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:h'rank l . ll . 

IOn Some- Pecul i arit i es 
Of Vavilov- •••IE 1 4-B5~168 . 1985. 

Fifty year s have e l apsed since the publication i n 1934 in 
Doklady Akad. Nauk S.S. S.R, of two paper s - a paper by P .A.Ce
renkov and a paper by S. 1. Vavilov * 1 1.2 / . P.A.Cerenkov ha s summed 
up a comprehensive experimental material available then on the 
properties of glow in liqu i ds induced by y-rays, except for 
the directiv ity of radiation discove red later (in 1936). The 
paper by S.I.Vavilov contains the analys is of these results 
which brought him to the conclusion that the ob se rved glow 
could not be the luminescence of a liquid and that the light ap
peared due to Compton electrons.These two papers should be con
s i dered a s the two parts of one and the same wo rk - experimental 
and the oretical. 

The ideas advanced by 5.1. Vavilov we re of great importance 
for the development of both theory and expe riment. They s timu la
ted the experimen ts on the observation of g low indu ce d in li
quids in the magnetic field in order to seek for the connection 
between the direction of motion of electrons and polarization 
vector of light. The result was unexpect ed - it appeared that 
the direction of mot ion was connected with the angular di stri
bution of radiation which wa s strongly anisotropic. This pecu
liarity wa s s urprising and made th e search for its interpreta
tion especially ur gent. The discussions of the problem whi ch 
began in 1936 in collaboration \vith 1. E:.Tamm we re a success. 
REcalling the remote pa st I would like to note that the mutua l 
\.ork with 1.E.Tamm was very essential for me. It was the begin
ning of my career as a theore tician, and my further study of 
Vavilov-Cere llkov radiation and related topics has its ori gi n 
there. 

Since th en many au thor s discussed the Vavilov-Cerenkov Ra
diation (VCR). In this paper I would like to linger over some 
pecu liarities of the phenomen on that maybe have not always been 
paid attention to. 

I shall begin with the role of the pha se and group velocit i es 
of l i ght in VCR. Everyone knows the construction base d on the 
Huyge ns principle (Fi g . I). It i mmedia tely gives the answer abou t 

* The tit l e of Cerenkov ' s pa pe r i li was " The Vis i b l e Gl ow of 
Pu r e Liqui ds under the Acti on of y -Rays"; and Vavi lov' s 12/, 

" On t he Poss ible Cause of the Bl ue y-Glow in Liqu ids". Both 
pap ers came to the Editor s 'of Dok lady on May 27, 1934 . 
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Fig . 1 . A simplified Huygens construc t i on that a llol;.)s 

to f i nd the character istic angle (J w 


the direction of k -vec t or satisfying the f ollowi n g condition 

c 1
cosO ( 1 ) 

w 
v n ( w ) (3n( w ) 

As is \"ell known unde r new ) one underst and s the refractive index 
for the given frequ ency w . In the optical is otropi c medium f o r 
the light o f given fr equency the condition for the thre shold 
is that the velocity of particles should be equal to the phase 
velocity of li ght 

c 
v = (2) 


ne w ) 


f or which the angl e 8w equals zero. The characteristic angl e 
reall y depends onl y on phase velocit y of li ght while the group 
velocity of light in that case is not e s sential. 

From Fig. 1 it follows that there is a cone enve loping sphe
rical waves with generatrices forming the angle ¢ with the di 
rection of motion 

sin</> = sin (~ + & ) = _1_ (3) 
2 /3n( w ) 

However, s trictly speaking . it is no t on the sur face of t h i s 
cone the VCR e lectromagneti c ener gy concentrate s . The ma t ter i s 
that the Huygens construction applied he r e , though demonstr a tive . 
is oversimplified, and, therefore, not: e xa c t; In the cons t r uc 
tion t o the light pul s e arising i n each point of the traject ory 
the constant velocity of propagat i on cl n is as c ribed . Thus t be 
light dispersi on in t he medium is no t a cc oun t ed f or, \"h ile t he 
theory doe s not all ow "th i s neglection. If one ma ke s the same 
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Fig . 2. The wave cone (gene
ratrix AC) and the gr oup cone 
(generatrix AD) . 

