
 

Low Temperature Physics/Fizika Nizkikh Temperatur, 2018, v. 44, No. 12, pp. 1582–1587 

Cooling of mechanical vibrations by heat flow 
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We theoretically consider a nanomechanical link between two metallic leads subject to a temperature drop. It 
is shown that mechanical dynamics of such system can be strongly affected by a heat flow through it via the po-
sition dependent electron-electron interaction, even though the electronic transport between leads is blocked. In 
particular, it is demonstrated that, under certain conditions, the stationary distribution of the excitations in the 
mechanical subsystem has a Boltzmann form with an effective temperature, which is much lower than the tem-
perature of the environment; this seems rather counterintuitive. We also find that a change in the direction of the 
temperature gradient can result in the generation of mechanical vibrations rather than the heating of the mechan-
ical subsystem. 
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Nanoelectromechanical systems (NEMS) promise to 

manipulate mechanical motion of the nanoobjects using 
electronic dynamics. There are many approaches to con-
trol nanomechanical (NMS) performance providing a 
number of new functionalities of nanodevice operations, 
in particular, pumping or cooling of the mechanical sub-
system [1–5]. One of the main approaches exploits the dc 
electronic flow through the nanosystem induced either by 
the bias voltage or temperature drop between two elec-
tronic reservoirs connected by the NEMS [6,7]. Recently 
new type of nanomechanical heat engine, which working 
principle is based exclusively on the heat flow, was sug-
gested in [8]. It was shown that the electron-electron cou-
pling in NEMS may results in a nanomechanical instabil-
ity controlled by a heat flow, even though the electronic 
transport between the leads is blocked. However, a 
semiclassical approach used in this paper didn’t allow to 
investigate the operation of such NEMS in a cooling re-
gime. In this paper, using reduced density matrix approach, 
we calculate a Wigner function characterizing a stationary 
state of the mechanical subsystem in the NEMS similar to 
one considered in [8]. We demonstrate, that, at certain 
conditions, it has a Boltzmann distribution form with an 
effective temperature which is lower than the temperatures 
of the adjacent electrodes. 

There are many different experimental realizations of 
the general concept presented in the paper. To be concrete 

we chose one which, may be not the easiest, but the best, 
from our point of view, for the illustration of the basic phys-
ical phenomenon. This prototype NEMS device (Fig. 1) 
comprises two single-level quantum dots (QD) positioned 
sequentially between two electrodes — left (L) and right 
(R) — kept at different temperatures LT  and RT , corre-
spondingly. One quantum dot (right) clamped to the right 
electrode while another one (left) is attached to the left 
electrode by nanomechanical link and is free to move in 
horizontal direction. The electronic levels of the fabricated 

Fig. 1. The scheme of the device — two single-level quantum 
dots (left and right) is placed between the leads that are kept at 
different temperatures, ; ( )L RT T t uκ≠  is the tunneling amplitude 
of electron from the lead ( , )L Rκ =  to the corresponding dot, l  is 
the distance between the dots and F  is the strength caused by 
Coulomb interaction of the dots. 
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quantum dots are connected to the corresponding elec-
trodes through high resistance tunnel barriers. At the same 
time the distance between the dots is too large to allow 
tunneling between them, but is short enough so that the 
Coulomb interaction between charged dots significantly 
affects their population. We made this assumption solely 
for the purpose of blocking electronic transportation be-
tween electrodes allowing at the same time the heat trans-
fer between them. The mechanical deflection u  of the left 
dot affects the electronic subsystem by changing the tun-
neling rate, ( )L uΓ , between the QD and the left electrode. 
Conversely, the electronic subsystem affects the deflection 
u  via a Coulomb force acting on the charge residing on the 
QD if another one is also charged. 

