


The theory of supr r rad iance  is  known t o  be based of t h e  Dicke 
model whose Hamlltonlan f o r  a s implest  po in t - l ike  one-mode system 
i n  a p r f e c t  resona tor  is of t h e  form 

H = o ata + o;R3 + g t R+ am + (a+)'" R- ) , ( 1 )  

where 

Is t h e  o p r a t u r  of l e v e l  populat ions of  a system of  two-level 
atoms wlth t h e  transition frequency o, ; t h e  ope ra to r s  

de sc r i be  , r e spec t i ve ly  , a t r a n s i t i o n  t o  an upper  ( lower)  l e v e l  
wlth absorp t ion  (emlssion)  of  m photons; fors an  exact  resonance, 

at and a - are , r e spec t i ve ly  , t h e  ope ra to r s  of c r e a t i o n  and 
a n n i h i l a t i o n  of  photons with frequency w (h. = 1 ) ;  i=x ,y ,  z 
arc: llru Paul1 opera tors ;  g - is t h e  atom-field coupling constant  
i nve r s e ly  propor t iona l  t o  v"', where V is t h e  resona tor  
volumne 'I -,! 

That Hamlltonian de sc r i be s  i n t e r a c t i o n  of  two-level atoms i n  
a resona tor  without l o s s  . Using t h e  commutation r e l a t i o n s  

[ a ,af] = I ,  [ a m , i l = m a m  ( i = a + a ) ,  
+ + 

I R, , R- 1 = + R-, I R f ,  R - l = 2 R 3  ( 4 )  
and writing t h e  Heisenberg equa t ions  

we may be v e r i f y  t h a t  t h e  fol lowing constant  of  motion 



does ex i s t  i f  conditon (3) is s a t i s f i e d  (here  M, is a d i q o n a l  
time-independent operator ) . 

Usually , t he  problem of superradiance is formulated as 
follows : l e t  a system at the  i n i t i a l  moment of time to  be i n  a 
s t a t e  lo,+> = N/2 )O>@J+> ,  i n  which 
I)  the  Tield is i n  a vacuum s t a t e  10,; 
11) all atoms are on the  upper l eve l  ( t h e  system is completely 

inverted , 1.e. R,I+> = N/2 I + > ) -  
I t  1: necessary t o  determine the  tlme evolution of the  photon 

number n ( t )  and the  l eve l  populations R3( t )  re la ted  by ( 6 )  . 
I This problem can be solved within various approaches based on 

e i t h e r  k inet ic  equations o r  the  Green function method . Consistent 
derivation of a k lne t l c  equation f o r  t h e  problem with Hanxlltnnlan 
(1 )  can be found i n  ref .4  f o r  ml . I t  cons i s t s  i n  el lmlnatinp 
the  phonon var iable  from the  Heisenberg equation 

i & < O > t = < [ O , H l > t ,  (7)  

where 0 is an a r b i t r a r y  operator of the  atomic subsystem and 
<...>=Sp ...po , with the  use a specia l  t r i c k  propsed I n  ref .5  

f o r  the  p l a m n  problem . 
That t r i c k  is based on the  assumption of pss1bl.e seperation of 
var iables  i n t o  f a s t  and slow var iables  and of adiabat ic  
switching-on of the  in terac t ion between at0mj.c and bosonic 
subsystems . As a r e s u l t  . we ar r ive  at an equation of the  form 

This equation is examined , as a r u l e  , within the  Markovlan 
+ + 

approximat ion , when R-( T)  =R-( t ) expC+wo( t-T) ? , with a 
subsequent decupling some higher c o r n l a t o r s  , f o r  instance 

In t h i s  case, hierarchy ( 9 )  reduces t o  the Rehler-Eberly equation 
/ 6 - 7 / .  

wherp the coe f f i c i rn t  r depends on p: , w . ! I I ~  , and 

< R + R - > ,  + r R  \' - 2iR3\,=Q=conet . 3: t ( 1 ' )  

The ea lut i !m t o  eq. (-10) is given by 

For the in t ens i ty  

tha t  Is an experimentally measersble c h a r a c t e r i s ~ i c  of 
superr:ldiance , we obtain , from ( 12) with ( 6 )  , the expre:gion 

which describes the dependence of a typica l  s u p r r a d i a n t  process 
on the delay tlme t D  determining the  ln t ens l ty  maximum 

The dynamic behaviour described by equation (10)  and re l a t ions  
( 12) , ( 14) is i n  good agreement with experimental da ta  " - 3 1 7 , " ' .  

