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Single-electron Faraday generator in a rotating electric field
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Recently, it was shown in Ref. 1 that single-electron tunneling (SET) oscillations were possible by rotating a conducting rod with a sir
tunnel juntion immerse in a uniform magnetic field perpendicular to the plane of motion. The purpose of this letter is to show that Sl
oscillations can be enhanced by applying a rotating electric field in resonance with the rotational motion of the conducting rod.
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En este trabajo se propone utilizar un camgEcglco rotante en resonancia con la robacile una varilla conductora con una juniael
inmersa en un campo magico homog@neo perpendicular al plano de rofati Se demuestra que el efecto del camjateico rotante es
capaz de mejorar el transporte eléaico de carga.

Descriptores: Bloqueo coulombiano; fuerza electromotriz; efaripre; momento dipolar éttrico.

PACS: 73.23.Hk

Consider the single electron Faraday generator shown ithe amplitude otﬁ(t) is, in practice, extremely small; it is

Fig. 1, where a conducting rod of lengthotates with con-  proportional tol /¢, wherec is the speed of light. Therefore,

stant angular velocitw in a constant magnetic field that is the magnetic field can be safely taken as constant.

perpendicular to the plane of motion. The rod completes The free energy of the system is then given by

the circuit, with one contact point on one end of the rod and . . . .

the other on the circular rim. The circuit containing the gal- F =FE —ji-B —jiy- B —[io - B—p(t) - E(t), (2)

vanometer is completed by an open wire structure. In the con-

ducting rod there is a tunnel junction at positoof thickness Where E = Iw?/2 + Q?/2C, where! is the moment of

ér as shown in Fig. 1. inertia of the rod and” is the capacitance of the tunnel
Consider now that we apply an external rotating electrigunction, /i and /iy corresponds to the magnetic dipole

field where the frequency of the electric field matches the romoment of the free charge accumulated at the end of

tational motion of the conducting rod: the rod and against both sides of the tunnel junction and
= p(t) = —po(cos(wt),sin(wt),0) is the total electric dipole
E(t) = —FEg cos(wt) — Eg sin(wt)g. (1)  moment generated by the three collinear electric dipoles

- i . along the rod due to the free char@en the conducting rod
In prac.tlce,E(t) can be ger!erated py a pair of gates, to whlchand the bounded chargg, = Q(1 — 1/x) in the insulating
anac S|gna_l of frequencw is supplied from an external cir- gap, wherex > 1 is the dielectric constant that forms the
cuit (See Fig. 1). tunnel junction.

The alternating electric field:(t) gives rise to a time The energy of the polarized rotating rod in the external
dependent magnetic fielde. B = —B2 + B(t). However,  gjactric field is

U=—pt) E(t) = —QE, (e - ‘Z’) ‘ (3)

Therefore, the free energy of the system before quantum tun-
neling is given by

© Fo Iw? @Q* QBwl?> QBwr?
“ 2 T T2 T2
¢ QBw or
« « + (T + 57’)2 — QEO (E — KJ) . (4)

Gate 1 Gate 2

FIGURE 1. Schematic diagram for the rotation of the conducting Following Ref. 1, the free energy of Eq. (4) can be written in
rod with a tunnel junction of thicknessand a uniform magnetic ~ the following form
field pointing into the page. The pair of gates generate a rotating , .
electric field in resonance with the rotational motion of the con- _ L 2 Qj

: F= + oA ®)
ducting rod. 2 2C
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B 2
where wl +E0€>V>%
B0?  Bér(2r+dr) Eo sr\1°
I'=1-C|—/———— 4+ — (/—— Bwl(l -6 1)
C[ 2 2 +w (6 "5)] ©) JF%JrEo <€,‘£>’ (10)
, B(?>  Bér(2r+dr) Ey or
Q =Q—Cw T T f—; : where we have used the fact that the voltage remains bound

from above by = Bw(?/2+ Eyl. Eq. (10) gives us the fol-
When there is quantum tunneling there is a change in chargewing restriction(Bw/ + Ey/k)d > |e|/C. The advantage
by +|e| and an electromotive forc€ in the circuit which  of applying an external rotating electric field is that it relaxes

causes a change in the free energy given by the restriction condition obtained in Ref. 1.
I% (Q' + |e])? Using typical values of the tunnel junction capacitance
F=—=w+ "+ & (7) C =~3x10~'°F, dielectric constant = 10 and tunnel thick-
2 2C nessy = 10 A [2], we needBwl+ Ey/k > 5.3 x 10* V/Im to
The change in free energy is obtained by subtracting Eq. (73atisfy the restriction condition, which is easily fullfilled for
from Eqg. (5), which gives us an electric field with amplitud&, ~ 10° V/m. This means
) , that the length and angular frequency of rotation of the con-
AF — lel® <1 + 2Q ) + lel€. (8)  ducting rod can be reduced in order to experimentally realize
20 le] this problem.

For the case when there is no tunnel junction one can eas- " Summary, we have shown how the effect of the single-
ily verify that & = —Bw(?/2 — Ey¢ < 0. Since a tunnel electron Fara_day gene.-rat.or can be enhanced by applying an
event becomes energetically favorable whe# < 0, we external rotating e_Iectnc f|e.Id with an angular.frequency that
conclude from Eq. (8) that a currenflows throughout the matches thg rotational motion qf the con.duc':tlng' rod. We ar-
circuit whenQ’ > (le|/2) [1]. For the case when the tunnel 94€ that using an exte_rnal rotating elect_nc field in resonance
junction lies exactly in the middle of the conducting rae, with the rotanong_l motion of the conducting rod provides the _
r=10/2 —§/2andr + & = £/2 + 6/2, then a tunnel event NECESSAry conditions for this problem to be accessed experi-

becomes energetically favorable when mentally.
le] CwBL(f—9) )
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