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In a coaxial transmission line filled with ferrite magnetized by a constant longitudinal mag
netic field, shock waves are produced as the result of evolution of simple waves, whereas in 
unmagnetized ferrite their formation from the very beginning is related to dissipative proc
esses. Comparison of the experimental and theoretical results showed that in the first case 
variation of the magnetization both on the front of the shock wave and in the region of com
paratively slow variation of the field primarily proceeds coherently, whereas in the second 
case it is due to incoherent rotation. For a nonvanishing azimuthal component of the con
stant magnetic field, propagation of finite amplitude electromagnetic waves was found to be 
in accord with the theoretical predictions. 

1. INTRODUCTION 

IN previously published experimental studies of 
electromagnetic shock waves,Ct- 3] the waves have 
as a rule been studied in transmission lines with 
discrete parameters, for example, with lumped 
inductive nonlinear elements consisting of coils 
wound on ferrite cores. The systematic theoreti
cal discussi:on:-of waves in such systems involves 
extraordinarily great difficulties (consideration of 
the spatial dispersion due to the discrete struc
ture, calculation of the parameters of the induc
tive nonlinear elements on the basis of an as
sumed model of magnetization reversal of the 
ferrite, and so forth). This circumstance makes 
it practically impossible to compare quantitatively 
the experimental results with the conclusions of 
a rigorous theory. 

In the present work we present the results of 
an experimental study of the propagation of the 
electromagnetic waves in a coaxial transmission 
line filled with ferrite. In view of the compara
tively simple structure of the field in such a 
transmission line, certain quantities that charac
terize the propagation and structure of shock 
waves could be found theoretically with certain 
assumptions about the mechanism of the change 
of the average magnetization of the ferrite under 
action of an external field. 

The coaxial transmission line in which we 
studied the formation and propagation of shock 
waves consisted of two pairs of sections 90 and 
80 em long. At the points where these sections 

were joined together, it was possible to connect 
a high resistance divider, the voltage from which 
was fed directly to the vertical plates of a fast 
oscilloscope of known sensitivity. The bandwidth 
of the entire system was sufficient for measure
ment of wave-front durations of 1 nsec or longer. 
Cylindrical tubes of F-1000 ferrite t) were placed 
over the center conductor of the coaxial line, 
which was first covered with a polyethylene film. 
The coaxial line sections were placed in two sole
noids which produced a constant longitudinal mag
netic field up to 300 Oe in strength. An azimuthal 
component of the constant magnetic field was pro
duced by current flowing in the center conductor 
of the coaxial line. To reduce the demagnetizing 
field arising at the ends of each section in the 
presence of a constant magnetic field, the first 
and last ferrite tubes of each section of the trans
mission line were ground to a conical shape. 

2. STUDY OF THE PROCESSES OF FORMATION 
AND PROPAGATION OF SHOCK WAVES 

For a rather slow variation of the electromag
netic field, the structure of the field in the cross 
section of the transmission line has a static 
character. In this case, independently of the 
mechanism of variation of the magnetization and 
polarization, we can introduce the concept of a 
current J and voltage U between the conductors 

l)The length of the ferrite tubes was 55 mm, the internal 
diameter 8 mm, and the external diameter 16 mm. The gap be
tween adjacent sections did not exceed 0.1 mm. 
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at a given point of the transmission line. If we 
neglect Joule losses, the variation of current and 
voltage is determined by the telegraphy equations2 ): 

aJ 1 az = -aQ 1 ot, au 1 az =-&Ill 1 at. (2.1) 

Here Q is the instantaneous charge on one of the 
conductors of the transmission line, <I> is the in
stantaneous flux (the magnetic induction through 
the area between the conductors of a coaxial line 
of unit length in the Z direction, divided by the 
velocity of light c ). 3 l The relation between <I> and 
J or Q and U depends on the processes of varia
tion of the magnetization and polarization of the 
medium filling the transmission line. 

For waves whose spectrum is mainly in the 
range 102-10 3 kcs to 104-105 Mcs, the charge Q is 
proportional to the voltage U: 

Q=CU. (2.2) 

An expression for the capacitance C can be suit
ably written in the form 

C = feff I 2 ln /, (2 .3) 

where Eeff is the effective dielectric constant, 
which depends on the dielectric constants of the 
ferrite and dielectric filling the transmission line 
and on their geometry (in our case Eeff ~ 9); 4 ) f 
is the ratio of the radii ( b/a) of the outer and 
inner conductors of the transmission line. 

