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A polaron aodel is of greet interest for physloistB during 
«any reoect years. First It Is due to It» sinpllolty as an 
eianple of Interaction of a partiole with a quantised field 
and, seoond, it 18 obTlouBly interesting problem from the 
riewjolnt of aodslllng of physical processes. Just with this 
nodal being concerned N.Bogolubo* has fcraulatod hie oanonloal 
transforaatlomv1' ,whloh ьате aade It possible to oonstruot 
a consistent soheae of subsequent approxlastlons with ezaot 
account of the oonoerratlon lavs. Because of growing hopes 
fox this aodel as applied to strong interactions this aodel 
hsoeaes »ory popular recently, к special attention has been 
paid to properties of inTarianoe of о syitoa relatiT» to 
a definite group of transformations that is ncntrlTlal In 
theories with strong coupling. 

In the paper the polaron model is studied by integrating 
In the functional spaoe. Note that an analogous problea was 
sol*,** °У E.FeyiuMu/ ' « Howeier, he did not take into aooount 
the apaentua oonserratloo law In his calculations апв as a result 
the effestiTe aass of polaron appeared to he written tirvt.mun. 

In the present paper the effeotire aass Is calculated by, the 
Bogolubo» oanonloal transformations and approximate continual 
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Integration. The results thus ot>t*lfi*d are slightly different 
from those of ref / 3'. 

1« Plrst reoall soae results of paper**' devoted to study 
of the Чтвшп function of а вуз tea defined by the Bamlltonian 

a.i) 
r 

Eere i ъ, 4 с. are the oreatlon and annihilation operators of 
quanta of a soalar field with a wave Teotor k. t *nd 

and /A* are the Fourier coaponents of the souroe density. 
By using the BogoluboT canonical transforaatloir ' 

-cVr - # - *«*£*.- , 
It la possible to reduce the systea Bamiltonlan to the fora 

H г -J- (#- ^Z**Z*)Z +£e»*(ZS&^Z:)r 

Here У Is the total momentum of the systea: 
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•Bit dm to t i e tx»nsl»tion»l lnYsrlasee CP.H]:0lt в*у be 
oonsldarel to b§ с -шшЪег. 

Tb* Green funotlon of the ojotem GITSD by tb» eijuatlon 

( H - f ) f i = l (1.5) 

Is represented «s s oontlnual Integral. As Its expeotatlon Talue 
In t%t/ ' there has been found the expression: ,. 

Г . -erf 8 - S"/a« -ioj /• 
<G>.= -Щчге. r J \ i 

C«rf. 

where 

From (1 .6) i t 1» seen that *s T-»»»o for the sjaten energy 

&C§) one has the representation 

• „' . . "5 ?' <.(u*-K$/r)p.-s.) iBfrWnJj'7 

To »l»pllfy our oWsld»r»tlon *• H k i a new ohang» i n 

e i . (1 .7) In the following for» 

•v0"г) -» i v>(«; , ( 1 , 8 ) 
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As a recult we obtain 5-

The Integration rarlable V In (1.9) represent*, up to 
a factor, Itself the Telocity of Motion along the Feynman tra
jectory, то obtain the Teloolty v 0 appropriate to the olassl-
oal trajectory It is necessary to solre the equation »^"Д- 0 . 

Allowing for that In the ease of polaron 

оэ„=ю , Ч 1 2 1 Д П 1 = Н^=_£<_ \чЦ OCL-к) (1.10) 

we obtain for the reloolty y , 

a- _ ? % - . , , (1.11) 
K$(s.-st)/r - tJT/f SZv.wW 

• e ' * * . 

In formulas (1.10) and (1.11) we hare Introduced a out-off on 
the upper limit of the modulus of the integration momentum k. 
in order to remote the dlTergenoes arising la (1.11) at ooin-
oldlng S, and £ г . 

From (1.11) i t follows: that V„ oan be represented In the 
fora 

v". = ->' £= i (.•?). (1.12) 

As we are Interested in the effeotlre mass ha so we are 
searching for £ (.$) up to the terns S : 
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Therefore It suffioes for us to oaloulate £.(£)- i(i)\^0-
Suostituting (1.12) Into (1.11), taking the llult ? » o and 
integrating отег к w« get: 

where 

С lo</, 2 

a^a^f3'* Ci-15) 
Making ohange in (1.11) In the following way: v-»v<v. 

we obtain 7 г 
-.ИЛ-fVarj' 3 V ^ ^ f s . ^ ^ ^ 

* '• , ? , 

J ^*- J . 

Changing the reloolty Integration o/ the Fejrnean path 
Integration with the use of the rel iable »uT»tlt»tion <j- к 
where 

г 

wt rewrite (1.1Л) in the for*" 



X 

Г ' 4 ^ * ^ « (1.18) 

= е. • I Ь_ е 
2. ID the ргетЮаа motion we ha.»e found the representation 

(1.18) which together with at. (1.14) enable» ona to oaloulata 
the ground energy leirel <£„ and polaron effective aass *V) . 

