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Abstract:External and internal instabilities have been theoretically studied under electron type conductive
conditions located in the external stable electic and magnetic fields. The frequencies of the waves formed under
internal and external instability were calculated. Analytical expression of the electric field was calculated using
the theoretically calculated impedance.
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I.  Introduction

If the electric charge in the environment is spreaded uniformly, then the medium is balanced with
respect to the load distribution. Any external effect can disturb the load distribution and the system can be
transformed from equilibrium into non-equilibrium state. When the system is in non-equilibrium state, the
electric charges are not spreaded uniformly. In case if the system is in the state close to thermodynamic
equilibrium, the state of macroscopic system is uniformly with respect to the coordinate. The medium can be
strongly apart from the balanced state. This state can be caused by the impact of external electric or magnetic
fields. As far as the state is far from the balanced, the distribution of electric field (including magnetic field)
within the medium became uneven, and the new internal parts with the intensities smaller than the electric field
intensity and the fields with comperatively higher intensities are formed. These fields are called electric domains
(or electric and magnetic domains) [1]. The domains can be of static or dynamic types. In the medium where
domains are present, the dependance of current strength from electric field (electric or magnetic fields) is non-
linear. Electromagnetic oscillations can be formed and intensified in such environment, and that is in non-
equilibrium state. The unbalanced state that forms in different solid bodies dramatically changes the physical
properties of the environment. The domain unbalanced state is strongly dependent on the value of the energy
spectrum of charge carriers in the environment as well as on the capture (recombination) and release
(generation) of the carriers by impurity atoms. It is clear that the value of the external electric field (external
electric and magnetic fields) is an important factor in the formation of the non-equilibrium state. The non-
equilibrium states created in the external electric and magnetic media are caused through various mechanisms
occurred in metals, semi-conductors and dielectrics. In case, there is electric field of moving charge carriers in

the environment and their velocity Ug = HE; (Ua — drift speed, # — walking, £o — electrik field intensity),
is higher than the sound waves velocity (s) in the environment (Ud =5 ), then the electric field is called
strong, otherwise (U a <S) the electric field is called weak. After the middle of the last century (XIX), physical
properties of various metals and semiconductors began to be studied both in practice and in theory.

As a rule, it has been proven that when the moving domains are formed, oscillation occurs in electric
circuit. Such oscillations mean the appearance of a domain on one side of the sample and its loss on the other
side. If the time of formation and disappearance of domains is smaller than the time of passing the domains
through sample, the period of the current is measured by the time of passing the domains through the medium
and T=L/U4 (L — the length of sample). Figure 1 shows a constant current from the consistent combined
sample to R resistance [2].

The constant current is broken when the voltage — E is increased that causes oscillation in the circuit.
The period of this oscillation proportionates with the sample length — L. Violation of the constant current regime
causes breakage and leap in the volt-amperage characteristics. In1964, the english scientist Hann in GaAs
semi-conductor component with L=0,1 cm length, under the external electric field E¢=3-10°v/cm observed
oscillations with  5-10%+5.10° hers frequency. This is called Hers effect [2]. One kilohers oscillations with
L~lcm, Eg=10V/cm values were observed in electron type Ge semi-conductor [2-5].
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Observation of current oscillations shows that the domains created in the medium are mobile. The
actions of the domains depend heavily on the type of the sample and the connection to the circuit (the new
boundary conditions). Depending on the ohmic and non-ohmic character of the connection of the sample to the
circuit, i.e its injection character, the frequencies of the occured current oscillations are different. If spontaneous
oscillations are spread within the sample, but are not oscillating in the outer circuit (i.e. the current is constant),
such state is called instability[3]. If the oscillation in the sample causes current oscillation, such instability is
called external instability. For the first time, internal and external instability were theoretically studied in the
case of impurity semiconductors [3-5]. In this theoretical work, we will analyse the mechanism of formation of
the internal and external instabilities in the electron conductive medium (in metals and semiconductors) under
the electric and magnetic fields’ effect together with the frequencies of both the occured oscillations and the
directions of inside waves.

Internal instability: When there are external electric and magnetic fields, the current intensity in an
electron conductive medium is as follows:

i= U{Eu-Hu}E - Uifgu-H}[EE] + JE{EUFHG};[E;] + DVp —
@

where, Eaq - constant external electric field,
H g - constant external magnetic field,
-ohmic conductivity,
T3 (Eg. Hodengis (Eq. Hed-Holl’s conductivity, Pz (Eg, H)engpiz(Ep, Ho)- focusing

TE'_.F i{E H} D E H _TE.JF E H
conductivity, e e el ghmic diffusion coefficient, 1(Ee “}_T‘”i{ o- o)

o o op=let ey o . .
diffusion coefficient, e focusing diffusion coefficient, * #f - electronic temperature in a
powerful electric field, Pa = €¥tg, g - electron concentration in equilibrium state.