The Hamiltonian of the system has a form 

 dot tun
ˆ ˆ ˆ ˆ ˆ= ,lH H H H H+ + + v  (1) 

where Hamiltonian ˆ lH  describes the noninteracting elec-
trons in the leads,  

 †
, ,,

,

ˆ = ,l k kk
k

H a aκ κκ
κ
ε∑  (2) 

†
,, ( )kka a κκ  is the creation (annihilation) operator of elec-

tron with the energies ,k κε  in the leads = ( , )L Rκ . The 
Hamiltonian dotĤ  describes the electron states in the dot,  

 dot
ˆ ˆ ˆ ˆ ˆ= ( ) ,L L R R L RH E n E n U u n n+ +  (3) 

where Eκ  is the energy level on the corresponding dot, 
† †ˆ = , ( )n d d d dκ κ κ κ κ  is the creation (annihilation) operator 

of the electron state on the dot 0, ( )U u Uκ −

2 2( / > 0)Fu F e l−   is the energy of Coulomb interaction 
between the electrons on the dots, l  is the distance between 
the dots. The Hamiltonian Ĥv,  

 
2 2 2

ˆ = ,
2 2
p m uH
m

ω
+v  (4) 

describes the mechanical dynamic of the left dot, p and u  
are the canonical conjugated momentum and coordinate, 
[ ], = ; ,p u i m− ω  are the mass and eigenfrequency of the 
dot, correspondingly. 

The connection between the dots and the leads is de-
scribed by the standard tunneling Hamiltonian,  

 † †
tun , ,

ˆ = ( ) H.c.,L k L R k RL R
k k

H t u d a t d a+ +∑ ∑  (5) 

where the tunneling amplitudes are ( ) = exp( / ),L Lt u t u λ  
( ) = = constR Rt u t  and > 0λ  is the tunneling length. 
In this paper we will assume that the temperatures in the 

leads Tκ  are much greater than the width of the electronic 
levels on the dots, 2= 2 tκ κ κΓ πν  (here κν  are the density of 
states in the leads). This assumption allows one to neglect 
coherent mixing between electronic states of the dots and the 
leads and to factorize the total density matrix ˆ ( )tρ   

 dotˆ ˆ ˆ ˆ( ) ,L Rtρ ρ ⊗ρ ⊗ρ  (6) 

where ˆ κρ  is an equilibrium (Gibbs) density matrix in the 
lead κ  with the temperature Tκ  and dotρ̂  is the density ma-
trix of two dots which also describes the mechanical dy-
namics of the left dot. 

Then following the standard procedure (see, for exam-
ple, [2]) we get the following master equation for the re-
duced density matrix dotρ̂  (below index “dot” in dotρ̂  and 

dotĤ  is ommited),  

 
ˆ ( ) ˆ ˆ ˆ ˆˆ ˆ ˆ, ( ) = { } { },L R

t i H H t I I
t

∂ρ  + + ρ ρ + ρ ∂ 

v  (7) 

wherein the collision integral ˆ ˆ{ }Iκ ρ  has the form  
____________________________________________________ 

 [ ]† †1 1ˆ ˆ ˆ ˆ= ( ) ( ) ( ) ( ) ( ), ( )
2 4

I u d t d d t d u u tκ κ κ κ κ κ κ κ +
 Γ ρ + ρ Γ − Γ ρ +    

 
ˆ ˆ ˆ ˆ( ) ( )†e ˆ( ) e ( ) ( )e

4 sinh

i
i H H i H Hi d u d t d u

β µτκ − β + τ β + τκ κ
κ κ κ κ κ

+ τ Γ ρ − β τ Γ +
πτ

∫ 

v v   

 
ˆ ˆ ˆ ˆ( ) ( )†e ˆ( ) e ( ) ( )e

sinh

i
i H H i H Hd u d t d u

− β µτκ − β + τ β + τκ κ
κ κ κ κ κ+ τ Γ ρ − β τ Γ +

πτ∫ 

v v   

 
ˆ ˆ ˆ ˆ( ) ( )† ˆ( ) e ( ) ( )e

sinh

i
i H H i H Hed u d u d t

β λµτκ − β + τ β + τκ κ
κ κ κ κ κ+ τ Γ Γ ρ − β τ +

πτ∫ 

v v   

 
ˆ ˆ ˆ ˆ( ) ( )†e ˆ( ) e ( ) ( )e H.c. .