Note that the aotion $C>?]lb q.uaoratioal with respeot 
ti. ? due to separating out of tha «otlon along the elaasloal 
trajectory. Ibis makes It possible to approximate the aotlon 
<5 Г * J hj a new aotlon Я tSJextracted iron £ by aeeno of 
quatoatioal teraa.Expanding £otrer >?C*) w» thus obtain (lathe 
limit I*o ) ! 

where С is aeteralned by (1.13). 
Now tha relation (1.18) can ha re'irjiltten In the fore 

_,r£*c*?;-*V«y.j ^tyf^V'f^eZ'e *'*'„. 

(г.г) 
* •"/' 1 ^ ~ f « ГТ с* ч, » - *э .*-
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<*-£'> = 5 Ms *•*<•*•*''/•!£?*. С 2 Л ) 

*• strtsa that thl functional amtglng 19 transferred to 
•xpontnt that вакеа It possible to oabjulata approximately 
the funotlonal Integral (1.18). 

To saloulat» <£-S'>w« •**• «*• of th» «ealts of ref J ' 

-i ЪсЯоы-ЪыЗ//» - K lF(ix,-<!,f)/zf.v / 

< e / > » € . • • • ' , 

Г2.4) 
t / / » "f e - • £ • • • ' - 3 W ' * 

- • 

Izpandlng <S-^^orer S «• ohtaln, with th« uae of (2 .4) In 

til* H a l t of large T : 

Г (2 .5) 

» a r«»ult w* aa»« tkt following fonmlM for «а'пзд^мк! 

• f f«at«- j • • • w * t 



^-^-/W^F-^CA-,.,;. ( 2 ' 7 > 

Hot* that In (2.7) th» H a l t C-»«<> shoal* o» t a k » . Wh*a 
doing so , only larga argiannts of th* funotloa }.(г) «111 • • 
laportant. 

1st us saloulate th* function i'(t) fox r * - a n d larg* <> 
by to.. (1.14) * As on» oan «asl ly s e t , i n tola l l a l t th* aala 
contribution oaa*s fro» th* region S, - ti •- JJ . Than « • Ьат* 

So (у = г.С Li - J.(»j р л /rfj» с "CA"*f л-jy^. " 
' ' * " (2.8) 

- Ci 
J Co* 

«h*no* 

• t - Y y l - 1 .1 . c ' 
1 + o.V4c V» (2.9) 

Substituting (2.9). into (2.7) and taking th* H a l t r * ~ 
'«* arrlT* f inal ly at th* *xpr*ssion 

' J . : W V W ) - H ^ j L . ^ e ^ V - ^ (2.Ю) 
Ih* param*t*r V Is ootamad by alnlalxlng £ . . At laxg» ooupllng 
oonstants o(. th» paraaatw V i a l a r g * ' 3 ' : r 

V г £ ^ Г " • . (2.11) 

In this oas* F(4)*Vand (2.10) raduoas to tha following 

•xpMssim , \ •, ' [" ~-



(2.12) 

Attar auoatltutlag (2.11) lato (2.12) «а акт* 

f = ifc*\ = Mi (*/")*, (2.13) 

l .a . , tha axpraaaloa fro» TtlJ '. 
It la intaraatlng to aot* that If on* oonaldara tha para** 

MtarC In aq.(1.1+) to oa different from С In tha approxlaating 
functional S'and danotaa It м С than zonula (2.10) la ц 
•odlflad In tha following ways 

Л. - | - - ! — — • - г - to. ^ v (JeV-e F"c«y , '•,'*. 

"Г (|+e^rtC*/ &Лг(1*Чс'Л.У£ • '(2.1*) 

valoh aftar auoatltutlon of (2.11) glTaa tka axpraaaloa 

Л I - ' '' .. -1'' I^JL* _J f 2 ist 
It la a*»y to ba ooarlaaad of that taa «lniaal rain* of 

tka affaotlTa aaaa la aohlarad at tka fello«in* 

and ae.ja.la 

Г * « « £ " * " < - « " 4 * {1.I7) 

Bar* TM waalt Ilka to aat* tkat «ha raaalt «f re*/'/ la 
aataaaa tka valaaa (2.17) *a* (2.1J) 

http://ae.ja.la


To oonolttt thi paper • • strata th»t the abort dtvtloptd 
s c a n t for calculation of the polaxon e f f to t i r t MB* i» baa til 
on tot noatntua lonstrTatlon la* that t l r t t i t s tr ictness and 
consistency. 

1Ы authors art sinoartly grt t t ful t o H.W.BogoluooT, 
S.S.yauato», V.A.Mat»stir, A.H.Sissaklan and A.*.Ta*khslidi:t for 
interest in the work and useful coamants. 
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