A t  tl:c same time i t  is t o  be noted the  following : F i r s t  , 
with the use of ( 4 )  one may prove the existence of the  exact 
constant of motion 

R+R- + R~ 3 3 ,  - R = M,, (16)  
where M2 1s s tlm-independent diagonal operator . In terms of 



averages (16 )  does not co inc ide  with ( 1-1) , 1.e.  Q is  not an 
exact  cons tan t  of motion f o r  a system with Hamiltonian !I) . 
Consequently , decoupling i n  t h e  h ie ra rch ic .  equa t ion  prodlices 
v i o l a t i o n  of t h e  i n i t i a l  conserva t ion  laws . 
Second , approximate equa t ion  (10)  has a s t a t i o n a r y  s o l u t i o n  

<R3>t>t = 1 - K F T T  , Q = ~ ' / 4  + 1 , (17)  
D 

c o r r e s p n d i n g  t o  t h e  complete de-excitation crf t h e  system , and 
owing t o  ( 6 )  

< n >,,, = N/2, ( 18)  
U 

I.?. t h e  resonance mode of t he  f i e l d  is  macroscopical ly occupied 
and t h a t  s t a t e  is s teady  . On the  o t h e r  hand , Hamiltonian ( I )  
d e sc r i be s  both t h e  processes  of emission and absorp t ion  of 
resonance photons with t r a n e i t i n n  of atoms t o  t he  upper s t a t e  . 
That a s t a g e  of a dynamic process of t h a t  s o r t  is absent  i n  t he  
s o l u t i o n  t o  eq. ( 10) is pr~jbably  due t o  t h e  hypothesis  of 
ad iaba t  i c  switchin&-on t h e  i n t e r a c t i o n  and t he  Markovian 
approximation . Indeed , t h e  presence of cons tan t  of motion ( 6 )  
s i g n i f i e s  t h a t  proceszes i n  an  atomic. system proceed with t h e  same 
rat,p a s  i n  a photon system , but t h e  Markovian approximation may 
r e s u l t  i n  i r r e v e r s i b i l i t y  /"/. From a phys ica l  p i ~ t  of view , t h e  
i r r e v e r s i b i l i t y  i , 5  a r e s u l t  of performing experiments  by a scheme 
wi thout  r e sona to r  , which j u s t  account f o r  a good q5reernent of t h e  
t h e o r e t i c a l  r e m l  t ( 1 4 )  with t hc  observed s h a , p  of t he  
rnl::r::~nt~m/21x'"/ . I n  C ~ C P  of a pe r f ec t  r emr , a to r  o r  a r e sona to r  
with a hlgh qua l i t y ,  t h e  process of emission and abc,nrption should 
be r ~ r l o d i c  , and on t h e  b a s i s  of ( 1 )  t h e  cc~rrespondlng s o l u t l v n  
is  t o  be der ived  . Note i n  t h i s  connect ion t h a t  per iod ic  
genera t ion  of eup?rradiance pu l s e s  is observed even 111 r e sona to r s  
wl  t h  low q u a l i t y  / ' O g  ' 'I. Note a l s o  t h a t  i n  recent  yea r s  i n t e r e s t  
i n  t he  problem of s u ~ e r r a d i a n c e  I n  a r e sona to r  has s i g n i f i c a n t l y  
increased  / I 2 /  . Third  , hiera1:chy is e a s i l y  der ived  i n  t h e  case  
r ~ f  photon ~ n u l t i p l i c i t y  m = 1 .When m = 2 , t h e  a n a l y s i s  g e t s  
mir,'-: , - . , -mr , l+r~+ed  and d e r i v a t i o n  of equa t ions  r equ i r e s  a l o t  o f  
? x t r a  ase.mptione / 1 3 ,  1 4 / .  I t  IS t o  be emphasized t h a t  t h e  problem 
of superradiance even i n  two-photon processes  is not y e t  solved 

completely . 

I n  view of t h i s  , i t  is of c e r t a i n  i n t e r e s t  t o  f i n d  the  
so lu t i on  of t h e  pmblem of superradiance t h a t  i would not 

d i r e c t l y  r equ i r e  var ious  approxiinations i n  descr ib ing  t h e  d y n m c  
process which a r i s e  i n  de r i v ing  k i n e t i c  equat ions;  I )  would be 

va l i d  f o r  s tudying t he  case  with an  a r b i t r a r y  photon m u l t i p l i c i t y  
m .  