plot f o r monochroma ti c wave s , it should be a s sumed that th e 
waves of f r equency w ar e radiat ed no t in pulse, bu t continuou s 
l y , and the r e i s then not a s ingl e , but a v ast numb e r of cone s 
s a ti s f y ing eq.( 3) . These cone s , of course , cannot be connecte d 
wi th the el ec tromagnetic ener gy r adi a ted. From her e neve r th e 
le ss follows that the directi on of k -vec tor f o r the f r equency 
w i s re a ll y de t e rmined by eq. (1) . At th e same time it i s no t 
always no ticed that the li ght ene r gy i s transmitt ed no t a t 
a ph as e vel oc ity , but a t a gr oup one , which i n t he medium wi t h 
di s pers i on diff e r s f r om the f or me r and equ a ls 

cw • (II) 
d n( 0 » 

n ('0 ) , u) 
d id 

In ord e r to f ind an in s t ant pos iti on of th e centr e of a gr oup 
of waves i n the g ive n na rrow fr equenc y range one s hould in th e 
i so tropi c me dium t ake IV and not 11 c / n a long the k -ve ct or. The 
gene r a tr ices AD indi ca t e the inst ant pos iti on of th e gr oup c one 
f o r th e fr e qu ency 0 (Fi g . 2) . Th e ang l e be tween t he t wo wave 
cones X (f ir s t ca l culat ed by I.E.Tamm) may va r y in a wid e r ange, 
but as it seems t o me it i s no t measur ed experiment a ll y as ye t. 
H i s fa r f r om being an easy t as k i n th e prac ti ca l ly int e r es 
ti ng case s . For exampl e , as i s knm,]J1 th e time di ffe r ence in th e 
de t e c ti on of pa rti c l es and s i gna l s due to VCR i s me asu r ed in 
ord e r to dete rmi ne th e he i gh t wh e r e t he showers of cosmi c pa r 
ticl es f orm in a t mos pher e . As a r u l e it i s assumed th en tha t th e 
VCR l igh t propaga t e s wi th ph ase ve l oc ity u ~ c/n.Strict l y s peak ing 
it i s no t corre c t , but he r e as a s imp l e ca lcul a tion s hows th e 
i n t e r cha nge of u f o r W does not af f ect t he t-e s ult with i n the 
acc ur ac y o f th e expe rime nt. ( The r e lative e r r o r doe s not exc eed 
-1 0 - S ). The pri nc ipl e side of th e ma tter is ano the r que s ti on 
and we s ha ll re tu rn t o it in th e f urthe r. Let us no t e tha t the 
fac t th a t t he r e i s a cone of a gr oup o f wave s is no t a t a l l in 
con t r ad i c Lion with th e Hu ygen s con s tru ction, i f one appl ie s it 
i n s e que nce fo r a t l e a s t two ne i ghbour fr equencies. Then a s it 
was emphasi ze d ea rli e r we have t o con s ide r each poin t o f th e 
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Fig . 3 . The Huyge ns p lo t for' monochl'omaUc IJa;)es. So l i d 
lines - f op the f Y'equency OJ, dashed l i nes - f op 7;he 
fpequency w + ~w . The intersecti on of the coppesponding 
genepatpices gi ves the ins tant position of the gpoup 
cone (dash- do t l i ne). 

