva/’u] - [a/uva/'j] = [a”UJa’j] = [a’;r?a’j] = 0’

(u,v=1,2). (28)

In the direct product space of TFD, the vacuum state
|0000) of two-mode is zero temperature in H-T direct
product space. The thermal vacuum state [0000)7

where {2, is the resonance frequency of the field, kg
is the Boltzmann constant. Definition of thermal ex-
citation state is

can be obtained by the following definition at a finite

temperature T': 100007 7,7, = T'(11)T(12)]0000) 7, 7, (32)

10000)7 = T (1) T (112)[0000) , (29)

where 4. The quantum fluctuations of

T (1) = exp[—1u(auin — aia))]. (30) charge and current in thermal

Here T'(n,) denotes the thermal Bogoliubov transfor- excitation state

mation. The n, is related to counted average thermal .
ticl b b 2 We obtai Now, we study the quantum fluctuations of the
article number n, Ny = Sin . e obtain . .
P ) Ou DY T0u Tl charge and current in a thermal excitation state, ther-
the relation between ng, and temperature T by the
) o mal squeezed vacuum state, thermal vacuum state and
Bose—Einstein distribution
vacuum state separately.

now = [exp(hf2, /kpT) — 1], (31) From Egs.(28) and (30), we obtain

Tt (nu)auT () = ay coshn, + af sinhn,, and TV (n,)aT(n.) = al coshn, + @, sinhn,, (33)

where we have used the relation

From Eqgs.(4), (9), (12) and (23), we obtain

[ h Ly | R
q1 ST (01 + d17202)m1 .\ 25, (y101 + 0102)ma,
[ h L, | k&
p— —_— 6 —_— — —_— 6 .
q2 ST (o2 + doy101)ma o\ 20 (y202 + 02071)my;
. [ Lofkh L2k
p1=]j4/ 222 (y101 + §102)my — ji/ 121 (01 + 617202)m)

Ly h Ly \/T
= 5 Ly 5
2\ 2r, (Bro1 + 61827202)ma + 5 \ 20,0 (B1y101 + 618202)ma,

Ltk . [ Lafhh
P2 =Jy/ 121 (1202 + da01)my —j/ 222 (o2 + doy101)m
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- % 2LZL(22 (B202 + 0217101)m2 + %\/ ﬁ(@ww + 6208101)ma, (35)
where
_ T2 Bu _ + = o
oy = A 7172)exp(—7t), my, = (ay + a)) coshny, + (G, + @) sinhn,,
m!, = (a, — a)coshn, — (@, — a}l)sinhn,, (u=1,2).

From Eqs.(26), (28), (32) and (35), we can obtain that the mean values and mean-square values of charge
and current in a thermal excitation state as follows:

(@1)177 =0, (g2)1,717 = 0; (p1)7.770 = 0, (P2)T,770 = 0;

h Lon\2
<Q%>T,F1F2 (o1 + 51’7202) T+ o (—2) (m101 + 5102)2172,
2L292

YA

h
6 2 .
Y7 (7202 + 0201)"21;

(L ) (B101 + 61B27202) 21

h L

2 1

I S (Ly?

<q2>T; 172 2L2.QQ (0-2 + 2’7101) x2 + L2

Lifhh h
5 (01 +517202) Y1+ ——— Y]

Lo(Xhh h
+ 5 (mo1 +5102) Y2+ ——— 5T,

Lih Loh
+ %(01 + 017202)(B101 + 01827202) 21 + 7(7101 +0102) (817101 + 610202) 22,

L1k h
2 I 14941
(D2) 7,77 5 (Yo02 + 6201)? y1+2L o
LoSkh h
1)
+ 5 (09 + 6ay101)? y2+2L292

P17 =

73 (Lz) (Bimio1 + 01 5202)% T2

(L ) (B2y202 + 62B101) %1

(L2) (Baoa + 82817101) T2

L1k Loh
+ %(720'2 + 0201)(B2y202 + 624101)21 + %(02 + 697101)(B202 + 2517101)22,  (36)

where

ha2, — [tanhr,]?"[(2
Ty = |Dy]? coth(szT)sechru{Z nan221;n 5 +nk) ]) [4n + 2k, +1 —2(2n + 1) cos 6, tanh ru]},

n:O

tanh r,, )2 [(271)!]2[
n!)2227(2n + k,,)!

Mg

ke,
Yu = | Dy|? coth( )sechru{ dn+ 2k, + 14 2(2n + 1) cos b, tanhru]},

[
2kgT = (
he, 2. (tanh7,)?"[(2n)!]? )
— 2 —
Zy = | Dyl coth(2k T)sechru{1;J (122 (30 1 o)l 2(2n+1)siné, tanhru}, (u=1,2). (37)

We see that the mean values of charge and current are not related to temperature. But the mean-square
values of charge and current are related to environmental temperature.