1. Formation and propagation of shock waves in a 
coaxial line with ferrite magnetized by a con
stant magnetic field 

The mechanism of the variation of the average 
magnetization of the ferrite in the propagation of 
electromagnetic waves depends to a significant 
degree on the constant magnetic field in the trans
mission line. If the longitudinal component of the 
constant magnetic field is rather large, then, with 
a change in direction of the total magnetic field, 
only a reversal of the mean magnetization vector 
will occur. For small internal anisotropic fields 

2)1t should be noted that, as shown by Ostrovskii [ •] and 
Khokhlov, [s] in those cases where the Joule losses can be 
taken into account within the framework of the telegraphy 
equations (2.1) by introducing terms GU and RJ into the right
hand sides of these equations, these losses lead to some de
crease in amplitude of the wave with propagation. 

3)The Gaussian system of units is used. 
4)Rather rough measurements give the dielectric constant 

of F-1000 ferrite as 16-20. In computing Eeff we have taken 
into account the presence of the polyethylene film ( E ~ 2.5). 
The dispersion of Eeff in the frequency range indicated can 
be· neglected. 

we can assume that this process is described by 
the equation [S]: 

aM a [ aM] -=-y[MH]+- M-. at M at 
(2 .4 )* 

Here 1' is the absolute value of the gyromagnetic 
ratio, M is the saturation magnetization of the 
ferrite, a is a constant characterizing the dissi
pation accompanying a change in magnetization. 
For a rather slow change in the direction of the 
magnetic field, the magnetization vector will 
"follow" its changes and Eq. (2.4) can be approx
imately written in the form of the static coupling 
equations: 

[MH] = 0, IMI = const. (2 .5) 

Taking into account that in the static approxima
tion the longitudinal component Hz of the mag
netic field in the wave does not depend on the 
transverse coordinates, and that the azimuthal 
component is inversely proportional to the radius, 
in the case where Eq. (2 .5) is valid we obtain for 
the flux <I> the expression 

lll=2(J+lo) lnt[ 1 +4nM_1_ 1n f+l'F+tg26 J. 
c2 Hz ln/ 1 + 1'1 +tg2 6 

(2 .6) t 

Here 8 is the angle between the direction of the 
longitudinal component H0 of the constant mag
netic field and the direction of the magnetization 
vector at the surface of the inner conductor 

7T 7T ( -2 < 8 < 2), and J 0 is the value of the de cur-

rent flowing in the inner conductor. The depend
ence of 8 and Hz on the current J is determined 
by the fact that, as a consequence of the assump
tion of infinite conductivity of the transmission 
line conductors, the magnetic flux through its 
cross section must remain constant. Considering 
Eq. (2.5), this dependence can easily be obtained 
in implicit form: 

( /l'F+tg2 8-l'1+tg2 6 
Hz = Ho + 4nM F _ 1 

e, 
tg2 6 t + l'F + tg2 8 ) I 

- -In-----:-----:-=::::=- ' 
F-1 1 +1'1 +tg2 8 0 

tg 8 = 2(/ + lo) I caHz. (2.7) 

For the case where the static coupling equa
tions (2.2), (2.5)-(2.7), are valid, it is easy to 
find [7 ,s] a partial class of solutions of the tele-

*[MH] ~ M X H. 
ttg ~tan. 
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graphy equations (2.1) which have the form of 
simple waves: 

J = F[Z + v(J)t], U = ± ~ 1/L(l)/C dJ. (2 .8) 

Here L ( J) = d<P/dJ, F is a function determined 
by the boundary conditions at the transmission 
line input, and the velocity of propagation v ( J) of 
a given point of the wave profile depends on the 
current at this point and on the properties of the 
function <P ( J): 

v(J.) = [L(J)C]-'1•. (2 .9) 

a) Propagation of waves in the absence of an 
azimuthal component of the constant magnetic 
field. From (2 .6) and (2. 7) it is easy to see that 
when J= 0 and H0 > 0, L(-J) = L(J) is a de
creasing function of the absolute value of current 
in the wave, as a result of which the velocity of a 
given point of the profile of a simple wave is 
greater if the absolute value of current and voltage 
at this point is greater. Therefore, if we excite at 
the input to the transmission line a wave having 
the form of a single pulse in which the current 
and voltage do not change sign, the rate of varia
tion of these quantities in the wave front increases 
with propagation, and the rate of change in the 
falling part of the wave decreases (Fig. 1). We 
can easily verify that in this case a solution of the 
form of (2 .8) describes the propagation of the 
waves not only qualitatively but also quantitatively, 
if we note that in the propagation of a simple wave 
(2.8), the length Tp of the voltage pulse at a fixed 

FIG. 1. Oscillograms of the voltage in a wave with 
V = 6 kV at the points: a) Z = 0 em, b) 90 em, c) 180 em. 
Time marker interval is 10 nsec. 