trajectory as a source of the monochromatic waves of frequen
cy (tl generated continuously. The moment when the particle pas
ses the given point determines only the phase of the wave. It 
is easy to see that as a result there is really a vast number 
of cones being the phase surface with generatrices forming 
the angle ¢ with the axis. Figure 3 presents the cross section 
in the plane of the drawing of an instant position of a series 
of such cones with a phase difference of 2n. Ther e f ore, the 
distance between their apexes is the path the partic le covers 
during a period of oscillation of waves with frequency w (in 
the figure the generatrices of cones are A_£C_ 2 , A_1C_ 1; AoC o' 
A1C 1, etc.). The apex of the only one of them coincides with 
the instant position of the particle (let us call it the wave 
cone). In order to find this cone one should consider the same 
picture, but for another frequency, say , a little l a rger, e.g., 
w '= w + /"\(v . The phases of those two waves coincide in the point 
of the particle a nd consequently so do the apexe s of the cones. 
In the case illustra ted in Fig.3 it is the point Ao. Other 
cones do not coincide, since they have a little diffe r ent ¢ 
angle in the presence of light dispersion and, moreove r , the 
distance between cones is shorter due to a sh orte r oscillation 
period. The cross sections are shown by the da s hed line. The 
intersection of the corresponding genera t r ices of both c one s 
de termines the surface of e qual phases for th e t wo frequencie s 
wand (J) ' , i.e., the gr oup cone . It ca n be s hmm tha t t he d is 
cussed graphical method give s as it shou l d be the same r e su lt 
as that shown in Fi g.2 1 4 / 

It is only natural to try to find out the role of the group 
velocity in VCR . For that one should ask oneself about the mi
nimal velocity at which the radiation appears and not about the 
velocity at ,.hich the radiation _.ith the given fr equency is in
duced. The ans_.e r is simple - the minimal ve locity corresponds 
to the maximal value of n 
v

min 
c (5) 

n max 
If the value of n is maximal then dn/d w = 0 and consequently the 
phase velocity coincid e s with the group velocity. Thus the con
dition for the threshold of VCR appe arance corre spond s to the 
case/5,S! wh en the velocit y of particle first achieves the value 
of the group velocity 

v = W. (6) 

This relationship could have been cons idered a s a mere coinci 
dence if it were not true for all threshold phenomena of the 
radiator moving uniformly in the meditim. It is the saIne fo r 
the appearance of the complex Doppler ef fect, of the anomalous 
Doppler e f fect / 5 ,S! and with some reservati ons it is true for 
the appearance of the X - ray transition radiation i7/. So, the 
general nature has also the statement that the velocity of mo
tion equal to the group velocity of light is the condition for 
the threshold of appearance of the complex effect, i.e., the 
radiated frequency splits into two components. Therefore, the 
VCR is always the complex effec t, because, though at a gi ven 
angle the radiation with only one f{eque ncy is observed, there 
is the other unseen frequency component in the anomalous d i s 
persion area. It can be easily seen that the condition (6 ) for 
the threshold of appea.rance of VCR is also true for the opti 
c a lly anisotropic media which cannot be at all conside r ed evi
dent in advance . The conditi on (I) for the characteristic angle 
() holds also in the anisotropic medium, if n i s the refractive 
index for the k -vector ,.ith a given polarisation and di.r ec
tion l S I . 

At the same time, however, the direction of the ray along 
which,as is kno\Yll, the group velocity is directed does no t, 
generally speaking, coincide ,.ith the k - vector, but forms with 
it a certain ang l e a. Then in anisot r opic med ium, not only the 
phase velocity u appears essential, but also the ve locity of 
phase propagation along the ray . Let us denote i t u ' ( see Fig .4). 

u ' cos a S_ u. (7) 

n 


The gene r a l condition for the appea r ance of the Vavi lov- Ce 
renkov Radi a t i on of f r equency (,) should be fo rmula.t ed in the fol
10\'ling way: t he thre s hold \re loc ity of the sour ce should equal 
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,U 	 C Fig . 4 . The normal to t he ~aveU "case( U=n 
( II - phase ve loci ty) and t he 
direction of the ray ( II ' - wave 
veloc i ty a l ong the ray) in the 
ani sotropic medi um. 