sinh

i
i H H i H Hd u d u d t

− β µτκ − β + τ β + τκ κ
κ κ κ κ κ

+ τ Γ Γ ρ − β τ − 
πτ 

∫ 

v v  (8) 

_______________________________________________ 

Here µ is a chemical potential which is supposed to 
be the same for both leads, κβ  are inverse temperatures 
of the leads, ( ) = exp(2 / ),L Lu uΓ Γ λ  ( ) = = constR RuΓ Γ  

and [ ], =A B AB BA+ +  denotes the anticommutator of the 
operators ,A B . 
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In the following we will use the dimensionless varia-
bles,  

 0

0 0
, , , , ,

u pu u p t t
u u

κ
κ

Γ λ
→ → ω→ →Γ → λ

ω

  

 
2 2

0ˆ ˆ = , ,
2

Fup uH H F+
→ →

ωv v  (9) 

where 0 = /u mω  is an amplitude of zero-point oscilla-
tions. We restrict our consideration to the case of rela-
tively large temperatures, 1κβ ω  , which allows us to 
replace ( ) ( )t tσρ − β τ → ρ  and neglect the vibronic Ha-
miltonian Ĥv in Eq. (8). In addition we assume that 

1F   and neglect the coordinate dependence of the Cou-
lomb interaction. 

The reduced density matrix describes the oscillator at 
different population of the dots and may be presented in 
the form 

 0ˆ ˆ ˆ ˆ ˆ( ) = (1 )(1 ) (1 )L R L R Lt n n n nρ − − ρ + − ρ +  

 2ˆ ˆ ˆ ˆ(1 ) .R L R L Ln n n n+ − ρ + ρ  (10) 

Here the mechanical density matrix 0 0= ( , )u u′ρ ρ  de-
scribes the state of the oscillator when both dots are “emp-
ty”, = ( , )u uκ κ ′ρ ρ  describes the state of the oscillator 
when only one dot is occupied, and 2 2= ( , )u u′ρ ρ  is the 
density matrix of the mechanical subsystem when both 
levels on the dots are occupied. Substituting Eq. (10) into 
Eqs. (7), (8) we get the following system of equations de-
scribing the evolution of the mechanical subsystem: 

(1)0
0

ˆ , = (1 ) ( ) ( )L L LLi H f u u
t

∂ρ  + ρ − Γ ρ Γ − ∂ v   

[ ]
(1)

(1) (1)
0 0( ), (1 ) ,

2
L

L R R RR R
f

u f f+− Γ ρ + Γ − ρ −Γ ρ  (11) 

(1)
0

ˆ , = ( ) ( )L
L L LLi H f u u

t
∂ρ  + ρ Γ ρ Γ − ∂ v   

[ ]
(1)

(2) (2)
2

1
( ), (1 ) ,

2
L

L L R R LR R
f

u f f+
−

− Γ ρ + Γ − ρ −Γ ρ  (12) 

(2)
2

ˆ , = (1 ) ( ) ( )R
R L LLi H f u u

t
∂ρ  + ρ − Γ ρ Γ − ∂ v   

[ ]
(2)

(1) (1)
0( ), (1 ) ,

2
L

L R R R RR R
f

u f f+− Γ ρ −Γ − ρ + Γ ρ  (13) 

(2)2
2

ˆ , = ( ) ( )L R LLi H Fu f u u
t

∂ρ  + − ρ Γ ρ Γ − ∂ v   

[ ]
(2)

(2) (2)
2 2

1
( ), (1 ) .

