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"This repdrtAdescribéé a system to discharge'sequentialigﬁ
four stored'cbndensé: banks. These are usgd for preoducing a-
pﬁlsed‘magnetic:field, fbr opening two electromagnetic gas
vaiVés.and prbdﬁcing'a plasma discharge in the coaxial piasma
gun deployed in experimental system to study the 1nteractlon
’between a magnetlsed plasma and a neutral gas. The discharges
are :Lnltlated by flra.ng spark gaps through thyratron switches
Wthh, in turn, are operated by trigger signals. The condenser
banks are»diécharged in @ sequence pﬁe-determined by the

experimental requirements.



1, INTRODUCTION.

A schematic of the experiment on an interaction between
magnetized mOving plasma streamﬁand aﬁstationary gas cloud
set up. at Lhe Physical Research Laboratory is shown in fig.. 1

It baSically ConSlStS of a plasma gun which produces high

,Speed plasma stream and an interactwon region wherein the
plasma- stream penetrates a stationary gas cloud The plasma

source . and the interaction region are connected by a drift

“tdbe which is prOVldEd”Wlth longitudinal magnetic field.to -
reduce the losses to the walls due to diffusion .- What iS toln
noted. is that this experiment uses four condenser banks. The
-energy stored in these anks  is utilized to: open two fast
electromagnetic valves, one provided:at the interaction regio
and another one to admit gas into.the plasma gun to set up
longitudinal magnetic field in the drift tube and to prOVide
. energy for discharge of the gas and its subseqgquent accelera-
tion in the ‘plasma_gnn.vFurther theselbanks are to be discha@;
sequentially.,The requirements are as follows:?
(1) For opening the electromagnetic gas valve situated
-at interaction region, a fast («QS/lsec) hrgh |
- current (100 kA) pulse is to be passed through the‘
field coils of_electromagnetie valve. A Similar
current pulse is needed for opening another
electromagnetic wvalve situated at plasma gun'tob

inject a gas cloud but with an adjustable delay.
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(2) & slow (~3 msec) high current (125 A)'pdiséhié‘td"
;be géherated and paSSed‘through:the 40 cm long 16 cm o
dicmoter solenoid'cbils for pfoducing‘a' uniform o
axial magnetic field of 5 kG in the drift space to
guide‘the plasma stream from the muzzle of gun to
the interaction region. The large pulse time ensures

_a slow time variation of mégnetic_field while the
plasma stream passes through-drift space and
interaction region.

(3) These three discharges have to be sequentially obtained
‘with definite controllable delays between them as

éhdwh in fig. 2. This scheme of‘discharging different
'éapacitor banks is adopted so as to ensure that
plasma mbveé.through the drift space when the
‘magnetic field is at. its peak value and that the -
piasma stream meets ncutral gas cloud in thevinfera~
ction region at the required time ongas evolution.ﬁ

(4) The bank connected to the plasma gun is discharged’
by injection of the gas through the valve.

This réport describes condenser banks, £thatron switches

for transfer of energy and sequencing of the different |
.Opefations from production of plasma stream to its meeting

with the gas cloud of'presspecified density.



5. CONDENSER BANKS -

A basic C1rcult of a COnuenser banL 15 shown 1n flg 3.
Tt consists of a stack of condensers charged by a power
supply . The energy is transﬁerred to the fleld c01ls/magnetic 
field coils by using & low 1nductance spark gap.v

-,Table»lallsts the dcsigned paramcters oE dlff rent

capacitor»banks. It can be seen that reqplrements vary xrom

lbOAkA.to 125 A in current and 25;15ec to 3 msec on the pulse

,W1dth'of'discharge-currents. These requlrements are met by

optlmlslng impedances of capa01tor banks and peak charging

voltages‘ The transfer of energy 15 executed in the followingf

way in all condenser panks except the one used w1th the plame

gun. The condenser bank is chargud initially to a Spe01£1ed
value of voltage. The spark gap 15 £1red by a hlgh voltage
“pulse (6 KV, 5/LQGC) derived from a thyratron. The dlschqrgu'

path is. provided through field COllS/SOlenOldS (for obtalnlng

-magnetiC“fields)q-Note Ehat the condenser bank COnnectpd to

the. plasma gun is not connuctcd to any spark gap._It is

discharged when SUfflCant gas prGSSure bu1lls up 1nslde the
coaxial gun aﬁter-thé electromagnetlc valve 15 opened to
_admit *the gass.

3. TRIGGERING SYSTEM .

fhe discharge - of varlous condcnser banks are 1n1t1ated
" with the help of high current spark gaps, wh:LCh in turn, are

- fired by a*triggéring unit. The trlggorlng unlt con51sts of
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}f(a) master trigger, (b) pulse generators, (c) SCR-trigger .

quenerators and (d) thyratron circuit.

3.1 Master trlqger;’

‘.Master'trigger unit is one Which gives a monoshot
pdise on the meChanicai pressing of é»puSh bgtton, which
triggers the whole sequence of'diSCharges.'The»circuit diagram
f&r.obfaihing this-pulEe is shown in dotted'eectioeﬁéig; 4,

3 2 Bulse. generators.