C' 
"ig . .5 . A s impl1: f i ed !/li yge ps ploi, foY' the rmi .'lotropic 

me·jium . The rii reci1:on of t he Y'ay is det ermined by t he 
tangen t poi nt: s of elip8e and ge ;w Pa t Y'icec of the IMve 
earle (see A 3F and A3 P ' i;! tlze f i YllY'e t o t he le f t ) . 
Vc tJtor k is di re'!ted (ll ':Pi(1 the !lor ma l t o (Jene ra t pices 
of t he lJ Q J(? ': G)'W (s ee AD (md AD' ) . Unde r' t hY'e sho l d (!on
(11: t i OlI8 t he dh"e.:h:m1 o f t he lOQY c:oi ~Je,:des LJi t h t)le 

lJe loei t .11 v and v i s hei n!? equa l t () 11 '. 

The 	 ve:Jtor' k i s i i Y'eeted l loilO !- he IWI'ma l t o t he 
(s ee A 3' O " ), Ti .ran ll .,; t he fl lI (1 te u I,JI~I, 

r) j' t lIP. )"" If . 

the ve loc ity o f waves along t he r ay in t he d i r ec ti on of motion. 
In other words 

V tl ' . 	 ( 8) 

The threshold veloc it y v c oinc ide s a lway s with th e direction 
of the ray and not wi t h t he k-vec t or, th a t, gen e r a ll y s peaki ng , 
forms the angle Hi t h v . (In opt icall y i so tropi c medium theU 

velocity u = 11 ' a nd it is th e same in a ll direc tions). Henc e , 
t he condition (2) is a specia l ca s e of the mor e ge ne r al co n
dition (8). The correc tne s s o f the conditi on ( 8 ) ma y be ea s i l y 
proved in the frame of th e lI,uYf;ens princ i pl e appli ed for th e 
opticall y anisotropic med i um 5 , I ( Fi. g . 5). 
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The conditi. on fo r the appearance o f VCR and no t on l y o f t he 
given radia ti on frequency i s 

U min 	 (9)vmill 

For the f requency u,) a t \vhi ch u ' = u 'm in the der ivative of the \~ave 

vel oc ity along t he r ay equal s zero a nd hence t he ve loc i t y i t se lf 
equals tbe gr oup vel ocity . Thi s a ga i n brings us t o t he conc lusion 
that the threshold f or t he radia ti on t o appear is def i ned by 
eq . (6), i. e ., it is determined by the group veloc ity , or in 
other words th e above conne c t i on proved to be general . 

First we obtain ed the condi t i on s for the t hreshold o f appea 
rance of the compl ex and anoma l ous Doppler ef fectsIlO:' L . I.Man
del sht am i n hi s lecture has d ra"~ attention t o th e e s sentia l r o l e 
of the gr oup v e l ocity *. 