2
L

L R R LR R
f

u f f+
−

− Γ ρ −Γ − ρ + Γ ρ  (14) 

In Eqs. (11)–(14) we used the notations (1) = ( ),f f Eκ κ κ  
(2)

0= ( )f f E Uκ κ κ + , where  

 ( ) 1( ) = 1 expf E E −
κ κ+ β −µ    (15) 

is the Fermi–Dirac distribution function. 
To analyze the system (11)–(14) we will use the Wigner 

representation  

 1( , ) = e ( /2, /2).
2

ip
A AW u p d u u− ξξ ρ + ξ − ξ

π ∫  (16) 

Defining operators 1 2
ˆ ˆ,T T  as  

 1
( , )ˆ ( , ) = ( , ),f u pT f u p u p f u p

t p u
 ∂ ∂ ∂

− + − ∂ ∂ ∂ 
 (17) 

 2
( , / ) ( , / )ˆ ( , ) = ,

2
f u p i f u p iT f u p + λ + − λ  (18) 

one finds that the equations of motion, Eqs. (11)–(14), in 
the Wigner representation take the form 

 (1) (1)
1 0 2 0
ˆ ˆ(1 ) ( ) ( )L L LL LT W f u W f u T W+ − Γ − Γ +   

 (1) (1)
0(1 ) = 0,R R RR Rf W f W+Γ − −Γ  (19) 

 (1) (1)
1 0 2
ˆ ˆ( ) (1 ) ( )L L L LL LT W f u W f u T W+ Γ − − Γ +  

 (2) (2)
2(1 ) = 0,R R LR Rf W f W+ Γ − −Γ  (20) 

 (2) (2)
1 2 2
ˆ ˆ(1 ) ( ) ( )R L L RL LT W f u W f u T W+ − Γ − Γ −   

 (1) (1)
0(1 ) = 0,R R RR Rf W f W− Γ − + Γ  (21) 

 (2) (2)2
1 2 2 2
ˆ ˆ( ) (1 ) ( )L R LL L

WT W F f u W f u T W
p

∂
+ + Γ − − Γ −

∂
  

 (2) (2)
2(1 ) = 0.R R LR Rf W f W− Γ − + Γ  (22) 

We are interested in the steady state regime of the vi-
brational subsystem in the limit when the parameters F  
and 1/λ  are small. To find the solution of Eqs. (19)–(22) to 
leading order in these parameters it is convenient to intro-
duce linear combinations of the Wigner distribution func-
tions as follows: 
 0 2= ,L RW W W W WΣ + + +  (23) 

 1 2 2 2 3 2= , = , = .L RR W W R W W R W+ +  (24) 

In addition, it is convenient to change from ( ,u p) to polar 
coordinates ( ,A ϕ) so that = sinu u A− ϕ and = cosp A ϕ, 
where u F  is the equilibrium position of the left dot. In 
polar coordinate the steady state equation for the Wigner 
distribution function ( , )W AΣ ϕ  that describes the vibration-
al degree of freedom is given by the equation  

( ) ( )3 2
ˆ ˆ1 = 0,L

W L uW FR T YΣ
Σ

∂
− + − + Γ −

∂ϕ
  (25) 

(1)
1 2 3= ( , ) = ( )LY Y A f W R R RΣϕ − − + +   

( )(1) (2) (2)
1 3 2 3 3(1 ) ( ) (1 ) ,L L Lf R R f R R f R+ − − + − + −  (26) 
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where = ( , ) = exp(2 sin / )L L LA AΓ Γ ϕ Γ ϕ λ   and differential 
operator L̂  is defined according to the expression  

 sinˆ = cos .L
A A
∂ ϕ ∂

ϕ −
∂ ∂ϕ

 (27) 

Equation (25) for the oscillator Wigner function ( , )W AΣ ϕ  
is coupled to the steady state equation for the vector-
function 1 2 3| = ( , , )TR R R〉R . The equation for | 〉R  takes 
the form  

 | ˆ ( , ) | = | ,M A∂ 〉
+ ϕ 〉 〉

∂ϕ
R R F  (28) 

 

(1) (2)

(1) (2)

(2) (2)

