
1  A CIRCUIT ARRANGEMENT FOR IGNITING GAS DISCHARGE FLASH TUBE Background
of the Invention Field of the Invention       The present invention relates
to a circuit arrangement for igniting gas discharge flash tubes, and more
particularly to a circuit arrangement of the type having at least two main
electrodes and connected in parallel with a pulse forming network which is
constituted by a chargeable flash capacitor and discharge current limiting
inductor.   Description of the Prior Art        U.S. Patent No. 4,070,601
discloses a circuit arrangement for igniting at least one gas discharge
flash tube having two main electrodes which are arranged in parallel with a
chargeable flash capacitor and at least one electronic switch and are
connected to a voltage generator which supplies ignition high frequency
(HF) voltage pulses. The electronic switch, likewise, is constituted by at
least one gas discharge vessel.        A circuit arrangement of the above
type is characterized, in particular, in that the at least one additional
gas discharge vessel, which is connected in the discharge circuit in series
with the gas discharge flash tube, and which is designed for high forward
currents, high blocking voltages and ignition HF voltage pulses of both
polarities, can operate on the flash tube and on the at least one gas
discharge vessel.        Ignition reliability of this arrangement depends
on a statistical distribution  of an average delay time of a breakthrough
of all gas discharge vessels in the  discharge circuit. Moreover, this
arrangement simultaneously utilizes up to 5 gas  discharge vessels, each of
which has a specific level of breakthrough voltage.         In accordance
with the teachings of said U.S. patent, the ignition generator  has a low
impedance, in particular a low inductance, so that the ignition pulses
which it supplies, at least adiabatically, heat the gas discharge paths.
The energy                                                2    is supplied
within a period of time such that the plasma filament is unable to return
to the environment any part of the energy worthy of note, due to heat
conduction and radiation losses. For instance, in order to obtain a channel
having a resistance of 1 Ohm under normal flash conditions, the obtained
channel must be supplied with a quantity of energy in the order of 1000
[err]W within an interval of time less than 1 [err]Sec.   Summary of the
Invention        It is therefore the object of the present invention to
provide a circuit arrangement for igniting gas discharge flash tubes, in
which tube ignition leads to a flash discharge without utilizing additional
gas discharge vessels, and in which the ignition voltage amplitude excludes
formation of arcs or corona conditions around the flash tube and excludes
high blocking voltage requirements for the electronic switch in the
discharge circuit and the necessity for preliminary charging of a flash
capacitor.        According to the invention, the above object is achieved
by providing a circuit arrangement for igniting gas discharge flash tubes
including a gas discharge flash tube having two spaced-apart electrodes, a
pulse forming network and a voltage generator for supplying ignition pulses
and tube burning pulses during simmer mode, said arrangement comprising a
resonant circuit connected in circuit between said electrodes and said
voltage generator, wherein said voltage generator provides said resonant
circuit with AC high frequency voltage for producing gradually increasing
amplitudes of an AC voltage until ignition voltage is achieved and for
supplying AC voltage of a lower level in comparison to the level of the
ignition voltage, for sustaining the burning of said tube during said
simmer mode.                                                3          The
invention will now be described in connection with certain preferred
embodiments with reference to the following illustrative figures so that it
may be more fully understood.       With specific reference now to the
figures in detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are presented in the cause
of providing what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the invention. In
this regard, no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to those
skilled in the art how the several forms of the invention may be embodied
in practice.        In the drawings: Figs. 1-5 are circuit diagrams of
various embodiments of circuit arrangements for        igniting a gas
discharge flash tube according to the invention; and Fig. 6 shows various
voltage wave forms relating to two time periods during the        operation
of any of the circuits shown in Figs. 1 to 5.   Detailed Description of
Preferred Embodiments        Fig. 1 is a circuit diagram schematically
showing a pulse forming network 2, comprising flash capacitor 4, a power
switch 6 and a circuit arrangement 8 for igniting a gas discharge flash
tube 10 connected in series.        The circuit arrangement 8 for igniting
