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INTRODUCTION electromagnetic waves. Let us consider any place of
The systems of high-voltage pulses formation idifferent-impedance cascades junction. Let the first

the majority of high-current accelerators with pulS§ave comes to it at, time moment. The generator

duratioq from _several to hundreds ns are dgsigned Wheme inpedances and time of load connection are
the basis of single or double pulse forming lines. The '

disadvantage of these systems consists for a numbersgfected in such a way that tiy+ 2T, time moment
applications in the relatively low output voltage equal ithe energy is entirely extracted from all cascades

the matched mode for a double forming line to thgc|yded between the considered cross-section Spd
charging voltage while for a single line — only to a half

of this value. switch. The voltage wave coming at that moment from
In the course of creating high current lineathe S; switch and completing energy extraction is
induction accelerators (LIA) there was developed a nepartially reflected from the place of cascades junction.
type of multi-cascade high-voltage pulse generatokdowever, at the same time from the opposite side to the
designed of homogeneous transmission lines of equabss-section in question another voltage wave comes
electric length. As in similar devices the impedancwith such amplitude and polarity that as result of
changes stepwise passing from one cascade to anotlseperposition the amplitude of a wave reflected towards
they are called step-line (SL) generators and several tehe switch becomes zero. As a result, the energy is
of schemes are available [1-3]. The energy accumulatedtirely accumulated near the generator output. Other
in many lines (cascades) is concentrated as a resultgenerators on SL operate similarly. At the output of the
wave processes at generator output after the switchggnerator with Z, impedance and beginning from
turned on. At specified impedance relation it is possible )
to transfer entirely the energy stored to the resistive lodd= (N =3)T, time moment there formed are the
under rectangular pulse formation. Pulse duration doesltage pulses of alternating polarity, their duration
not depend on the generator full size and iggjng equal toZT, . The second pulse is the operating
characterized only by a double electric length of a
separate cascade. A considerable — up to 5-10 foldP
increase of voltage or current is realized depending ®nlse switchS,, that is turned on witi2T,, delay as

the generator scheme through wave processes. There@gted to the moment of the first wave (fro,
also proposed the schemes capable of providing electric;

power increase through the reduction of pulse duratichVitch) coming. At the matched load a voltage pulse of

ne. The first pulse is cut off from the load by a pre-

3, 4]. rec_tangular. shape is formed within which the energy is
As well as all generators on transmission lineEntirely delivered to the load.
such devices can be subdivided into two types — Voo e —
generator of capacitive and inductive energy storage t=(n-1)m
depending on the fact whether the energy is stored in the 2
form of only electric or only magnetic field. As we T L— z
know, recently proposed were, for the first time, the a
schemes of generators of a new type. In connection with Vol s.=0 S
the fact that energy is stored in them in the form of 52/4 =4To
electric and magnetic field such generators are called 3z 152/4 152 ,
inductive-capacitive  generators [2]. Basing on )
capacitive schemes there are created electron b

accelerators: 1-3000 (3.5 MeV, 20 kA, 16 ns), sTRAUSI9. 1. Schemes of generators with capacitive method of
(2,3 MeV, 20 kA, 40 ns), STRAUS — 2 (3.3 MeV, 50 energy storage for an arbitrary number of cascades (a)
KA, 40 ns), LIA-10M €25 MeV, <50 kA, 25 ns) [3,5- and the case ai =5 (b).

10]. Below the examples of different-type schemes are

given. The investigations of SL are carried out in the 10 achieve in the ideal case a 100-% efficiency
USA as well [11-13]. the impedances of the lines should be selected in accord

CAPACITIVE GENERATOR with the following formulas:Z, = 2Z, /[i (i +1)] for
The scheme of the capac.ltlv_e ggnerator f(_)rr_neqi = 12..n-4, Z. . =2/2(n-3)(n-2)].

by N=5 homogeneous transmission lines of similar B
electric length T, is presented in Fig. la [1, 3]. At Zo2=32y3, 2,432, Z,=Zl[n(n-2)],

t =0 time moment, when maximum charging voltag&vhere Z; is the output generator impedance. The

V, of four cascades with Z,_, +Z, impedances is voltage on the matched load constitutes the value of

n-2)V,. Th [ f itional
achieved, S, is turned on. As a result, there appear( Vo & appending of any additional cascade

n
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with the corresponding choice of impedances makesatriving to it the OS interruption takes place and the

possible to increase voltage on the matched load by Vighergy is transfered to the load on which A,

while in the idle mode — by 2Vo. However, the growth . .
Iqélratlon pulse of rectangular form is formed.

of the number of cascades is accompanied by t e
increase of relation between maximum and minimum =0 ‘—|_|_’_
impedances of SL which does not exceed (as a rule) 20 lo OSZ 2 5 701 Zn S 2
for coaxial lines at using in the whole generator of one Lo meoom ZL
and the same type of dielectric. N

In Fig. 1b specified is the ratio of impedances for A
a five-cascade generator when the output voltage in the _lgﬁ_l_tzﬁL
idle mode is 6V,, while in the matched mode it is t=w
3V,. On the basis of the scheme under consideration o= -
with N =5, the first accelerator on SL called STRAUS B

(stepped transforming accelerator) and a more powerffiig- 2. Schemes of generators with inductive method of
accelerator STRAUS—2 are created. Its modification€n€ergy storage for an arbitrary number of cascades (a)
with N = 4 is used as a basis for LIA—10M inductor. and for a case ofi=3 (b).