( ) 0
ˆ ( , ) = ( ) 0 ,

L LL L

R RR R

R L L RR L

f f

M A f f

f f

 Γ − Γ
 
 ϕ − Γ Γ
 
 − Γ − Γ Γ +Γ 

 

 

  

  (29) 

 

(1)
1 3

(1)
2 3

3 3

ˆ| = .
0

LL

RR

f uR FR
W f L uR FR

uR FR
Σ

 Γ −  
  〉 Γ + −    −   

 

F



 (30) 

Equations (25)–(30) have to be solved subject to the pe-
riodic boundary conditions ( , 2 ) = ( , ),W A W AΣ Σϕ+ π ϕ  

( , 2 ) = ( , )i iR A R Aϕ+ π ϕ . We will find the analytical solu-
tions of these equations in the limit of small-amplitude 
vibrations, A λ . 

For small vibrations an analytical solution can be found 
by perturbation theory in terms of the small parameters 

= { ,1/ }Fε λ . In this case Eqs. (25), (28)–(30) take the form 

 ( ) 2
3 2

ˆ ˆ = 0,
2

LW L uW FR L YΣ
Σ

∂ Γ
− + − +

∂ϕ λ
 (31) 

 0 0
| ˆ ˆ ˆ| = | , = ( = 0, ),M M M A∂ 〉

+ 〉 〉 ϕ
∂ϕ
W W f  (32) 

 

(1)
1 3

(1)
2 3

3 3

ˆ| =
0

LL

RR

f uR FR
W f L uR FR

uR FR
Σ

 Γ −  
  〉 Γ + − +    −   

 

f   

 

(1) (1) (2)
1 2

(2)
2 3

( )
2

sin 0 .
L L L

L

L

f W R f f R
A

f R R

Σ
 − − − Γ

+ ϕ 
λ   − 

 (33) 

We solve these equations by perturbation expansions  

 (0) (1)( , ) = ( , ) ( , ) ...i i iR A R A R Aϕ ϕ + ϕ +  (34) 

(and similarly for the function ( , )W AΣ ϕ ), where ( )n
iR  is of 

nth order in ε. 

It is evident from Eqs. (31)–(33) that the functions 
(0) ( , ),W AΣ ϕ  (0) ( , )iR A ϕ  do not depend on ϕ . Hence, 
(0) (0)( , ) = ( )W A W AΣ Σϕ  and  

 (0) (0) (0) (0) (0) (0)
21 2 3= , = , = ,L RR n W R n W R n WΣ Σ Σ  (35) 

where = ( , )i in n κ κΓ β . The exact expression for the func-
tions in  is given in Appendix. 

To first order in perturbation theory Eq. (31) determines 
the equilibrium position of the dot, 2=u Fn . To second 
order in perturbation theory Eq. (31) after averaging over 
ϕ  takes the form  

 ( )
(0)

(1) 1
3 2cos = 0.

2

WDF A R A
A A A

Σ
 ∂∂ ∂  ϕ +
 ∂ ∂ ∂λ  

 (36) 

Here the coefficient 1D  is the function of the tunneling 
rates and temperatures of the electrodes (the exact form of 
this function is given in Appendix). The brackets, 

( , )f A〈 ϕ 〉 , in Eq. (36) denote the zeroth Fourier component 
of the 2π-periodic function ( , )f A ϕ . Deriving Eq. (36) we 
used the property  

 ( )1ˆ ( , ) = cos ( , ) .Lf A A f A
A A

∂
〈 ϕ 〉 〈 ϕ ϕ 〉

∂
 (37) 

Therefore, to get a closed equation for (0) ( )W AΣ  one needs 
to know the function (1)

3 ( , )R A ϕ . This function can, to first 
order in perturbation theory, be determined from Eqs. (32) 
and (33). As a result one gets the stationary Fokker–Planck 
equation for the oscillator Wigner distribution function 

(0) ( )W AΣ ,  

 ( )
(0)