FIG. 2. Curve a: pulse length at different levels, at the 
points Z = 0, 90, and 180 em for waves with amplitudes 
V = 6 and 12 kV; curves b, c, d: wave-front duration at the 
points Z = 0, 90, and 180 em for a wave with an amplitude 
of 12 kV. 

level must remain constant. Figure 2 shows re
sults of a measurement of Tp at different voltage 
levels at the points Z = 0, 90, and 180 em for 
waves of amplitude V = 6 and 12 kV (the ampli
tude Hmax of the azimuthal component of the 
magnetic field in the wave is ~ 10 and 20 Oe, re
spectively). The measured values of Tf, the 
length of the wave front at different voltage levels 
at the same point of the line (Fig. 2), are charac
terized by an increase in the rate of change of 
voltage in the wave front and a distortion of the 
wave profile with V = 12 kV. From the data given 
in Figs. 1 and 2, it is evident that the propagation 
of waves of rather large amplitude in a ferrite 
magnetized by a constant longitudinal magnetic 
field is well described by a solution having the 
form of a simple wave (2 .8), at least up to the 
point where the characteristic time intervals de
termining the rate of change of the field are in the 
range 10-200 nsec. With further propagation, re
gions of relatively rapid change of field are 
formed in the wave front, where the static coupling 
equations (2.2), (2.5)-(2.7) are invalid; in other 
words, electromagnetic shock waves are formed. 
These regions can be considered as discontinuities 
in the solutions of the telegraphy equations with 
quasistatic coupling equations. In the discontinuity 
the following boundary conditions must be satis
fied (see [7 ,sl): 

12- J1 = vdC(U2- U1), u2- U1 = vd[<P(J2) - <P(J!) ]. 

(2.10) 

Here the indices 1 and 2 correspond to values be
fore and after the discontinuity, and vd is the 
velocity of the discontinuity. It follows from (2.10) 
that Vd depends on the values of current on both 
sides of the shock-wave front and on the proper
ties of the function <P ( J): 
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(2.11) 

From (2 .10) and (2 .11) we can see that, by ex
amining the change of the velocity vd with a drop 
in the voltage in the shock-wave front, it is easy 
to verify the accuracy of any given expression for 
the dependence of the instantaneous flux <I> on the 
current J. 

vct\'< eff/c 

OJ 

0~------~--------~------~--------~~~ !0 ZO JO ~0 11, Oe 

FIG. 3. Theoretical variation of v d ..j Eerr/c with H in 
ferrite magnetized by a longitudinal magnetic field H0 

(solid lines) and in an unmagnetized ferrite for m0 = 0. 7 
(dashed line). Experimentally measured values of 
VctVEeff/C for the following values of H0 : +: H0 = 0; 
e: 12 Oe; x: 25 Oe; 0:75 Oe; o: 125 Oe; /'o: 188 Oe. 

The experimental data on the variation of the 
velocity of a shock wave with its amplitude, ob
tained at several values H0, are shown in Fig. 3. 
The abscissa represents the value of H, the 
amplitude of the azimuthal component of the mag
netic field intensity during the shock-wave front 
at points a distance ( b + a )/2 from the axis of 
the coaxial transmission line; the values of H 
were calculated from the known value of current 
J2 = vd CU2 ( Ut = 0, J1 = 0 ). The same figure 
shows plots of vd ( H)/Eff/C computed from for
mulas (2 .6), (2. 7), and (2 .11) for 4nM = 32 00 G. A 
systematic deviation of the experimental points 
from the theoretically computed values is notice
able for H0 < 75 Oe; this does not exceed 10% and 
may be due to inaccuracy in determining Eeff and 
4nM, and also to some systematic error in meas
urement of the velocity Vd which, as a conse
quence of a different measurement technique, was 
different for values of H0 below and above 75 Oe. 

b) Propagation of waves in a coaxial trans
mission line with a ferrite magnetized by a con
stant magnetic field having both longitudinal and 
azimuthal components. The oscillograms in Fig. 
4 depict a change in the profile of a wave of 
rather large amplitude in the course of its propa
gation with H0 = 25 Oe and J 0 = -18 A (the cur
rent in the wave whose direction is chosen as 

FIG. 4. Oscillograms of voltage at the following points: 
a) Z = 0, b) 90 em, c) 180 em, for a wave of amplitude of 
V = 10 kV with Ho = 25 Oe, J = 18 A. Time marker interval 
is 50 nsec. 

positive flows in a direction opposite to the direc
tion of the constant current J 0 ). The profile 
change of the wave at the point Z = 180 em with 
its amplitude at the input to the transmission line 
is illustrated by the oscillograms in Fig. 5 (the 
shape of the voltage pulse at the transmission line 
input is similar in all cases to that shown in Fig. 
4). 