Wi t h +hi s p u r p s e  i n  mind , l e t  u s  cons ider  eq. ( 5a) and pass  t o  
1114- ,.,.-~,rlci ul.dcr d e r i v a t i v e  

We s h a l l  examine t h e  genera l  case  , without resonance . To 
represen t  (19)  as an equat ion of t h e  type 

where f (R3)  is on1.y a fupc t ion  of t h e  va r i ab l e  R3 and cons t an t s  
of motion , we should cona lder  t he  tenn descr ib ing  t h e  i n t e r a c t i o n  
of photon f l e l d  with an atomic system. Prom ( 1 )  and ( 6 )  we ge t  

+ m + m A 

HI = g [ ( a )  R- + R  a 1 = ( H - U M , -  A U R ~ ) ,  (21 

with Ao= U,- IW. 

Taking account of ( 2 1 )  and t he  commutation r e l a t i o n  ( 4 )  

a s  well a s  cons t an t s  of motion ( 6 )  and (16 )  , we f i n d  from (19)  : 



o r  i n  another form 

I 
A A 62 Rg = g AW (H-W M I )  - R, - 

{[(i2- 2R;)(l + ( - I ) ~ + ~ )  
d t 2  k=o - 

Here lo=? , l l O = i , i + l , . . . , i + k ,  A 1, i lJ, Pm+lR,) is a 
i < j  

polynomial of degree m + 1 i n  t h e  va r i ab l e  R,. 
Thus , ins tead  of t he  hierarchic integro-differential 

equation (8) , t h e  dynamic i n  t he  Dicke model ( 1 )  can be 
describe by the  exact constant of motion ( 6 )  without any 
assumptions on the  i n i t i a l  s t a t e  of t he  system and the  way of 
switching-on the  i n t e r ac t ion  between atoms and the  f i e l d  . 

Consider t h e  commutator 

where k, is a time-Independent o p r a t o r  proport ional  t o  t h e  
atom-field coupling constant g . This psrameter is smll compared t o  q 

another t yp i ca l  parameter of t h e  Hamlltonian w , i ts  value 
decreasing with growing t h e  photon mul t i p l i c i t y  of th? process . 

I f  t h e  right-hand s i d e  of (24) i s  neglected ( M,"- O ) ,  then 

multiplying the  r h s  and l h s  of (23)  by d / d t ~ ,  we m y  pass t o  a I 

f i r s t -o rde r  equation with separable var iables  of the  form 1 

where C iz: s t1.w time-independent opera tor  . I n  the  general  case 
the  ~~ i l l . l t i~?n  (of an ~quatir3n l i k e  (25)  w i l l  descr ibe  a p r i o d i c  
pmcess ,  conEequently ~ e r i o d i c  w i l l  a l s o  be the  number of photons 
r,. Assuming ,K t o  be emall . ro lu t inns  t o  t he  exact equation 
( 2 8 )  may be found by the  Fer turbs t ion  theory i n  the  atom-field 
c0upli17e; constant . the  so lu t ion  t o  eq. ( 5 )  being a zero th  
approximation . A t  the  same time , a q u a l i t a t i v e  charac ter  of 

the  dynmlc  behaviour (of the  system can be determined i f  I n  ( 2 3 )  
we perform averaging over t he  i n i t i a l  s t a t e  nf the  system po= 

10;d><O;dl . 
For s imp l i c i t y  we take  advantage of a mean-field approximation 
when (R:z~= CR,): . Then , instead of ( 2 3 )  we obtain 

and the  co r r e spnd ing  f1rs.t-order equation Is 

Consider p a r t i c u l a r  cases : 
I .  One-photon procer:,? ( m = 1 ) . 
Equation ( 2 6 )  f o r  m = I assumes the  form 

where MI. <i? , z = 1/2(bw/g)' , xo is a number equal t o  t he  
l e v e l  populations of upper and lower s t a t e s  a t  t = 0 , A is a 
coe f f i c i en t  f o r  the  In t e r ac t ion  of a f i e l d  with an atomic system : 

0 i f  (no=O - x,=O) 
A = {  

fO , otherwise . 
The correspondiw f i r s t -o rde r  equation is 



where 

C = g-2(x) '  t = ~  - 4xi+  2(2M1+ z + 1 ) ~ :  + 2(M,- - 2z(x,+ A )  )x , ,  ( 30) 

x0 and ( x ) , = ,  a r e  i n i t i a l  va lues  . Equation (25) is  
i n t e g r a t e d  i n  quadra tures  ; f o r  t h i s  aim I t  should he 
represen ted  i n  t h e  norms1 Weierbtrasse form : 

q2 = 4!.? - g2!. - g,, ( 3 1 )  

where g, , g, a r e  i n v a r i a n t s  . S o l u t i o n  t o  ( ? I )  has  t h e  
genera l  form 