(0)2 = 0,
W

A W A
A A A

Σ
Σ

 ∂∂ ∂  +
 ∂ ∂ ∂ 

   (38) 

where the drift   and diffusive   coefficients take the 
form  

 
2 2

1 2= , = ,
2

D D FF G
−λ +

λ
   (39) 

the exact form for the coefficients 2,G D  is given in Ap-
pendix. The solution of Eq. (38) at small values of ampli-
tude has the form of a Boltzmann distribution function, 

2( ) exp ( /2)W A AΣ −β , where 2 /2A  is the vibrational 
energy and coefficient β plays a role of an effective tem-
perature, and is given by equation  

 
2

1 2

2= / = .
( )
F G

D D F
λ

β
+ λ

   (40) 

It is a matter of direct verification to prove that the coeffi-
cients iD  are positive, while 0sinh( ) /2R LG Uβ −β . 
Therefore the sign of the effective temperature depends on 
the direction of the temperature drop. Negative tempera-
ture corresponds to the situation of the nanomechanical 
instability considered early in [8]. If the temperature of the 
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left electrode is greater than the temperature of the right 
electrode one can compare the effective temperature of 
the mechanical subsystem with the temperatures of the 
leads. It is appropriate at this point to recall that the drift 
coefficient   was calculated above with accuracy to 
κβ ω . In the cases , 0Fλ →∞ →  or =L Rβ β , drift coeffi-

cient 0→ , and the corrections of the order of κβ ω  are 
of first importance. One can show that in this situation 
the effective temperature is of the same order as tempera-
tures in the leads. 

From Eq. (40) one can see that inverse effective tem-
perature as a function of the parameters λ and F  takes a 
maximum value, max=β β , when 1 2= /F D Dλ  and  

 max
1 2

( , )
= .

( , ) ( , )
G

D D
κ κ

κ κ κ κ

β Γ
β

β Γ β Γ
 (41) 

In this paper we will analyze particular case when the 
heat flow between electrodes generated by electronic 
subsystem takes a maximum value at fixed κΓ . This is 
the case when the following condition are satisfied: 

= = /2L RΓ Γ Γ , 0 / 2L RE E U   and 0R LT U T  . In 
that case (1) (2) 1/2,L Lf f≅ ≅  (1) 1,Rf ≅  (2) 0Rf ≅  and the 
maximum inverse effective temperature is defined by the 
equation 

 ( )
22 2

min 2
eff 2

3( 1) 1= 12 .
4 4

T
 Γ + Γ +

+ Γ +  Γ + 
 (42) 

From this expressions it follows that in the case of the 
weak coupling between the dots and the leads ( 1Γ ), 
the effective temperature of the dot is min

eff 3 / 2T ω  
(restoring dimension). Thus it is valid to say that we have 
a near ground state cooling of the mechanical subsystem. 
In opposite case 1Γ  the effective temperature 

min
eff 7/4T Γ . 

In conclusion, we theoretically studied the NEMS sys-
tem which is comprised of two quantum dots sequentially 
positioned between two bulk electrodes kept at a different 
temperature. It was shown that electron-electron interac-
tion between dots inducing the heat transfer between the 
electrodes significantly affects the state of the mechanical 
subsystem even though the electronic transfer between 
electrodes is blocked. We found that at certain direction of 
the temperature gradient between the electrodes the sta-
tionary distribution of the excitation in the mechanical sub-
system has a Boltzmann form with an effective tempera-
ture dependent on the parameters of the system. As this 
take place, the minimal possible effective temperature is 

eff 1.2T ω  and might be much less than the temperature 
of the "cold" electrode. Therefore it was demonstrated that 
the heat flow through NEMS might significantly suppress 
the thermal fluctuation in the mechanical subsystem. At 
this point we have to note that in all our consideration we 
suggest that the mechanical subsystem interacts only with 

electronic one. In realistic experimental situation there is 
also phonon’s environment which affects the state of the 
mechanical subsystem. However the strength of the inter-
action between vibronic mode and phonons in the leads 
depend on the quality of the nanomechanical link and 
might be much weaker than the coupling between vibronic 
mode and electronic subsystem. 