Ano ther qu es tion I wi s h to discuss here is the dura ti on of 
VCR pu l s e ari s i ng wh en the charged particl e goes through the r a
diator. Bes ides its the oreti ca l va lue the que stion has th e prac 
tica l import ance , s ince the Cerenkov counte r s ar e wi de ly used in 
va ri ous co inci denc e sc hemes , P .A. Ce r enkov ,'l / had s hown even in 
hi s fi r s t expe r i ment s tha t the r adia t ion he ob se rved could no t 
be reduced ne i t he r by i ntroducing s trong quenc hi ng agent s of lu
mini sce nce nor b y cha nging t he tempe rature of the liquid. It Has 
t his t hat made S.I.Vavilov /2 1 think that the obse rved li gh t was 
not th e luminiscenc e a t al l, si nce t he nec e ssa r y char act e r is ti c 
of th e l a tt e r acc ordin g to S . I.Vavilov is a f init e time of exc i 
tat ion of a t oms and mo l ecul e s Hhich i s of the ord e r o r more than 
10- 10 sec . However, t he durat ion o f the li gh t pul se is no t al way s 
du e t o the time o f e xci t a t ion onl y . I f the r adiator ha s s ome 
l eng th, t hen it t akes diffe r ent times for th e light f rom its 
po int s to arrive a t t he de t ec tor. For e xamp le , t he li ght pulse 
[ r om t he r ad ia t or 3 cm long will be of dura ti on no t l ess than 
10- 10 sec unde r t he conditi on that the li ght s imult aneously l ,ea
ve s each poi nt of t he r adi a t or . At th e s ame time one knows that 
th e Ce r enk ov count e r may be more than 100 cm l on g . A ques ti on 
na tura lly a ri se s : how will it a ff ect the li gh t pul se dura ti on 
in VCR? Tlle anS\.Je r mi ght have been the simpl es t i f th e re we re no 
di s pe r s i on of l i ght in th e medium . Re ally, i f the de tector s ununa 
r izes the r ad i ation comi ng a t an anp, l e f} , - t hen signals f r om a ll 
the poin t s o f t he r adi. a tor mu s t arri ve at the count e r s i mu l ta
neous ly. But t he di s pe r s i on mak es it diff e r en t. 

The picture to be ob seLv ed is s hown s chema t i c ally in Fig .6. 
The dashed l ine i s t he t r a j ec t o r y o f the pa rticl e , d is t he wi d t h 
of t he beam de t ec t ed . Such limi t ati on s f or t he wid t h a l ways exist 
i n ea ch r ea l co un t e r . They a re due t o either the di aphragm , or 
t he s i ze of a fo cus ing in s trument, o r t he geome try of t he l igh t 

'1 t Ie 1 bl'1S e h d 1 / 11 .'l t • . d 1n . sh d not d"n pu ect ure 1S one or t an 1S
t inc t e nough . 
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10 =-w t,.v 

W dntgX --._
i\otg B dv 

~ \ = tg)(.- d d dn'\~ 1, 
W .Aotg8 dv ~-- -------\ --------v 

Fig . 6. The di s t Y'ibution of the light s i.gnal fPOm t he 
parti c le moving i n t he counter. The time ' 0 i s det er
mined by the f init e length of the gY'oup waves , and ' 1 

by t he fact that the gmup cone forms the angle X 
wi t h t he wave cone . 

source itself. For t he sake of simplicity let d be the diame
ter of the diaphragm. The group surface forms the angle X 
with the ,,,ave surface. The detected s pectrum is always limited 
in frequency and, therefore, the group of waves has a finite 
length too. It is denoted by 2f in the figure. Let us find the 
time which it takes the group of waves in the g iven frequency 
range v ±Av to go through the diaphragm. The time pe ri od evi
dently goes into two parts. Since the group has a length 2P 
it will go through each point for some time ~ . Besides that, 
the group passed through different points not simultaneously, 
since the group surface forms the angle X with the wave surface. 
Let us denote this additional time by ~ . Now I shall consider 
'0 and'l separately. It is easy to se e that 

2e 
'0 --

IV I'lV (10) 

Usually there is no large increase of pulse duration due to ~. 
It does not exceed 10-12for visible light if the wi dth of the 
group is nA - 10 A. It is evident that, if the light dispe r 
sion in ~he radiator is J.m.1, the group width can be taken more 
than 10 A and '0 may be ne glected. 

In order to find, lone shou ld know X . It can be eas ily Sh 01.,rn
that I ,V 

tg X '~ W dn 
( J J)Aotg O d v 

From where i t follm"s 

, _ tg X . d d d n 

1 - ----- 

IV dv ( J 2 ) "-at 

So the coefficient in front of dn I dv is expres se d in por t i ons 
8 

,\ a = n A-difference of paths from the farest and the nearest 
point of the radiator the light from which goes through the 
di a phragm, i.e., reaches the detector (see Fig.6). This dif
ference is lar%e when the radiator is long and e is small. It 
may achieve 10 in modern Cerenkov counters. However, they are 
as a rule the gas counters in which dn/dv is very small, and 
thus'1 is not large. With solid radiators the time inc reases 

1 .to 10- 10 - I 0- 11 sec. I n severa cases it. seeming1y may even 
serve as a method for the measurement of e/4 / .So the difference 
between the phase velocity and group velocity is essential in 
some cases. 