{ ( t )  = Git  + C )  , ( 3 2 )  

where G is  t h e  e l l i p t i c  Weiers t rasse  f u n c t i o n  , and cons tan t  C 

is def ined  by t h e  i n i t i a l  c o n d i t i o n s  . Let w, and w, - be 
ha l f -per iods  of t h e  e l l i p t i c  Welers t rasse  f u n c t i o n  G ( w, i s  
r e a l  8nd w, i s  pure ly  imaginary ) then w3= wl+ W, is 9 1 ~ 0  h a l f -  
p e r i o d i c  Weiers t rasse  f u n c t i o n  .Next , l e t  el, 1 = 1 , 2 , 3  is  a n  
i r r e d u c i b l e  s e t  of  z e r o s  f o r  t h e  d e r i v a t i v e  o f  t h e  Weiers t rasse  
f u n c t i o n  G ', than  G (w, )  = e l ,  1 = 1 .2 ,3  . When t h e  d i sc r iminant  
d e f i n e  as A = gz- 27 g: i e  r e a l  and A > 0 a l l  zeroE e l  a r e  
r e a l  , and 

l r l  t h e  s p e c i a l  c a s e  t h a t  A . 0 and e ,  -e2,>e , , t h e  e l l i p t i c  
Welere t r ssse  f u n c t i o n  mag he w r i t t e n  i n  terms s f  t h e  Jacob1 
e l l i p t i c  f u n c t i o n s  , f o r  i n s t a n c e  , 

I 

1 1  From comparison r ~ f  (33) and ( 3 4 )  we g e t  
I 

( e l -  e ) ( e  - e ) sn2( tv '  e , -e3 ,k)  
G(tw ) = e l +  j 1 k 

I 
( 3 5 )  

( e , -  e , ) -(el-  e,) sn2( tv '  e l -e3,  k ) '  

Let i n i t i a l  c o n d i t i o n s  be such t h a t  f o r  t = 0 t h e  f u n c t i o n  of  
l e v e l  popula t ions  assumes one of  t h e  va lues  x l ,xz ,x3  t h a t  are 
z e m s  of  equa t ion  ( 2 9 )  : 

and x1>x2>x3 . The t h e  s o l u t i o n  t o  eq. ( 2 9 )  t a k e s  on t h e  form 

where k t 2  = (x2- x3) / (x1-  x3) .  
Consider t h e  followin& important  c a s e s  : 
1 )  w, = w1 

x ( t )  = x, + ( x l  - x2)sc2(gtu '  x , -x3,k9)  , ( 38) 

2 )  w = w2 
I 

I 
That s o l u t i o n  of  eq. ( 2 9 )  co inc ides  wi th  t h e  r e s u l t s  by o t h e r  
au thors / '  5 /  . I t  d e s c r i b e  a double-periodic  p rocess  ( s e e  Pig. 1 ) . 
As i t  is easy  t o  s e e  , t h e  d u r a t i o n  of s t a y  of t h e  atomlc system 
i n  a n  upper ( e x c i t e d )  s t a t e  is larger t h a n  i n  a lower s t a t e  . This  

\ is due t o  t h e  t r a n s i t i o n  from processes  of spontaneous r a d i a t i o n  
t o  t h e  c o l l e c t i v e  spontaneous r a d i a t i o n  , and t h e  c h a r a c t e r i s t i c  
parameter to  , t h e  s o  c a l l e d  c o l l e c t i v i z a t i o n  t ime , decreases  
with i n c r e a s i n g  number of  i n v e r t e d  atoms , which is  i n  agreement 



with thr resu l t :  of semlphenomenological t h e o r i e s  '" ( Fig. 1 ) . 
The txhavlour  of t h e  c o r r e s p n d i l g  I n t e n s i t y  

dc1ir1i.d by re la t l c rns  (29) and ( 30) is p l o t t e d  I n  Pig. ( 2 ) .  
Per iods  of  emlsslcrn a r e  seen  t o  a l t e r n a t e  with per iods  of 
absorp t lon  ( a  dashed l i n e )  . 

