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Abstract

Cherenkov radiation is an electromagnetic Radiation that occurs in different
medium depending on the physical properties of the medium”.

The sufficient scientific condition for the phenamo@ to be occurred is that the velocity of
charged particles moving with should be greaterntlthat of the electromagnetic radiation
there (generally speakini most cases this Radiation is in the UV rangeeaiission
depending on the particles velocity and yet aghia properties of the medium”).

In this paper Cherenkov effect considered in theospheric E layer plasma and it showed
that the velocity of charged particles in this ptasis greater than that of the phase velocity
of electromagnetic radiation. Then the relation weein Cherenkov frequency and the
height and temperature of the this plasma studfddo.the Cherenkov angle for the oxygen
ion that emits Cherenkov radiation is calculatéd.this plasma as an important wave we
considered only the oxygen-ion wave .
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1-Introduction

Cherenkov radiation was first observed in thelyed900's by the experiments developed
by Mary and Pierre Curie when studying radioattivi emission. The first attempt to

understand the phenomenon was made by Mallet ir6.18& found that the light emitted

from a wide variety of transparent bodies placedselto a radioactive source always had
the same bluish- white quality, and the spectruns wantinuous,that is not possessing the
line or band structure characteristic of fluoreseenMallet found that the nature of such
emission is not be known yet . It was not until teeperimental work carried out between
years 1934-1937 by P. A. Cherenkov and the thealeinterpretation by I. E. Tamm and I.

M. Frank (1937) that this radiation was describ&herenkov light in the atmosphere is
produced by charged particles traveling faster tharspeed of the light in medium[1].
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Figure.1- Path of Cherenkov emission [2].

From this figure it is understood that this radiatiis only observed at a particular an @

called Cherenkov angle, with respect to the tra¢kthe particle. This angle represents

position in which waves from arbitrary point suck B1, P2 and P3 over the track AB

coherent and combine to form a plane wave front B8is coherence takeslace when thi
particle travels from A to B in the same time thae light travels from A to C. If th
velocity of the particle is v of.c where c is the velocity of light imacuum,and c/n is the
velocity of the Cherenkov light in the medium, there cin write the Cherenkov angle

the following way withonly taking into accoul the geometrical considerations:[3]

C

AT
cosf = % (1-1)
0=— (1-2)
C0s8 = -

where n is the refractive index of the medium ¢ AT is the time in which the partic
moves from A to B.



The number of photons emifted by a charged partiélechargeze per unit path lengtt,per
unit energy interval, in term of , of the photor is equal to:[4]

d?N _ 2moz?

1
dxdA A2 (1 - ﬁZnZ(A)) (1-3)
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Figure.2-Differential Cherenkov photon spectrum. Continutius includes absorption by ozone
Rayleigh and Mie scatteri [5].

. . 2 1 . . .
where 1 is the microstructure constan o = %=E and n is the refraction index of tfr

medium that is a function of the photon enerstraight foreward to A. This means ths
most part of Cherenkov photons are emitted in the uiblay range, becau:
d?N 1

dxdA ~ 22

and the spectrum has a peak at around 376].

In ionosphere from 90 kilometer of earth surface tap120 kilometer of earth surfacthe E
layer occured that ithis mediur the oxygen ionization take place witfolar x ray and uv
radiation respectively.



Because the plasma is a quasi-neutral gas withleeqelactrons and ions particles together

with neutral species, then the E layer also ispfasma medium so as we can use the

plasma equations for the parameters inside .

2-Equations

We use the MHD approximation specially when therientation

parallel to magnetic field , then this would be :

o, .
Mn [a—i+ (v; - V)Ul] =enE— Vp

With consideration of:
E=—-Vop, , ikx =V ,

ne:n0+n1, ve:v0+v1 ) E:E0+E1

That in these equations ,index 1 shows the tunicelstate.
So we have:

—iwMnyvy; = —engike — y;kT;in,

Also from Boltzmann equation it is true that :

Lo eop ep
Nn. = na.ekKTe - n :n(l —1)—>n = Ny —
e 0 e 0 +KTe 1 OKTe

The continuity equation also is:

Ong

5 V- (nev,) =0

But we knew:

Vno - vo - EO - 0

dny, Jdv, O0E,

at ot ot

In the continuity equation we can write:

anl

ot + V . (n0v1 + nlvl) = 0

With replacing approximation o - (n,v;) we can write:

4

of motion for ion is

(2-1)

-ilw = —

(2-2)

(2-3

2-4)

(2-5)



on1
%+V'(n0v1):0

and becaus@= ikx and% = —io

we reach to:

—iwn, = —nyikv, (2-6)
Now refer to the Equations (4.6) and (4.3) ,wewaite MHD approximation as:

(eno ik%ﬂ/iKTi ik)noikvl-l

—lwMnyv,; = - (2-7)
SO we reach to:

0? = k2 (S 4+ 1) (2-8)
with the limitation ofT; - 0

we can write:

0? = K2(T9)" (2-9)

Now for the bottom side and up side of the ionosphalues with taking on account the Fig.3 we have

T(90 km) = 300 k° and T(120 km) =600 k° and

K =1 .37 x 10723 and M(0)=2.65 x 1072% kg



2|
Ta
g‘% Magnetospters
£z
s
£ .
=
= I I | I T 1 L
21
z|
K
AT ) A
Teraperatur= Electron © oncentrali on
300 4= b L
200 4= =1 0
— _—
£ £
r 2
= =
101 + Turiopanse ———
Memopause __-‘-3 an
MEzosahe e
Hirsbopanse 51
2 St’ako:hmle
T 11
1 | | 1 mponleruos;nsphere
o 47 427 42* w4t "sw osm | dic
Electron concentraticn (om 5) Ten peramre 715

—

Figure.3- Temperatur¢ and electron density in ionospher[7].