SIK acknowledge financial support from NAS 
Ukraine (Grant No 4/18-N and Scientific Programme 
No. 1.4.10.26.4/F26-4). 

Appendix 

The expressions for the functions = ( , )i in n κ κΓ β , 
Eq. (35), have the form  

 
(1) (1) (1) (2)( )

= ,L R L L
L

f f f f
n

− −
∆

 (43) 

 
( )(1) (1) (1) (2)

= ,
R L R R

R

f f f f
n

− −

∆
 (44) 

 
(2) (2)

2 = ,R L L RR Lf n f n
n

Γ + Γ
Γ

 (45) 

where = L RΓ Γ +Γ , and (1) (2) (1) (2)= 1 ( )( ).L L R Rf f f f∆ − − −  
The expressions for the functions ,iD G , Eqs. (36), 

(39), take the form  

 (1) (1) (2)
1 2= (1 ) ( ) ,L LL L LD f n f f n Γ − + −   (46) 

 2=
(1 )

L RG Γ Γ
×

Γ + Γ
  

( ) ( )(1) (2) (1) (2) (1) (2) (1) (2)1 1
,

R L L R L R R Lf f f f f f f f− − − − −
×

∆
 (47) 

 2
2 2 1 22

1
= (1 ) (1 ) ,

1
L R

nD n n n−Γ 
+ ξ − + ξ − ∆ + Γ 

 (48) 

 (2) (2) (1) (2)
1 = ( )R L R Rf f f fΓ  ξ + − × ∆

  

 

(2)
2 2 2 2 2

11 1 ,
(1 ) 1 (1 )

L R
R R

L R L R
f

  −∆Γ Γ
× − −Γ 

Γ + −∆Γ Γ +Γ Γ + −∆Γ Γ  
  (49) 

 (2) (2) (1) (2)
2 = ( )L R L Lf f f fΓ  ξ + − × ∆

  

 

(2)
2 2 2 2 2

11 1 .
(1 ) 1 (1 )

L R
L L

L R L R
f

  −∆Γ Γ
× − −Γ 

Γ + −∆Γ Γ +Γ Γ + −∆Γ Γ  
  (50) 
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Охолодження механічних коливань тепловим 
потоком 

С.І. Кулинич, Л.Ю. Горелик 

Розглянуто наномеханічний зв’язок між двома металевими 
електродами, які підтримуються при різній температурі. Пока-
зано, що механічна динаміка в такій системі істотно 
визначається тепловим потоком. Існування ненульового теп-
лового потоку обумовлено електрон-електронною взаємодією, 
при цьому потік заряду між електродами відсутній. Встанов-

лено, що за певних умов стаціонарний розподіл збуджень в 
механічній підсистемі має вигляд больцманівської функції 
розподілу з ефективною температурою, яка значно нижча за 
температуру електродів. Також показано, що зміна напрямку 
градієнта температури призводить до механічних коливань, а 
не до нагрівання механічної підсистеми. 

Ключові слова: наноелектромеханічна система, тепловий потік, 
вігнерівська функція розподілу. 

Охлаждение механических колебаний тепловым 
потоком 

С.И. Кулинич, Л.Ю. Горелик 

Рассмотрена наномеханическая связь между двумя метал-
лическими электродами, которые поддерживаются при раз-
личной температуре. Показано, что механическая динамика в 
такой системе существенным образом определяется тепловым 
потоком. Существование ненулевого теплового потока обу-
словлено электрон-электронным взаимодействием, при этом 
поток заряда между электродами отсутствует. Установлено, 
что при определенных условиях стационарное распределение 
возбуждений в механической подсистеме имеет вид больцма-
новской функции распределения с эффективной температурой, 
которая значительно ниже температуры электродов. Также 
показано, что изменение направления градиента температу-
ры приводит к механическим колебаниям, а не к нагреву 
механической подсистемы. 

Ключевые слова: наноэлектромеханическая система, тепловой 
поток, вигнеровская функция распределения.
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