I t  is of i n t e r e s t  t o  compare t h e  r e e u l t s  of two d i f f e r e n t  
approaches l e a d i w  t o  formulae ( 1 2 ) ,  ( 1 4 )  , and ( 2 9 )  respectively. 
F i r e t  of a l l  no te  t h a t  x ( t )  I n  ( 1 2 )  depends only on one 
cons tan t  of  motion , ( 6 )  , a r l s l n g  f o r  a decoupled system of 
e q i ~ a t l n n s  , whereas ( 2 9 )  Inc ludes  d e p n d e n c l e s  on both t h e  " true" 
ror~: : tants  of motion ( 6 )  and ( 16) corresponding t o  t h e  i n l t l a l  
nlucl~l problem ( I ) . 
Besldes . (2'3) d e s c r i b e s  a double-perlodlc  p rocess  of t h e  energy 
t r s n e f e r  between photon and atom eubeysteme i n  a p r f e c t  
r e s o n a t o r  , which , a s  i n d i c a t e d  above , seems n a t u r a l  from a 
phys ica l  p i n t  of vlew . 

A s u p r r a d i a n c e  pu lse  def ined  by ( 1 5 )  Is symmetric i n  t h e  
de lay  t ime t, ( Fig. 3 ) , whereas each of t h e  p u l s e s  of 
 mission c o r r e s p n d i n g  t o  ( 2 9 )  has a t y p i c a l  asymmetry ( Fig.2 ) . 
It  is t o  be noted t h a t  t h e  experimental ly  observed pu lses  a r e  , a s  
a r u l e  , asymmetric , and t o  d e s c r i b e  t h i s  asymmetry , a d d i t i o n a l  
phys ica l  mechanisms a r e  employed i n  s tandard  t h e o r i e s  \13 ,  1 4 \  . 

I n  t h e  s o l u t i o n  we have found t o  ( 2 9 )  t h e  t ime of  de lay  t h a t  
determines t h e  p o s i t l o n  of t h e  l n t e n s l t y  miximum decreases  with 
increasing number of atoms o r  i n i t i a l  l e v e l  populat ions ( Fig.4 ) .  

2)  Two-photon process  ( m  = 2 )  
For m = 2 equa t ion  ( 2 6 )  assumes t h e  form 

Tl~c c u r ~ l ~ ~ s p o n d l r i i  f l r s t - o r d e r  equa t lnn  Is 

For t h e  c a s e  t h a t  i ; 0 , a t  t=O we o b t a l n  from ( 4 2 )  
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Equation ( 4 3 )  is in tegra ted  i n  quadratures , and its solu t ion  
may be represented by the  Weierstrasse funct ion  . However , t h i s  
sOlUtiOn Is much more complicated than the  so lu t ion  t o  eq. (29) , 
and the re fo re  we r e s t r i c t  ourselves only t o  a numerical so lu t ion  
( Fig. 5 and 6 ) . I t  is then seen immediately t ha t  t he  higher t he  
mgni tude  of photon m u l t i p l i c i t y  , t he  longer t h e  time of s t a y  an 
atom i n  an  exci ted  s t a t e  and t h e  lower t he  time of delay t,, . 

Thus , t he  presented approach al lows t h e  desc r ip t ion  of 
per iodic  processes of emission of pulses of the  electromagnetic 
ficiJ i n  a pe r f ec t  resonator  a l t e r n a t i n g  with periods of absorpt i -  
on of t h e  f i e l d  ( o r i g i n  of an inver ted  state) f o r  an a r b i t r a r y  
photon m u l t i p l i c i t y  of t h e  t r a n s i t i o n  . Superradiance pulses pss- 
e s s  a c h a r a c t e r i s t i c  asymmetry with respect  t o  t he  delay time (p- 
s i t i o n  of t h e  i n t e n s i t y  maximum) . 

We emphasize t h a t  t h e  experimentally observed asymmetry of 
pulses is usual ly  a t t r i b u t e d  d i f f e r e n t  add i t i ona l  physical  
assumptions/3/ . 