S0:
At 90 kilometer from the earth surfe

© o (KT(00 km N\ /2 (137x10723x300 Y2 _ 2 (dN\Y
(=) = (o) =393x10t @9 @1

And at the 120 kilometer from the earth surfa

o _ (KT.(120 km) 1/2 _ (137x10723x600 1/2 _ 2 I\
2 (0) = (T = () =556% 107 (' G

With Maxwell equatiorin the following :

VXB = ﬂo(jf +jp + SoE) (2‘12)

And rewriting this equation ithe following form:

VXB = uy(Jy + €E) (2-13)



And putting :

P
€= g +]E

and the following values:
jP = ne(Vip - Vep)

b= TF 1 dE
b ocB dt

[8]

So:

jP = ne(Vip - Vep) = %(M +m)

Which from equation(4.14) is obvious that:

& p,pC?
—=1+02
&o B

dE. _ p dE

dt BZ dt

With the approximate values abo™ >>1 we reach :

£~ quCZ
o - BZ
And

n= k= £:(M'pcz)l/z

BZ

e

From the followingwe know the density of oxyge:
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Figure4-density of elements in ionosphere [9].
At 90 kilometer from the earth surface:
p(0) x 1023 (cm™3)
And at the 120 kilometer altitude
p(0) x 10*2(cm™3)
Also we knew that the magnetic field intensityErayer plasma about 1( Oe)[10]. We reach to:
B = poH =41 x 1077 X —x 10* = 107* (T ) (2-21)
Then:

At 90 kilometer altitude:

1
4Tx1077x9%1016x5.3x10726x101° /2
n(0) = ( Lot ) = 1.73x10° (2-22)
And about the 120 kilometer altitude:
1
4Tx1077%x9x1016x5.3x10726x1018 /2
n(0) = ( mx X mfg 2 = ) =547 x 10° (2-23)
With regards to the speed of light ¢/n
At 90 kilometer from the earth surface:
c/n=1.73 x 102 m/s (2-24)
And at 120 kilometer from the earth surface
¢/n=0.54 x 107 m/s (2-25)

refer to the following figure and considering duroe of polarized plasma we reach to the electric
field as
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Figure.5- Diagram of plasma state in the E layer[11].
E-no = 4mngeX
The electric potential is as :
¢=lE=4mneexI

That in this equation | is the width of E layer 3x10 m.

If we put x = I

E=ap = 4nn.e??

from figure.3 we know:

n.(90km) = 10* (cm™3)

n.(120km) = 10° (cm™3)

The energy will be

E(90 km) = 47 x 10%° x (1.6 x 10~19)2 x (3 x 10%)? = 2.89 x 10~18 j

E(120 km) = 47 x 1011 x (1.6 X 1079)2 x (3 x 1012 = 2.89 x 10~17j

Refertov = 2E :
m

So:

1-At the bottom side of the E layer(90Km) :

v(0) = \/Z_ZE =147 x 10* m/s

2-At the upper side of the E layer(120Km):

(2-26)

(2-27)

(2-28)

(2-29)
(2-30)

(2 — 31)



- |2E _ 4 m -
v(o)—\/;—4.67><10 . (2-32)

E

We knowv =
1-At:
2.89x10718 .
V= —=4.36x13° Hz (2-33)
6.62X10734
2- At:
v =436 x10"*® Hz (2-34)

From equation (3.2) it showed that:

1
B-n(d)

And because:

cosO =

V=PB.c

We can write:
_ C
Cosp) = 0] (2-35)

It is resulted that the velocity of oxygen ion isegter than that of the of electromagnetic
waves in E layer, obviously this is because ther@iiev effect is possible

So oxygen ion emits Cherenkov radiation in theofelhg angles:

At 90 kilometer altitude:

0(0) = 83.22° (2-36)
And at 120 kilometer altitude:
0(0) = 89.327° (2-37)

3-Conclusion Remarks

1-It is shown that in two limit of height at E kythe thermal velocity of Oxygen ion is
greater than the phase velocity of ionic wave ofyg@n and so Cherenkov radiation is
possible.

2- At 90 kilometer altitude Cherenkov radiation itted in83.22° from oxygen ions.

10



3- At 120 kilometer from earth surface Cherenkodiaaon emitted in89.327°from the
same oxygen atoms.

4-the frequency of Cherenkov radiation is in UVgan
5- With increasing the height and temperature iayer Cherenkov frequency increased.
6-In other hand increasing the height and tempegah E layer Cherenkov angle also increased.

8- Then with increasing the height and temperatute layer the phase velocity of ionic waves
increased.

9- With increasing the height and temperature é Ehlayer plasma would lead to increasing .the
thermal velocity of ions.

4-Experimental Achievements

1-Cherenkov radiation is received by a magnetitell#® that circles around ionosphere
and it is showed that Cherenkov frequency is inridivge [12].

2-In presence of electrical field in E layer esfive index is greater than 1, and Cherenkov
radiation is observed [13].
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