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L. D. Landau has sUorn [f] that an efficiency in excess of rrnity is thenno$rnanically
pertissible in the case of lrrminescence, but he coneialereil this excess to be negligible a,nd
its observation rrrJ.ikety. I'Ie d.erive here a fo:nuLa for the maximum luninescence efficiency
with allonance for the characteristics of the exciting racliation and, the 1unLnescen& l-ight,
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anil egtinate its abeolute nagnltude. We use the folloring slmbolsi W"*- exclting-radlatlon

power absorbed per unit surface of the hrnlneecent bo{v,1{, - lurnlnescence-radiation poret

enitted by a unit 8urfece of the luninescent bodV, Q - heat-flu:r power deliverecl to the body

by heat contluctiont Su* - entropy of the excitlng radiatlonr Sl - entropy of luminescent

radiatton, T - anblent temperature.

For a aysteu corslsting of an amblent, a Lurnlnescent body in therrnal equillbriuro with

the anbient, the excitlng radiation, and the lr.rninescent llght, ne have in the stationary

state:
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witU Uq. (2) sattsfietl onJ.y for rerrersible processes; ttre entropy increnent due to the

j.rreversibl-e processes is posltive in any macroscopic section of the system. These rel-ations

lrave been rrritten out under the assunption that the energy antl entropy containecl in the

abeorbed and reflected parts of the radiatlon of the surrourding space, incident on the

lunlnescent bo$r, can be neglected, i.e., they are valicl when the lunlnescence intenslty is

nany tines the absolute black-bo(y intensity at roon temperature. Fron (1) a.na (a) ve obtain

for the maximun lumlnescence efficiency
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Consequently, in all cases when Sg t S"*, the liniting luminescence efficiency wiIL exceed

rrnity. When S"* = Or formula (3) Soes over lnto the formula derivecl. by Weinstein [a]. Ihe

entropy flux of unpolarizecl rediation through a unit surf,ace per unit tine.ls deterrined by

the rrell knqrm Bose-statletics formrrla [3]

where Eu ie the spectral density of the radiation. When Eu ls constant in some narrqrt

frequency bandr the fwrction S/W has a marciuum at the sane frequency as the entropy maximum.

the figure ehows the spectral tl'ensity of the entropy fLux as a firnction of the frequency

(curvee I anal 2 correspond to Eu = \.6 x 1O-2 and, l+.5 x f0-5 utg/" 
2, 

respective\y). If Ev

of the excitlng llgbt and of the Lrminescence light are of the sane orcler of roagnitudel then

at all inteneltles of lnter"est (up to Ev = 1O-3 .rg/" 21, 
for excltatiqr in the Stokes region,

re hane S - S"* > 0 anct lncreasing with d,ecreaslng exclting-J-lght wanelength, i.e. r rl > 1.
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Spectral density of entropy flux vs. frequency
for two values of the enerry-fJ-ux spectral
density. The dashed. lines are the boundaries
of the vieible spectrwr.

fhis calculatlqr ehqns that ln the case of excitatlon ln the anti-Stokes region, trhere the
searcheE for abo\re-unlty efficienclee have been made so far, such efficlenc1es can be obtalned
either at an excitatlon spectral tlenslty exceedlng 1o-3 erg/cra2, or by excitatlon of a rrery
narrow spectral. Iine. For example, to obtain n = ],.3Oy'� for photolunlnescence of brightness
300 nit in the vlsible ranger the excitation Line nidth nrrst be enaller than lo-L i.. tni,
explalns the fallure of nrrmerorrs attenpts to observe above-unity lr.rninescence efficiency.

In the ca.se of excitation in the Stohes region, to the contrerJr, using a feasible
line vidthrthe therno(yngrnis efficiency linlt can reactr t60j6. 'Ihe most r"eaLietic rray of
obtaining lt is presumably the experinentally obserrred nechanisn of photon nultiplication Ilr],
or else other mechanls&B that ensure a quantrrm fielcl in excess of qnlty.

For lurnlnescence excitation ln the rad.io band (electroluminescence), t1re liniting
efficiency exceeds unity a]-uost regardless of the typ of exciting fielcl.

the autbor is gratef\rl to M. v. Fock for a d,iscussion of the results.
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