A s  can seen from t h e  time dependence of l e v e l  populat ions , a 
system of two-level atoms is i n  an upper state f o r  a longer time 
than i n  a lower s t a t e  , because t h e  process of de-excitat ion 
starts as a r a t h e r  slow spontaneous decay of Individual  exc i ted  
s t a t e s  and only gradually,  through se l f - induct ion  of COI'Elat i0n~,  
t h e  process becomes cooperat ive . So , t h e  time of s t a y  i n  the  
upper state , tc  , can be i d e n t i f i e d  with t he  time of 

c o l l e c t i v ~ z a t i o n / ~ /  . 
The frequency tuning out  from a resonance l eads  , on t h e  one 

. hand , t o  an  increase  i n  t he  time of c o l l e c t i v i z a t i o n  and , on t h e  



other hand , to a decrease in the intensity of radiation caused 
only by a pzrtial reverser of the initial Inverted state in the 
process of generation ( FIE. 1 ) . 
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Ka~anuesa E. l l . ,  Xrrenbosc~u 0 . .  Ulyrrosc~uR A.C. €17-89-545 
~ H H ~ M H K ~  0 HOflenH ~ H K K ~  

H C X O ~ ~ U  m3 rrodenm amnne nonyqeno Towoe am4xbepenquanbnoe onepaTopnoe 
ypasnenme, sasmcnqee Tonbno OT mnTerpanos aemmenmu m onepaTopa nonypaono- 
CTH nacenennocTm. nocne ycpeanenmu no na'tanbnorry COCTORHHW) cucTem u mcnonb- 
oo~anmu flpb16nHMen~~ Tmna cpeflnero nonu nepexoamn OT onepaTopnoro ypasnenmn 
K ypasnenmm gnu c-qmcen. Paccrro~penu qacTnue cnyqam oano- m g s y x ~ ~ o n n o r o  
npouecca, Ann ~ o ~ o p u x  ypasnenme mnTerpmpyeTcn B KsagpaTypax m pewnme no- 
nyqaeTcn s a w e  snnmnTuqecKux @yn~uuR BeRepm~pacca. npoeeaennoe paccrrorpe- 
nme n03sonue~ onmcaTb nepmo~m~ec~mi i  npouecc mcnycnanml uMnynbcoa snenTp0- 
HarnuTnoro nonn B maeanbnorr peoonaTope, repeaytcumxcn c nepmoaaMm nornouenmn 
n0nn Al lU  np0U3B0nbno~ @OTOHHOR MYnbTHnnHKaTHBHOCTH nepeXOAa. CBepX~3n)"ra- 
Tenbnue mHnynbcu mrremT xapanTepnylo acmmeTpmm oTnocmTenbno sperrenm oaaepmnm. 
nonaoano,  TO CmcTerra flByxyposnesux aTorros flpe6uBaeT B BepxneM coc~ounmm 
aonwe, qerr B nmtnnerr. 8nnm'lenue ~ ~ C T O T H O ~ ~  OTCTPOAKH OT peoonanca BeaeT K 

ysenm'lenmm mnTencmsnocTm monyqenun. nonyqennue peoynbTaTu cornacyloTcn c 
3KCnePHMeHTOM. 

Pa6o~a sunonnena s ila6opa~opmm ~eopeTuqecno9 @mou~m OWRW. 

Kadantseva E.P., Chmielowski Y., Shumovsky A.S. 
Dynamic i n  Dicke Model 

Ye der i ve  an exact d i f f e r e n t i a l  operator equation f o r  t h e  operator l e v e l  
populations7 Upon averaging over the i n i t i a l  s t a t e  o f  the  system and apply- 
i n g  a mean-f ield approximation, we reduce the operator equation t o  an equ- 
a t i o n  f o r  c-numbers. P a r t i c u l a r  cases o f  one- and two-photon processes 
are considered f o r  which the equations are in tegra ted  i n  quadratures and 
the  so lu t ions  are the  Weierstrasse e l l i p t i c  funct ions.  The approach a l lows 
us t o  describe a per iod ic  emission o f  an electromagnetic f i e l d  i n  the  per- 
f e c t  resonator t h a t  a l te rna tes  w i t h  absorption o f  the f i e l d  f o r  a r b i t r a r y  
m u l t i p l i c a t i o n  o f  t h e  t r a n s i t i o n .  Superradiat ive i n t e n s i t y  have a s p e c i f i c  
asymnetry w i t h  respect  t o  the  t ime delay. It i s  shown t h a t  the  system o f  
two-level atoms i s  i n  the  upper s t a t e  f o r  a longer t ime than i n  t h e  lower 
s ta te .  Switching-on o f  detuning increases the  t ime o f  c o l l e c t i v i z a t i o n .  
The r e s u l t s  are i n  agreement w i t h  experiment. 

The i n v e s t i g a t i o n  has been performed a t  the Laboratory o f  Theoret ica l  
Physics. JINR. 
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