‘ The master trigger pulse generates six Aifferent
pulses Which are used for triggering SCRs and for lOCking SCRs
'Htlll the trlggerlng time is reached The circuit is shown in

‘flg. 4. Fig. 5 explalns the nature of these pulses and thelr

SEquence .
.3 SCR trlgg generators.

| The three trlggerlng pulses derlved from the circuit
;shewn in flg.5 are fed to thr6u SCRs in parallel whlch
generate COrreSpondlngly three trlgger pulses for thyratrons.
ihe circuit diagram is shown in £ig.6. Diring . the. triggering
.of fifst thyratron, thevother two thyratrons normally get -
'triggered owing‘to stray pulses. To avoid this, the
capacitances C' andAC" are not allowed to get charged by
.keepiﬁg the transistors Tr' and Tr" conducting till the
"r@qliiired time. of triggering. This is achieved with the help of

long pulses ¢ & d indicated in fig.5. A good shielding further



reduces any cross-talk between different triggering units.
The typical output pulse3offan SCR:. 15 of 2 }Lséc duration and_
the peak voltage is 175-300 volts. The maximum current that -

can be drawn is 1 amp.

3.4 Thyratron trigger circuit.

,The trigger pulse outpgt at SCR is of low energy ancll1
cannot diteqtly be used to activate the_spark_gap?sitoétedlin
disohergevcircuits.We_have used thyratron switches to fire thé‘
spark gaps. The minimum voltage pulse heeded to trigger the
thyratron used is 175 volts and mlnlmum pulse width is 2/u,sec(
- This is easily matched by tho SCR output A typical thyratron
circuit is shown in £ig .7 The:output . pulse is obta;ned acrOSg
a resistor. Its peak voltage can be wvaried from 0.3 to 6 kV.
The pulse w1dth 1s about 5/4sec. The maximum afz value allowed'

for the thyratron used in our triggering unlt is, O l f*sec.

4;”SYNC_}HRONISATIONn

 The delay between the discharges of three condenser banks.

ST
[

can be controlled externally by adjusting the triggering time
o%:three SCRs. This is done by:adjusting the delays in the :
outpute ot pulse generator. The observed plasma dlscharge
current, valve’ openlng pulse, “and magnetlc field current pulse.
is shown in fig. 8. Note that plasma is produCed when  the

" magnetic field is maximum. It is to be mentioned that differenct




;“ﬁétweeﬁ“the two valve opening Currént signals correSpondsAto
‘°the 5um_o§ genefation_time,of:blasma and'tfanSitAtimé?in our ;
Sét,up'fof the plasma stream-to move from coaxial plasma gun
o intefactioniregion. |

. CONCLUDING REMARKS . |

A block dlagram of the whole set~up is shown in flg.9.
'Thls set—up enables us to sLudy the nnteractlon between
vnmv1ng plasma and neutral gas clouds of densities in a wide
range (lO17 102%™ L 1 our set-up, the varying density of
_gaS cloud is obtained by varylng the condenser bank voltages
in the dlscharoe c1rcu1t for valve opening. The flner changes
in den31t1es are obtained by trlggerlng the second and:third
SCRs:with proper delays so that the plasma stream meets the'

néutral gas: cloud at the reqnired-density while the'injected

gas cloud evolves in time. The experlment has become operatlonal

since 1977 and is yleldlng excellent data on various aSpeCtS-

of the plasma-neutral gas interaction.
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E;gure-CaQtionS.

1. A Schematic of the experiment.

\zufvijhe.requifed'ﬁ;iggering ranges‘— (a)‘trigger-pﬁlse for
guiue Magnetic rield (bhJ trigger pulse for opening
:eléctromagnetic gas valve to feed gas to coaxial plasma
gun. The triggering time is adjusted to ensure that

-gplasmavstream moveé ih‘the drift space when guide
:magnetic field is maximum. (c) Trigger pulsé for opening
ﬂelectromagnetic gas valVe to inject é gas cloud in the
.inte;action region. The indicated triggering range
‘enables plasma stream to meet_the gas cloud a£ various
‘densiﬁies.

3 jAlﬁypical discharge circuit fired by a spark gap.
é. YCircuit diagram for producing monitor and delayed £rigger
‘puises, 1
‘5. Sequence of various pulses obtained from circuit shown
in fig. 4, |
6., Circuit for triggering SCRs .
7. ‘A typical circuit for triggerihg thyratron unit.
8. Oscillescope picture showing the synchronisation of
| ,:current pulses which open the gas valves with the
-half~sine guide magnetic field.

‘9. Block diagram of the experimental set-up.
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a . lusec.  Monitor(for triggering
_ 7. scope,diognostics efc.)

‘b 10uset.” To trigger SCR |

b ¢ Ori5ms  Tolock  SCR2

d. OH5ms . Tolock .SCR3

e 1Dpsec. Totrigger SCR2

A _Ot sec. .ﬂo...?.auﬂ wnmw

~, Figure 5 .. R :
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