gas discharge flash tube 10 comprises an HF voltage generator 12, filter
capacitor 14 coupled to the anode of the flash tube 10 and via the flash
tube 10 to a first terminal 16 of a resonance circuit 18. The resonance
circuit 18 comprises an HF capacitor 20 connected in
4    parallel with current limiting inductor 22, having at least two
terminals 16 and 24, and an HF inductor 26 coupled between a first input
terminal 28 of the resonance circuit 18 and an output terminal 16 or to an
additional terminal 24 of the current limiting inductor 22. The output
terminals of the HF generator 12 are connected to the input terminals 28,
32 of resonance circuit 18.        In accordance with the present
invention, resonance circuit 18 includes the low permeability inductors 22,
26 connected in parallel with a high frequency capacitor 20, which, at the
operating frequency of generator 12, provides capacitance reactance to the
flash tube 10 and inductance reactance to the output of the high frequency
voltage generator 12.        A control high frequency signal is fed from
generator 12 to the resonant circuit 18, which provides a series of
resonant pulses reaching an amplitude of the AC voltage on the cathode of
the flash tube 10. Because the filter capacitor 14 has a low impedance for
high frequencies, the anode of the flash tube 10 is coupled via the filter
capacitor 14 to the common point connecting HF capacitor 20, current
limiting inductor 22 and generator 12. A "high frequency" parallel
connection of the flash tube 10 to the resonant circuit provides
anode-cathode voltage, which voltage increases until breakthrough voltage
of the flash tube is achieved.        The ignition process reduces
impedance of the flash tube and provides  total parallel connection of the
filter capacitor 14 to the HF capacitor 20. The  resonant frequency of the
network 18 is decreased, such that the difference  between the generator's
frequency and the soft resonant frequency of the circuit  18 becomes so
great, that the HF voltage on the anode-cathode of the flash tube  10 is
dramatically reduced. However, energy fed to the flash tube by the high
frequency generator 12 must be at the level providing quasi-adiabatic
heating of  the plasma filament.
5          Fig. 2 shows a circuit diagram of an alternative embodiment of
the circuit arrangement 8 for igniting gas discharge flash tube 10, wherein
flash tube 10 has an additional outside electrode 34 which is located at a
small distance from the cathode terminal 36 of the flash tube and is
connected to resonant circuit 18. This connection provides a decreased
level of the flash tube breakthrough voltage, because around the cathode at
the flash tube 10 there is formed a high frequency electrical field
producing a quasi cathode (electrical space charge) with high possibility
for emission. The spacing of the quasi cathode from the cathode depends on
the voltage between the cathode and the additional electrode 34 and on the
energy which the plasma filament returns to the environment.        In
accordance with the present invention, the circuit of Fig. 2 provides an
electrical connection between the cathode of tube 10 and an additional
electrode 34 for both AC and DC current. The remainder of the circuit is
identical to that described above with reference to Fig. 1.        Fig. 3
shows a circuit diagram of an alternative embodiment of the circuit
arrangement 8 for igniting gas discharge flash tube 10 shown in Fig. 1,
wherein the flash tube 10 has an additional outside electrode 34 which is
located at a small distance from the cathode terminal of the flash tube 10
and is connected to the second terminal of the filter capacitor 14 and the
first terminal of an additional filter capacitor 38, which second terminal
is connected to the terminal 32 of the resonant circuit 18.
Referring to Fig. 4, there is shown a circuit diagram of a further
embodiment of the circuit arrangement for igniting a gas discharge flash
tube 10  shown in Fig. 3, wherein the flash tube 10 is located in a
conduction cavity 40  which is connected to the second terminal of the
filter capacitor 14 and to the first  terminal of the additional filter
capacitor 38. The second terminal is connected to
6    the terminal 32 of resonant circuit 18. The remainder of the circuit
is identical to that described above with reference to Fig. 3.       Fig. 5
shows a circuit diagram for an alternative configuration of the circuit
arrangement for the ignition gas discharge flash tube 10 shown in Fig. 4,
wherein the flash tube 10 is located within a cooling liquid 42 inside the
conduction cavity 40. The latter is connected to the second terminal of the
filter capacitor and the first terminal of the additional filter capacitor
14, which second terminal is also connected to terminal 32 of resonant
circuit 18. The cooling liquid is provided for the operating frequency of
generator 12, but it does not change the ignition process.        In Fig.