It should be noted that the time ~ may, in principle, be re
duced. Really, it appears due to the dependence of e on ref
ractive coefficient. So, it is enough to transmit VCR as it is 
often done for precise measurements of e through an achromatic 
system to reduce '1 to minimal possible value. Some of these 
achromatic systems were discussed by the author in his paper 
published in 1956 /41 

Here the angle e is supposed to be practically constant. 
-If the spectral width of the beam is so wide that the change 
in the refractive coefficient and consequently in the angle e 
is considerable, then the pulse duration increases by an addi
tional time T2 that may be large. All the above stated depend s 
essentially of course on the type of the counter used and, first 
of all, on its geomet ry and the material of the radiator. 

The fact that in any Cerenkov counter the radiation is al
ways summed up over some finite path of the charged particle 
brings forward additional peculiarities of the phenomenon. They 
may be especially important at small 0, i.e., in the vicinity 
of the theoretically expected threshold. 

A sharp directivity of VCR at a characteristic angle e is 
often considered to be the integral part of the phenomenon. 
But a simple consideration shows that the radiation goes in 
some angle range f'le near e that is the wider the shorterw 
the radiator is. It is the so-called diffraction width o f the 
peak directly connected with the coherent length P', being equal 
in the simplest case of wave summation in the e direction to .' 10/ 

TTV {Ho
e' = ----- --- = -- '--- ( I 3) 

w i ! - {3 n cose l 2 11 - ~1ncosel 

According to the definition P. ' is the length along which t he 
phase of the waves from both its ends arrivi ng at 
an inf ini tely far point differs by TT . The value of" formally 
t urns i nto infinity for the characteristic angle O(U though i n 
reality it always has s ome finite length. The width of the diff
r ac tion peak 1l(J is de t e rmined by the fact that the length !t 
of the counter comprises t wo coherent lengths e' . 
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From here under supposition of very small a one hasw 

AO 
I'!. (L (14) 


£nsin - C,) 


So, 	 if the angle 0U) is not very small, the range i". 13(,) is f irst 
of 	all determined by the ratio bet'lveen the wavelength and the 
length of the radiator. It has a small but finite va l ue and 
this probably may set limits for the accuracy of 0ru measure
ments. The value of 1';. 13 can be easily measured, if one takes 
the 	radiator of thickness comparable \."ith A. For the radiator 
from mica of thickness S) = 3Ao the value of AO reaches 30° and 
the 	experiment demonstrates good agreement with theor etical 
predictions. 

Other peculiarities are connected with t he behaviour of VCR 
near the threshold. The diffraction width did not allow the 
threshold to be sharp. Really, for ~n = I, i.e., the characte
ristic angle () = 0, the intensity must not be equal to zero 
due 	 to the finite width of the radiation peak. If it we re pos
sible to observe the radiation strictly in the direction of 
motion of the particle, then it would have appeared that the 
threshold for the appearance of radiation with frequency w 
shifts a little to lower values, i.e.,/12/ 

(1,\
/-In	 . l_-r-' (15) 

Hhen the length of the radiator is large in comparison with the 
wavelength of light the displacement of the threshold is in
significantly small. llm,ever, if the radiator is thin, the shift 
is 	large as is shown in ref. ,'12 ' 