INDUCTIVE GENERATOR . - .
Fig. 2 represents the example of a scheme with 10 achieve a 100-% efficiency the impedances,

the inductive method of energy storage [2] for ardo @andV, should be selected according to the formulas:

arbitrary number of cascades (a) and for a case of = zla@+D)/[(@+i-D@+i)] for i=12...n-4,
nN=3 (b). In a clo§ed cgntour formhed by the_ SLZn_3 = Z[a(a +1)]/[2(a +n-3) (@ +n-4)],
electrodes and opening switch (OS) thg current is Z =7, Z._, =Z[a(a+D]/[2a +n-3)],

generated and the energy is stored in the magnetic fie@n. =7 0 =/ 2a +n-3)/Tala +1)1. The
At t =0 the time moment OS is turned on and under’, """ ° (ol ) LA /L +1)]

the effect of wave processes the energy is concentra%éodtage on a matched load is found of the formula
wave p gy | IV,= (@+n-3)/a . Here, we introduced thex

at the generator output. Under the matched loatt fcient o th lation bt ectri g
- i coefficient equal to the relation between electric an
+
Z = 2,2y /(Z,+Zo) which is turned on by thé magnetic energy stored in the generator. The polarity of

switch at the moment of the first electromagnetic WaV@narging voltage should be such that after iewitch
(t=nT,) coming to it, a rectangular pulse &T,

duration is formed.

turn-on the current in the line wité , impedance be
X . - decreased. The supplement of any additional cascade
To achieve ideally 100-% efficiency the PP y

impedances should be selected according to tHéreases the voltage on a matched loadViy 20 .
following formulas: Z, =27, /[i(i +1)] for The optimum ratio of impedances for a special case

i=1 2. n-4, Z,=2Z /(n+1) . The current in the (N= 5, a=1) whenV, /V;=3 is presented in

matched load is as high 48 +1)I,/2. The inclusion Fig. 3b. To open OS one can take advantage of the fact

- that as a result of the first wave coming to it the current
of each additional cascade to the generator as.a

component makes it possible to increase current in tifiereases by a factor_ 0[.'(+ D). It is the partlcular'
matched load bg5| . In Fig. 2b it is demonstrated thatvalue for practical realization of synchronous operation
5l,- .

] . ) of several generators.
an optimum ratio of impedances for the casenef3 Vo
will be with the current equal tgi .
INDUCTIVE-CAPACITATYIVE GENERATOR
In Fig. 3 an example of an inductive-capacitive
generator is shown. In a closed contour formed by a SL
case and OS thk, current is generated under the effect

of an external source, and the energy is stored in the
magnetic field in the whole SL volume. At the same
time, the high voltage-electrode is charged from anothﬁ

] ) g. 3. Schemes of generators with inductive-capacitive
source up tdV, voltage and the energy is stored in thenethod of energy storage for an arbitrary number of

cascades withZ _, +Z_ impedances in the electric cascades (a) and for the casenefs anda =1 (b)

field. At the moment of energy storage termination the Let Us mention that there exists a considerable

S switch is turned on and in SL there appeagjfference in the process of energy extraction in
electromagnetic waves. The generator scheme, the rafigyctive-capacitive generators. After the completion of
of impedances as well as df, and V, values are the energy storage the strength of electrig) (or
selected so that all the energy stored is concentrated™gnetic © ) field in capacitive and inductive

the generator output. At the moment of the first wavgenerators are correspondingly equal to zero. Thus, the
Pounting’s vector is also equal to zero and the energy is
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at rest as related to electrodes. In the capacitiveatched load, the rectangular pulse (bufduration)

generator a spread takes place at high voltage ggging formed in it. The output voltage pulse amplitude
closure by a switch along the lines of electromagneti equal to the voltage amplitude of external generator
waves equating the voltage to zero. The elgctrlc energ)é while the current and power increase by a factor of
transforms entirely to the magnetic energy, i.e. after th . .

first wave passage from the switch the energy stays p EHl_) thfo“gh the corre_spondmg reduction of pulse

only its form changes. Thus, for entire extraction ofuration. In fig. 4b there is demonstrated the optimum
energy the wave should be returned to the closed switégation of impedances for the caserof3 when the

and reflected from it with the voltage polarity changedeurrent on the matched load and power increase by a
The similar process takes place in the inductivEactor of 4.

generator on SL (Fig. 2). In this case after the first wave .. S t_zzmTo
passage from OS the energy also stays put, while the Jﬁb s Z0 i
magnetic energy transforms entirely to the electric ____Zfl,ﬁ;,z—”
energy. a

For inductive — capacitive generators bokh S\ t=6To
(near the high-voltage electrode) and after the SRR 2
completion of the process of energy storage differ from B B ?24 P
zero, as well as, the Pounting’s vector. As a result, the S
energy circulates around the high-voltage electrode. b

This effect should be necessarily taken into account in a Fig. 4. Scheme of pulse duration converter for an

pulse moment conservation (see, for example, [14]). In m=3 (b).
the version of (Fig. 3) being considered the current
direction as well as the polarity of charging voltage There are also found the schemes of converters

should be chosen in such a way that to realize the mogdfiere hefore the achievement of the external generator
of entire energy exiraction, the energy must circulaigse additional energy is accumulated in the form of
around a high-voltage elect_rode anti-clockwise. At highs|ectric or magnetic field [4]. Depending on the scheme
voItage gap closure_ bg switch the way for the €Nergy there can be insured the increase of voltage and current.
flow is cut off at this place. As a result of the ongoing It should be mentioned that by now there have
circulation in a line withz,, impedance, the quantity of heen determined general regularities and developed
energy will reduce, while in the line withz,_, calculation methods that simplify the search of optimum
impedance it will increase. Of most practical interest iEelations between impedances for SL-based devices.
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