The features of the propagation of waves in the 
case discussed can be explained by analyzing the 
variation of <I> (J) determined by formulas (2.6) 
and (2.7) for J 0 ,r 0. A qualitative picture of the 
behavior of the function <I> ( J) is shown in Fig. 6a 
for 

M [ 1 f l f2 + tg2 So - l' 1 + tg2 So 
Ho > 4n - p- 1 

+ _!g2 S~ln f + lf2 + tg2 So J 
f2 - 1 1 + l 1 + tg2 So 

(2.12) 

and in Fig. 6b for the case of the inverse inequal
ity. In the latter case the dashed line indicates the 
region of the variation of <1> 1 where, as we can 
easily see from equations (2.5)-(2.7), the angle 
between the magnetization and magnetic field in
tensity vectors is equal to 1r. Such a state with a 
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FIG. 5. Oscillograms of voltage at the point Z = 180 em 
for the following voltages at the transmission line input: 
a) V = 8 kV, b) 6 kV, c) 4 kV. Time marker interval is 50 
nsec. 

uniform or weakly nonuniform magnetization is 
known [S] to be unstable with respect to spin waves, 
and therefore the static variation of <I> ( J) can be 
considered to be a discontinuous function at 
J = _jo· 

If I, the current amplitude at the transmission 
line input, is less than I J 0 I. then, since L ( J) 
increases with increasing J in the region 0 < J 
< I J 0 I, the wave front will be lengthened and the 
rate of change of current and voltage in the tail of 
the wave will increase (Fig. 5c), so that a shock 
wave is eventually formed in this region. 

In the case when I > I J 0 I, the discontinuities 
are formed both in the front (in the region where 
J ~ I J 0 I) and in the tail (in the region where 
J :s I J 0 I ) of the wave front 5), whereas the re
maining parts of the profile will be lengthened 
(Fig. 4). With the passage of time these discon
tinuities reach a maximum value. Here, accord
ing to the results of Belyantsev and Bogatyrev, [3] 

S)For a sufficiently large current amplitude in the wave, 
the distinguishing feature of the case when <ll(J) is a non
single-valued (or discontinuous) function lies primarily only 
in the fact that the shock waves both in the front and in the 
tail are formed, not as the result of the evolution of simple 
waves, but directly at the input to the transmission line (see 
Sec. 2) when, on passage of the current through a value equal 
to I J0 I, an irreversible change of magnetization begins, owing 
to the increase in amplitude of spin waves. 

$(J} 

FIG. 6 

it follows from the shock-wave stability conditions 
that the current jump at the discontinuity formed 
in the shock-wave front will occur from J~ to J2 
(Fig. 6) and will be equal to the current amplitude 
in the wave I ( t, Z ), and the current jump formed 
in the tail of the shock wave will be from Jj to 
the minimum current value in the wave (the values 
of J~ and Jf' are determined by the method de
scribed in the work cited above). After this the 
jumps J2- J1 and U2 -U~ begin to decrease be
cause of energy dissipation in the region of the 
shock wave (Fig. 4). 

Because of the limited length of the transmis
sion line and reflections from the end, it has not 
been possible to trace the decrease in amplitude 
of the wave during further propagation. Some idea 
of this process can be obtained from the variation 
of the profile change, on propagation through a 
transmission line section of fixed length, with the 
amplitude of the wave at the input to the line (Fig. 
5). 

2. Formation and propagation of shock waves in 
unmagnetized ferrite 

To investigate the process of shock-wave 
formation in a ferrite with no constant magnetic 
field, the first section of the coaxial transmission 
line, 90 em long, was placed in a solenoid consist
ing of four identical sections each 30 em long. The 
longitudinal magnetic field produced by the current 
in the solenoid was so great that the distortion of 
the wave profile in propagation through the first 
section was inappreciable. The value of this con
stant field was chosen so that the wave reflected 
from the boundary between the transmission line 
sections with ferrite magnetized by the constant 
field and the sections with no constant field was 
not reflected a second time from the input end of 
the transmission line. 