Besides, near th e ve ry thr e shold the simpl e relationship (1) 
for the characteristic angle do e s not hold already. The matt e r 
is that at a finite l e ngth of th e count e r one of th e coeffici 
ents of intensity proportionality is the squared sinus of radia
tion angle which makes the observed an gl e of radi a tion larger. 
Nearer to the thre s hold the inte nsity of VCR decreases, but 
the 	angle () always has a f inite va lu e . Strictly speaking, the 
intensity never turns into zero even for (1" less than the prac
tical threshold (15), since there is a l ways the radiation due 
to 	a limi ted trajectory. The latt e r radiation is identical with 
the 	bremsstrahlung or with the transition radiation, which can
not 	be separated from VCR above its threshold, though make 
a little contribution into it. They become essential near the 
threshold and below it. This r eall y take s place in t he ~as Ce
renkov coun ters for r elativistic particl e s . One shou ld ta ke 
into account then the particular geometry o f the counter. 

I wished to show here that i n the latter case as well as 
~n other problems considered in the present pape r the Vav ilov
Cerenkov Rad ia tion is a more complicate phenomenon, than t he 
ideal i zed picture conv e nt ionally used for it. 
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8 061>eAIAHeHHOM IAHCTIATYTe RAepHbiX IACCJleAOBaHIAH Hal.laJl 
BbiXOAIATb c6opHrAK "HpamKue coo6UJeHu.R OH.flH". B HeM 
6YAYT noMe~aTbCR CTaTbfA, COAep*a~IAe OprArfAHaJlbHble Hayi.IHble, 
Hayi.IHO-TeXHIAI.IeCKIAe, MeTOAIA4eCKIAe lA npfAKJlaAHble pe3yJlbTaTbl , 
Tpe6yi0~1Ae Cp04HOH ny6JlrAKa1.41AIA, fiYAY41A 4aCTbiO 11 Coo~eHIAH 
OH1H1", cTaTb~<~, eowe,qw~o~e e c6opH~o~K, rAMeiOT, KaK ""APYrHe 
rA3AaHHR OHHH, cTaTyc o$~o~~.tHallbHbiX ny6nHKa~.tiAH. 

C6opHrAK "KpaTK~o~e coo6111eH~o~R OHHH" 6y,qeT BbiXOAHTb 
peryllRPHO, 

The Joint Institute for Nuclear Research begins publi
shing a collection of papers entitled JINR Rapid Communi
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods .. 
Accelerators . 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics . Liquids. 
Theory of condenced matter. 
App l ied resea rches. 

Being a part of the J INR Communications, the articles 
of new collection like al l other publ i cations of 
~he Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be i ssued regularly. 