E-single vector in the magnetic field. Frequencies of oscillations in internal instability

Holl’s

0P, oo _
E'l‘ divi =10 \
T
divE = £
£ (2
oH —
E - _CFI”G‘I'E'
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should be find joint solution of system equations (2). The waves formed inside the crystall can be distributed to
various directions with respect to changing electric field {E } i.e. K -wave vector and E electric field can

form different angles. If kLB E’ such waves are called longitudinal waves. First let's examine the instability
of longitudinal waves. If variables in equation system (2):

T i(kr—wt
(51 n e 07-0) ®

is assumed as monochromatic wave, than

oH —. .y

—— = —crotH = -ci [kE ] =0 . :

at ,thatis £ =const 4
Longitudinal waves are formed only due to the changing electric field. Taking into account (3) and (4)

conditions and lining equation system (2) with the following terms

—_ —

E=E+E, n=rng+mn, H = Hy e can obtain the dispersion equation as below:

4mo, 8mwo E,,._. .1 du ~ 4may H
w +1 4 kE ) ———- i (kE, )+ i —=—(kfi)sina +
’ £ k ( ﬂ};i d(EZ) Ho(RE, ) sk (k77)
BTOyy o0 1 dpy

T sk " g d(EZ)

S"r?,r'."li( ) HygEyg Hgln,nc( )+"4;:Z=“H( H)+

4o, .1 du,
i 020 g Hs
sk gy d(EZ)

——cosf (xH) 3o EaHCOSf (I’F)+ iDk* +

+in'k(kH)D, + iDyn (KH) =0,
()
£ .
In dispersion equation (5) nET 4mte (HE ) - single vector.

(E"Hp)=a,(EyHy)=F

T —

When we examine K8 Eq EyTHg KBHg directions in (5) we get the following expression:

W= [gkEy -1

410, [ZE‘ el it
o AEHN (6)

£

It can be seen from this, when

olsa va
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Condition is fulfilled, the wave with @a = KoK Eq frequiency is instable.
e =] = . 4 v L E Y HET-wE N
If we write @@ = HoKEp +1¥ = wq + I expression in (E'n')ve / a harmonic oscillation

. . . . nt . . . © o Vo aMOOS{UgkE gt+ 6 . .
with accelarating amplitude like € " is obtained in form of {E 2T ] eTcos(HekEe ]. Negative expression

of means that the mobility of electrons due to the eEol energy derived from the external electric field (I-the
length of free path of electrons) decreases. The electrons having great energy create weak conductivity, but the

electrons having little energy create strong conductivity. From equation (5) KBEy, kL8

— —_ —

E,, kan, E,0H

4770, 2E% dp  ug H® 1 E3du.
EgH —i—|1+—= £ 2o — o CHaf,
¢ £ o dlEg) Ly 1q d{Eg)

Dk* - k*D,H?,
()

If we write @o + ¥ | from (7) the instability condition of a wave with HzoZaa frequency again requires
the decrease of mobility by the influence of the external electric field. Let's now assume that the wave vector is
not in the K °, (H ~, E °) flatness and is directed as follows. The dispersion equation (5) geometry will be as
follows:

4mo, 8mo, 1 du
w = +I +1 .

—EFf— — sinfsing — u KE.sinfsing +
£ g "u,d(E®) @~ Ha 5 ¢

4oy JH 8moy, . 1 duy
+H—2 cin(90-8)+1 SEEH — > _cos8 — u, EoHcost +
s U L, d(EF) Hia%o
Amog, L
+i H3cos(90 - Bcos(90-5)=10

£

R Lo 7 . -, 7
w = Wy + Iy, wy = KekEgsinfsing + puy EqHkcosB

4o, By H pg HP
v=- 1+ sin{90-8) + cos(90 - B)cos(00 - F) +
g By, M,
2EF d 2EF d
g ’”ﬂ sinfsing + — H"L Hecosf |,
Hao d{Eu‘} Ho d{Eu‘} (8)
T s
(8) expression can be simplified in 4 ¢ = 4 values, then

1 1 ;
g = i;:ﬂx!ﬁ'ﬂ +T§;iiﬂEﬂHx.
¥

4mo, - 14y H ljuzﬂf—j: (E:dy lE‘fd‘“ii)]

= s =
£ V2 oy, 2 pg d(EF)  u, d(EF) V2

9)
It is seen from expressions (9), the Hall mobility plays important role in the formed instability waves.

