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A Hamiltoniandescribinga one-dimensionalCoulombfield with anelectricfield in the samedirection is usefulfor
thediscussionof electronsoutsidea freesurfaceof liquid helium [1, 2] andalsofor the studyof far-infraredemission
fromSi inversionlayers [3] . We presentboth a semi-classicalanda WKB solutionto theproblem,whichexhibitsmany
of thefeaturesfound experimentally.

Electronsoutsidea free surfaceof liquid helium and,in the casewhereZ = 0, theenergylevelsare given
are trappedin an imagepotential,which is essentially by [4]
one-dimensionalCoulombic [1, 2]. Recentexperi- — 1 2/3E=EFT(3irnd) (n=1,2,3,...). (3)
mentshavemeasuredStark-shiftedenergiesfor transi-
tions from thegroundstateto excitedstatesin this po~ In thelattercasewe replaced(n — -~)by n, which is
tential. Thus,the approximateHamiltonianis (in the appropriatequantumnumberwhenwe dealwith
atomicunits) the sameasthat for a one-dimensional the combinedfields (dueto theeliminationof a (ir/2)
hydrogenicatomin an electric field viz, phasefactorcharacteristicof suchproblems).

p2 ~ Forthecombinedfields problem,we seefrom an
H=-

2- —— + dx. (1) examinationof eqs.(2) and(3) that theelectric field
dominatesover theCoulombfield for ~ valuesgreater

HereF, ~ andZ referto the momentumin thex direc- thanabout*
tion, the electric field (applied in thex direction),and * = Z

3~2n4 4
the effectivestrengthof thetrappingpotential.For li. —

quid helium [1, 2] , Z= 7 X 10—~.ThisHamiltonian In thisregime(~� d ‘), we calculatethe effectof the
is also appropriateto thestudyof far-infraredemis- Coulombfield by assuming(seeref. [5]) that the
sionfrom Si inversionlayers [3] — onesimply uses magnitudeof x appearingin theCoulomb potentialis
differentnumericalvaluesfor Z andtheeffectiveelec~ determinedprimarily by the ~ field forces.As a result,
tronic massmeff. we find that the totalenergyin this strong d field re-

The Schrodingerequationfor this problemcannot gion (E E
5) is givenby

be solvedexactly.Furthermore,theuseof perturba- E =EF{1 — o.4(~*/~)1/3} (~>~~) (5)
tion theoryis limited to weak d fields. Thus we are
led to considertheWKB approach(usedin ref. [4] Usingsimilar techniques,we find that thetotal energy
for the caseof Z = 0) or the semi-classicalapproachof in thestrongCoulombfield or weakelectric field re-
the presentauthor [5] (whichwasusedsuccessfully gion (E Ew) is given by
to analyzethe measurementson highly excitedstates E =E {l — ~/e*~} (~<~* 6
in a magneticfield [6]). It turns out that bothof W c ‘ ‘

theseapproachesleadto similar resultsandso we will Sinceexperimentalobservationswerecarriedout
presentherean analysisbasedon thelatterapproach. on transitionsfrom the groundstaten = 1, we calcu-

In the casewhered = 0, theenergylevelsE are late thetransitionenergiesw betweenlevelsn and 1
given by [7]

E—E =—Z
2/2n2 (n = 1 2 3 ...) (2) ~Ingeneral~* _ (m~ff/m)2.For thehelium problem,wec ‘ ‘ ‘ ‘ havemeff = m,whichis equalto unity in our units.
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~andfind (with the subscriptssandw againdenoting ~ x)’/2 {(x~’(~a)+ 2~E~, a) j, (12)
strong and weakelectricfiela regimes)that

~ =!(3~)2/3(n213 — 1)(1 + bn~2/3), (7) where

X+u3
and ~=(~+~2)h/2,

— z2 (i — I) (1 + an2). (8) andwhereF((~/2),a) andE((~/2),a) arethe complete

2
elliptic integrals[8] of the first andsecondkind, re-

where
spectively.In thestrong and weakfield limits, there-

b f6Z/(3ir)413 ~ l/3}, (9) sultsfor the energyexhibit the s,arnebehaviordis-
cussedabove.For valuesof ~ , a numericaleval-

and uation of eq. (12)will be necessary,thedetailsof

a (2 f/Z3). (10) which will be given elsewhere,alongwith a detailed
comparisonwith experimentaldata.

Thus, a plot of transition frequencyversuselectric
field ~ will go linearly as~ initially (sincea ‘— ~) but The authorwould like to thank Prof. A.K.
for strongerfields it will go as ~ 2/3 (the dominant Rajagopalfor bringing this problemto his attention
term in eq. (7)). As a result,the curvewill display a andfor thebenefit of manyfruitful discussions.
decreasein slope aswe approachf~~ In thecaseof
liquid helium, we find (recalling thatf (atomic)
= 5.142X l0~V/cm) that References
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