Ellf-85-168 tpaHK M.H. 
HeKOTopwe OCo6eHHOCTM H3ny~HMR BaaMn08a-4epeHKOaa 

RpMBOAMTCR TeKcT AOKnaAa, npo~MT8HHoro a M~ne 1981f roAa Ha Bcecon3HOM 
Cei4MHape "4epeHK08CKMe AeTeKTCipW M MX npMMeHeHMe 8 HayKe M TeXHMKe", nOC811-
.eHHOM niiTMACCIITMneTMO OTKpWTMII BaaMnoaa " 4epeHKoaa. B AOKn8Ae paccMOTpeH 
PRA OCo6eHHOCTeA M3n~HMR 8aaMnoBa-4epeHKOaa /M84/, Ha KOTOpwe He 8CerAa 
o6pa•aoT 8HMMaHHe. RpMMeHeHMe npMH4Hna r~MreHCa, c no~b~ KOToporo o6w~HO 
noiiCHIIIIT nPMpoAY R8nettMII, nPMBOAMT 8 cny~ae aHM30TpOnHWX CpeA K o6ot51ieHHOMy 
ycnoaMD nopora 80SHMKH08eHMII MB4 A8HHOM ~acToTw. RocneAoaaTenbHOe npMMeHeHMe 
npMH4Mna reAreHCa AnR A8YX 6nM3KMX MOHOXpoMaTM~CKMX ~aCTOT no3BOnReT 'onpe
AenMTb MrHOMHHOe nonolleHMe rpynnw BOnH. Jlanee nOK83aHO, ~TO ycnoaMeM 803HMK 
H08eHHR M84 /a He A8HHOM ~aCTOTW 3TOrO M3ny~HHR/ IIRnlleTCII paaeHCT80 CKO
PDCTH ~aCTM4M MMHHM&nbHOM aenM~MHe rpynnOBOM CKOpoCTM C8eTa 8 ae•eCT8e pa
~aTopa, flpoAQn.MT8nbHOCTb CHrHanar per~cTpMpyeMOrO AeTeKTOpoM ~epeHK08CKOrO 
C'leT~Ka, T81111e 80 MHOrOM 3a8MCMT OT rpynnoBOM CKOPOCTM CBeTa 8 P8AHaTOpe 
H KOH~ OT reoMeTPHH M KOHCTPYK4MM C~T~MKa. flo~KOnbKy no6oM paAMaTOP 
C'leT~MKa MMeeT OrpaHM~HH~ AnMHy, M3ny~eHMe scerAa H~~8eTCII 8 HeKOTopOM 
MHTepune yrnoe, nPMner8IQIIeM K xapaKTepHOMy; 3TO TaK HaawaaeMall A.._PaK4MOH
Hall ~Ha, KOTOPall TeM 6onbwe, ~eM KOpo~ PaAMaTop. Ee cneAYeT Y~MTWBaTb 
OCo6eHHO 8 o6naCTH, 6nM3KOM K nopory M3ny~HMII. PIIA OCo6eHHOCTeM Ha6nQAaeTCII 
y o~rono 3neMeHTapHOM TeopMM nopora M3ny~e""" · B6nM3M nopora MB4 

HeOTAenMMo OT nepexOAHQrO M3ny~HMII, Ha6nQAa~TCR OC06eHHOCTH 8 yrnoBOM pac
npeAeneHHH, nopor He 118nlleTcR pe3KMM " 8cerAa MMeeTcll noAnoporoaoe M3ny~eHMe 
/nepexoAHOe H TOIJM03HOe/. 

Pa6oTa ewnonHeHa 8 na6opaTOPMM HeMTpoHHoH $M3MKM OMRM. 
llpeap11.,. Oth.ellllaeaoro HRc:'IBTYTa JI,Qep~.at accne.ao-a. JIJC!aa 1985 

E14-8S-168 Frank I.H. 
On Some Peculiarities of Vavilov-Cerenkov Radiation 

The paper i s a repr int n f t h P ,.,.~rt !"ade by !:he :s:..:t!':c:- I;; Jun~ 1~84 
at the AI 1-Union seminar on "Cerenkov Detectors and Their Application In 
Science and Technology". There are considered some peculiarities of the Va
vilov-Cerenkov Radiation (VCR) not always paid attention to. The Huyqens 
principle conventionally used to explain the nature of the phenomenon leads 
in the case of anisotropic medium to the generalized threshold conditions fo 
the appearance of VCR of a given· frequancy. A consequent application of the 
Huygens principle to two neighbour monochromatic frequencies allows one to 
find the !.mediate position of the wave group. Further It Is shown 
that the condition for the appearance .of VCR (and not of a given frequency 
of radiation) Is that the velocity of particle should be equal to the group 
velocity of light inside the radiator. The duration of the• pulse reqistered 
In the detector is also strongly dependent on the qroup velocity of light 
inside the radiator and, of course, on the qeometry and construction of the 
counter. Since any radiator of the counter has a finite length, the radia
tion is observed in some angle ran9e around the characteristic angle, beln9 
cal led the diffraction width, which is the larger the shorter the radiator 
is. It should be accounted for, especially near the radiation threshold. Se
veral peculiarities are observed near the threshold predicted within the 

elementary theory. Near the VCR threshold and inseparable from the transition 
radiation one observes a peculiar angular distribution, I.e., the threshold 
is not sharp since there always exists a subthreshold radiation (transition 
or bremsstrahlung). 
· The Investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 
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