Therefore, from Eq.(36), we obtain the quantum fluctuations of the charge and current in a thermal exci-
tation state, and they are

h h Lo\2
<(ACI1)2>T,F1F2 = m(m + 517202) T+ L5100 ( 2) (’7101 + 5102)2@,
h L h
2\ 1 2, .
<(AQ2) >T,r1r2 = —2L2(22 (02 + 527101) T2 + (Lg) 2L101 (’7202 + 5201) A
Lifhh h L
(Ap)D 1770 = el (01 + 617202) Y1 + = 5L, ( 1) (Bro1 + 61527202) 71
LoSkh h

+

L
(Mo1 + 6102)°y2 + = ( 2) (Biyior + 61 8202)% 20

2L9(2

Lih Lok
+ %(Ul + 617202) (8101 + 01827202)21 + %(’7101 + 0102)(B1y101 + 815202) 22,
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LiShh h Ly
5 (V202 + 0201) 1 + =—— IR ( 5

Lo(Xbh h
0
+ 5 (o2 + 2’7101) Y2+ ——— T2

(Ap2)) 15,7y = ) (Bay202 + 6aB101)% 21

(L ) (B202 + 6217101) 22

Lih Lok
+ %(7202 + 0201 )(B2y202 + 020101)21 + %(02 + 027101)(B202 + 62817101) 22. (38)

We see that the quantum fluctuations not only depend on the circuit inherent parameters, but also rely on
the excitation quantum number and squeezing parameter. Moreover, due to the existence of finite environmental
temperature and damped resistance, the fluctuations increase with the temperature rising, and decay with time.

When k, — 0, The circuit will evolve into a thermal squeezed vacuum state from its thermal excitation
state. From Eq.(38), we obtain the quantum fluctuations of the charge and current in a thermal squeezed
vacuum state as follows:

<(AQ1)2>T = —(01 + 517202)2517/ + f (&)2(’7101 + 5102)233/
DY ) Yo, \ Ly >
h L h
(Ag2)*) iy = m(ffz + d27101)h + (L;) ST (Y202 + 8201) %) ;
L1k h L
(AP Ty = 121 (01 + 617202) Y + —— 5L.00 ( 1) (Bro1 + 61P27202)2 )
Lok h L
+ 222 (y101 + 8102)%y m( 2) (Biy101 + 01 0202)2 )
Lih Lok
+ %(Ul + 017202)(B101 + 01 B27202)21 + %(’7101 + 0102)(B1y101 + 01P202) 25,
L1 h h Ly
<(Ap2)2>T,r1r2 == (72‘724'5201) 2L Q ( ) (52’72024-525101) l“/
Lok h L
+ 222 (o9 + doy101) 9 + = L0 ( 2) (Boog + 02B17101)2 )
Llh / L2h !
+ 7(7202 + 0201 )(B2y202 + 020101)21 + T(Uz + 027101)(B202 + 620817101 ) 29, (39)
where

hi2, — (tanhr,)?"(2n)!
= |D? coth( )sechru{z M[ML +1—-2(2n+1)cosb, tanhru]},

s T R COERZD
hi2, > (tanhr,)?"(2n)!
= |D))? coth( )sechru{z e [dn + 1 4+ 2(2n + 1) cos 0, tanhru]},

2/€BT "0 (n') 2
hi{2, > (tanhr,)?"(2n)! .

2l =|D.J? coth( )sechru{z e —2(2n + 1) sin 6, tanhru}, (u=1,2). (40)
2/€BT "0 (n') 2

Here -
f2 (tanhr,)?"(2n)!y —1
|Du| = {Sechru; W} . (41)

When r, — 0 and 6, — 0, thus cosh2r, — 1, sinh2r, — 0, cosf, — 1, sinf, — 0, then 2}, = y), =

coth(;}ggr), and z/, = 0. The circuit will evolve into a thermal vacuum state from its thermal squeezed vacuum

state. From Eq.(39), we obtain the quantum fluctuations of the charge and current in thermal vacuum state,

namely
(B0 = gt + 2 o () 1 (22 0, 4 i com (),
(Age)*)r = 2LZL_QQ (o9 + day101)? coth( Z?T) n (%)QQLTQ s+ 8a01)? COth( Zﬁ}),
(Ap1)?)r = [ngzlh(m + 017202)? + 2Lh01 (Ll) (Bro1 + 61027202) ] COth(;;:(B)lT)
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(v101 + 6102)% +

+[73
Li2h 2, h
(202 + 6201)° + Y7

(Ap2))r = |

(02 + 6am101)* +

Lok B
+ [ 2120

2

When T' — 0, and coth({}ih}

will evolve into a vacuum state from its thermal vac-

) — 1, the circuit
uum state. From Eq.(42), we obtain the following
quantum fluctuations of the charge and current in vac-

uum state:

(Aq)?) = (01 + 017202)?

