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ABSTRACT. Chorenkov radiation through dielecric medium having conductivity
has boon congiderod. It has boon showa that (‘heronkov radiation is obtained at uny voloecity
of the particle through medium though the attenuation will bo large for low volocities. Somo
foaturos of ponetration length has beon discussed which are unlike those of usual cloctromagno-
tic radiation in conducting media. 'The opening angle alo seoms to bo of interest.

The problem of Cherenkov radiation in nonconducting media has been dis-
cussed by many investigators (1953).  In practicc however materials gencerally
have varried amount of conductivity and thus lead to attenuation. It is
therefore interesting to sce the relative importance of the conductivity and the
particle velocity in the production of Cherenkov radiation.

We start with Maxwell’s equations with Fourier components:
Pp )

rot II, = “'_‘."gf_“_ B, + 4: ot ff‘n oE, |
rot B, = —" Ilo
! ‘ e e (1)
div .l)w = 4”P
div I, =0
D, = n2E, ]

where o is the frequency, r* is the dicleetric constant of the medium and o is the
conductivity of the medium. % and o in general depend on .
Introducing scalar and veetor potentials ¢ and A4 as usual we have
H, =rot 4, ]

Ew = - Z;i Aw - gl‘&d ¢w
Vido + 3, (@ni—idnoe)d, = — 2,

Viéo + _::2 (22 —idnow)d, = _4m p
with the modified Lorentz condition

div 4, +}: (4704 swm?) ¢, = 0.
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Let the particle be moving along the z dircction with uniform velocity ». Then

in cylindrical co-ordinates the components of vector potential are

4,=0=4, and

4, 1 04, P4, 1 ., e i
0p”+f) ¥ -+ 9 [—Cz(mn now)d, ;cpe a(p)

Zz
Let A, = u(p)e=iv»

0%u 1 0u e
From (3 ¥y 2 = —_°_8(p),
om () o O st = =t dp)

2_w2 202 _.47’0’/}2} =2
where s__.;).z{(nﬂ 1)—s o , B i

If 8 = 8,19, then
si—sd = (n22=1)

2mow

H8y = — — ;‘,zm

From these we have

]
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n = VZ [ {(nzﬂz b? lﬁﬂ:;ﬁ‘\} _("2/5'2"‘1)} when n?f2—1 20

and

&=

o[ {amwpr s W00 -],

‘\/2 [ { (1—n*p%)? + _7:__ £ } + (1—n2p?) ]‘when nifr—1 < 0.
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Tho right hand side of (7) is independent of » and it represents recetangular hyper-
bola with v varying. 1In (8) there is an ambiguity in sign and it may lead to dif-
ferent values of s, and s,. But from (7) s, and s, have opposite signs, so only two
cages are possible.

Case I: 8 >0 and s, <0.

2, and s, lic on the same branch of the hyperbola (7). For the outgoing wave
u = BH,\* (sp) and B = —(se/2¢) which is fixed by the strength of the singularity
at p=0.
-7 e
Here A,(w) = BHy® (sp)e~ o 7%

Using the asymptotic form of Hy?(sp) for |sp| >> 1,

Ax(w) = —iBylartif) e o, .
where B = ° _____2 s
SAY (%1 o%)

= (WA o ) f= g (Ve o~

and X = t_(.z_ L ) 4.7 e (10)

v (O}

Case I1I. s, <0 and s, > 0.

In this casc s, and s, lie on the opposite branch of the hyperbola (7).