In spite of the fact that the steepness of the 
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FIG. 7. From left to right: oscillograms of voltage at the 
point Z = 90 em with successive disconnection of the four 
sections of the solenoid, starting with the last section; the 
last oscillogram is the voltage at the _point Z = 180 em with 
the solenoid disconnected. 

initial part of the wave front increases with propa
gation of the wave in a ferrite not magnetized by a 
constant field (Fig. 7), the wave is essentially dif
ferent from a simple wave (2.8) in this region. 
This can be seen from the fact that with succes
sive disconnection of the four sections of the sole
noid, starting with the last, points with the same 
value of voltage in the profile of a simple wave 
(2 .8) should arrive at the output end of the first 
section of the transmission line at a time which 
should increase by the same amount, which is not 
actually observed (Fig. 7). 

The wave propagation process illustrated in 
Fig. 7 agrees at least qualitatively with the shock
wave formation process discussed by Ostrovskil, [to] 

who assumed that the variation of the average 
azimutha.l component of magnetization is due to 
incoherent rotation processes and is described by 
the equation6 l: 

aMcp ay 
Tt = (1 + a,2)M (M2- M"'2) Hcp. (2 .13) 

It follows from the results of Ostrovski1 that 
with the passage of a certain time there is formed 
in the initially slow wave front, as the result of 
dissipation, a region of comparatively rapid 
change of field, a shock wave close in structure 
to a stationary wave, while the remaining parts of 
the wave are propagated without distortion of the 
profile. The velocity of propagation of the shock 
wave is determined by the boundary conditions 
(2.10), in which we must set J 1 = 0, U1 = 0, and 

<D(/z)- <D(O) 

= 2/2 ln/[ 1 + 4nM(1- mo) 2(/-1) J (2.14) 
c2 • Hz (f+1)ln/ · 

Here m 0 = M0/M is the ratio of the azimuthal 
component of magnetization before the wave front 

6)The static dependence of <I>Q) in this case is a discon
tinuous function for J = 0. 

to the saturation magnetization. 
Comparison of the experimentally measured 

shock-wave velocities with the theoretical calcu
lations carried out using formulas (2.10) and 
(2.14) shows that m 0 = 0.7 (Fig. 3). 

3. STUDY OF THE STRUCTURE OF SHOCK
WAVE FRONTS 

In the coaxial line with F -1000 ferrite, the field 
in the region of the shock-wave front changed 
monotonically in all cases. This change of field 
can be roughly characterized by the length of the 
shock-wave front Td. The variation of Td with the 
amplitude of the shock wave for H0 = 0 and 25 Oe 
(the de component of the current J 0 = 0 in both 
cases) is shown in Fig. 8. For H = 25 Oe, waves 
were excited at the coaxial line input with a front 
duration Tf both shorter and longer than the front 
duration of a stationary wave Td. The agreement 
of the measurements of Td in the two cases (Fig. 
8) indicates that the wave at the point Z = 180 em, 
where the measurements were made, was close in 
structure to a stationary shock wave. 

0,5 

O.J 

0.2 

ii. O• 

FIG. 8. Curve 1-Dependence of Tct-• on H: for H0 = 0, 

a= 1, m0 = 0. 7; curve 2- dependence of 8,14 on H for 
H = 25 Oe, a= 1, 417M = 3200 G. Experimental measure
ments of '7(J-':.O- Tf > Td, X-Tf < 7d for H0 = 25 Oe; •
for H0 = 0. 

The fact that the length of the shock-wave front 
in ferrite magnetized by a constant magnetic field 
H0 is considerably less than for H0 = 0 (Fig. 8) 
indicates that there is a different mechanism of 
the change of the average magnetization in these 
two cases. 

If we assume that for H0 = 0 the change in av
erage magnetization occurs as the result of inco
herent rotation processes and is described by 
equation (2.13), and if in addition we neglect the 
nonuniformity of the azimuthal component of the 
magnetic field in the wave, the shock-wave front 
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duration, as we have recently shown, [11] is deter
mined by the expression: 

(3.1) 

where f ( m 0 ) is a certain monotonic function 
which decreases from 15.5 at m 0 = -1 to 4.5 at 
m 0 = 1. The linear dependence predicted by 
formula (3.1) for Td_ 1 as a function of H is well 
confirmed by the experimental data (Fig. 8). 
Measurement of the slope of this straight line al
lows us to determine that the quantity a which 
characterizes the dissipation associated with a 
change in magnetization is roughly equal to unity 
(we recall that the quantity m 0 is defined in the 
previous section). 