2L
L _h
20582

L 2(7101 + 8102)?,
(%)

(Ag)?) = (02 + 6ay101)?

h
2L9 (2

Lin2 h

el I R (O Sp01)%:
+(L2) 2L} (7202 + 0201)%;
Lk

(01 + 617202)?
ho /Li\2 )
— 1)
+ 2L1(21( 5 ) (Bro1 + 91827202)
LoSkh
2
h Lo
+ 2L292( 2
Lk

((Ap1)?) =

+ (V101 + 6102)?

) (B1y101 + 01 6209)2,

(202 + 5201)2

L
2L1 Ql
LoSkh

* 2

L _h
2Lo8)

(Ll) (Boy202 + 62101)?

(02 + d27101)?

(L2) (B202 + 82B171101)%. (43)

We see that the quantum fluctuations only de-
pend on the circuit inherent parameters. So the ther-
mal squeezed vacuum state, thermal vacuum state and
vacuum state can be regarded as special cases of a
thermal excitation state.

When ¢ — oo, L - 0and T — 0, r, — O,
then §, — 0, v — 0, Bu = Ay = A, = Ry/Ly,
2! = \/1/L,C, — N2/4, we can obtain quantum fluc-
tuations of the charge and current in mutual indepen-
dency damped harmonic oscillator as expressed below:
T lexp(=A1t),

(Aq)?) = KHQ{

Lofkbh h
2L5 (2

(Ll) (B2y202 + 525101)2} COth( ik )

(LQ) (B202 + 0217101) } coth(

(L2) (Biyi01 + 615209) }Coth( N )

2kT

2kpT

iy
)

h
2L92

Lih M2
(Ap) = 35 (98 + )T el =A00)

(Ag2)?) = T exp(=Agt);

12
<(Ap2)2>—L2h(Q§2+/\—) Texp(—Apt).  (44)

20 4
So the uncertainty relation is
2

(A0 B00) = g Hubues(-20,0), (49

where wo, = \/1/L,Cy, u=1,2.
Set Ry — 0, and Ry — 0, then X/, = 0, we have
that the following quantum fluctuations of two inde-

pendent non-damped harmonic oscillators:

h 71 2\ h —1.
(BaP) =51 (B =g
(Bpr)?) =20 gy = L2002 o (g

The quantum fluctuations are related to inherent res-
onance frequencies and are consistent with the results
in Ref.[35,36].

5. Conclusions

Starting with the classical equations of mo-
tion, the quantization of mesoscopic damped dou-
ble resonance RLC circuit with mutual capacitance—
inductance coupling is proposed by the scheme of
damped harmonic oscillator quantization and thermo-
field dynamics. Furthermore, the quantum fluctua-
tions of charge and current of each loop are stud-
ied in a thermal excitation state, thermal squeezed
vacuum state and thermal vacuum state separately.
The results indicate as follows. (i) When a meso-
scopic damped double resonance RLC circuit with mu-
tual capacitance—inductance coupling is quantized, it
is equivalent to quantized double coupled harmonic
oscillators. (ii) The mean values of charge and cur-
rent are not related to environmental temperature.
The mean-square values are related to environmen-

tal temperature. The quantum fluctuations not only
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depend on the circuit inherent parameters, but also
rely on the excitation quantum number and squeezing
parameter. Moreover, due to the existence of finite en-
vironmental temperature and damped resistance, the
fluctuations increase with temperature rising, and de-
cay with time. The vacuum state, thermal vacuum
state and thermal squeezed vacuum state can be re-
garded as special cases of a thermal excitation state.
(iii) When coupled capacitance C' — oo and coupled
inductance L — 0, the circuit will evolve to two mu-
tual independent damped harmonic oscillators, while
C — o0, L - 0and Ri — 0, Ry — 0, it will evolve

into two non-coupled and non-damped harmonic os-
cillators. The quantum fluctuations are related to in-
herent resonance frequencies. The circuit quantum
noise can be controlled by adjusting device param-
eters and quantum states. For a mass circuit, it is
always workable in a damped thermal state at a finite
temperature. Therefore, studying quantum effects of
the mesoscopic damped double resonance RLC circuit
with mutual capacitance-inductance coupling in ther-
mal excitation state at a finite temperature is more
significant for the design of practical mesoscopic cir-

cuit and academic guidance.
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