For the outgoing wave u ___;_e Hy" (sp)
c

and A o) = ;;% H W (sp) e—iw —3 +iwt

In the asymptotic form when (sp) >> 1,

8 3o
A,(O)) = _iBl+(“1+iﬂ1)—i7lp-e-’aPG [ {l-— (% —';9) + Z-w‘ } vor (11)

gihe exproession of 4,(w) in (9) and (11) are identical. There is only a phase
fference of 7. More over there is no discontinuity of s, and s, in either case.
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By (2) and (9) the ficld strengths are

I () = —iBy(a;+18,) ljl:[;— 82-{—5.91] R}P ¢%2P gtaX

_ we . 4mo—iwn® [ | " | P
E,(0) =B, » (ay+1py) 167%° F otnt Qp 8;-!—%81 ] Vp e2Pe \

, . 2 —ieond
E(0) = —iBy(a,+18,) [%"_l_i‘:); i%:%:%‘_] 1 e52Pgiox

vp J
Rell)(0) = By \}p e ’2"[ {ﬂl (2.%—82) +alsl} €08 WY -]I
+{¢1 (2% -—a,) —-ﬂlsl} sin o)x]
1 & 1
ReE )(0) = B, ~?-)(—16;ﬁ':’§_|—_ 17;271,'4) _% e3P [{(41700;1-{- wn’ﬁl)(ﬂ — .92)
—(4m0'f,— wna,)s,} cos wy—{(dmoet,+ wn?B,)s;+(4mo B, — wnla,)
\
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a  4dmwls 5, [ o win? 1 —
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H,= fz[ReH,(m)]dw
E, = [ 2ReB,(w)ldo L
B, = ] 2(ReE,(o)da J
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CONCLUSION

(i) The value of 4; in (9) reveals that no restriction on the particle velocity
is required for the outgoing wave propagation, though it is damped. Thus
Cheronkov radiation takes place at any velocity of the particle in a medium having
certain amount of conductivity.

(ii) The encrgy radiated through the surface of a cylinder per unit length
whose axis is the line of motion of the electron is given by

aw _ =
= o | Bl

®

__e? 1 eV 1 47 w’co
= | ol ttimsa=pisctean by ity
©» wch? 1
Heamh) (5 = 3 jgmrpana )} ) 40 - 09

This expression leads to the correct limiting case o = 0 which is give by

aw _é* » 1
a = § (1= g ) odo

(iii) From (10) the semi-vertical angle of the cone of radiation &, —
tan(vs;jw). 1t is different from Chrenkov relation 8 = cos=Y(1/nf). Comparing
the valucs of 0, with those of 0 against » one can observe that the cone of Cherenkov
radiation in a conducting medium is generally wider than that of a non-conducting
medium.  For the values of v between 0 and ¢/n, 0 has no value (i.c. no Cherkenkov
radiation takes place) but 0, has singificant values which means that the Cherenkov
radiation takes place in conducting medium.

(iv) The penetration length

= _ V2 . when n362—1 > 0, ]
o {mp -1y 1TDEVE _(ape_1y)*
or T v (16)
@ = — V2 when 22f2—1 < 0.
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The values of a for typical valucs of v are given below :

@ ’U===€-—,a,=._..:(i___
n V27 wo
(I7) v=cand n=1, a:-.=_..9
\/27rwo'
— e \/nz—l -
(IIT) when v = ¢, n > 1 and o is very gmall, a = cee (17)
. 2r o
In the usual electromagnetic phenomenon the penctration length = ‘:"—'1'- . It
SO

is interesting to compare (17) with this expression.

(v) There is a critical value of » depending on the medium.  The penetration
length changes rapidly with » until v attains critical value after which it changes
very slowly.

(vi) The wave length of the radiation is given by

Aoz o 2V yhen a1 > o,w

o [{mep—rpt UTTE A L i)
and > ... (18)
A=~ 22y — = When #3#2—1 < 0.

o [{a—mpt 17V Ly ]! J

One sees that a and A are comparable when n242—1 < 0. At the first sight it
may be seen that under these circumstances Cherenkov Radiation though produced
it becomes unimportant. But that is actually not the case. Since if the conduct-
ing material be in tho form of a thin wafer, a narrow cylinder or something of this
sort then outside the medium, e.g. in vacuum one will have a substantial cffect.
Calculation stemming from thesc consideration are in progress and will be com-
municated elsewhere.
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