The fluctuating current should be taken into account at high frequencies, then the full current is as
follows:
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1= 2 s o B.H)E - o0 (EF)[EW + ou (B F)[EN]F + Do -
—D1 r?zﬂ;l] + DZE [Ep;;lj % =+ :'_’1’1':"_;' =10

divE = 4mp’; H=0

(10)

Taking into account (3) monochromatic condition, we obtain the following equation from (10) equation system:

d’E;  Ugy +Uyy; dE;{;_ﬂig‘b‘i'(l +"~P1]'+‘r‘(ﬂu"~P—ﬂ]'E. _ Y .
(11) dx? Dy +D;yy dx Dy +Dyy; * Dy+Diy, ¥
11
Here

iwe 2
HZE_%' Og = engpy: D kg -dme, +ieU,
2n
Oy, = eNgly k}.= Ly m; m=0,+1,+2. %+

The measure of the crystal on L, axis. Jx =0 in case of the internal instability and equation (11) is expressed
as:

. 4m efusky €D kZ i1
el ——+i— kg +—||¥ 2 -@)=0
yi-= 4ﬁunkx+ Un( 1+kx ¥ +k3,-Un( +@1-9)
w E§ dpg E§ dpy,
Y T ARy 1T L ic
uoH
in strong magnetic field ¢ » 1 [5]
Tg_f Tg_f T cE, 2
D=—""u Dy=—"m Tgf=;(§)

expressions are taken into consideration, Teor _ effective temperature of electrons, T- the temperature of crystal
lattice, c- the speed of light spreading in the space.

(C‘ ): 1 5 c ; b1
n=cal=) -—, Hy =¥2—, iy = bug, a=b=
If to take into account HY g H [6]
expressions in (12) equation, the solution of this equation will be as follows:
2me
— T f — 1A
1"1: a {ﬂ +"J|9}+ E: % l "OF (13)
gt 12

o= J[D_. £ =2ne (1——;‘)

here 2y 2c eEgLy \ L5

. —uH 1 enULE.
0=v2 -— -2 + ¢, — o) 5K 1
c 2w L,Eg vo O < 2
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4oy + ) 0+ 2T
v, = —+ 11— v = I—
-1 EE gz 2 EE (14)
4T 2T
miz( i +£E)-k.,.uﬂ, w, =i 222 B, U,
If to write (14) as £ £ - £ - it is seen from

T

" Vo X — T . . , . " Ve 2T
(E'.n et ) expression, the waves formed with ¢z are aperiodic, i.e. like (E'n }res
The wave formed with ©*1 frequency is a harmonic oscillation as

[ ]

Bhylg:

ATT
-.|_:||'_'-'2

ATy 11 317, 1]
‘E—zk:-'*-’ ot Brliylig,

{E'.ﬂ,']xe =Bl Uy (-l'm:

= Azest” ¥ "ros ;—:k:.Uﬂr+E:|

1E
, that is the system is in non-equilibrium
state.

g = Fn:k_-,.Uﬂ (15)

In this case, the system is radiated with
frequency and transforms to energy source.

External instability. Impedance instability: It is necessary to calculate the impedance of the medium to
investigate the current oscillation in the external circuit. If the sample is supplied with slightly varied tension

s
GV =1 6V we “dw

Then it changes the current in the system to I , 1.e.

Z{w)d(w) = 6V (w) ()

here Z{w) - impedance according to © frequency. The following three issues is interesting during
impedance calculation:

1) If the real part of impedance is /M@ =0 \jth Rez(w) < 0 designation the sample works as
amplifier;

2)  Zeros of impedance;

3) Finding the impedance poles.

Here we will explore the mark of the rgal part of the impedance. AV tension changes as below:
“a (18)

L- the size of the sample. EC.t)=E (x.1) quantity from (11) equation should be calculated through
the boundary conditions. Oscillation frequency is a real quantity when there is external instability. (11) is an
integral-differential equation. So, its complete solution is possible when the electric field variables in the ends of

the sample E (0.t} and £ (L.} are known. In fact, the contractual terms of border may also be subject to
fluctuation. Therefore, it is possible to write different terms on the electric field in the borders and compare the
calculated values with the experimental results.