In the case where the shock wave is propagated 
in the ferrite magnetized by a constant magnetic 
field H0, with a coherent rotation of the magneti
zation there appears a demagnetizing field per
pendicular to the conductors of the coaxial line. 
This qualitatively explains the substantially 
shorter duration of the shock-wave front in this 
case. 

We have not been able to find an analytic ex
pression determing the structure of the shock
wave front for H0 ;>< 0 and a ~ 1, even if we 
neglect the nonuniformity of the field over the 
cross section of the transmission line.C12J It is 
easy to evaluate the quantity Td if we use the fact 

that, as one of us has shown, L13J before the shock
wave front and after it, where the deviations of the 

FIG. 9. Oscillograms of the voltage at the output of the 
helical coaxial transmission line with unmagnetized ferrite 
for the following amplitudes: a) 3 kV, b) 4 kV, c) 6 kV. 
Time marker interval is 5 nsec. 

field components from the corresponding constant 
values are so small that their variation can be de
scribed by linear equations, waves are excited 
whose frequency is determined by the equations 

(3.2) 

and by the requirement that the deviations de
crease with increasing distance from the shock
wave front. In (3.2), /3 1, 2 ( w) is the propagation 
constant of the principal wave (i.e., the wave 
critical frequency is zero), obtained for values of 
the field components and the magnetization which 
are constant in time and which correspond to the 
region before the shock-wave front (index 1) and 
after it (index 2). The least roots w1 and w2 of 
( 3 .2) which satisfy the above requirement also de
termine the order of magnitude of Td· [13] The dis
persion dependence of {3 1 ( w) in the region before 
the shock-wave front is easy to obtain in the 
quasistatic approximation to the field structure of 
the wave7l: 

(3.3) 

Here 1111 is the effective magnetic susceptibility: 

ron2 - ( 1 + a 2 ) ro2 - 2iaronro 

J.l . .u= ffiHWn-(1+a2)ro2 -ia(roH+ron)ro (3 .4) 

where WH = yH 0 and wB = y ( H0 + 47TM). The dis
persion dependence of {32 ( w) after the shock
wave front is determined, even in the quasistatic 
approximation, by rather unwieldy expressions, 
since the magnetic field and magnetization com
ponents which are constant in time are nonuniform 
over the cross section in this region. Evaluations 
made without taking this nonuniformity into ac
count show that for a ~ 1, both w2 and w 1 are 
pure imaginary numbers whose modulus is ap
proximately equal to the rise time increment 
6 1 = I w1 I of the field components before the 
shock-wave front. Consequently the shock-wave 
front duration should be equal to several units of 
01 1• Comparison of the rise time increment 51 

calculated for a = 1 from formulas (3.2)-(3.4) 
with the experimental results (Fig. 8) shows that 
in the case discussed Td = 461 1• 

To illustrate more graphically the dependence 
of the structure of a shock-wave front on the dis
persion of the waves we carried out in the linear 

7)The quasistatic approximation to the field in the wave 
is valid if the inequalities \K,,/1 (b -a)2 << 1 are fulfilled, 
where K 1 , 2 are the transverse wave numbers determined from 
the formulas given by Gurevich. [14] Under the conditions ex
isting in the experiment described above, these inequalities 
are clearly fulfilled. 
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approximation a study of the structure of the 
shock-wave fronts propagated in a transmission 
line whose inner conductor was a cylindrical tube 
cut along a generatrix, inside which was ferrite, 
and whose outer conductor was a helix with a 
pitch of 3 mm. In a coaxial transmission line 
without ferrite and with anisotropically conducting 
walls, the dispersion of the principal wave is al
ready very imp9rtant at relatively low frequen
cies.[15J In this case it turns out that the group 
velocity is greater than the phase velocity. In the 
region before the shock-wave front the average 
magnetization of the ferrite can be taken as zero. 
Therefore resonance effects in the change of the 
average magnetization due to incoherent rotation 
processes are absent, as a result of which the 
presence of ferrite in the transmission line does 
not change the relation between the group velocity 
and phase velocity. Consequently, according to 
Fre'idman, [13] before the shock-wave front, waves 
should be excited which are attenuated with in
creasing distance from the front. In this case, the 
ratio of the damping constant to the frequency of 
the excited waves should decrease with increasing 
frequency. [16] These qualitative conclusions are 
confirmed by our experimental results (Fig. 9). 
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