6, there are illustrated the actual results obtained by using various
experimental voltage wave forms relating to two periods of time during the
operation of the circuits shown in Figs. 1-5. The intervals (tl-t2) and
(t3-t4) illustrate the ignition and simmer modes, respectively.        It
will be evident to those skilled in the art that the invention is not
limited  to the details of the foregoing illustrated embodiments and that
the present  invention may be embodied in other specific forms without
departing from the  spirit or essential attributes thereof. The present
embodiments are therefore to be  considered in all respects as illustrative
and not restrictive, the scope of the  invention being indicated by the
appended claims rather than by the foregoing  description, and all changes
which come within the meaning and range of  equivalency of the claims are
therefore intended to be embraced therein.
7    WHAT IS CLAIMED IS:   1.   A circuit arrangement for igniting gas
discharge flash tubes including a gas discharge flash tube having two
spaced-apart electrodes, a pulse forming network and a voltage generator
for supplying ignition pulses and tube burning pulses during simmer mode,
said arrangement comprising:       a resonant circuit connected in circuit
between said electrodes and said voltage generator,       wherein said
voltage generator provides said resonant circuit with AC high frequency
voltage for producing gradually increasing amplitudes of an AC voltage
until ignition voltage is achieved and for supplying AC voltage of a lower
level in comparison to the level of the ignition voltage, for sustaining
the burning of said tube during said simmer mode.   2.   The circuit
arrangement as claimed in claim 1, wherein said pulse forming network is
constituted by a flash capacitor connected in series with one electrode of
said flash tube via a power switch, and a current limiting inductor
connected between the second electrode of said flash tube and said
capacitor.   3.   The circuit arrangement as claimed in claim 1, wherein
said resonant circuit is constituted by a low permeability high frequency
inductor connected in parallel with a high frequency capacitor, providing
capacitance reactance to the flash tube and induction reactance to the
output of said voltage generator.
8      4.    The circuit arrangement as claimed in claim 3, wherein said
capacitor resonance circuit provides an AC resonance of a frequency lower
than the operating frequency of the voltage generator and said inductor
provides an AC voltage of a frequency equal to the operating frequency of
the voltage generator.   5.    The circuit arrangement as claimed in claim
3, further comprising a first filter capacitor connected between one
electrode of said flash tube and the connection juncture between said
limiting inductor and said high frequency capacitor.   6.    The circuit
arrangement as claimed in claim 1, wherein said flash tube further
comprises a third electrode disposed outside said tube adjacent to the
electrode constituting the cathode during operation, said third electrode
being connected to the common connection juncture of said flash capacitor,
said resonant circuit and said voltage generator.   7.    The circuit
arrangement as claimed in claim 5, further comprising a second filter
capacitor connected between said first filter capacitor and the common
connection juncture of said flash capacitor, said resonant circuit and said
voltage generator.   8.    The circuit arrangement as claimed in claim 6,
wherein said third electrode is connected to the common connection juncture
of said first filter capacitor and said second filter capacitor.
9    9.    The circuit arrangement as claimed in claim 7, wherein said
flash tube is located inside a conductive cavity electrically connected to
the common connection juncture of said first filter capacitor and said
second filter capacitor.   10.   The circuit arrangement as claimed in
claim 1, wherein said flash tube is located inside a cavity containing
cooling liquid.   11.   The circuit arrangement as claimed in claim 3,
wherein said limiting inductor is provided with an additional terminal
electrically coupled to said high frequency inductor.    