Electric field distribution in the borders may be uniform, that is:

E(Qt)=E (L.t)=10, (19)
If periodicity occurs during fluctuations in the borders, then

EQD=ELH=0  pOO=pLD=0, (20)
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If the concentrations of charge carriers in the borders are given, based on the Puasson equation we can
write

dF — 0
dx b=p =t (21)

(19-20-21) expressions

(22)

Special cases of the condition (22), (19-20-21) and (22) conditions have to be studied theoretically, but
separately. We will calculate the impedance under the periodicity condition, i.e. [2]

E'(e,w)=Ay)’ +Z_qqe=‘”-'
7 23)

here, compilation of the equation when g —E (rw) jg fulfilled, k- the vector of the wave

spreading in the sample under instability condition. In order to calculate the impedance of the sample, we write
(11) as following:

z d . -
—+ay—+az|Ey = 5],
d:}." 1 d’x 4.] ey JSJ'I'J. (24)
We need to find a complex wave vector K from solution of (24) equation. Since (24) equation is quadratic
according to Ky , complete solution of (24) is as following:

. _— P
E'(x,t)= cye™ " y coet¥a¥ T
! ﬂ:‘("', (25)

) dv = l E (x,thdx o . -
If integrate -a [7] taking into account (23) periodicity condition and the fact that

6V = Z{w)] we obtain

5V
E’(cu}:—_ﬁ
I ag, (26)
€y [ e el oy — C1 ¢ kil _ 4% C1 7 i1 1=
_ et d(ik, vy =—(e 1) = —Acosk,L, + sink,L,—1)=10
-\I.u'{i-ﬂ -\I.u'{j_ -\I.u'{i

then (26) expression will be as:

¥ L.

7=z : ; Zp=-2,

oLy £l
T @+ @gdyy +y({e _‘-"_n)
(27)

If the real and imaginary parts of the equation (27) are segregated

DOI: 10.9790/4861-1003021826 www.iosrjournals.org 24 | Page



External and Internal Instability in the Medium Having Electron Typ Conductivity

Re T{ew) _ Vol —eUi k02

Zy 5% + 1922
Al G +=U k,E
m év, :_+‘r‘n zrz 120 vy
0 5f to; (28)
here,
8, =191 4 )0, +¥ole + 1) SOUtoky o epykt-4
1—E + @y + vole + W. g =eDqk; Ty
WygE
8, =k, U; (@, —@)- ; = gDk’ - 4ne
2 yUig\P — P amoy, Yo 1 ]
It is seen from (28) that the determination of the signs of real and imaginary parts of the impedance is
Z(ew) Z(ew)
Re Jm
impossible. Therfore, Za v Zy signs and the values of both electric field (En ) and magnetic
field (H) observed during experiments will be taken into account. It is seen from expression (28) that the Ly
. 2 13— JTE‘T,E._IFJF
measure is of great importance. If write Ly L e¥ng  jp (28) equation [8],
Ziw] (@ —@1] )
e——= = :
0 ( Ew )'_I, — o2
4may L1 &)
( wE )E r
Jm E’FZM) _ :}rrc:r.;,
o ( £ )'_I,:’p _ )2
o) TR T (29)
Z{ew)
It is known from (29), that Zy  <0. It means, that in the sample, the capacity nature creates
B 1 Z{w)
capacity. = T 7 (C- electrical capacity) tension. Minus sign of equation - Za  (i.e energy radiation

of crystal) is dependent on the signs of ¢ and ¢, expressions. If i and p; decrease in accordance with the
increase  of the electric field mobility, then will be l@l=>lgsl 11 @ =0,@; =0  he

@y =@, @ =0, @y =0 gnd @ > @y @ = ®; when the impedance passes through
zero.
Z{w E

o REZ Rz .
Thus, at minus sign of Za  expression from Za=0 [8] equation
we calculate the frequency of radiation energy.

- (4;?0.;, )‘
w* = —-
g @ —-e (AN EQ/R-pw+el) (30)

It is seen from (30) expression, that we can obtain radiations with different frequency through changing the
resistance R connected to the circuit (within ®*>0 condition). E’ and n’ values, which are changing inside the
sample are fluctuated depending on time as shown in Figure below.

Figure 2.

Amplitude A [9], is increasing under A~er' >0 condition, but this increase stabilizes when the reduction of
charge carriers’ mobility depending on the electrical field is stopped. As the energy obtained from the external
electric field insrease, the electrons are less involved in conductivity. This mechanism starts with the value of
frequency during the impedance instability determined by expression (30), on the condition that Us>S.
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Il. Conclusion
Based on the results, it was established that instable electromagnetic waves are created in n-type conductive
media due to perpendicular orientation of the external electric and magnetic fields. The frequencies of these
waves were calculated under uH>c value of the magnetic field. It was revealed that the radiation frequencies
change depending on the directions of the waves spreaded inside the sample. It is possible to achieve the
necessary frequency in such samples. If the waves inside the sample spread over the width, i.e. the theoretical

. k1 E’] . s
researches are complicated when [ differs from zero, but this is important.
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